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e 

ARCHIVOS 

·Archivo 

Un archivo s~ define como una coleccl6n de registros s.ln'l.!,' . 

lares contenidos ·en los dlspos ltlvos de almacenamiento se· 

cundarlo de la computadora. 

Registro 

Una coleccl6n de campos relacionados conteniendo objetos· 

dato elementales. 

Objeto dato 

T(plcamente es representado por un valor el cual ea parte 

iPVI',.,~ 
de la descr.lpc16n de· un objeto o un -'leerl,e, 

Grande. Implica una cantidad mayor de la que una perso-

na pueda manejar por al misma aún con la ayuda . ' 

de la ·computadora. Actualmente la cantidad pue -
de variar dependiendo de la complejidad de la -

ApUcac16n. 

Muy grande. Una def1nlc16n formal puede ser una base de da· 

tos tan grande que el tiempo necesario para ha-

cer una copla es mayor que el Cn'tervalo entre -
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e 

. 
las transacciones necesarias para mantener la B! 

se de Datos actuallzada. 

l. 1. 2 Organización de Archivos 

1. 1. 3 Entrada -Salida 

1. 2 . Computaciones en la Base de Datos 

Siguiendo la term~nología de Tsichritzis 

El termino computación se usa para denotar una sección de . 

una aplicación la cual manipula la Base de Datos. La mayo

ría de las computaciones las cuales son usadas para manip!!, 

lar una colección de datos son conceptualmente simples. · 

Reconocemos cuatro clases de computaciones relacionadas - · 

con las Bases de Datos. 

l. La Construcción de la Colección de Datos 

2. La Actualización de lee Elementos da~ en una colección 

de datos. 

3. La Recuperación de Datos de una colección de Datos. 

4. .la Reducción de gran cantidad de Datos a una forma . .. , 

usable. 

l. 2. 1 Procesos 

El Sistema Operativo el cual organiza el itiaera Pie pal"a la -

í$) -· 
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ejecuc16n de la computac16n sol1c1tada por el usuario pu! 

de descomponer la computac16n en 'Un ndmero de procesos 

distintos. ' .,r 
~· 

Es la unidad computac1ona1Vque 'maneja Proceso. el s1ste -
ma operativo, 

i, 

' . 

1, 2. 2 Secciones. de :Procesos 

Un proceso puede ser aescompuesto en un ndmero de sec -
clones. 

'' 
Secc16n. Una seoc16n es una coleoo16n de pasos de un. pro . -
grama durante los cuales el sistema operativo no se tiene 

que preocupar acerca de el proceso. 

11!. ' 
U na secc16n del proceso la oua~ presenta "'Cteracc1ones poten -
c1ales es conocida como una secc16n cr[tlca. 

l. 3 Una visi6n Jerirqulca de los Datos 

Conceptos 
In.formac16n 

Hechos y Descripci6n 
Datos Estructurados 

Representaciones de Datos 
Bite y Bytes Estructurados 

Harqware de Almacenamiento bits y bytes 

Sujeto de 
Estudio 

·' ' 
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@.. 
1', 4 Practica Actual 

l, 4, 1 Un programa de archivos 

1 4, 2 Control del Sistema Operativo .. 

1, 6 Descripciones 

En orden para permitir la Lmpla.ntacl6n y uso de un ala· 

tema. por un nCamero de personas alguna ~ocumentacl6n d! 

b'e exlst Ir para describir tanto el aspec~o estáticO, la es_ 

tructura de la Base de Datos como el aspecto procedural, 

las computaclone'a las cuales llevan a cabo las transforma -
clones de Datos. 

U na. Cotograf!a de loe da. toe en termlnQs de archivos, re· 

gletros, campos y la relacl6n entre los elementos dato con -
1 tenidos en e¡;¡tos elementos ea apropiado para. el aspecto es -

tátLco. 

La. deecrlpcl6n procedural puede ser dada como una f6rmu -
la, una descrlpc16n de secciones de programa a ser ejecu· 

tadae, o un diagrama de flujo. Debido a. loe problemas de 

comunlcac 16n que se presentan en .. los equipos de pro gran~! 

cl6n y que a la fecha no hay .métodos formales para verl· 

fl9,ar completamente la correcc16n para procesos de lnte-

o 

... 
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racc16n. Nosotros por tanto preterlmos descripciones de 

talladas· de loa datos estáticos para el desarrollo de Bases 

de Datos. 

Descripciones Estáticas contra Descripciones Proceduralea 

Los aspectos , proc,edurales y estáticos frecuentemente ocu· 

rren juntos cuando describimos archivos. Para muchos • 

problemas sencillos de procesamiento de Datos, sln embar -
go no es necesario ninguna descr1pcl6n de proceso. En 

aquellos c~aos en que el procesó de computac16n es descrl -
to Indirectamente proveyendo dos fotogratfas del ar_chlvo, ·e! 

pecltlco.ndo la forma y contenido antes y después de la compu 
,. ' -

taci6n. Este método también es aplicable a el movimiento de. 

datos entre dos archivos o bases de datos separadas. El Pr"2 

gramador usa las Tablas de antes y después para escribir el 

c6dlgo. Presclndl.r de la cod1t1caci6n por completo en la l.!! 

tena i6n de los generadores de reportes, los cuales aceptan la 

deflnici6n de loa archivos de entrada y la descr1pc16n de los 

reportes de ·salida. 

En otros casos uno puede encontrar que la organizaci6n de los 
. ' 

datos esta impHcitamente definida por un listado de los pasos 

de el proceso que pone los datos en la Base de Datos. Mucho 

. .. 
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@ 
an41Lsis es necea'ario c~aando n~aevos programas desean acc.! , 

sar los datos q~ae solo han a ido definidos pro~ed~aralmente. 

Las dos elecciones acoeslblea eetán implCcitas en la existen 
' -

ola de dos terminos para la descripci6n de las estr~~ct~aras det 

almacenamiento• organizaci6n de archivos trente a métodos 

de acceso. 

Elementos dato especiales, descritos y mantenidos en la Ba 
' -

se de Datos p~aeden ser ~asados para controlar la dln4m1ca del 

programa. Un elszx:ento dato qe ~ana E3ase de Datos p~aede e! 

tablecer q~ae un archivo particular han sido completamente . ' 

act~aallzado por ~ana comp~ataci6n. Tal infor~cl6n puede ser 
• 

usada para garantizar la correcta secuencia de ejecuci6n de 

programas que comparten datos. Los elementos datos man-

tenidos en cada registro pueden especificar que ciertos regl! 

tros aún no han sido actualizados, pos lblemente. por la falta 

de datos de entrada, tal como las horas trabajadas por algu-

nos empleados, 

Tales computaciones pueden ser programadas para decidir no 

proseguir en tal caso: otros procesos no deben ser impedidos 

a menos que ellos requieran uno de loa registros que no se -. 

han actualizado. Nos referimos a los datos que no se han m! 
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tldo a la Base de Datos pero que describen el estado de 

la Base de DatoE¡ para el control de las computaciones co 

mo datos de control. 

Vemos que hay una relación entre la calidad o lo completa 

de nuestra descripción de Los datos y nuestra habllldad para 

especlficar las seccio'?es de el programa los cuales se com 

binan para formar computaciones de procj:lao de datos. 

l. 6 Ligado 

.Tiempo de Ligado 
... · 

l. 7 Claslflcacl6n de Sistemas Operativos 

Los sistemas operativos proveen una gran variedad cie se!. 

vicios loa cuales los principales pueden claslflcarse como: 

Secuenciamiento de Procesos • 
Soporte del Sistema de Archivos 

Soporte de Entrada-Salida 

Medición de Uso 

.J.,, Sistemas de archivos Incluyen programas para mantener di 

e rectorios de archivos y garantlzar su seguridad a largo -

plazo y programas invocados por el usuario para acceaar, 
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1. 7.1 

1. 7. 2 

1.7.3 

• 

e 

esto es, leer y eac·rlblr los archivos durante las tareas 

computacionales, 

Procosamiento :Batch 

Mult iprogramac i6n 

Procesamiento de Transacciones 

El enfoque más importante de Sistema Opel'atlvo para Ba~ 

se de Datos InteractivQS es llamado proceGamiento de tran -
sacciones. Eate i:nétodo asume que las computaclonen son 

naturalmente pequenas en termlnos de espacio y tiempo. 

El Software del sistema de Base' de Datos se asume esta 

siempre accesible, de manera que las computaciones de 

los usuarios consisten principalmente de llamadas a la Ba 

se de Datos para lectura y escri~ura, y una cantidad llmi 

tada de computacl6n l6gica y numérica. Tal computaci6n 

es llamada una transacci6n. Las transacciones son inicia 

das tan rápido como es posible después que el usuario la 

sollc ita y se les permite correr tanto como sea necesario 

para cumplir los requerimientos computacionales. 

Una transacci6n es también formalmente definida como una 

computaci6n l.a cual, después de completarse, deja la Base 

(~ 
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de Datos en un estado bien detlnldo, o al menos en un e_! 

tado no peor q~e antes. Una talla durante la transaccl6n 

requiere que la Base de Datos sea restaurada ·a su estado 

orlglnal. SI únicamente transacciones bien comportadas 

operan, en la Base de Datos, la Integridad de la Base de 

Datos s lempre es ~(nanten Ida. 

En un medio ambiente orientado a transacciones general· 

mente se ejerce un control cercano sobre las computacl~ 

nes para prevenir que una computacl6n defectuosa atore 

todo el sistema. 

1. 8 Apllcaclones 

L 9 Revisl6n 

:, ·~.) 
: ", . 
\ •' 
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OrganLzacL6n de .un SLstema de Archivos BlisLco 

3, O Introducc16n 

Las cara.ctertstLcas básicas deseadas de sistemas que alln!, 

· ce.nan grandes cantldades ·de datos son1 

+ Acceso. rápLdo para recupera.cL6n' 

~:o "vq wio.•-'11-l . + ActualLzacL6n CQAUI'~ 

+ Economta tle almacena¡nLento 

CrLterLos SecundarLos Importantes son: 

+ Capacidad para representar estructuras de Worma 

cL6n del mundo real.· 

+ ConflabLlLdad 

+ ProteccL6n de prlvacldad 

+ MantenLmLento de LntegrLdad 

El DLsel'lo de Bases de Datos requlere análLsLs para la pre -
dlccL6n del desempel'lo y esto requiere que la organLzacL6n . 

d.~ los archivos sea tacUmente abstra(da, Todos estos crl· 

terLos tienden a ser conflLctLvos entre si. La eleccl6n del 

método de organlzacl6n de archivos determlna la relativa 

.,, 
¡' ., "'/: 
\ .... , .... 
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c. 

conveniencia r!e un sistema de acuerdo con todos estos crite 

rios. 

El n6mero de alternativas posibles en la organizaci6n de a~ 

chivos es practicamente illmitado. En orden de hacer el Pl'2, 

ceso de selecci6n manejable, describiremos y mediremos • 

seis a~ternativas blslcas 'de diseno de archivos. La mayoría 

de las estructuras usadas en la practica ya sea o caen en 

una de estas categorías o puede reducirse a una combinac16n 

de estos métodos. Los métodos seleccionados son también • 

razonables en termines de los criterios secundarlos. 

Los seis tipos blsicos sena 

Pila 

Secuencial 

Secuencial Indexado 

Indexado 

Directo 

Multlanlllo 

) 

Expandiremos la detln!c16n previa de archivo a incluir que no 

solo es un conjunto consistente en registros similares sino • 
J 

tam blén tiene una organizac16n consistente, 

•,'. 
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l. Orden 

N6mero de Orden 
• Clave de Vendedor 

Nombre c,tel Vendedor 
No, de Cliente 
Nombr~ del Cliente 
Fecha Orden 
Clave ¡Jel q11e toma la Orden 
CanUdad Ordenada 
Número de Referencia 
Descrlpc16n del Producto 

2. CatAlogo de Productos • 

NClmero de Referencia 
• Descripción del producto 

3, Llamada a Bodega · 

NClmero de Referencia 
CanUdad Ordenada 
Hay Existencia 
Fecha esperada .por el· Embarque 
Precio Unitario 

4. Llamada a Vendedor 

Prod. que no hay Existencia 
N6m, de Ret, del Prod, Alternativo /· 

Descrlpcl6n del Prod, Alternativo 
-:' 

5, Kardex del Cliente 

No, de CUente 
Nombre del CUente 
Clave del Vendedor 

8. Orden de Precio 

N6mero de Orden 
Fecha 

-, Cantidad Ordenada 

l) N6mero de Referencia 
Precio Unltarlo 
Fecha de Embarque 
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1 2 

1 • Número de Orden X 
2. Clave ~el Vendedor X 
3. Nombre del Vendedor X 
4. No. de CUente X 
5. Nom~re ctel Cliente X 
6, Fecha Orden X 
7, . Clave del que tofTlar Orden X 
B. Cantidad Ordenada X 
9. Número de Referencia X X 

10, Desorlpci6n del Prod, X X 
11, Hay Existencia 
12, Fecha para Ernbarque 
13, Precio Unitario 
14. Prod. Alternativo 
15, Descr. Prod, Alternativo 

·--' o () 

3 4 5 

X 

X 
X 

X 
X X 

X 
X 
X 

X 
X 
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AppendiM 8 

Database Systems 

Thc systcrns in. this list \\'('Jr cboscu t..ecnuse or thP.ir ubiquiLy, thcir hit-Lorkal in· 
lcresL, thcir potcnLinl for expcrim~nlnlion, or thcir signifitanc~ (or furlher aiudy. 
Othcr sourccs ror retNrucc:; to dalll~:l.SC and file •yslt•rns can be obtaillf-d rrom com
mcrcial sofl.ware cat.nlogs (DATAI'HO, Aucrhach, ICJ' Quarterly) or froria •un·eys 
in computer magazinC""..:i, for examplf!, l\rasstt1. CODASYL71

A eont..uins a delailf>d 
~:·Cvi("W of GIS, MAU.KI\'1 NIPS/FFS, 1'0Mfl, UL/1, COHOL, DUIG, JOS, IMS, aud SC'· 

1; ~nrti:• in Nance7~ :umycd STA~RS, D~~LOG, flA:rA ~1¡::-;TRAL, OI~UI: 11~ f~~ 
1\IMlLINE, OASIS, Sf IRES, J.EAUER, Hf.C0:--1, I!I(JS, 1:'< fHEX, and :o-;ASIS. 1\un 
f\lfW}'l.d rcl~tional Dll~JS' anct Drudie"2 includes " '""'''Y or relationnl •Y•lemo: 
II>M, IN GRES, MRDS, MUS, NOI\IAO, ORACLE, I'ASCAI./R, PI!T\'. RAPI'ORT, 
SYSTJ.:M R, QBE, RAPID, and cites a total o( 60. Wied.,rhold"2 includ<'ll O<'S<ripl ions 
or distri~ul.cd PB~·ts tfTorls. COU.\SYL76 provides guidelines ror.systcm •ol•ction. 
Landau79 produces a lisling or on·linc datat.ases. · 

The commercial systems indud"d below varr in prioe frorn sewral hundred 
dollars LoLnl Lo sevrral thousarad clollars p<'r monlh: 

N amo Developer Computar 
---=----~------

Type and features 

Year loca !.ion 

ACCENT R Nat.io,rat lnformation DECl0/20 Com OB~IS ale rel stq 

1981 Sy1t., CuperLino CA seh 

ADAIJAS aoR-.·are aa IBM360/370 ·.com DII~IS hlc otq ... b 

1971 Darmntadt F'RC Slemens drr eip pri roe Atre"" 

AllBI'T Sy1Lem De\' Cor¡.. IBMJW.SO Exp DmiS ole nlq{CO:<-

1969 Santa Monita CA \'I::.RSE) pri \\'eiSbman68 

Al>MINS MIT&ADMINS inc DEC 11, VAX IJBMS ale ach rel 

1961) Cambridge MA trf Mclntosb68 

ALI'IIA IUM Rc•earch Pro OllL ale rel 

- .1971 San JO'ole CA Codd in Codd71 

689 
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N ame Devoloper Computar Type and feature~ 
Year location 

A~IBASE AmcorComput.erCor~DEC 11 (RSTS) Com DD!\IS tiCh W 
1979 Loulwille KY 

AMIGOS Comret>3 lnc IOM360/370 Com FMS h!c is! 
1970 Hock\"illc MD 

APPI::LJV SJS IBM360/370 Com DDMS h!c hi• drr iai' 
1974 Parb France Burr .500/700 

.. '-

ASI/INQ Appllcotlona Softw. IBM360/370 Com QUS for DL/1 .Jc 
" 

1976 "forrance CA hie stq . .. ' 

ASI/.:!T Appllcatlunt Soh.w. IBM360/3nl Com QUS •le rpg tbq IICb 

1969 Torranc.c CA Unlvac70 for :.(¡r, i:Jf, 1~15, TOTAL 

,\u.PL General Moton · lBM36Q-67 ln•L Dll!\15 hlp(PL/1) 
1967 \\'a.rrcn "-0 rnf gra Dodd66 

AL"TO.'>OTE Univ o( ;\lichtgo.n IBM360/370 Exp SATDB!\tS .Je txtach 
1969 Ann Arbor MI (~JTS) sqf drf Reitman69 

llASIS n~tC'IIe !\-lem Labs CDC6400 DEC ln>t JHS stq bib rpg 
1970 Colur:~bw OH 10/20. VAX lBM Fricd in Walker71 

370 UNIVACIIOO 

DEAST Brovking!l. lnat . DEC PDPlO ln•t SXfDB!\IS 61< 11Ch e4 
1968 \\'~hi11gton OC Kidd09 

UJS A m Te! .!.:Tel 1BM360 lnst DDl>IS hlc hie och 
1967 ~t'W York NY Denner67 

CAt'S lCL Dev DUCMP re! Babb78 

1976 Ste\·ena&e UK · 

CASSM t.:niv ot I-1orida Exp DBC!\íP Su 78 

1975 Cair.c:sville FL Hawth"rn83 

CUMS SpilL•m De~ Corp lBM360f370 Com IJD~IS service •le irq 
1969 S:».r¡lu !\foni~ CA Lxf ,.. TD~S 

CUMS Digital Eq Porp DEC ·11, Com DD:-.IS sic hie ttr . 
1974 Maynatd MA •ce MUMPS 

crs Cunegie-~lellon U. DEC LSJ.lls Exp DFMS 
1980 Pitbburgh PA 

CJA Comp~ter lnvaL.Adv.Apple Com DD~lS 1-rel al¡¡ 
1982 Sewicklcy PA hlc{DASIC:) rpg 11<b W 

COGENT Ct.mp ~clcncca Corp IBM7090, 370 Com DPG hlp(COBOI.) 
1969 Lt.:t Angelea CA UnivacllOO sch hie W ix! 

COl' VERSE Sysleru U!!v Corp IOM36Q-67 Exp QUS net nlq vrl 
1967 Snnla Moniea CA ANFSQ3~ Kellogg61, in SIGiR71 
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No me Oovel<>per Comput.er· TypD and fes~ures 
Year loeation 

COSTAR MO.. Cen llospiLol OEC PDP15,11 SATiL\IS •le Lri'(~IUMPS) 

1978 llo.Lon MA Tandem n .. _.,,g 
CREA TE Complt:te.Comput.er Oat.aG•neral Com D.I'C id pri 

1976 Sy111 Jfor:.luun PA 

CREATE/3000 CIU Jnc liP 3000 9<= llli\IS hle rel ot.1J.xl. 
19"17 MounL•lh Yit:w CA 

CZAR Crown Zcllorbach 16M360/370 In>< QUS hle ocb ¡.r 

1970 S~an Fr •nch.co CA PJJu-..cr16 

DATA ANALYZER Jlrogram Prod. IBM360/370 C'.om IHS •le rpg ocb oqr 
1971 N;mucL t-:Y ;.r 

DATACATALOG Synergtti""-' JBM37D os,nus 1 CcuuVDJCT ole rpg och.iar 
1974 Bcdford MA UNIVAC D!o.t."i:UOO JIJ~IS 1~1S 52000 

DATACOM Aplird Data Res. IBM360/370 Cota IJU.\IS hlc sc:h oqr 
1970 p,.¡¡ .. TX il<f q>r 

DATA COMI'UTEII Comp Corp or Am POPIO ¡¡,., VU~fS hle hie atq 

1971 Comhridgo MA (TilNEX) vrf pr iiiii'Anet 

DATAMAN Da.tamuh LLd IIJM360/3?0 . Cu<u FMS ale rpg sch r¡,qf 
1975 Cnlgary AJ~rt.a 

------
OATA~IA:o;ACEH ~1SP l~ondcm VI{ & IBM350/370 Cuot. I)DJCT •le rpg •eh 

1976 l...cJOiugLoJ¡ !\lA AUAlJAS 1\tS MARKI\' 

SYSTl:~l 2000 TOTAL 

DA1'AMASTEI! l\liC"roaoh. Applo Cum FMS rpg och aqf 
1980 SC"alt~ \\'A 8080. 

DATASAAB Saab-Stanla AB SAAB 022/023 Coaa O miS hlp(COBOL) 
1974 Linkopinr; S\lo·edcn nct ""h rnf pri Bubenko76 

dBASE 11 Adaloo·Tate 2-80 C01u FMS, Jo1n otq rpg 
1981 Cul \'er City CA CP/M ixf(J updatcc{J • 

DllC Oloio SLdl;,xUNIVAC Dev DUC~fi> sch W 
1978 Columbu.s OH s.., .... j.,.78, HawLhom82 

DllMS Prime Compuler lnc Primó Cow Dlli>JS hlp ,net &eh 
1977 \Vdi.,.Jey HOII• MA atq(IQL) ro( re<: pri 

DDMSI0/20 Digi<ol EctCorp OEC 10/20 Cota DBMS hit oct(IY73) 
1973 Marlboro MA acb .a.q(tQL) rnr rec pri 

DllMSJI lligiLal Eq Corp OEC 11 Com DD:WIS hlc net(JUi3) ,. 
1979 Mari boro MA a<hnú 

llUMSOUO Tuu Jnnrum•nt.a TID90 Com I'MS hlc(I'ASCAI. CO. 
1980 Austin TX' IIOL I'OirTIIAN) hie-Lbq ial 
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N amo Dovelopor Computar Typo and foatures 
Year locatlon 

llO~ISJUOO ICI.. JCL 1903 Com nmiS hlc acb bl 
1974 l.ondon England pri rt~e 

Com UO~!P nd ol.q 
. ::· 

DU0:\11' lll:\1 IBM360/370 ··:,' 
1970 \\'hile Pl.uius l'I'Y DL/1 fil,•,; CFMS /.ir l.sf 

DllSOO Sperry RAnd GmbH Univac90 Com OO~U' l&lc{CODOL) 
1972 Frauk(urt a/M I'I!G net 

oo¡oc IU~J Whlto 18M360/370 Com LlDlCT ole ach rpg 
1975 Pioiua NY JMS (C~IIS for rnonu/acluring) 

OIALOG Lu.:Ú-.d rteo Corp IElM360 Com IRS ,.,.;ct ole lrq 
1967 P.lo Al 1.0 CA · hie bib \\'ulker71 ' 

UIRECT Northw~lllt'rn Unlv Pro DDC:\!P Do\\'itt79 

1977 Enan.~ton lL Hawthorn82 

DJ~.~M four Pha~~oe Systcina 41pnase70 Com FS for llDB~IS 
1975 Cup1·1 tino ~A l1lp(COO<JL) i>f i>f 

l•l./1 111:\1 IBM3ó0/370. Cum F:\IS ),k •eh hie a4 
1968 Whila Pl3ins r..~ id drl 6lt¡(CICS) 

LJ:\11, 6 Auerbht:h Unlvac-418 Com um!S ;le hie rpg 
al• o SC-1 1966 l'hilo.drlpl:ir. PA 18M360/370 ,,el, uf CODASYL71A 

U:\ISIIOO, 90 Unh•nc UnivacllOO · ('om DinlS hlp{COBOL) 
1971 MitiOt:npolia MN Univac90 nci(IUiiU) rnf reé: vie 

D\IS170 Control Data Corp CyberJ70 Com i)IJ~IS hie 6Ch a4 
1977 Minnt:Dpoli.:s MN Jcrivtdfrorn (MARS) isf clr( 

0.\IS/1700 Dcllico.ted Sy1LCIQ11 Burr.1700 Com F:\1~ W 
1975 Chitag:o lL ' 

ll:\IS 11 OUrrougho 61700 ti> 7700 Com IJ!l\IS hlp(CODOL, 
1972 PQ.SOIUCIIA CA AI.Gúl.) ncL •cb sqf ia( ixl 

cpr rec 

0~15 IV baud lfuney~tA;ell Jnr Sy1 H60 · Com umtS hlp(COUOL) 
oniDS 1972 Phocni• AZ nct(1973) rpg rnf rec 

DPL a/,o !"olionollnfor'!'aLlun OECl0/20 Cum DmiS hlc(fOKTRAI'I 
IPL 1976 SyDt, Cupertinn CA GOIIOL) &rh b( pri 

DYL2~0 Dylakor Comp Syat. 18M360/370 Com F:VtS •le rpg 6lq aqf 
1971 Encino CA br 

~q¡;;r:t Univ or Wtuhington DEC VAX Exp DHIS obj J.....,p 111· 
1982 Senttlc WA \\'icdcrhuld82 

EDMS• Control Data Corp COC6~00 ComllU.\IS hlo:(FOIITRA N) 
1969 Dru..:~cl• Bd§ium Cyber ( )' 11'" . 77 ti!:g!ioCh A:"::iJI_l!) IJ~O 
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Na me Dovoloper Compuwr Type ond reature1 

'Vear locatlon o 

FACETS 11108 Synorglatlca IBM 370 Com DDICT &le rp¡¡ 

PRJSM 1981 llediord MA 

FOCUS Informntlon Dulldora IBM 370 Corn QUS lrq rpg 

Ncw York 10001 1\Y CMS,1'SO iBf,DL/I,JDMS prl 

FORDA'fA csmo CDC Jnst DBMS 
hlp(fOIITRAN) net ach ·' 

1974 Canbcrra Australia CYBER76 

FORI:.IS Nlppon Unlvac UnlvacliOO Dcv DB.\IS 

1970 Tokyo Japan hlc(FOJ!TRA:-1) net lxf roe 

FORTE Burrougha Corp 82500/3500 Com n.IS hlc(COBOL) aqf 
1959 Paoll PA 81700.7700 ísf d1·f íxf rnf Chapin89 

FR.AMJS Lawrenco Llv.Cab. CDC 7600 CRAY Dev j)B.\IS rel_ al¡ atq 

\ 1977 Livcrmore CA OEC VAX(V~IS) rni(CODASYL) 

GIM TRW Sy>Lema JBM7094,350/ C'.om QUS sle stq scb rec 
1967 Redondo Deach CA 370 UnlvacllOO drf rng Nelson87 

Honeywoii6GDO 

GIS JBM Wbite IBM360/370 Com QUS hlc(COBOL, 

1966 PlaíJUJ 1\Y PL/1) hieslq sch aqtb( 

GMIS MIT Sloan SehooJ.!.: IBM370 ' D•' SATDmiS(Dec.aupp.) ' 
1975 lll~l. Cambridge MA (XRM) rel vr( Dono\'&n 78 

iDBP 86/HO lntei-MRI linka lo IEEE ·. Com DBCMP rel pri rec 

1982 Austin TX 488, ETHERNET 

HOPS Tcthnlcon Burroughs Exp DBMS híe trf 

1975 llnlro loracl 126 Reiter In Kerr76 

IDM bOO Brillen-Lee VAX on IEEE-~88 Com DBCMP rel iBf,lxl' 
1981 Loo Gatos CA or intlgnt.term. pri 

ID MS • Culllnane Corp JBM360/370 Corn DD!\IS hlp(COBOI.) 
1972 WesLwood ~¡A JCL1902 nlq(ROBOT) rpg 

Unlvac70,90 (CU!-PRIT) nct(J973+) 
Slemens4004 sch DDICT drf rec 

JOS 1, JI lloneywell Jnr Syo H20D, H60, Com DB!\JS hlp(COBOI.) 
1962 Phoenia AZ H6000 net(73) rnf rec Bach~aiaH 

IOP Honeywell WIJ8 XDS H66 Com DB!\IS hlc(COBOI.) 
EDMS 1978 Loo Angolea 45 CA Sigma 6,7,9 nét rnf ixf ach rec 

IFIP also Doelng Compuler Co DEC VAX JBM SATDlllllS for CAD/C.Uf 
RIM 1978 (IPAD) Seattle WA nel{l978) blp(t'ORTRAN) 

IMAGE Hewletl-Packard HP3000, Com DDMS hlc ech pri stq 
1974 SMta Ciara CA HP2100 nel{2 level: drf, rnl) 
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N ame Doveloper Comput<~r Typo and foaturea 1 • '/ 

Yoar locaUon 

I~IArtS CotnputNla lno DEC PDPlO Com QUS ale alq rp& reo 

1971 Brainlfl"C MA ,_.__ 
IMS·2/VS 111~1 IBM360/370 Co111 J)lJ~IS hlc multi-blo 

1968 \\'hite Pl.ttlns NY sd.(DL/1) •le¡ rec(·VS) 

I;>;FOS Data Ccnonl DG Nova, Com DIS blc bie iaf 
1976 Southhoro MA Eclipse Lxf otq 

J;>;GRt:S Un.of CA&Relatlonal DEC 11, VAl< ()ev DII~IS.slc hlp(C, ao.) 

1973 Trchnolu¡¡.y, Bc:rkeley (U :-;IX, VMS) rcl slq gra pri llcld76 

·----
11\QUIJ!E lrafod.ula Syalaml 1BM360/370 Com IRS hlc rpg slq acb 

1969 Fallt Church VA pri; D..- DDmiS(IQNET) 

I:"TREX MAu lntsL. Tucb IBM7094. lnst ms irq/olq blb J.xl 
1966 C:&mbrid¡e ~lA IBM360 Wall.er71 

IS/i /atcr IB~I LIK n .. earch IBM360/370 De.· DII\JS hlp(PL/1) rel 

I'IITV 1971 1'\:terlc-e Uh: alg ,.¡. com slq Todd18 

ISA~I70 S<lhwarciO Any FOIITHA . ...; Com FS hlc(f<,JR"fRAN) 

1974 .-\n¡¡hl'im CA sy•lcm irJ 

l.AODER SIU lntcrnaLional DlóC PDPlO E>p U! S nlq net(DD~1520) 
1977 ~lcolo l'ork CA llcnurix78 

LEAOEH L•hlgh Cnlv CDC6400 lnsL JRS irq blb J.xl 
1967 ll..tblehem PA Hillman°g 

LEXICO!'I Arthur AnderioD IBM360/370, Com DDICT ole 
1976 Chlu¡olL· Syawm 3 1DMS 1MS TOTAL 

LEXIS M""d Dota Ceolral IBM370 Com ms ICI'\; •• ale 
1978. Ledo: l':ow York l'o"Y , ltgal,. tconomic. dulabOICI 

LUNAR Aoh D(:ranek ~owmanDEC PDPlO lnst lllS nlq aqr J.xl 
1972 C'.Nnbridge MA TI::'-IEX \\'oodaJl 

~IAOAM !\liT ~1acAIMS Proj. H6GOO Dcv DD~IS ¡¡,¡ rel blp 
1970 Ci.mbrid¡c MA q.IULTICS) (1'~/1) oLq rpg \rrr Strnad11 

MAGNUM Tymahare DEC PDPlO Com DD!\IS ole rol otq och 
1976 CuP"rtlno CÁ. 

~1AilKIV lnrormat.le~ IBM360/370 Com f')>.IS ole rpg lbq bit 
1967 Canoga Park CA Univac900 i;( CODASYL71 " 

! • 
\' 

M-\ICS ConLrol DAta Corp CDC64QO Com OmiS hle ach 
1969 SuopYV~~Ic CA hlc(t"Om"RAN) oqf lof 

~IUIIS Mleru Unta 9...., Syol ZBO,BOBO·ba.ud Cocn DBMS ale otq nelach 
1980 Laf~yc&.Lo IN • •y•l•m• on CP/M 
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Na me Doveloper · Comput.er· Typ~ and feotures 

Year loeation 

MEDLA RS ai#O Natlonal Llb Med 18M3 50 !HsL SADI!MS ale irq aqrisl' 

ELIIILL 1963 llc~hc>da. MD biu K&U<r76, al.!o ORRIT 

MICIW-SEim Micro~Soft 280,80BO· ba><d Q,u,DmtShl<(f'OUTRAN) 

1980 llclh!\'Ut \VA 8USittn# nt:L bch b.:ucd on SI:: EO ·-
MOUEL20·1 Comp Corp oC A m IBMJ60/370 Com Dll:l.iS hlc •tq och 

1972 Camurids• MA plf iAf(II'AM) 

MOIUS PolyUJc:hnlco l'ro DD~IS re! cal ach 

1972 Milano holy blq{COLAI<ll) 
Dracchi in Klimhie75 

MUMI'S MaSI .Ccn tluapllal DEC PDP15,11 Cond':\IS ale hie lr( 

1966 Bost.on MA 8080 ao. Greeru:5159 

1\!RDS based on Honoywell lnr Sya · H6000 L68 Coro Dll~IS hlp(l'L/1) re! 

RDMS 1978 ~inncapolis ~t:"J (MULT!CS) slq(LI:-ILS) rpg vrf 

I"OMAD. Jl:allonal CSS IBM370.C~IS Com DII:\IS tic ,hlc hie ale¡ 

1975 N_orwalk CN liCb rpg 

1'\YTIS New York Thne. IBM360 lu>l U!S •le uf iid 
1970 New York 1\'Y Aakci7" 

OASIS Sl.anrurd 1\dm UP IBM360/370 lusl SATDU;\IS 

1971 S1anford CA hk(COUOL) hi~ irq isf 

ORACLE RvlaUonal Software DEC VAX, IBM OB:\15 hlc(COBOL PL/1 C) 

1979 lnc., Menlo Patk CA VM M\'S DOS rd •Lq ixf epr pri vie 

OS IRIS Survo!· llc•.Ctr.,Unlv.IBM360/370 Jns~ SATDD~IS.och oqf,isr 

1973 o( ~lichigan, Ann. Arbor rpg Rallenbury74 

PLUS/4 Cc:nLUI')' Analysia NCR 101 etc. Cum F:\IS hlc 

1979 Pachcco CA ,r:: ;... 

POLYPAEME l. N. Pol¡·lerhnlque Cll & IBM Exp DDll;\IS pri 
(SIRIUS) 1977 Grenoble f'~ance Lcllihan80 

RAMIS MA!hcmatic:a IBM350/370 Com Ofl;\IS hle sLq rpg 
1967 Prinl'clon NJ 

RAP Unlv of ToronLo Ex¡• DUC!\IP rel 
1976 Torouto CnnAda 01karahan77 Hawthoro11 

RAPPORT BriL.~IIn.Drr. & An~ FORTRAN- Com Dm!S l•l< oLq rpg ree 
1978 LOCICA,N•.w York NY baud ·~•lem 

<Hbfi ' ·' Rand CprJl- IBM360 Exp ffiS ole nlq rel 
1967 S:u1lA Monica CA Le\·icu67 

RD~ts ba•cd on Meas lnat or Tech H6000 lnst DB!\IS hlp tcl •tq rpg 
MAUA~I 1971 Cnmhridp;e MA (~tliLTICS PL[I) vd Steu.rt in !Hu•tin:HI 
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·~ 
N ame Developer Comput.er Type and feat4rea 

Year location . ·' ,·. 
'· 

RI::CIS earlu name: CPnerol MoLO,. IBM360-67 De•· Dll~IS hlp(PL/1) rel ;:· . 
RIHIS 1972 \\'"rren t-a stq Joyce711 •. ·~ 

RI::L Cnllr lnat or Tech JBM360 Dcv lllS ulq rel tll.'ndi~le . 

1969 Pn.tondr"n& CA Thompson69 

RELGIIAF Ad\' .Rc.-1. Tcdm.lnc. PRIME. Com JRS •tq rel cal vie 
1982 ~leulo Park CA OS or MPX txt gra bCh ixl' 

RJ::TRIEYE T)·mahare XDS940 Com IJ!l~IS •crvice ale Gt.q 

1970 Cu¡X'rLino CA l·•qf; DIS{JML) for >1 
RFMS · · Univ or Texaa CDC6400 Dev Dll~IS hie otq oeh 

1971 Au.11tln TX Hardgra-..·e80 
' 

RIS:l For•at Hosp.& .MJT DEC 11 Dll~IS 1-rd •<h rpg oqf !, • 

1974 De~ PlainC"a IL ~kLecxf~ 

I!OUOT Sohware Seienul ICL 1906 Com DB\15 ale rjlg lnC 
1973 f'nrnborough UK Univac9400 Pahner75 

IIS/1, baud on Uoltllr.ranck :\ewmanOEC 11,· VAX SATDB\IS •le with PL/1 
l'l!fll'll ET 1980 Cambridge M.A toq rpg grf ocb 

SA~I bt~.•i•for IIJ~I Scientlftc Ccnt•r IBM360modifitd Exp f\!Srd vrfS)·monda08 
RM, Xlt~l 1968 C•mhrldge MA 370 /ala HSS(SYS1'EM R) 

SAS Unlv. N. Carolino 8.: IBM360/370 SA TDD.\IS( •lalulic•) 
1972 SAS lnat., ltolelgh NC •le alq rpg sqf 

SIL\ u•e• 1 U ;\l Hc.search Dev Oll\IS rel 
QUE, 1975 Yorklo~·n lleigb~ f'o'Y ttJq( bv uomplt) Zloof7 

SCORE Programming Meth~ Any COBOL Com ni;; hlp(COBOL) bie 

1969 ,xJai, !\'ew York NY I)'DL.em tbq eqf isf 

SDD-1 Comp Corp orA m DEC 10/20 Exp DDB\!S ole rel sch 

1978 
, 

D.\PLEX llcrnst<>ÍIIBI Comhrld¡e, MA 

SEEil lralt•rnaL'I Dala Da•e DEC 11,10/20 Com umts hlp(coaoL) 

1978 Syot., Phil•delphia P .... IBM370 hic(fORTRAN) seh 
coce.ooo rpg net( 1973) rrir 

SEQUITLJR Pa.cific Software • DEC·ll,VAX Com DA:>IS sle,b!c{C) rel 
1981 Bcrkcley CA 2:aooo syst.e'T's tbq W rpg tx~ 

SES AM Slcmena S~004 Com FMS stq rpg eqf W . 
1973 Miin~hen Jo'RG 

SIIOEDO·x MITRE Cotp IBM360 Exp SATIJIJ:>IS ale txl pU' 
1970 lledford MA atq CIBllll70 

tillAS Shlpplng Rea Svc IBM360(370 Com DD~IS oel 

l , ll r 
' 

1974 O•lo Norway&: UnlvaellOO hlp(COBOL) hle ocb 
lfoualon TX DEC PDPIO Palmer7b 
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N amo DeveiOper Computar Type arid foature~ 
Year locat.ion 

SIR Sclt·nURc lnformaUon IBM360/370 Corn lli~ stq . 
1977 IMrloval, El'Uialoo IL COC 6000,Cyber ·alat.inlt'rface sch nel pri · 

SOCitATE Unlv of Grcrou~l•, CIIIBM36Q.370 D<"<', Com 1)8:\IS al<. ach 
1970 LouvrciC'nnes, ~tance Cll lris45,80 net stq ,.;r 

SO LID llcnn SLaLe L'nlv IBMJ6().40 E•r DU\IS ol•· cpr roe 

1967 l:nh·.:rail)' Parle PA ·67 l>e~iaiJ.c71 

SO URCE Teloc:omputln¡ Co rnullipl~ . Com IR~ 1crvict al~ 

1979 Mcl..can VA bwintu, co,uumtr in/o, ad1 

. SPIItES Stanrord UniY IBM3~().67, lroot UIS, Dll\IS ole hie irq 

1967 Stanrord CA 37().168 ~ib trf i•f pri Srhrordtr In 
Kerr75 

SQL/OS ID\1 IBM370 Dll\ IS lolp(PL/l) rd iotq 
1981 Stln Jote CA (DOS) ixf(vs.~~t) pri ,;e. 

STAIRS 111\1 IBM360/370 Com IRS •le slq txt sqf 
1972 Stutt&art I'RG with CIC'S drn.r pri 

S\\'ALLO\\' Masa. lnct. Tt.-th. l::•¡o Df'.\IS obj 
1980 Clllll),ridge lli. 

S Y Sil' CAI'-SOGJ::TI IBM360/370, Cll Com IH~ >le ulq sqf isf. 
1970 Paris 15 rrence Iris. UnivacllOO 

SYSTEM 1022 S oh waro Jloua• DEC 10/20 Co111 DII\IS •l<,hk Id 
1978 C:alubrld&u ~lA timcJI.urc.d ,,tr,iccl 

SYSTI::~I 2000 or ln<ei-MRl IBM360/370 Com Dn\IS hlp(C'GIIOL 
S::!OOO, 1970 Austin TX UnivacllOO · t'L/1) hi• olq isf 
S~K CDC6000 Kroenkc78 

S\'STE!\IC Sohwara Clca~lns NCR, Cril.erion Com IJH\IS hlc ncl.{l~;a¡ 
1981 Jlouse, Cle•·el~nd OH sch slq rnf r•c pri 

SYSTE!\1-R IO~t Hc~earch . IBM370 E.'l' llll\IS hlp(I'L/1 )relstq 
1¿ 

1975 S•n Jo.e CA (Sf.QUELr\·i• Astrahan76 

S\'STEM·R' UJ~I Rto~tt!arth IBM370 E•r uom IS hlp rcl .Ch 
1981 Ssn; Josc CA V SI~ slq \"ie 

TDMS Sy•t.em D•v Corp IBM36Q.SO Dn· DUMS sic hic irq och 
1966 Sanla Monica CA (Adept) IJit-if>rG8 , CODASYL ?lA 

TOD Staurord l'nh.·. IBM36().60,67.1 lnst SATJ)II\IS hlc(l'L/11 
'1973 Stno>lord CA & 370 DEC VAX ach ¡,,, ~ra ixr tnr cpr- dJ• 

~t.Ji,,,¡ ' ... ,¡j ITTRI Chica&o 10 1L \\'it.>derhold 7 ~ · 

TOOL-IR llnlv or Tok)'O HITACBBOO lnst ms sic slq bib pri 
1974 Tokyo Japan Yanlarno1o76 
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N ame 

1"0TAL 

Doveloper 
Year Jocation 

Clncom lnc 
1971 Cin<inuaU OH 

Comput.ar 

JBM360/370 
Univac 90. V70 
COC Cyber 

Oatabase Systema 

Type and f~atun•s 

Com DB~IS hlc acb n~l 

(2 le\·el:drf,rnl} DDICT 

Cagan73 

a/so on Siemens4004 Honeywoll200 NCR Century 

TRAMP Un:lv of Michlgan JBM360-67 Exp Dll~IS nlq rei.A.h68 

1967 Ano Arbor ~O 

¡;ce TE:-' Unlveralty Comp. JBM360/370 Corn OI.>ICT sic rpg sch 
1976 Dall .. TX IMS I~IS 

l":"IDATA t..'uitcd Computing COC6400 Com DB~JS hic '"'h rpg 
1970 Knnaaa City ~10 gra 

\"bJFJJ.E Vlaicorp JBM PC. Apple Cum F~IS sic lxtsl.q 

1982 S•n Jase CA 

11 llllDSTOCK Xcrox Uclli(>atch Lab Xerox Alt.os Oc,· DHIS SwinehiU"L 78 

1979 p.,Jo Alto CA 

Zf.T..\ al•o t'nlv of Torun.to JBM360/370 Exp DB~IS hlc(PL/l) re! 
TORL"S 1974 Torunto Ontario stq vie drf.Tsiehritlil7 . 

Legend for type and features of database systems 

a.lg rdntional a)gebra 
tt.ib bibliographic d.lls 
1!0\11' bill-of-mntcriols prO<cssor 
c:U rl'lat iom.l calculus 
eip ciphl·ring 
Com comme-rc:ial 
cpr roUIJJrcssioa 

lsf ind.xcd·•cquentialllle 
b( indt:xt>d files 
nct nctwork data base orguniznt.ion, 

(year iudicale• CODASYL standard) 
nlq natural langunge query enpabilty . 
obj object ba....,d · · 
plr pile file organizatio~ 

DIIC~ 1P <latab...., eumput.er 
Olll. dntaba.'IC lnnguage 

, pri privacy prolt"Ction 
Pro proposed 

Dl'i\IS databa.':"e--mnn:Jgc{llenll5ystem 
OIJIJ.\1~ di•tributcd DLI\IS 
D!JlCT . d•ta dic.tionar)" "•ystem 
De\' d('\'doprnen't.a.J 
onts disrribur.cd FMS 
DPG dntabase progr~im gencrai.Or 
dlrr Uirect. or immediate file organization 
F.'.xp cxpcrimcnt.aJ 
F MS Hl(!·managcmcnt system 
FS filo system 
gra graphic data support ' 
hie hicrarchical dat ub~e organizat ion· 
J>IF ~OfiL-language •piPm ac:c...,ed by CALL 
hlp 1 ~<~~JanSuage B)'filem wilh preprvct:::;SOr 
lru;t insl.i.tutional 
irq intc=rrogative query procesaor 
IICS iufounation-rctrieval :,ystcm 

QlJS query and updat.e •.Y•tem 
rec reco\·ery sup,>OrL 
rel relational datuLase organization. 

• rn! ring or chajn fiJe organiution 
rpg report gcner.a.tor 
SADB~IS oingl ... application DDMS 
SATDHMS aingk~application typc DBMS 
ach achl•ma 
ale aclf·containcd sy:'ltem 

. aqr "'quentiaJ file oc:¡;;t.nization 
at.q atatemen1rorienlcd qucry proceasor 
tbq LniJular qucry proce""'r 
tnf lran>posc<l Rico · 
trf Ln-e-struclured llleu 
l.xt textual dn.l.a 
vie aupport. (or multiple u!)cr viewe 
vrf v.irLual frie supporL 

:~. 
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Ah"u"c-t-Dclcrmimmh ol pcrform:mc• ol 'Y"'It'nt5 and proc&:nc~~t for 
.... ~~(~nin¡: aud dc<b¡on !tUppor1 art diK'l.l~~t'loC'd. Thh, papcr b dlrtt'IL'd al 
J..eoPl.: Mho dc:~~tl~n •uch S)..C,·m' and l'tOChM.,. •ho u..c s.uch ')'!!olcm!t and 
~Ir'''' and "'bo mana~tt or¡:anLuuion!t in Yoh!C'h th'~ may bt' uM'11. The 

. lt.Jt:~"olturc- cil""' '' ti!!o~latc:d "lth ~'~r:LI auas lndudin¡: ~)·thology,· 
~u..tt:lni/alionod bcQ\lor and d~gn. lnform:lllon !W:Irnc:r, lnAn:l¡:emtnt K~-. 

«c"'r_c, ~Mmpu:cr ~lcn<:e, and re~1ilcd di\C'Iplinn. Pcrformantr d""lt'rmino~nlt 
a<Jtd d"iafn rt'C¡uirriJicnb for S)'t.lem:r. and procn~ for · pl:mnin& and 
4:c'i,ion ~~ouppon an: C)(M."CÍall)' 'trn!o(.-d. A numlK.'f of U'f:.ll5 M'Mr~ ~di· 
tUnal 1\.-..&"atC'h appt'US RC"l-dL-d are mC"nlion~ and M)mtP oiCC'Ommendoulons 
~~~r~d. inlrrprc-lal!ons Me chL'n conc:C"mln¡: bolh conl~mporll)' rflorts •tvJ• 
11:1'C11.''<1 fulure rffort:v. · · • · 

L' ... 
l. INTRODUCTION' 

T BAT th<rc i> much intcrcst in planning and dccisionmaking 
cffons to determine cHcctivc public and priva te sc.:tor poli· 

cies is madc C\idcnl by thc numbcr ar rcccnl tcxts u.nd case 
Sludic• dcvotcd to thcsc topics [2). 14), f13), f18),[20),.[21),[44), 
[4S). [48),[S 1), [80), [114)-[86).189J, [104), [lOS).[ 108), [134[,[135), 
fUJ9). [141). (150], [178). [179), [198), 1212), 1219)-[222), [237), 
(l43), !283), (293). (318)-[320), (334), IJS9J, 1361), 1363), 1377), 
(394),(397), [398),(¡<00),(412). Thm in pa.rt, conccrn thc numcr· 
ous complcxitics associalcd lllilh.practica.l implemcntalioo ol thc 
rc~ults ol systcmic crrons lar planning u.nd dccisioo support. 
Adva.nccs in digital computcr l<chnology couplcd with advanccs 
in sy>tcms .ciencc, systems mctho<lology and dcoign, and $ys1cms 
ma.nagcmcnl suggcsl cxlcnsion or thc informalion analys? and 
di>play capability providcd by ma.nagemcnl inlorma.til)n systcms 
lO includc intcrprctolion and aurcgation of infonnaJion and 
val~cs such as 10 rcsuh in dccision supporl syslems (DSS) or 
ptdnnlng and dccision 5Upport sy:nc:ms. Thcrc: is .a growin& litcra
lur~ in this arca (S), (36),[39J-(41),!]6),[86).[110),[l33),[138), 
[224).[226), (227). [239),(140), [!SS), [)09), [350~ [JS6),[366~and 
thiS indic;¡tcs much contc:rilporary intercst and activity. 

TJlcrc are a numbcr oC rcquircmcnts for dc~ign ¡uccc$s \\ith 
rc~Pcct lo S)'Stems ror p1anning .:lo~• ,.fl!cision support. Thcsc 
invoh·c a considerable numbcr o[ Ji;; iplincs. ·Thc n:sull o! nol 
making :appropri:ltc use or pertinc:nt contributions from a nun1bC'r 
o[ '!Jisciplines in lhc de>ign o[ Sy5tcms for plonning and d<'Cisioo 
support is likely lO he a sy>lcm N proccss tha.t is deficlcnt in onc 
or more importonl ways. Thc purposc o! this cf!orl ;, lo discuss, 
frÓm a syMcms cngin~cri~g pcnpc~tive, s.omc of lhc m:my re~ 
quircm~nu for dcsign SUI."\.'CU in this 01rea. ·• 

la i> pos.,iblc lO disoggrcgalc planning and dccisionmaking 
proccs"'s into a numbcr o! •tcps. In cs><ncc, lhey nrc purpo>cful 

)f.mu.-cripl rccd\·cd April l, 1981: rC'\·ix-d Junc 21, 1981. This worl 
~·~ 'UPf"'rt~..S in p:~.n by thc U.S. Q{fi¡,-c o{ Na\·al Rc.\Catc:b undc:r 
C'<"lrJ<I JSOOI.4·!'0·C.0~2. 
•: :: P. SJ&c b _..,.ith thc Dcp:ulmcnl of Engin~crin& Scicncc omd S y, le m,. 
l~ .:'C'f).ity ol Vir~inia, Clllrl~lllc)\ilk, VA 22901. ... • 

\ ~ . 

.. . . 
luturis1ic cflorts which involvc lhc catire sysl<lhll cnr,lnccrin& 
procc•s 1301)-[305). [307), [JORJ a.nd can, .Otcrclorf, be describcd 
by ony of a numbcr ollramcworks lot syslcms cn&~nccrln¡ sucb 
ns lhe lhrce·or the scvcn·Sicp framcwork which im-olva: ' • . . ' ' .. 

1) Formulation ollhc i>sue. 1 • 
a) problcm dclinition (dctcrminah7 .i ol ncccb, coosll'llin!S, .• 
.. alterables) · · ' · •"' ·. 
b) valuc sysacm dcsign (dctcrmih~tion · ol objcctlva a 

· objr.:cti\'CS measures) • 
e) systcm synthesis (idcnlilicalioo of pouibl~ dcclsloDI C/1 

· action altematives 4nd mc:tsUI'C$ ol thc A""mplisbme~WJ 
. or lites<:); . . • • 

2) .Anolysi• ollhc issue. · . • • · . 
d) systcms analysis and modcling (~ctcnniiioiiOII of lbe 

· slructurc o! thc dccision situalioa, tbc lnt~ of ldcnlio 
lied dccisions or aclion nhcmalivcs·and ll'.c IICnsilivily CJl·. 
lhcic io possiblc chansc in condillons) ' ~ ~ .·. 

e) opaimiza.tioo or rclincmcnl o! altctrullÍVCS (~jusi!JICDI e« ·. 
pruamelcrs or activities such thnl cach idcnti(aed dccllb>i! 
is the bcsl possible in ac:(Ordaocc·witb lhc valuc systcm~; 

3) lntcrprctalioo of lhc iS>ui: . . ' : · . 
() cvaluotion and dccisionm:lkin¡ (cach po~sible dcCimOlll 

ahcmaaivc is evaluatcd, prioriliud, and ODC ot ·
altcrnaaives árc 5Cic:cled lor impii'JIIcntation aclioo) .. ;:: ... : 

&l planning lor aclioo (commltmcnt ol ~ are ~ · '• 
and implemcntalioo is .liC:COmplisbcd). , :. ': .. · :_,:. 

Janis a.nd Mann (117] havc idcnilnc<! n four•IID&C modcl or w 
dccisionma.kin& proccss. Fi¡. 1 prcsc:nts a slis,luly Jl!odiriCd vcro 
sion o! Jllis.dc:cision process modcL Wc note lhal il CODialM ab¡¡ 
same cs.scnaial slcps involvcd in 'thc syslcrns cn&lnccrin& p
OI particular intcn:>l an: abe qucstiotis askcd al cocb llcp ollh3 
procc.s. Wc ,.;n claborolc upoa this modcl and othc:r modela of 
lhc dccisionm:lking proc:CSI in our clloru lo lollow. · 

Comprchcn!oivc cfforts involving dcclsionmaldn& will be ~ 
plcx bc<:aus.: or abe many disciplines and 11rcas in•-olvcd u .. -cu oo 
bccaus.: or lhc subjc:cl ma.ll<'f itscll. Prob~bly lhc formal s1udy ~ 
dccisinnmaking lirsl bcga.n ,,;lb thc·ralional CC!'IIOmiC 11130 COi>Jo 
eepu or thc 18Jh ccnaury malhcmalicians Cru.nacr IIRd Dcr11001&i 
who cxplaincd ·thc St. Pctmburg paradOA. Si!ICf thca thcr~ lo»liol1 
been many workcrs lrom a lrugc numbcr or dis.:lpliiiCI who haW! . 
been con<crncd with voriou• aypcs of dc:cisio(\m:lking lludics ano! · 
thc pro\Ísioa o[ ;wistan<'C lO cnhant:e. lhc UndcDiandinr.·· el 
rationalc for plan• and dcd.•ions liS weU ai improvcmcnts in lbe 
dficicney, crrccaivcncos. and cquity ol thc I'CSOIIICC alloc:alÍCII$ 
ahat con.aiauac plannin& o.nd d~··:isionm:lkin¡: · . · · · 

Contcmporarv choiccmakin& issun in.thc public and privatc 
occtor a.r~ compÍ... c<lnta.in ntuch un<-crt:únty, andor.:quirc lnpuQ.\1 
rrom many •cc1ors ror run unJcrsl•ndin& and r•:s.>lulion. Many 
-'•rile<> havc indicalcd boundcd ·rationality limits in dccisiónmok· 
ing thal would appcru lo m•kc provisi<'n ol inlorntation s~·•ICIII 

.. 
·' 
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Fi¡.. 1.,. Syslcms eng.inttring irilcrprelalion of lhc dmsion procm modd of Janis and Mpaa.. . . . 
' . ... . . 

atijuvanlS fo; choiccmaking no~ativcly very i!esirable. Such 
plannin& and dccisioo support systcnu could, in principie. pro
vide dccisionmoken \\Íth rapid access to the information and 
knowledge nccdcd to enh:tne~: decision qualily. Unfortunatcly 
this promisc of cnhancccf decision quali1y has nol nlways, bccn 
realizcd in practicc. Thcre are. doubtlcnly, a nümbet of ca~itivc 
(aciors inh.ibiling the polenlial bcncfits possible lrom inlormalion 
syslems lor plazming "-Z1d dccision suppoll. Principal among lhcse 
lacaors which, al prc~nl, pose fundamcorallimils to infonnatioo 

. • systcm suczcss appcar lo be • · 

:..;.. ·J) ·thc necd ~~ imÜre sUbstantive oc input-o~tpul ratfonality, · 
such thal c,·~luarions o( pll.ns and dcdsions are vcridic:tl; 

2) lhe necd lo .in>urc proccss rationalily. •udt lhal lhe infor··· 
m~lion syslem :ll'C\lmmoda~cs thc cap.Jbililics · ol, a~d thc · 

• conscrolints placc-d upon, lhc uscc¡ . 
3) lhc nccd lo undcrstand and cope \\Íih human eogni1ivc 

limilatimu ¡u lhcy alfccl lhc lormulalion. analysis. and 
intcrprct~llion of d&:dl<ion silu:uioris 3.nd alh:malj\'C's: and 

4) thc nced lo. unJcf>land and intcgralc thc nMmalivc or 
prc~ripli\·c compon~:nts wi1h thl!' dc-M:"ripti\·c co,npoiiCnls ol 
dc-'--ision situation.s in arder tb C\"üh·~ rea1i~lic adjuvanls tor 
lhc formul.:uion. analysis, ~iuJ inlcrprct:uion of t.l~c~:;ion 
nplions. ; · 

··: 

,b¡, papcr prcscnls a ~rvcy, stalu~ repo~ and la~qrallotl and 
inlcrprclalioJI of rescan:b from a divcrsily of areas·lhal'supporu 
lhc dcsir,o of informaliOII syslcms Clipablc of copiag v.ilh lhc 
nccds and fundamcotall.imits lo irnproved jud¡menL Wc dJsaw 
o.nd describe · 

1) thc cognitivo slylcs or dccisionrnakcrs; · . · • . .. 
2) indi\'idual human informalion procnsing la dccWOD sil_. 

lions and b.iasa in lbc ac:quisilion, ÍUial)$b. aad iDICrprcla-
lion oC information: · . · · . 

.3)· decision rule• ror individual dcásion sliuaaioftl;; ~ · • .· . 
'4¡ eonlingcncy l:ult su:uclutal rnodels o( _d.:cision aiiualioas¡ 

and· . · .• . , .•. · ····· •· 
S) dccisionmak.ing framcworlts. orgo.niUiional .Cuin¡s, anil in- .· 

· formation. proccssin_g_in groufazid .!'_r&~li~. d~OQ' · 
• situatioiU. ~ .·~.·..:....~.~~: ·~-~ ~·· :· .. ·.:::.~ 

In a ~·cry r;,j ~nsc thc '>truclur;.¡ rnod~~ ~tion; ~lioa. v,' ia • 
the principal ponion of Ibis dfort. 11 con~ns abe ba.ic d~ .• 
cisionmating patadigm, induJin& aclion ~lcclioa. Thc co~ 
1ingcncy 1a.k struclurc. which compriscs lhc issuc al hand. lhc. 
cnvironmcnl into whirh thc Í»UC is imbi.-.ldcd. lhc dcá>ionrn'!l\cr, 
and dcci>ionmokcr cxpc-rien1ial familiarily wilh thc Í>>UC and, 
envizonmcnl, is thc do;lerminanl or co¡nitivc 51ylc and pcrfor-
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manee ohjcclivn lor 1hc particular lask al hand. Thcsc, in 1um, 
innucncc ...,Jcclion al an inlonnalion proccS>Íng approach and 
s..:lcctiun ol a dccision rule. \ , 

TI1c lilcralurc in this arca is cnorrnou.s. Dut thcrc Í!~o thc: nccd 
for· cf(orb \0 Ínlcgr>~1C it (rom thc pcrspcctivc of fi.y:.tcms CO· 

¡.inccrin¡ '-'nig.n ot inCorri1alioa ¡yslcm¡ for pl:mning and dcci· 
5:inn :.upport. Thcrc are a numbcr of rc:ccnlsur.·cy5 GV:Ú1ablc lhat 
diM:u~s onc or a limilcd numbcr of thc topícs imporumt for the 
dcsign ol planning ami dccision supp<>n >yslcms. Thc.e include 
thc >ur••Y• ol llarron (27(. Rcnha.ui nnd Taylor (35(. Bcuman 
(37(, Crail; (b7(. Dunncllc (87(, Einhom, Klcinmuntt. and 
Kkinmunu (95(; Einhorn and lloganh ¡n¡. Ericsson and Simon 
(~9(, t!Jmmond. l'>kCiclland, and Mumpowcr JI42J; lbmnwnd 
(14)(, llogarlh (159). llogarth and Makridakh (161 ). John;on and 
Hubcr (179). K:usin (190(. Kccn (19JJ, Libby and fishburn (214(, 
l.ibby and Lcwis (215). Miolzbcrg (24X(. Ni>bcll and Ross 
(264(. Null (21>6(. Ruhcy and Tauan(292(. Sagc anJ Whi1c (3G4J, 
S<:hncid<r and Shiflrin (31J(. Slovic and Li.:hlcn>l.cin (345), Slovic, 
Fishhoff. and Lkhlcn>l<in (34R): S\cnson (J65(. and Zmud (415). 
This V~o·ork. aucmpts a• :.clccli\'c inccgration of th.is voluminous 
litcraturc and cxlcn~ions and intcrprl!talions of il from th~ pcr
¡pcc:tivc of ullím:ue polcntial u:.cCuln\!ss for thc dcsign of infor .. 
maúon systc:ms for planning a.nd dcdSion support. Gcncralty, 
rclcrenccs are providcd only 10 puhlishcd lilcralurc o! lhe las1 
half dccadc VioÍih limitcd refcrcnca to tarlicr seminal litcr;:uurc 
an<l rcporls. Tlili was !eh desirablc in Órdcr lo limi11hc rcfcrcncc' 
li>l to an almos! managcahlc sizc. Dcspitc our allcmpl lo makc 
lhis rcporl comprchcnsive. il doubllcs.<ly lails lo incorporatc lhe 
importml conuibutiv;\S of a nun:hcr of authors. And thcrc are 
clollbtkssly ur.intcntit.lníll mh:utribulions and misintt:rprctations 
as wcll For' 1his apol<>¡;ics are ofl<rcd ;uyd Corgivcncss rcqucsled. 

.11. CaGNntVE Snus •· . 
· 'll i) lxc0ming incrcasingly c1ear that it is ncccisary to incorpo

ratc not only problcm charach:rist=cs, but :tJso problem solver or 
dccisionmakcr cha.ract~:ristics. lnw thc di!Sign of information sys· 
.tcru for plilllning :tnd dccision : nppun. A dcfícicnl.'}' in some 
pasl dcsigns has bccn lh< n<gle~t of 1ho human dccisionmakcrs' 
role and ChataCICn>liCS and lhcir .-ffccts. fsscnliaJiy al! available 
to\idcncc .SU&gC"5l.S that problcm ch:.·ractcristics and uscr charactcr
islics inOucncc 1hc planning and d••>ÍCc stralc¡;ics adoplcd by lhe 
decisionmakcr. This scclion discus:...:s a numbcr oC cognitlve style 
mOd<ls lrom lhcsc pcrsp,-clivcs. • 

Masan and Mitrofl (238) havo suggcslcd 1ha1 each, pcrs<ln 
pdssc.sscs a panicula.r spccific p!-ycho1ogical cognilive. stylc or 
"pcrspnality" and 1hat each pcr.onality 1ypc utilizcs· informalion 
in· diflc.rcnl ways. In thcir rc:•carch on ¡,\115) ~tanagcmcn( infor
m:uion sysh:m dcsig.n. lhcy cla.im lh:u a.n inCormation .systcm 
consislS oC ¡¡ pcrson oC a ccrtain p!lychologica.l typc who faces a 
prohlcm iD sorne organizalional conh:xl for whil:h "'"~d~o.'ti cvi
dcnce 10 :urlve al a solution is madc a\·ailablc lhrough sorne 
mooe ol prcscnlalion. 

1
, Th..:~ are fivc c~ntial vari:l\ll~:s in thc information sys1em 

cha.ractcriution of Ma>On anu Murofl. Each al lhcsc are disag· 
grc¡;alcd inlo suhclcmcnts. M:uou and Milrolf <horaclcrize 1he 
p;,n·lttllo,¡;kal-(rpc" &·un'uhl~ ac~:urJ:ng, tu 1hc Jungian stcrcotypot~ 
•'~Y· In lhi> 1ypolog.'·· pcopk Ji((a ace<•rdin& lo lhcir pr<fcrcncc . 
fúr inft.lrm:u¡on :sc4~bition illld .1naly:-.is and thc prckrrcd ap
P:t~.lat:h lO inf"'rmation ~.~valu.uion .:nJ intc:rprclation. At extremes 
in th1.· infC\m1ation ~(qui:.ition Uill~.:nsil'O are S\.'nsing-oricntcd or 
$\.'1\:<'.Jtion typci who prd~r d('t:Üh.·d \\\.'ll· ... tructun:d pwbkms and 
who lil;~: prc.'l.iSC' routinc 1.:~:-la .• .1nJ intuiti,·c·ori.:nh.:J typc p~:~.,plé. 
wh1.l Ji:-1iL:c pH:cis.c J.lUiim: )tru.~lurcJ ta.'\;~ :wd ~r~l!ivc: is
Ml&:S who1i~t¡cally .. Al 1.'.\IICilh.'> i:1 llu: infOJmation cvOllu~llion 
d.imcn:-i('ln .1rc Cc:..:lin¡;·t.lril.'nlcd f-'nph:. who rdy C'ln L'mnlions, 
1ituali~.mal·éthia. anJ pcr~''nll , .. !uc:) in m:lking d~.·~.:i~ions; and 
thin\.in~·oricnh:J inJi,·iduab •• -wl:.l rcly on impr.:rwnal )(l¡;ical 
a'f~ullk'nl~ in rc~~dling. J"·dsioi'U.. .. ,. 
·' 

·' 
Mason and Milroll characlerizé lhc prul>l<~'" rxuiublt lnto 

"ruclurcd ud umlrutlurcd problcrm. 1111:..: · may be lunhcr 
dividcd inlo dccisioos un.Jcr ccr1oin1y, dccúions undcr riik, and 
dcc:ision• uild<r unccr1ain1y. The orxunl:utiOtwl contt:rl civlrlblt.is 
characlcrizcd as sualc&i< planrunp,. managcmcnl control, and 
opcriiional control The mrthoJ..of·••:ld••m.,...gtlltratlon ciUiabk 
involve> livc lypcs o! lnquiry S)'Sicms: thc daiA·blUCd LcckCIIII 
inquiry syslem. tbc modcl·boscd Lcibnittian inquiry syslcm, tbc • 
mulliple modcl-b..cd Kanlian inquiry sy•lcm,. lhc co~nicún& 
modcl·ba.\Cd Hcgdion inquiry syslcm, and thc .kamin& l)'Sicm 
bascd Singcrion-Churchmanian inquir)' syslcm · (2S4~ A lillh 
variable. mndt of prtstmutiDII, includcs pcnonuli51ic modcs',o! 
prc~nlation sucb ;s onc-on.onc c:onuact a.-. in d•a.ma ond ut ond 
impcrsonalistic modcs such as ab1trát1 anolytical modcls nru~· 
company rcpons. Thcsc lottcr tour vorillblcs do ·Dol· lormally 
rolatc lo cognitivo styl.,., and sorne lurlhcr commenl on lbcm 1$ 
containcd in othcr portioils al our cllon. A numbcr of \\'Orks.by 
Masan an~ Mitroil and lhcir collcagU<:S di..:uss vorious aspcciS 
ol this cat<g•>rizaúon (2S2)-(254). Ol in1crcs1 in .Ibis rct.ard 1~ a. 
work by Kilm:mn (200) wbich sugcsu lhc dcs1gn oC orgoruza. 
1ions \lilh lhc Jungian pcrsonolily éharaclerislics oC individuals. · 
· Among lhe many o1hcr lludics wbich hove emphasized .lhc 

nccd lo incorpora le dccisionmakcr chuaCierisllcs in lo in Canoa• 
lio ... sY•Icm doign 1$ lhal of Doktor· and Homi11on [78~ Thcy 
sludicd lbc influ<nce ol cognit.ivc slyle on lhe acccpllllicc of 
managcmcnl scicncc rccommcndolions and lound a strong eorrc-

. lalion bc1wccn lhe.dccisionmakcr's cognilive slylc and "ÍDin¡ne.is 
10 acccP.I lhcsc rccommcndations. Thcy lound ·1ba1 di!Ccrcnccs in 
occcptancc ratc• wcrc duc not only to dilfercnc:cs in cognilivc 
stylc bin also 10 dillcrcnccs in Ibis subjcct population. From lhl$ 
and many olh<( invcs1iga1ions [34), [74), (71), [19). (101), (151), · 
(166). (174(. (229(. ]252). (253), [263); [261), (268), {311); (330), 

. (J69J. il appcan thal appropriale considcralinn ol lhc .bUQÍllll 
bch»ioral variable ol cognilivc slyle is vcry nco:ssuy lor suc- •. 
ccssful dcsign ol dccision supporl sySiems. . · , ·· .. 

A numbcr or s1udies sucb as lhosc by Taylor (369), Craik [61). 
Paync [272). Schncidcr and Shilfrin (313);(327) and Simon [342~ 
indicalc, as we wiU discuss in laler sc<:lions. lhat human dc
cisionmakcrs altempl 10 brin& order in !O lhcir. inlormation · 
proccssing activities whcn conlron~ witb cxa:ss inlorn131ion 'or 
lhe lack ol sulfacienl inlonnation. Many early studics :Wumcd 
lhal slalic fiXcd paucms ol dc:ilin& wilh. information·wcn: Mprc
lcrrcd" by lh< dccisionmakcr Cor lhc proccs! oC cxpcricncin& lho 
world, and 1hcsc "·ere rclcrrcd lo as Mcognilivc slylc. • Somc carly . 
sludics vicw cogni1ive s1yle as a mode oC (unclionin& lhatl$ sllllic 
and pcrvasive lhroughoul a pcaon'a pcrccplivc and intell.-clual 
ac1ivi1ics. A numbcr ol intdlcctuul proc:csses an: tilb$umcd withln 
lhc lerm rognitive slyle. Thc.c c:onccni tbe way in whicb inlorma· 
tion i• acquircd or lormulaled, analyzcd, and inlerpn:lcd. Thus, 
cognilive •lyle includcs such human aclivitics as inlormalion 
liltcring and pallem ic:cognilion. · · . · · · 
Zmu~ has indicalcd (414), (415) lhat tbosC .indhidual diC· 

lcicnccs which influcncc informalion sys1cm succcss mostslrongly 
in vol ve co&ni livc slyle,' pcrsonuliry,. and d.:mograpbicjsiiuational 
variables. Cogni1i1·e slyle rclers 10 lhc pr01:rss bchavior lhat 
individuab exhibil in lhc lormulali~ or acquisilion. analysl.s. 
and inlcrprclalion ol inl<>rmation or data ol rrcsumcd value ror 
dcci>ionmal:in&- Doub1lcssly cognilive stylc 1$ sorncwba! .. in
nucnccd by such pcnonalily vari:lblcs as dogmalism, inliovcr
sion. c.\trO\·crsion. and tolorancc lor liiTlbiguily. IIO'A·cwr, linlc •. 
appoars t.nown conccming lhc.c inOuenccs. Gougil di>cusscs 
pcrsonalily and pcr.onalily asse>smcnl In bis chap1cr [R7); bul it . 
i> · rarc 10 find, "ilh som< notabl< cxccplions (249)-(251). (330). 
(332]. (J52), discusoions ol i>crsonalhy cliC\."4 upon dcruionnlalt· 
ing bd.t»ior in cogriilion >tudiés. The dcn"'llr•phicf•iluolionol 
variabk~ inv~h·c personal ch:iraclerislics such as inldle.:lu:d abil· 
ily, cduca~iori, cxpcricncc wilh and ki\(1\\·Jcdge oC spccilic con· 
tingcncy la>ls. agc, and 1hc likc. An impctrlanl siluat!onol , . .,.¡. · 

· ahlc is thc lcvcl ol strc.s cn•:ounlcr.-d by the d,'Ci>ionmakcr in a· 
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' ' 
spoxilic problom situation. The lcvd ol stress. which re<ults in thc 
;ldopüon or a cnping rattcm, in0ucnccs thc dL~Si~nmakcr's 
ability in acqui•ilion :mJ prOCC5!\ing o( thc inform:ulon ncL~ssary 
lor Jcdsionmakin&- The subjccl ol Jlr<s.• will b.: d•·all v.;it~ in . 
ooane ~··tail in Scc1ion V. Mony variabks ore csp,·doll~· i•;oportont 
ror W\ inronnation prOC'-:Slloing modcl or Co¡;nitivc ~h~·ti.U. &')n\C 
Will be discu..cd In Scction 111. Our crrons in.this >CCIÍ<'n will be 
dcvou:d prim;¡rily. thcrdtlrc, lo cagnhivc style ronccpts, cspe
cially lhC role O( pcrsonality Vaf'ÍOblCS in lhe OdOpliOn Of L'O&ni• 
tivc otylc. · 

•Thcrc are a number ol rognitive >tylc models in oddilion lo 
lhat of Moson ond t-litroll, Bariff ond lusk ¡24). for cxamplc. 
hove di...usscd thrcc cogniti\·c stylc charactcristks rck"\·ant 10 
inlonnation system dcsign: cogni¡ivc compk<ity. lidd dcpcn· 
dcnt¡inJepcndent, and systconaticfhcuristic. Thc cognitivc com· 
p1~A.ity charnctcristic in,·ol\'es thrcc Slruc,ural ch::unctcri~tics oC 
thinking ond pcrccption: dillcrcntiation, thc numt>cr o[ dimcn· 
sio'ns soug.ht or cxtmclcd omd as.,imi1atcd rrom data U.iM:rianina .. 
aio'n; thc Cincncss or thc articulation proccss in wh.ich stimuH are 
ü'signcd lO the s:unc oi' diHcrcnt catC"gorics; and intcgration. thc 
nU_I;tbcr ;md complctcJJC:SS oC intcrconncctiops among rules (or 
cOml:lining inCormollion. . · 

;:Bcubasot and Taylor [35] note lhot much cognitive cornplcxity 
rcscarch deals "ilh interpersonol pcrccption and has limited 
volue for m'"lcUil& oclivilics ol manogcrs in proccssing informo· 
tion and making dccisions. Mischel is cspcciolly pcrccpth·e in 
dhcussing thc polcntial h:11ards or ottributions ond cnduring 
c:<li<&OJizaUons ol pcoplc into lixed slots on thc b""is ol a few· 
bchavioral signs in his study ol the intcdacc betwccn cognition 
and pcrson>lity [251 ~ Thc ossumptions lh>t static charoctcrita· 
tions are sullici•·ntly informativo lo cnobk bchavior prcdictions 
in spccilic setting:; ore slrongly cliallcngcd. An cvaluation o( thc 
uses and limitotior.s ol stolic troit choractcrizalion ol individuals 
is presentcd aud thc strons intcracling role of conlcxt is cm· 
phasized. Mischcl is cspccially conccrnc'd "it.b "cogrulivc ceo
n'omics," that is 10 s.1y lhe , n:cognilion thó\1 pcop1e are ca.sily 
ovcrloadcd with·on abunJancc of infom1ation and that simplilied 

. '!'tlhods ol aequhition ••·d proccs.•ing o[ inform>lion are, thcrc· 
!ore, uscd. He is espcciolly eoncemed also with growth ol >cil· 
k_nowlcdgc and iulcs for sdC·rcgulation wilh maturation. tapies to 
be discusscd in :icction V. V..'¡; concur wllh thcsc \·icws in that wc 
~?clicvc lhat it is the indi\'idual'>'\!xpcricncc with thc lask at hand 
lhat is thc primary determinan! of cognitivo stylc. Funhcr wc 
bclicvc that it i~i an individual's informa~km proccs:;inr, capacily 

. ~ndcr vorious kvcl• ni stress and in difieren\ contingcncy ta'k 
. ~tructurcs thal iietc1 ,;1ines, in part, the quolily ol dcci>ionmaking. 

Thc>e lactors do:pct ·J strongly upon cxpericncc. Thus wc support 
~· inCormation p .. lessing vicw ol Simon [337)-[344) that fow 
~harnclcri:itiC5 ol Lhc human ¡nrormati~'" proccssing ~yMcm ore 

. invariant ovcr thc dccisionmn.kcr and thc ta.,k. 1llCS1! charactcris
jics are r,cncraHy cxpcrkntiaJ and C\'Olvc owr ti1ht in ~ dynamic 

• :(a.shion. Thcy are not static and can not be lr\!:ltCd as 'tatic and 
task inva.riant for a gi\'cn indi\'iduat 

;, In thc Bari[l and lusk cognitivo styk moJel )24}. individuals 
,may be calcgorized accordin& to whcthcr the)' are tightly buund 
•1by c:x.1~1naJ refcrrcnts in struc:turin& co&nitions. in which. case 
ilhey are ca11cd ricld dcpt.•ndc':\1 or low an:t.lytic: or whcthcr thcy 
¡C:an makc U5oC oC intc:mal rcftrrcniS as wd1 a.s CXI~rn:ll rdcrrcnts 
. in struc:turing co¡;nilions, in 'which c:L'C thcy .uc big.h analytil: oc 
;licld indcpcndcnt .. In a lidd-dcpcndcnt modc, p,·rccption is 
.domjnatcd by lhc owrall organiution ol 1hc liciJ. Therc is 
;limitcd ability to perc<h·c di>erctc ports oC a licld, e>pe,;any as 
'.distinct lrom o spccilic orgonized background. Ficld inJcp.:ndcnt 
'pcoplc ha\·c more :m.ll}'l~t.·.:~l And structuring abi1iaics in t.."Cimpari· 
"'" lo licld dcpenJcnt poopl< in 1hat thc-y can dis.ag¡;rcgatc a 

.·: whf!lC into its componcnt parts. · 
;, Thc sy•tcmatic-hcuriSiic cot•·gorization ol Darifl and lu'k 
.1' dc~ribcs cor.nitivc ~t)'ks :uWL·iatcd with pc..,ple \\·ho cithC"r :ocnrch 
,\ inlormotlon (or causal rclationships that promolc al&orithmic 
t 

: ·:~ 

solutions. or who scarch io:lormolion by lrial and error \'~J'Otb.:sii 
lestin~. S)·otcmotic. indh·i,;ual• utili¡,c ab•tracl logk:il n ~ls ond 
procmcs in thcir cogniti.•n crraru. llcurbtic indh·idlo.ils utilizc 
coinmon len. .... past ••re(iencc. ond iatuitÍ\'C ~rcct" Syst<molic 
individuols would l>c ab:. 10 cope \\Íib \\'Cll•slnicturcd pn'lblcnu 
without dillic"Uhy and ,..,•uld approacb un•truc'lurcd prCiblc~ by 
anemptin& tn scek unJe1 !,·inp, >truclural rclations; \\h<tCu heur· 
istic inJi,iduals would a:tcmpl lo cope •o.;th unst..Uctured probo· 
lcnts with.,ut a ronsciou·. dlor11o scck slructural idcntilicatio1L 

01 particular imporiOilL'C "lth IC5pccl \0 COgliÍIÍ\'C ll)'lct llf!\ 
rclationships bet"'Cl:ll lh•· cn\ironmenllll ~mplcxily ol lbe con- •' 
tingcnc-y la>k. structun: ;.nd information pi'O<.'\...;ng ch=cleriS. 
tics. A nun1bcr ol author·• ha\'c altcmplcd cxpcrimcnt> bascd oa • i 
thc hypolhL'>is lhal lhc <'OnccptuaJ SliUCIUn: O( lbc individuo\ 
determines inlormation processing charoctcti•tics. Concq¡tual 
structure is typically mca>urcd oa a.dimcnsion oC abstroct \"Crsus· 
concrete. Abmocl indhid"als would be capablc oC IUinp, integra· 
tivcly more romplcx coriccptual prO<:I:S$05 1han concrete .1)~ · 
individuals. AbstractnC5!o may l>c ·~hor:ictcrizcd by lbe obilily to 
diflcrcntiatc ·a·grcater valicty oC inlormation and 10 discriininate 
and intcgratc inlormatior. in romplcx wnys. Absltacl indhiduals 
would, lhcrclore, be cxp< ctcd to b;i.sc actions on more ioCorma· 
tion and to · dcvelop more c.omplcx strat<gies for inCormotion 
cvaluation lhan concrete individuo~ This is somewhal similar 10 
Piagct's aecount ol evolvi<~&. rognilivc 'dC>oelopmcn1,1 in t.bat the• 
~rormal" thinker is ca1>~'ble ol abslraet lhour,bt whereu \he 
~concrete" thinkér rclie• n·.arc on pi'CI.'Cplual expcriencc IIJ a basis 
lor thousht ond problon, solution. While thc worl< of Piaget 
oppcars lo a.ssumc lhat ro, nitive copacll.:( C\'Olvcs over time. sorne 
rcscarch involving pcrson•·';ty and cogniU\'C Sl)'le assun1cs lholan 
indivlduol's cop,nitivc •iyl: is not lask dependen! and not subjcct 
lo change .S'!' lunetion ú: ¡;ontingcncy variables such as cxpcri; 
encc. \ · · 

Amons other cllons. llrivcr and Mock [83) developed deci:_: 
sion·stylc .lbeory. a seto: rour dcdsion s1ylcs bascd u~·the· 
heuri>tic-analytic chornekriution of .Huysman [1721 to··rtlaic 
conceptual structurc o[ d<·dsionmakcrs :10 bolh lhe ami>unl ()C ... 
information lbey tcnd to use and thc dcgrcc oC Cocusing t.bat lh~, 
cxhihil in lhe use. ol inlormation .. A bcurislic pcrson wiU :we\ 
intuition, past expcriencc, ¡;onen:tc)hought, ánd a whouJÍic.'.iip:;';
prooch to reach dccisions. Ari analytic pcrson .,..,11 utiliu abmact~: .. 
logical modcls ~nd will >L'arcb Cor causal rclationships and: ún- :~ 
dcrl)'ing structure lo evolvc rationole for dccisionmaklns. Thc :. 
lour decision stylc:s are detormincd by 1hc dcgrcc ol Cocus in tbe.· 
use ol inlormation and the amount oC inlormalion dcsired. A·· 
dcci>ivc pcr"'n is onc who .,..;,;hc:s 10 scc lh~ minimum possible 
amount of information 'an.J who will likely idcntiCy a single 
workablc dccision. Dccision >pc.-d obtaincd Crom 5hort sulllllllll')', 
o(tcn \'erbal·rcport.s. i• ·a <horactcristic ol lhe decisivo penan. A 
ncxiolc person is one who ulilizes minimum informolion. bln ,.·ho 
will id~ntily ·a number ol potentially acccplable dccisions. A 
hicrarchic pcrwo is onc who utilizc:s much inCo11113tioa, o(tca · 
obtoined in a thorough way Crom long involvcd prtcise !'Cporu lo . 
idcntily o ~Ingle acccptoblc d.'Cision. An intcgrative pcrson utilizes 
¡nu~~ inlormation to idontily a numbcr oC potcntially acccplablc 
ÓCCISIOnJ. . ' . · . · -' . . 

· Vo..arhdyi (3H9]bu also cumincd thc anolytic-h~uristic di~· 
mcnsion. !lis experimental rc>ults in.Jicale gcn.·rally that an:ilytiC:· .. 
l)'pe pcoplc tcnd to u...c computen> an.J nlhcr anoi)~ÍC 1ooli ·more . 
in planning thon do hcuristic \)'pes. Hcuri51ic typcs . uk leos· 
information than thc analytic typcs ond are more ronccmcd \\itb 
thc lack of Oc•ihility in computers Iban anal)'tiC l)'p<S. llo\\'CVer,' ·· 
his >ludy o! correlotions omong various SI)·Jc-measuring inllrll-
OICOI) indi•':IICs lhat \he se ore n:lath"Cly low •. · . ·. · ·• · · · · ·. 

Driwr 'and Mock ah.o sui&estcd A fillh. stylc whith lliey 
.rclcrn'J !O as lbc complcx •tyk, whicb is cbaract<rized by a; wide 
sciuch ond.analysis of inlormalion. ltis a mixture oC lhe }~t.er.ra· 

1Scc Scclion V or this papc:r. 

.. ----·. 
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,, 
rive :ii,d hicrarchic types: Zmud (41 S] ha.• pcr(ormed :;.-,me expcri
mcnr1>1 >ludies o( rhis dccision sryle thcory. His Cíudin~s indicare 
that Pcrct:ptual dirtcrenccs can indccd be obscn·cd for spccilic 
co~livc ¡tylcs ond among .subjcct.s \\oith dirfcrcnt cducatlonal 
and c'xpcricntial.baekgrounds. HowC\'cr, his rcsults liso inJicare 
lhat 1Íhcrc is no apparcnl rclationsh.ip bctwccn cO~nitive style 
pcrc.:}ltions IUld actual cognilivc bcha\ior dcspitc consislcnt di(
rcn:n1Cc5 in pcrctptions o( cogrútive llylcs. . 

McKcnney and K&en (242] have done e.tcnsivc work ou 
cognitivc style mcou.uremcnls. Tii.:~ ha\'c: bccomc, in part, thc: 
basis';for SC\'Cral dcfínilive c((orts [1?2), (19J), (2'5~) in dccision 
supporl systenl dcsig.n. Thcy conccptualize cogrúti\'1! stylc in two 
din1cnsioos: inrormalion :t.cquisition and inrormation procc:;sing 
a.nd cvaluatiort. Thc inrorm:1tion a.cquisition mcxtc" consists ol 
rcccprivc and preceptivo bcha•·ior, both al the oppositc extremes 
or a continuum. TI1cy cl:lim thal pr~ccptivc .¡Jcd~ionmakers use 
eonccpts, Or preccplS, lO Cilter data, lO Cocus Oll pnlicrns oC 
inCoril>ation, and to look Cor de•·iations Crom or conrormitics with 
their cxpecrarions. Rce<ptive pcopl~ tcnJ to Cocus on dct:UI rather 
rhan panems and derive implicalions Crom dall by dirccl ob
SCt\'alion O( Íl, rather than by filling Íl lO thcir own prce<pts. 

With respect to information prQCCssing and evaluarion, 
McKenney and Keen mcasun:d iqdividuall on a 5crue, \\ith the 
systcmatic thinker óll onc extreme nnd thc ínluilivc think~r óll-lhc 
othcr extreme. They h»·c shown, using a ballCI)' o( pene~ and 
papcr tests, that systematic thiokcrs appro~eh a problcni by 

· srnrcturing it in tenns oC sorne mcthod which would lead to a 
solution, wherrilS intLJiai\.·c: tlúnkcrs 'Wte triia.J nnd c:rror,. intuitioa, 
IUld prC'\iou::. c:..perirnce 10 obl::ún solutions. · 

\Ve h:ivc cxamin~d tour cognilivc :ttylc charactcrizations in this 
se<:tion. Table 1 summaril.Cs lhe mCI<Icls oC cognitivc stylc ,rhat 
rc>ulj' Crom thcse cHorts. We note rhe con>idcrable similarity 
30100& thesC (OUt COOSifUCIS. ll\CtC hólVC bccn :1 numbcr o( 

studi~ or thc mcasuring instrumcnts involvcd in classifying pco
ple a.<cording lo rhcsc cC\gnirivc styks. Many, sueh as rhc 5tudy 
by \'.'!-<arhd)i (JR9] menliCincd pr<viou•ly, ha\'e [ounJ rathcr low 
corrclalions among tc>t in•trumcnrs. Zmud (413].(415] has indi· 
cólh.·d:low corrclation :1bo among tc::.l .scorcs on Uirrcrcnt instru· 
m~nt) inJic~ting cog.niti\'C )tyks.. Chcrv:1n)·, &nn, and Oickson 
(S7], (76] ha>·e uprc.,.,'\1 much con<~:rn anJ pc.simi>ill conccrning. 
thc ,:alif.lity Clf much or thc conh:mtk"'r:uy rcscarl"h in this :1rc:t.. . 
Thcy rommenr rhar rhe siudy oC inJi•·idull pc"onllity dif· 
rc.•n:n~cé:s ~ prcdh:ton of hum0111 bchJ\'Íllf ;~nJ pcr!OJ:tllanc;c h;wc 
.:~n.h;pically uruu~.·cc::.sful in chal it hal nol bc~.·n p\l!)!)ihlc to 

ph·Jii:l pcrCormancc on thc ba.sis o( pcr)nn:~lily ch:trJl·t.:rislia. 
TI1.:ir · L·ommt:nl :and th¡;- commcnl ,,( othl.~n 1ha1 thc ~.:haraclcris· 
tin 4.r thc. 1-;u.k in which thc imli\·it.iuaJ involn~J is a prime 
~oh.:lcrminanl of human hcha\ior. appcars un.1.,~ilabk Wr: "'·ill 
pro\·iilc .1ntJ discuu aJdilional. cviJcnc-c suppoiting a d)'namic 

' ' . 

'· ~ 

.. 
eognitive style charaercriution thal wiU lnrorporalc lhe con. 
tingeney task structun: ~nd thc dccisionmaker's lask cxpcriencc 
in scvcrll orhcr scctions o( rhis papcr. In particulu we cmphasizc 
thc srrong nced Cor eonsidcration oC lhc structurc and tbe conteo( 
o( planning and·dccision situalions In ordcr ID.'.ev~lvc CODICJitu-
ally meanin~rul support. . . ' ' 

IIL INFOaNAtroN PaocES.StNO .. 

Problem solving. judgment, and dccisÍonmaking lmply · botb. 
thought ·and action. Hencc dccisionmaking cao be defincd as tbc 

.proccsses o( thought and action involving ao irrevocable ~noca-. 
tion oC resources that culminares In cbolc:e behavior. In making a .. 
decision, moho ohen than nol, thi: dccisionmaker is dealing .witb , 
environmet\ts charaetcrized by risks. hazards, uncertainly, com- .. 
plex.ity, ehanges {Jvcr time. and connicL Furthcr, lhc quaUly oC a· 
dccision depends upon how wcll tbc dccislonmakcr ls ablc to' 
aequire inrormation, to analyze inCormation, aod lo evaluatc tJ.i:td 
interprct information such as ~ .discrimi~ate betW<Cn n:kvilliV· .· 
and rrrclcvant bits oC data. Deasron quaUty also depends. upoo , : , 
how well the dccisionmaker is ablc lo cope ,.;lh slrcss, whi~!i· b '>. ·. 
invariably encountered in importan! dccision dn:umslaocca; .&~;. :~: 
Ceclive management or thesr: Caeton ~nables strategies by ·"·hich · · 
the dccisionmllkcr may arrivc al a good problem solutio11, dcci
sion. or judgmenL . · · . · .. ·. . · · · : 

A number oC studics sudt as thosc: by &mm [28), Bcltmall 
(37}. Chorba and Ncw (~8}. Oclaney o.nd Wallsten (73}. Fcatbcr 
(107], Howcll and Fleishman (16S], O. Huber, (168}. G. Hubcr 
(170], (171]; !ves,' Hamihon, and Davis (174); Ll'bby lUid Léwis. 
(215], Lucas and 'Nicl>on (228], Mac;Crimmon o.nd Taylor (232). · 
Montgomcry and S\'cnson (2S6J, Moskowitz, Sehaefer, and 
llorehcrding (259]; Paync (27SJ, Simon (342). Tushmu lUid 
Nadlcr (379], Tuggle and Gcrwin (380], Wlllllten (J~SL (396): .ana 
Wri&ht (402]-(4061 discuss rhe vital role oC human inComt.ition 
prpccssing. in decisionmaking. Mosl contcmporary n:se:in:hen · 
regard inforlnation proecssing as a· c¡ucial .liuk lor dCective · 
dccisionmaking and stale that 1~( typc oC decúlon problenl, lhe' 
nalurc o( lhc dccision cn,·ironmcnt, a.nd lhe an·tcnl stalc or ·~ •, 
dccisionmaker combine to determine dccision stylc and d~ioa · 
str~rcgy Cor a speciCíe task. The term inCormatioa procc.sing· 
rc(ers lO thc proce.sing o( verbJI n:pDflS as .. .,;u as quantitalÍVC 
data sinc:e verbal rcports are data (99~ . . . 

An inCormation proccS>ing thcory oC problem solving. jud&· . 
menl. and deci•ionmaking is based on thc :wumption· thin jndi· 
•·iduals lu•·e an input mcchanism Cor acquisirion oC inCo~tion.. 
an ourput mechanism ror interprclation and choiccmaking. inlá7 ·. 
nal proccsscs-Cor Cihcring and other 'on;ll)'lis eCCorts ass(ICjat~:.'•;.· 
\\ilh inComlalion, and m.:morics Cor long· .anJ short-term rl<•rage': 
oC inCorm~tion Thcre are a large number oC w~ys or n:prescriJ.in&' .. 

~··--·-· 
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·' ,, Fia,. 2. A sy¡tcms cn&inccring ooñccplu3l m~cl oC hum~·inCOI'Dl:.tion proccssin¡. 

human informalion proccssing. Many or tbesc JTC dc;;cribed in 
tcx.ts in cognitive psychology such as Andcrson (7J, Posilcr (281(,' 
or,Solso (354), and in worb in consumcr choice such as·ficllm>n 
(37). Mucb of.tl¡e work in this >rca owes a grc>l dc:ú io Simon 
(334)-(3441 who has dn·cloped inform>tion processing thcories in 
psychology and in anilicial intdligcncc. 

Fig. 2 prcscnts a conceptual model of a systcms cnginecring 
framework (308J for human infoémation proccs;ing. Therc are 
doubtlcssly 8 number or componcnts nússing from lhis moJel. lt 
docs not show, for cxample, thc es.cntially it<rativc naturc of thc 
proccss. Nevcnhclcss v.·c fcel that it providcs a usdul point of 
dcpaTIUTC 8nd 8 Slructurc for OUT efforts lO follow. 

The kcy functions, which determine how a spccific prol>lcm or 
dccision situation is cognized, dcpcnd upon an intcroction or the 
mcmory and higher-ordcr cogrlition or lhc probkm solver with 
the cnvironment througb the contingcncy ta.<k structure. Wc will 
be vcry conccmed witb devclopmcnt o! • conceptu:ú modcl or 
higber-order cogrlition and thc conlingcncy task structurc in 
S<ction V. lt is appropriate to 'rcmark hcrc that thc various 
iniónnation .analysis and intciprctation proccsses of thiniUng, 
tasli. pcrfonnance objcctive idcntification, cvaluation, and dcci-

. sion rule idcntilicat!on. are callcd ~higber arder" cognition. This 
is ~ot because lhey are wmehow more imponant tbJ.n tt\c so 
calli:d "lowcr ordcr" cogrútion errorts or information acquisition 

. . iovolving formubtion: scnsation, aucntion, pcrccption, and pat· 
terh recognilion: but b«a~sc they occur later in time in thc 

. ovcrall information procasing error~ . . 
lt is important to note that infonnation proccssing .and dc:

i:isionmaking cffons intimately in\'olve mcmory. Mcmory ( 102) 
inllucnccs human judgment in a numbcr or ways. lt will infiucncc 
the pcrccption or the contingency ¡ask structurc associated with 
an. issue as wcll a.s the dccision rules uscd for cv:úuation of 
alt~mativcs. Two characteristics of human mcmory are of spccial 
imponancc for our · efforu herc. FiT>t, informotion will be cn
~c:i4cd iD more or lcss efficicnt :tnd cffcclivc ways in IC'Ons of 
hu~.m abilitics for rccall. Thc cflding proccss is d~~ndent, zsbo. 
~~n thc intcrprct:uion :utachcd to inform.ltion and this )lronr.IY 
mflucnC"Cs C'\'Cnt rccall. pcrL·cptions, and :usoci;llcd cogniti .. ·c bi· 
a.s.c~ Thc lilcraturc con~.:mcd with mt:mory tuuJ its componcnls, 
and thcir icl.:uions and intcraction wilh human p~rc~.:ptual cAp~.·rl· 
tnce a.nd bchzs\ior is voul and )pcculati\'c in naturc. Thcrc ha\'C' 
bce,n many studies, both physiological and ·ps)·rhologicol, con
·ccmtd with thc identification or thc m\!'moty .. ~ngram ... whidl is 
hypothnizcd lO be the fundamental unit or mcmory. Wc nccd 
not: be rspc<-iony conccmcd in this erran with o he 1 orious physio
lo¡.ic.il )lructurcs, and prOl"CS!»ts associatcd \\'Íth human mcmory; 

; 

or with various. relatcd behnvio• therapics (109): howC\'Ct.lbc 
csscntials árc rcvicwcd bclow bricny. A use fu! bricf survcy of thc 
litcraturc on mcmory is ptescntcd by Thomasscn and Kcmpco in 
chaptcr 3, vol. 11 (244], b)· Fox ( 12R), and by IUdcUrr (284). 

Human mcmory constitutcs two majar components, sbort."tcrm 
mcmory and long·tcrm m :mory. Shon-tcrm mcmory plays a kcy 
rok in immcdiate rccall of :>¡:ti•·cly rchearscd Unútcd information 
(7J, (354). Unl<ss conscious erran is'put forth in rccolUIJ& infor· 
mation from short-tcrm ntcmory, this coMol be done ·ortcr •. 
lapsc or JO. to 60S from initial prc.c:ntation. Mooels or Q working 
short-tcrm \nC'mory iovoh't' a numbcr of mech~nj5ms, su~ .~·.aa 
aniculatol.)' rchcarsal,loop that has 'the copaeuy 10 rct:uo •hon 
vcrbalscqucncc:s. 1lús is just onc mccharúsm by which short·tcim 
rctcntian· is po.'<iblc. Thcrc are a· number of other scnsory. rcg· 
iit<rs. 1t i.s imponant to note tbat 'short·term memory is.' an .. 
intcgrated nctwork of m:my mcch:mi.<ms, and is associatc4,i.n 
use, with a number or skincd prOCI:...s. .· ... _,.!'"·:. 

Shi!frin ond S<:hncida (313), (327) inCOIJ>ORie coni:q>ts ;or. 
atlention; · mcmory, and pcrccptual leamin& in tbeir tbeorY 'of;o· 
short~tcrm retention. Tbcy hypothc:sizc short-tcrm storar,e, ·.lhe' · 

· function of which is active control of lhinkins, rcasoniiis, and 
general mcmory proccsscs.- Accordlng .10 Shiffrin & · S<;bncider, 
short-tcrm storagc is an acth·ated subscl or lon&·lenn storage. 
Transfcr-or inlormotion rrom sborl·lcrm SIOI'llgc lO loog•term 
storagc is dependen! on ancntionallinútalions, interfercncc from 
slrong cxtrmaJ ilnd intcm:LI stimuli, Q.tcot qf' an~i$ ol. inlor
mation, and formation of as.<oeiations in long•lmn storagc. Therc 
havc bccn mony studics involving conccpts such as rc,tricval 
proccsscs, memory trace: idcntification. encodin& pro<:.:sscs. and 
rccogrútion which wc will not discuss anbcy:appcar of scci>ndary 
imponanc:e to.the goals of this panicular effur~ While li~c·to 
SCVCn unconnCCICd iiL'DIS is beJicvc'CI 10 be thc m3JÜmum amounl 
or inforniation th•t can be rctaincd in •ho'l'•eim inemory; Ion&· 
tcrm mcmory .moy contain a •irtuolly limitlcss •mount of- infor·· 
m:uion. · · · · · 

;rhus wc ~ an cnormous differcnc:e betwcat human. abililles 
and computer abilitics. 8CCJU!oC of its l:tr&C Jon&•term ·memory 
·and ahility lar quid scarch and rccall, a human nún<l 'casily 
rcawns wholistically. Wholistic rco><>rún&o sucb as rcasoriing by 
anology, is not al all e as y, al this time al lcast, for a q>mputer. 
Significan! unaidcd compulational cffort would be diflicult.for a 
human sincc rompulo:uion must be done in 5lKtrt·tctÍD· _mcmoi'y~ 
TI1ere cxists thc pos>ibility that informatiotl.storcd in liXI&'~rni_ 
mcmory is nawcd bccaU>C of rognitivc-bi:i>cs introdu<:Cd ·.by 
proccs.ing in •hort-tcrm mcmorj.- A principaltask of co.mp'l!ier·· 
aidcd supporl must be to augmcnt human ·capabilitics ill __ née<j:~r 

·¡ 
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. . h'l . . d' .. h' b'l' . h ·-augmc:_olaliOn, w 1 e nol 1mm1~ _In& a 1 at1cs an 1 ose Atra.s "" 
which human ahilities uc«d thosc or the computer (81 ~ 

Ounrrort in thc·remain.!cr ol thi• ..:ction will 1><: úcvotcd lo a 
lc><:ription ol thc various prOCC'-\C> which >Upport inforonatioo 
.. cqui•ilion and inionnation analy>i>. We will abo diocuo,s sorne 
o( thc,rcognüi\'t: bi;15C5. lhat can rc!.ull from ""poot"' infonnation • '• 
~qqui!!>ilion and information an:lly:ti!i> .. lnfonnalicm inh:rprtt::alion, cA""''''* •. .NDCOMt•t 
whh;h lcad5 to alteritativc C\'alu:uion a.nd dcc:i~ionmak.ing. i.s Wl ". "'•· · • ! · • : ~' 
import~nl ;¡nd s.oinc'IA:hat di~tinc1 parl of thc O\'C'tall inform~tioa • '- · 1 • 

procc.·~)ing mo.Jcl. h will be c.lbcu~M:d in.thc nexl four K'Clioas 1· 
from Kvcral pc:r!-pcctivcs. · · . ·.·: ., ' 

Thc:typ..:s of O(X:taLion5 involvt:d in inform:ilion acqubitioa are. •• 
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Fi&. 3. • Thc DruOS\Ii<k lcns inodel :U.l111 ~~il011 to ti=mond's social 
jud¡mcntlhcory •. ·. 

~cn!-alion, attcntion. pcrceplion, :md p:11lc~ rccogni•ion. Doubl· . 
Jc~ly lhcrc are othcr vaHd Wol)'!t or c.:s.tcgorizing lhcsc opcrouions 
(7). (37), (67), (100), (137). (148(, (175), (281), (2'17). (29M(, [313), 
(32"1), -(333) bu1 lh< 1:uonomy u>ed hcrc is sufficicnt !or our 
pUJpo~cs. In ~Cn\ation, in(ormation is acquircd throuth the fivc 
major.scnsc modali!ics. which are cnvironmcntally acth·atcU; in 
rc:-.p<mse to a specific a.rray nr ~limulus cncrgics. In a. spccifi~ 
dcci~ionmaking situation, thc d~cisionmaktt filtcrs out bits of 
d>1a bclic,·cd lo be i rrc1evanl. The lihcring proccss is ba5Cd u pon 
l::L'-k charactcristícs, expcricnce. motivalion, as wcU as othcr lea· 
turcs "and dcmands or tbc spccific dccisionmaking siluation. 11 
>uch a nltcring mcc"hanism wcrc uot to cxisl, thc dccisioninakcr 
would,c ohcn cncounlrr information ovcrload which gcncro.lly 
rc>ulls: in saturation and lhc lnability lo proccss suHicicnl in!or· 
matio~ !or 1hc '""k al hand. Shon·lcrm and long·tcnn mcmory 
comp~nents play kcy roles in thc information acquisition procc:ss 
as th~ dccisiomua.kcr procc~"'ds with c:f(orts that culminatc in 
choice. A response systcm coupl..·s thc mc:mory · systcm to thc 
~cn~ocy syM~m and the cnvironml.'ia. Thus it con1rols or nctivatcs 
thc scnsory modo.lities on 1hc basi• or the actions token. Throu&h 
lhC: rc~ponsc S)'::.h:m WC CJO::.C lhc informouion now feedback loop, 
Bowcr, in mlumc 1 o! El. te~ ( JClJj, h~ summarizcd principo.l 

,componcnts of thc Oow systcm. A modcl or thc prindpo.l compo
ncms '~f information Oow might '-''ruist oC: thc n:~ponse systcm, 
lhc scn.ory systcm,lhc mcmory splcm, nnd thc central proccssor. 
The ¿entro.! proccssor coordinatc> 1ncmorizing, thinking, evalua· . , . . 
tion o! information, and fino.! dcc',ionmaking. stimuli; and perc.:ption, or the use of -bighcr-ordcr cogllili'!!I.IO 

Ultjmatcly inmlvcd in retcnli• n proccsscs is thc notion ol inlcrprcl sctUOry slimuli. ,, · · .. ·· ,-;.;::. 
allcntioo (7~ In ordcr ror in!on;;etion to be translcrred (roro . Wc have jusi dcscribcd whnl might bC rcgardcd as a ·eo¡nP., · 
shon-1cnn mcmory 10 long·tcrm mcmory, constan! consciou. ncnt oi physiologico.l modcl or inlormalion proccssing. lil·thqc 
nllcntion, in tcrms ol rchcarsal, is ~uircd. Informal ion cntcring stimulu• response npproachcs, bo:havior 11 scm as bciil¡ iniliatcd. 
shorHcrm mcmory lhat is no) 111cndc"<l to, through spccific by lije onsct ol >iimulL A sccming de!idcnc:y iD approachcs· cif 
corucious procc ... s. is los t. Procc:osing o( information dcman\ls this · f(>rt is that thcre is liUie eonsidcnuioD o! how infoimalión ' 
.aucnding to relevan• bits or incoming dala and tran<fct:or the bits are ¡¡r.grcgatcd lo inOucni:c·choicc lUid how thc dcasioo
dala ,in lo long·tcrm mcmory ror ruturc rctric\'al (or making a makcr gocS nbout the proccss· ol intonnalioll lol'll!ul•tioo or 
dccision. lntcrfcrcnces br vnrious types may intcrcuptlu¡tcntion acquisition, analysis, And intcrprctalion. .. 
and thus hinder tmnsfcr and rete .llioo or rclcvant stimuli in lo A "\cns modcl dcvclopcd by Drunswiclt and his students is a 
long·lcnn mcmory. notable exccption to lhis. The BrutU\\iek lcns mo<M is ¡hc.basis. 

ln~crcnl in lhc proccssinr. or hlormalion acquisilion, is thc ror t!lc policy capture or social judgemcnl thcot)' approach· or 
procc,ss or p~ncm rccognition. T;tis procc>S gcncro.lly idvol\'es .Hammond and his c:olltagua [ 140)-(143). Tbc: kns modcl. diJ. 
two phascs: e• trae: ion and idcntification. A gi,·cn stimulus is playcd in Fig. 3, assumcs that pcople ·are guidcd by .'rlllional 
~coo.cd" in tcrtns oí iiS (Calurcs. Thesc cxtract~d (c~turcs O( thc programs in thcir ancnlpllo adapllO .lhe enYironmcnL Thcrc is a 
objccl or Slimulw dcocribc tbe >1imulus. Thc 1cnn "(calurcs" critóriop valuc t:. and thc subjcc¡s response, judgmc:nt, .Ó( in
impli~s such characlcrislics as anglos, Unes, or cdgcs. A stirnulus rcrcncc r,. The ldt sidc o( Fig. 3 rcprcscnlJ ceologií:al CIIC 
may be rc.:civcd lhrough 'any o! thc scnsc mooalitics. Thc mean· · .validitics which an: lhc c:orrclalions r., bCI\YC\•n lhc c:ucs 1111d

1
thc 

ing. 1\Fll this ronvcys to thc: d'-~i,ionmakcr, or ahc manncr in crilcriori valuc. On t.hc ri¡ht ot org~Dúc side of Fi&- J,. a.· 
whic~ 1hc d<·c·isionm~kcr p.:rccin-s thc stimulu,, is ócpcnócnt · >ubjeci will .base a response, judgment; or lnlcrencc Y,, op_lhe · 
upon,thc paucms c.\lractcd fr<>on 1hc •timulu•. In 1hc identifica· p.:rcch·cd ccologicol structure. By calculoting lhc corrclalions r,., 
tion pha.'iC, thl! scnwry- pcrccplu:l systcm cl:tS"'ili~.·!. thc stimulus ·th:tl cxis& bctwccn the cucs ~d thc: ~ponse or critcrioÍl cvAlwa· ~ 
ohjccf Thc way In "·hich lhis is <'itcn =umcd tu occur is by a tion, lcaming conecming thc re>ponsc system c1111 ~ !Jbt:Uncd. 
W<'i&h_lcó mah:hinr. o! thc currcnt koturc list a~ainst a likcly >Ol ·. We note thai thc value ol the emironmcnlal criterioa Y,- and · 
Df rrowtypcs in long·lcrm mcmory (7(. (313(, (327). (354) \l'ilh thc thc subjcét infcrcru:c t; are dircctly comparable ir li.ncar eombi· 
"nrulbcins d;usifl<cl according l<>lhc namc or lhc bcsl m~lching nalioru or the CUC'S are :t»umcd. Wc havc, ror ·n cuCs, .. •· . 
pnlh~iypc. Tllc qu;.¡lity or c\tcnl of thc scn!-o·ry infomtalion • . · • ~;.. ~: .. ; · 
C\lr~~,.:t¡;-J J..:h:rm.inó thc 3t.'CUraL)" Of Ídl!nlifícation. . y= ~ IJ X + p · f: ·= "IJ X. '.,,. 

Thl • · .. • · ~-~~41 .,, • ~ni 
us pJ.IIUn rt.'Ct'~llllUln proc·:~~cs 10\'oh.-c m~.·n¡ory nnd lhc •=• · 1o1 

CHhl.'f;lhf~(' I.:"OIUptJIII!Ob O( infornl.-,liOn olCqUÍSitit)ll" ~n:,.alion Of· 
lht.• ih'~tia} -.·xpt.·ri~.·ncc "' stimula_li~··;l from thc s~.·ns,;•Y moJalitii!s; Y.= f' ,··X .f." r ~ f.= f Á. x 
au~n~llV\, or th( l'fln'-"'\'nlration ,.f oog,nitive l'fforl on scnsory • ,. 1 " ' • • 1CI 1 '' 1 

1 ., 
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where J. lUid A,' ore optlmum regre.,ion w<ig,hts ror the lndc- with ju~gntent ond choice ar< espc:ciolly noteworthy.· Among lhc ·. 
pcndmt ·~ues x, ,.·hich pro1idc meO>Urc• or the impPrlonec weighu oognitivc bio.e• thot hove ber.: identiricd are severo! which ·offcc:l. . 
oC lhC .CUCS, r, ond r, arc·crror terms duc lO inodequocy of lhc informotion formul•tion or ..-.:¡uisilion, infortnotion·l>llol)'>i .. llrld .·. 
lineal n1odcl, Y, and Y, are tlic tru< critcrion volue nnd •ubjecl inlcrprctation. Among lheiC biAKa, which ore not.ind<'J>Cndcnt, · 
,r""pon5c, ond Y, ond i', are thc prcdicted critcrion volue .ond oro thc rouowing. · ·, · . 
subjeca.re•poruo: b=d on.the ob>erved cuu. The mony works or 1} A.tjwrm.·nr and Andooriug (345). (383)-0rtcn a pcrson·rincls 
Hammond and his ouociotes (2). 121), I4SJ. (S4J, 1140]-(143). lhot dirricuhy in problem so~1ing irdue nóllo.lhelock of.dot~ . 
(186~ (187]. (261). (290), (294], 1295], 1404J'oon,-m~ing soclol nnd informotion. but rothcr to thc exist~ of~•ms dotii ond: .. 
judsm~nt thcory moke u~e or thi• lcns model. Thc opproach has informaaion. In surh siauolio~s.lhc pcrwn oracn rnons ao h•"liri .. 
:bcen s~own lo be usdul in a vnricay or nrcas >uch as policy aics which moy reduce thC mcntlll dforll requircd to orri1:t" i11 ~ · · 
,f<>mtulotion. ncgotiotion, and connict rcsolution. lt.wnl dfons "'lulion. In using thc oncbr.ring and odjuslmcnt hcuri•lic whcn . 
. by JloÍfmon, Eorlc, and Slovk(IS41 hove shown lh31 lhc coin.' confrontcd with D Jorge Dffio'UDI of dota, the JICI'S<'D IIClL~. 1 · 
pulcr disploys of soclal judgmcnl thcory: which show bolh task portkular datum. such"" thc nteon. ""an lnhiol or •l¡lrting point; 
.characteristics, in tcrms or cuc l'olucs ond cormponding critcrion or anchor. and ahen odjust! that value imprOJ"'·rl)' in ordcr to 
•·alucs; and response charoetcristic•, .in terms of individuo! cue incorpora ti: the rcst· oC thc data such as to resuh. In. O:.wcd 
va1ucs and :usoci:llcd subjcct rl!'sponscs Dnd judgmcnts; providc a inConnouion Dn:llvsis. : . · ~ · · 
\'cry dfccti•·• fCL-dback mcchonism which might cnable pc<>plc to !) A••ailabiltl,v i383l, (3851-Thc dccisionmllkcr uses only easily 
dfcctivcly lcam much oboul complcx functional rclationships avoilahle informotion ond i¡;norcs not casily ovailablc sourcc:s oC · 
and lasks. Thcrc are a numbcr of >ludies ol rcgression analysis significai11 informotion. 1\n rvcnt.is bcticvcd lo occ:ur frcqucntly. 
approachc5 lO detcrminatioo of paromctcrs for dccision rules lhal is with high probobiJity. if it .1$ CO>V lO rccoll simiJor CVeniS.'. 
(260), (2901. Use or rcgrcsslon anolysis 4 central to social judg· JJ Bu.sc Ratt 1~5).(291].)3~61-Thc likelihood or occurrcnc.: or 
mcnJ lhe.ory. Recen! applieations ol thc approoch 1261) have two cvcnu is oCtcn comparO\! by contra>ain& the number or úmci 
'involvcd using simuJation modcls lO gencraiC IC>pODSCS wlúcb are lhe IWc)CVCnll O.'CIIr and igll\1ring the fOIC Of OCC:UtrCnCC of COCb 

. valuated by thc dedsionmokcr. · cvcnl. This bias often occurs when thc clc:cisionmalter b<IS con· , 
Qudtions conccming thc cognilivc style used by thc de- •crete expericnce with one cvena.bul only staabticnl or obstracl , 

cisioonioking are:, IVC bclicvc, vcry imponant lnformotioo' onaly· informatiOJi on thc olhcr. G<ncr;ll)' absaract lnformation \\lll be.: :' . ' 
sb and lnformatiOn intcrprctatlon may be accomplisheil in a ignorcd al lhc cxpeniC of concrete informolion. A base .rote ·" i 
concretc opcrolionlll modc or lhou¡;ht or in • rom¡aJ opcrolional dclcmlined primarily rrom i:uil~relc information may be callcd • . . . ! 
modc. We ,.;n dcscribc lhe csscntial Ccatures of lh•'SC two highcr· cousal base ratc whcreas lh.tl dcacrmiocd rrom abstract informa· 
level cognition prD«sscs in Scclion V. Thc concrete opcrational tioo is an incidental base rr.te. When infonnotioo· updotcs occur;· 
thoughi proc:css. wlúch is typically opplicd in forniliar >ituations thls indivjduating informati.;,r{ oftcn is givcn mucb more wcighl ·. 
which pcople J>"I<OÍ\'C lO be wcll l>lruclurcd, may involve ctrorts lhan Íl descf\'CS. lt is mucb casicr for indJviduoling informol(on . 
such a> rcasoning by analogy, or affect, or &londard opcroting. lo ovi:rrlde incidcntol b= r•tcs ~tan a.usal base tales. ' · : 
procedures. The formal opcrutional thoug,ht pro.-.:ss, typicully ·. 4j'Cousrn~l/sm(210), (2S9J, (345!-Thc fallure lo revise esti-', 
>pplied in >iluations witb whieb thc probiem solver is unfarnilior males as mu¡:li as ahcy sbould be r~sed,l!<ISCd on rcccipt or I!CW .· 
and inexpcrienccd, may lnvolvé cxpiicil use or quoutilolive or significan! iriformation.•O$ kuown as conscrvatlsm. TIIis b rclatcd 
i¡unlitative analylical thought. lo dala &aturation' and regrcssion crrccts blascs. ,. . . ' 

In cithc.r or tbcsc modos or "styles" of thoughl or cognilion, • S) Data Prrmtlution CINirtxt (161]-The lmpact or ,sum:::.. 
inlor~lion ucquisition, anolysis, and intcrprrtotion may be quite · marizcd doía, for cxomple, may be mucb grcater than that or .lht:. . 
nawcd:'Many rece ni studics cmphasize thc strong nccd ror mod· same dota prcscntcd m dcaailed, nonsummarizcd . form~ Al~·, .. 
cling problcm solving behovior in a dmriptivc, or posilive scnse diffcrcnt scalcs niay be uscd to considerably chi.ogc the lmpticfl:if•.•;.. : 
.in ord~r to dctcct po"iblc naws in information proceS>ing. Our thc s;uile data. . · · · . . · . , !''~: · · ' : 
discuuions thus far in lhis scc:lion hove bccn concemcd wilh . 6) tiara Sarurat/INI-Pcople oftm rcaeb prematuro coocl~lons.:}i': . .' 
physiolo&ic31 modds in whicli pcople hove input ond output · !'" lhc basis or too .,all a sample of inronnation· while i&noring : :.. 1 
mcchanisrns, a mcmory for information slorogc ond rcuieval, and .. thc rest or thc data lhat is rcccivcd latcr on, or slopping acquisi· " . 1 
a oxntrol processor f<or coordination and control. Hcrc, \fle wish . IÍOD or doto prcmoturcly. . . . . . . . ' 
cspcciolly to underso>rc lhc nccd no1· only ror physiological or · 7) DrsÍ~cfor St/f·Fulfilling Prophtclii-11te declsionmakcr vlll· 
stimulus-responsc mudds but cspecially ror procc•s tracing (72], .. !ICS u certai~ outcomc, iniCrpretalion, or conclusion and acquircs · 

·.(95-98], (255] models or informotion Córmulalion. anolysis, and a.nd onalyzcs only informalion lhatsuppoJ:IS Ibis eonclusion. This 
intcrprctation as well as O>sociotcd dccisionmoking. Knowlcdge is onother ronn oC sclectivc perccplion~·. ·.'· : . ..,.. · · .. 

. or thc octual una.idcc prpce" or problem sol\ing or dcscriptivc 1/} Ease of Rtru/11205]. (3H2);(383I-Da1A wlúcb Ql'l casny be. 
• proccss: tracing shouU serve os a uscful guide lo thc deslgn or rccalied or asscsscd will arree~ pcrccption of'lhc likelihood or 

inform:ition systcms 1ho1 ovoid, or atlcast ameliorate thc cffocts similar evcnts occurring again. People lypicálly wcigh. casily 
or, cog0itive hcuristic 1 and biascs. Tlús involves rcquircmcnts for rccallcd dota more in dccisionmaking · Iban !hose data · which .· · 

. a. kno"':1<dge of the w¡.ys in which pcople opply uratcgi" in ordcr ca~'l~i ~asily be recollcd. · -·- ·· · . ·.: ' .· 
lo reochjudgmcnts. • .· 9) Expmúrio11s (161], (235]-Pcople oftcn remember :t.nd. ot,":' 

A laigc number of contemporary studiés in éognitivc psychol· aoch higher validily ao informotion which· amflrms tbcir .preví· · ·. 
ogy indico te thol thc ullcmpts o( pcople, in<lu~ing oxpcns. lo ously h<ld bclicfs and cxpcclotions than lhcy do to di>eonfirming ·:. ·. 
Df"ply Vh:rious intuiciv.: stralcgic¡ in ordcr to acquir~ and ana.lrlc infor.mation. Thu:t &he: prc~cncc oC lar;.: omoun11 oC lnfon:natio~·:. · 

· informJtion for purposcs such OS pre~iction, forccasting. ond mokcs Íl casicdor onc lO sclcelivdy ignore di>conflrming.infor• ... 
·.~lannirig nrc oftcn fla•·cd. Mony studies hoveb<'Cn condu<tcd to· mation such. as lo rcocli !!DY conclusion .tind lhcreby provc · 
describ~.and c>pl:ún thc "'"Y infonnation is acquircd ond analyzcd onything thal onc desires lo provc. . . 
~nd thf rcsulu or raully ocquisition ond onalysis. Gcncrolly the 10) Facr-Vulut C.mfwion-Strong)y hdd values moy ofli:n be 
dcsclipt,l\·c bcho•ior of >UbJcels in lasks in\'OI\'ing information rcgarded ond · prc>enlcd lb. focts, Thot lypO O( informatiop is . 

luisilion .-nd analysis is comp:ucd lo thc norm.Jth·c r~suhs th.:u sought which ~onfinns or Jcnds crcdibility to oru:'.li ri.~:S··*'"d 
Juld prc\'oil if pcop'c followcd on "optimal" pro.·cdure. Thcrc valucs. lnlorqtatioo wlúch contradicls onc's ·vicws .or \'~lucs is 

· ho.vc b(CR·ll numhct OÍ rc<cnl discussions o( Cogniti\'C biO>Cs from Í¡>,nored. TI1is is rcJotcd lO \\isbfullhinking in tb3l both orcJorms 
""'·eral P.,r>pcctim (61), 162].)9~).1142]. j IS4J,(I56),(160). 1161], o( sclcctivc pcrccptioO: ·. . .<>' .. 

·11 SS), 12}41, (263), (3(}.1), ()WJ, (346-349), ()S I),IJ.52),13K5), J3K6). //) FunJumcmu/ Allrihurion E"w(Sucms/Fuilurt ErroT)(26,3~· 
(4Q(¡-·40'd), Tite recen l. tclli by Nisbell and Ro>S 12641 and (264J-Thc dccbionmoker a."""'iotn suceess with pcrsonlll:,\nhcr· 
llog;ú'l~ (1591 conccrning abe •trotcgics and biascs ass.ocialcd cnl obility ond a>>Ociotcs· lailurc with poor luck in ch•nc.:·cvents.· 
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6-48 ILLE TR.AN$ACTIONS ON SYnEMS. WAH, ~D CYBlkNI.UC:S. VOL INC·II. NO. 9, II:Pft~llfl I~J 

This iúcla1cd lo avaibuili1y and }rprCSCllblivcnm. , :?S} Sd«;ic~ f'««plimu 1 1611-P~Ic oCien ~o<'Ck o;ly inf~:· 
1 J J GumhlrrJ Fullucy- Thc dcci.,iunmóil.cr falsely a."un1cs thal malion' lhal confimJS lhcir \icws and voluco. Thcy \lisn>gard or 

uncxp.:ctc'd occuru:ncc ora .. ron'' or ~ex cvcnts cnh:mccs the ignore tliM.:onrinning.~vidcnce. l.uues. Are structurcd .. on.thc b3Sis_ 
prohabilily of on·urrcncc o( 1111 cvcnt th>t has nol occurrc<l. o( persono!· cxpcricnce ond t~ishful lhinking., There· "·"' many : 

1 J) 'llubil- Fomiliarity wilh a partiadar rule for solving a illustralit>ns of selceth·c pcrcrplion. One. is •.,oding b<J'.>·•= lhe , 
, prohlcm may rc>ull in rculili~lion o( 11>< oarnc proccdurc ond lineo" such as, lor cxample, lo deny anlccedenl slalcmenls and,· 

$>clccti0n o( thc: ~ame ilhcmati\'c whoa ca:nlronh:d wíth a similar a$ a ~onr.cqucnce, acccpt .. ir you don'& promotc me, 1 woa't 
l)pc o! problem and >imilor inlormuii<>n. We choose 1111 allcma· pcrform wcll" ns l~llowing infe=lially lrom "~"iU pcrform v;cll. 
IÍ\'C bécause Íl has prCVÍ<IUSJ)' bccn O!<X'Cplable for a pcrccived, lfyou prOIDOIC me." . , 
>imila.r purpo>e or h«ausc of >upcr~li.:.L. • . . ·: .' :?Ó) Sputioll1 (!¡cs'I161J_:Oflcn (ucs apj><:at anly'by.ocau- , 

/4¡ JlinJ.right (112-1141. 1116)-Pa>¡JI.: are oftcn unahle lo rcncc or a:tow probahilily C\'Cnl bur.lhcy.arc acxqncd by me 
~~C· rU1k

1 
ohdjcclidvcl

1
)h' i

1
( lhcy r

1
cc

1
cdivc

1 
inf<'4ll~~-I~Oif an OUIL'OffiCW~nsh ·;: dc~7s1ion11~ak}• ~~.~ ~ l'\l~lmonJ111y ocCurnf' ng. (, Ú d . • : , ' ~L \ .,-¡ 

~ re an e: are o o '&"''"' ....., m ormallon. JI • "''"' ,.,;,.~;ng-. e ,pre c"'ncc o IC CCI5tonmw.er . 
hinJ>ighl. oulcomc> lhal havc occurrcd =m 10 havc bccn incvi- for panicular oulcollics and parlieula.r dccisi .. ns can lcad thc 

. 1ablc. Wc scc rcblion>hips much mL~c =ily in lúnd>i&hl lhan in dcdsiónmakcr lo choose :1111 allcmali\'c: that lhc dccisionmakcr 
forr.;ight and lind i1 "''-'Y lo changc our prcdiclions aflcr the fact would like lo hove a.<sociolcd wilh a <l•"l>irable oulCOme. 1bil 
lo corrc;pond lo whal wc know ha.s oo..'\.-urred. 'implics a con(ounding o! Cac!S and valucs and is a· form ol 

15) 1/h.s•un uf Cv,llrol (209), (210)-A gooi oulco'mc· in a. -s<:lcclivc pcrccp1ion. . • • 
chancc situalion may wcll hove rc><~hL-.1 from o poor dccision. · Doubllcssly 1herc ""' olhcr iofom1alion acquisilion. anal~ 

· Thc dcci;ionmakcr may assumc a f«ling or con1rol ovcr cvcnl! and·inlcrprclolion bhucs lhal ,. .. havc nol idcnlified here. Any 
th¡}t is not rcasonable. • · . · 'catcgoriution ioto acquisition, ·~nnlysis. and intcrpn:to.tioo bi3s'is 

16) JJ/w;ion of Corulation I1151,(313)...:A mislakcn bclicf thal somewhal arbilra.ry sincc ilcrotion and fa:dback will oCien, in 
' IWO cvcnls covary when lhcy do ... , cpvary i• known as lhe praclicc, nol allow lhis scparalioo. Also, many or lhe idcnlified 

illusion or correla1ion. . · . biases <>Vcrlap in mcaning and,lhc.,(oi'C, 'are rclatcd lo olhi:rs. 
17) ,ll..tJw of SnwJI Numb<r~ (soe Kahncmon and Tvcrsky Sorne further diseussion o! cognitivo biiUCS will .b< prcscnled.la 

(235))-Peoplc are imurr.cicnlly 5C!tiilivc lO quolity of cvidencc. .our diseu5sion of lhe silualion frarning phasc O( prospccl.lheory 
Thcy ollcn cxp,,., ycalcr conlid,-n.::e in prcdiclions basc:d on in Scclion Jll:Ccrtainly, rcO•'Ction, and isolalion cffeelS are lh.,. 
small s~mplcs or Jala "ilh nondisoonfirming cvidcnce 1han io rcsulls ol lhcse biases lhal ·ha.ve particular prominencc in' pro-
much largc:r samplcs with minar c.Ji~onfimúng. cvidcncc. Sample spcé:t lheory. . • · · ·. · 
,)izc.and rcliability o(tcn have lilllt: ionucncc on confiJem:c. or particular intcrcsl are circums~Q.nces undcr which thcsc 

!8} Orú.-r J:.ffcm (161), (184)-Th! ordi:r io which infurmatioo biascs occur, thcir clfccls on aclivilies such as dc:cisionmaking. 
i.'i prc!lcntcd :.frccts inform:Hion tl!L:ntion in mcmory. Typit:ally i~uc rcwiUlion,.Pianning, and (OJ\."Casting ond ¡wessmcol;'"and 
.1hc firSI pi<cc oC informaliun pre>cnlcd (primoc-y cffccl) and lhc ap¡irop[Í~lc s1ylcs wlúch m.ighl rcsull in dcbiasing or :uncUoration 
la51 prcscnlc<l. (nwncy dfccl) amonc unduc imponance in thc óf lhcd(fCls ol cogni.li.•·c bi:U. , . .'·. 
mind ol lhc dccisionmakcr. ·,. · l>!any oC ll1c cogmllve b1oses lhat hove b<cn · found lo CXISI 

19) Ourcom• /rreh.,;a/11 Leuming S;·slml [961, 197(-Usc o! an ha.·e bccn round in thc unfamilia.r surroundin&s oC tbc·expcri· 
in(eriof proccs.sing or dccision ruk c&Jn lcad to poor rcsuhs and 'nu:n'anl la.boralory, and gcnernlization of &lü.J work to rcill .'9torld 
thc d{c~ionma..kcr can bclicvc th~ thcse a.rc: gooJ bccause of · situations. U a contcmporary rcsco.rch" ~ea or much inicrC$L 
il!abiliÍy 10 ·c,·alual< 1hc impaclS of lhe choiccs nol •dcclcd and Howcvcr most or 1hc laboralory expcrimenlS hove conccrna¡ vcry 
thc hypotbescs not lcs!Cd. 1 simple if unfarniliar lasks. A numb<r o! sludics have compaied 

J(l¡ Oc.rconfi.J,·nr< (114),(183),(2!61-Pcoplc gencrally =ribc ·unaidcd experl perlannance wilh simple quanlilalivc niixlcb•for 
more crodibilil)' to data !han is wamnlcd and hcnce ovcrcslimale judgmcnl and dccisionmaking. such as lhose by Drc~ .. ,H7)¡ 
thc probability of succcss mcrcly <lue lo lhc prcscncc of an Cohcn 1621, Dawcs (70), (711. Goldsmilb (1321. Kleinm~oti' and 
ahundancc of do la. Thc grca1or ll>= amounl or dala, lhc more Klcinmunrz 12041, and by scveral aulhors iñ Wallslein's· recen! 
'conCidcnt thc person is in lhe accurh:y or lhc dala. . dcfinilivc work conccrning cognilive proa:sscs in choice iuid 
· J J) R<úunúuncy-11Jc more rcdt~•uancy in 1hc <la la, llfc.mort dccislori bchavior (396~ Wlúle lhcrc is conlroversy 162j, [263~· 
confidcncc pcoplc oflcn ha ve in lhár prcdiclions, allhough UU. (3491, mosl s1udics hove shown Jhal 'implc quanlilalive models 
o\"crconfid.:ncc is u.mally unwarr:u11td. pcrforn1 beucr in human judgmcnt · :tnd dccisionmak.iog l~ks, 

JJ) R<J•rrnn• J:.ffw (JO), (383)-1\:oplc norn)ally pcrccive and indu<ling infonnalion processing. lhan wholislic cxpcrt pcrfor
cvalt~a.lc. >~imuli in accordancc with thcir prcsenl and pasl cxpcri· manee in similar lasks. This would appcar lo hove majar implica· 
cn1ial leve! fur 1hc slimuli. TlJC\' sensc o rcfcrcn•'C levcl in liaos and lo sound major cavcal! for sueb • ., .. as· "cxpcrt 
accordoncc with post cxpcricnce. Ílws rcaclions to Slimulit sucb forcCIUling." This caulion is slrongly cmphasiu:d in lhc works o( 
as a commcnl from an associalc, ;ore interprclod favorably or Hogarth and Makridakis (1611. Makridakis and Whcclrighl 1235~ 
unlavorably in accordance wilh ouc prC\'ious cxpccialioris and and Armsúong (141-1 16). Tltis is a coulion nolcd iri bul :i few [181 
cxpcriCnc.:~s. A r.:krcncc point dcfiu:.:s an opcrating point in· thc olthc contcmpor:.ry works on forccallj,tin& and tlMCSSnlmL· .· · 
spacc 9( out comes. Changcs in p~:rc<ptions duc to ch:.ngcs in lhe Thc~c are a numbcr of pn:scriplions whith mig.h& be· rJvcn to 
rcfcrcnCc point are calkd· re( eren":: c(fccts. Thcsc ch;:mgcs may , Cficuuragc o\·ohi~nce- oC pos.sible Cognitivc: bi;a).CS and .to dcbi_ris 
nol bc~ha.o;cd u pon prop.:r. Slati>lic:ily releva ni compulalions. · lhasc lhol do occur (96~ (98). 1 161). 1 184~ J235~ tJSS), 1386~ Sorne 

~ J) ·R<gn·ssion í:ff•·m (181(, (383)-Thc largc>l ob.crvcd valucs · suggcsti,ons lo avoid cognitivo bias follaw. · . · .:.:: · · 
of -oh,::rntion> are u>cd voi1hou1 rc¡rcssing towarus 1hc mcon lo· 1) Samplc inlorm>lion from a broad dolo bnse and 1><· cs¡ie-
con.ider lhc ciC.-.:1> oC Oúi>y mcasuumcn!S. In cflccl lhi~ ignores . cially cardul to includc dala bases wlúcb mighl conloio 'diScoD· . 
unccrl~nlics. · . · firming inCormalion. : · .. , · · 

:!4)''Rc·pr<s.•llluth·<nc·" (3R2), (31\ll- Whcn makin~ inlrrcncc · 2) lncludc samplc size. confidcncc intcrvals, and olbcr mea~ 
lrom ~ata loo much wcighl is r,iwo lo rc>ullS ol >mall somplcs: surL-s o! informalion ,.aJidily in addilion lo mtan vallltL 
As !\; • .u\'tph: ~izc is inl.."f('J:-ol·J. 1hc rc)t-'ts of ~mJII ~mpk) are takco . . 3) Encouragc use or modcls and quanlitati\'c :Uds lO. i~provc 
lo bc 11 r,·pr.·.<,·nlaliw <>f o he largcr popula1ioo. ll1c "laws" o( upon in(ormolion anolysis lhrough propcr aggrcgalion (>LOKquircd 
n .. ·prc~_~nt:liÍ\"COC!-i üifk·r l'OmiJcrab)y rrom lhC' bws of proba· infOmtiliÍOR. • .. . ... 
hility 3nd ,·]ololion> ol 1hc conjun.:lion rule T'(A n B).;; P(A) · 4) Avoid thc hindsigbl bins by pro\iding accns lo info.rm~lion 
:ln.· C'l!l

1
t:n ob~c:rvcd. al critical p:.st times. ·:~. ·;· · 
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' 5l 1;Encoura~~ d.:ci>iunmakm lo di>~inguish sood and bad· lhc ah~mati•cs. c\·aluation ol th<'>< lmpacls. ond as .. <odaicd prd· 
t.lú·isibns Crom &cloJ anJ h~d outL·umc~ in (l(dcr lo a\'oid v:1rious cr.:-ncc information. O..·chnn rules n~y h( ~~plirit or imrlidt in 
f~lflll~IO( $-CkCii\'C'pcrcc¡)liO,u SUCh a~ for ua.mp1c, lht: ifiU)ÍOO O( .lcrn\5 'o( lhc WólY in \\'bid; lhq• ~fC: U:i~.-d in ÜlC d~o.~·il\ion ("'fOL~ 
.ontról. . We ·can ossun~. wilhu..t loss ol ~cncralily, that cacb single 

(>) 'Encouragc tfk<ti•·c karning lrom rxpcricncc. Enrourage poliC)' alicmalivc n»y repo.-...·nt. comrlc~ porti<IÍio or indi\idual 
undti~landing ol thc dC..-i~ion 5iluation and mcthoJ:. and rules ahcmouivc:s :md lhat UM: ~=-t oC 4-bOÍI,"e altC"m.:atin,o¡ ~o.·nnta.ins mutu• 
u>Cd in procli"" 10 prO<.'< >S inlom»lion and makc d<'l.isions su.:h · ally exclusive componen~>. This lonnulati•>n con always ·be 
.., 10 avoid out.·omc irrckvanl lcarning sySicms. ac..-ompli•hcd bu1 nlily n.'>ult in a very larr.c s.:t or poli<)' ohcm•· 

71 U>< struclllrcd lromework> ha:.cd on logical reasoning (255}, tiws since n individuol .. hcmotivcs """ be combincd inln 2• 
(376} in ord<r 10 a:·uid conlu>i•.•g lo<l> ond •·olucs and wishlul posoiblc portlnlios ol altc.moti\'CS. Failure lO c:t>nsidcr a C\ln>bino• 
¡IJinldng ;md 10 J:.:..l\{ 10 jHOí:l:~\IOS ¡n(Ofll13tiOO updatc¡, lÍÓn of :lhcmali\'CS 111ay J\~Uit in'sig.nific:anl CrrC'IrS in d~ciSÍOD• 

S) Bnth quJiit:~tiv~.: o.nJ quantitati,·~ data should b.: coll~cl~d, mak.ing unlcss c;u:h of ti"" individu;l! ahcrn;uh·n n:prc~·nts onc 
ond oll d:.l.l >houiJ be r<~orJeJ wilh "oppropriale" emphasis. comporicnl or. portlolio ol all possible combinations ol indi•i4· 
:-.:,'11\C or thl' dat3 !lhould be· O\crwcightcd or unch:rwcig.htcd in ual altcmati\'es, or unlcss lht:'im.livid~.:l) altcrnali\'I."S are indcpcn·. 
Olt:t:C\rd;mrc: willl ¡•.:r~on:\1 vil'W~. bclii.:fs, or value~ <)r¡ty. dcnt or mutually cx.clusin. 

9) Pc•J1lk :..hlniiJ he 11:mi,1Jcd, fwm time 10 tim¡;, conc.:ming h is assumt.:d at the ioh;rprctation &tcp oC the dcdsion proccss 
. whal l)'pc or ~iLc oi ~~u;ph: frocn which data are bcin& gathcrcd,. that formul:1tion a.rid ana1ysis ~ve bren :lccomplh•h'cd such th:u 

!lO as 10 ¡¡\·oiJ 1h.: n·prcs~nt~~ivcnc~s bias. thcrc cx.ists a dccision si•uation structu~ modrl :md the tc),ulJ,S. 
10) lnlonnotion should ho prr;cntcd in SC\'eml ordcrings so as ol. dC:rcisin& thc modcl. Thus obj<-cti\'CS. rclevonl constrainls. 

10. avoid rcccncy and po in»<")' ooJcr cllccts, and 1hc dota prcsen· somc bounds on thc iuuc, possiblc policy allcmatives. impacts ol· 
talion.couttxt and Jata !>~l~rlltion biases. poHcy .ahemativcs, etc. :'-.re usumcd knov.11, Thc ~hoict oC :a 

· Kahncman and Tvcr>ky !23.1} discuss a systcmic proccdur~ to dccision rule will d•'l"'nd, in lart,c mcosurc. upon lhc dccision 
cnhance dcbia:,.ing. of inform:uion proccssing activitics. A ddini· sítuation atructuraJ modd as rcnectL-d in lhc .continscncy task 
ti1•c discussion or dchia>ing mcthods lor lúndsight and ovcrconfi· ·.Siructurc.' Wc will discuS> d)11a.mic models lor contingcn.-y losk 
dcncc is pr<scnted by Fi>ehhJif ( 185). lichlcnsldn and Fischholl slructurcs in our ncxt scction. · · 
·prc,.,nt a numbcr or hclplnl guid~lines to assist in training lor ·Thc obove discussion rua)l appear n:prcscntative primarily al 
calibra1ion p 17j. Clc:arly more dlorts a long lhcsclinc• are nccdcd. tl1c judgmcnt and dccisi~" proccss ossociated wilb lhc formal. 
Swdics to tklcnni/11.. tbl! cxtcnt to wh.ich Jcarning feedback opcnltion~ _ lhoUghl mo.i ·l ¡hal wc _will claboral~. upon in our 
acquircd 1luou¡-,h '"" "r o:oelhnds sueh os sncialjudgmcntlheory ncxt ~cuon. For purpu.<> ol clanly ol cxposmon. wc have 
-.:<m tributes. to dcbia:.ia¿; would h~ rspccia11y rewarding. lñis is prcsentcd au oversimpli(i ·J.,.¡~-....· oC bow dtcis.ion rules are ~d 
c.sp¡,;cially thL· ca:-.e ~inc~.· confidcncc in una.idcd judgmcnl is lo aggregalc inCormation i nd c .. ·aluatc: alt~r~atwcs. Thc ~quc:nce 
k~n1cd amJ mai:~t;¡i~;cd thfOugh feedback C\'Cn whcn thcre is vcry wc l~:avc dcscribcd implic,. comp:uiso~ :md cvalu~tion o! a.hcma• 
lilllc or no ju"i[ication lor .Ibis confidencc (~4}. Typkally out· tivcs ·ordy ~rtcr we ha\'.' first ac.:omplishcd lormulation and 
comes which lollow room úccisions boscd on nega1ivc judgmcnts analysis ol ¡be· is.ue un·lcr consideration. As "'e. hove nolcd · 
are. not obscrwJ. Rcin[orcemcnu ol scH-Iullilling prophccy lypc lhroughout our discussion, dccisionmakrn lypicolly romparti and 
ju~g~cniS 1honugh posilivc ou1comc feedback only occur in spite evalualc ahcmalivcs wlúlc tncy an:.in lhe process ol dc:cision . 
or, rather than due lo. JUd&ment validity. · siluation lormulolion anJ analysis. Thes.: parlial coinporisoils 

Rescarch int,·~roting thc melhods whcreby pcoplc inlcwtc or and cvaluations load to s.:archcs lor oddi1ional policy al tema· .. 
;;¡;¡;regale in[ormation and attribute cau<cs (8}-(12}, (142},'(143}, · tivcs, addilioool anolysis. ele. As v.·c bo\'e also nolcd, lhc mlirc ~· · 
( 1 B6J, ( 190J, (199J, (321J, (364} wi1h me1hods lor tl1c idcntification dccision proccss 1ypieally Ó::Cun in a. parallcl·simul\o~oo,*-:· 
and amclioration ol cognitivo biascs would be al inlcrcst and ol ilcrativc [a.,Júon ralher tban an cxelwivcly scqucntial r.ciicS: of.; 
mucli' potcnlial u'e abo. " ' : slcps in wlúcb lormulation. is lollowcd by analysis wbi¡:b.~·;s:. 

In a scnse, thc ,,.,uhs ollhis 5cclion are disturbing in lhalthcy lollowcd by inlcrprclation. · ··.:'.:"::·::·.::-
tcnd to support the "inlcllcctu~l crippic" hypothc.sis ol Slovic lndividuals and dccision mvironmcnu vary so r,rcatly thal. ·: 
{j 142}, pg. 14) and imply lhat humons may "·cll be liule more' thcre ore a grcat numbcr ol dccision·nllcs that will be nccdcil1o · 

· lhon maslcrs of thc art or self deccp1ion. On thc o1hcr hatfd lherc descn"bc actual dccision silualions. Schoemaker (3 15} is amóog ti'. 
is slron& eviucncc lhat humans are vcry strongly moÚ\'otcd to · numb<'C ol autllOl'5 (12U. (255], (364], (365}, (372} ,..ho havc 

, Undcrstand, lO cope Y.ith, and lO ÍmprOVC lhcm~ln!S and thc altcmptcd cl,lSSifiCalion JChCffiCS 10 OIJOW catc¡orizatiOD O( y~ .. 
· cmironmcnl in whü:h thcy rum.:tion. Whilc thcrc are a numb~r oC ouS dcscriptivc dccision rule modcls. His fir.u levrl catcgorizatioa. 

· Cundamcn1al limitations w sy~h:mk efCorls to a!lsist in bcltcring. ¡(par:~ tes dccision rules into holistic ond nonholistic cate¡o'ri~. 
thc quality ol human judgmenl. choice, and dccisions j282J, (307).. In· • bolis1ic dedsion rule cach oltcmati•c or portlolio ol aftema· 
lhere are ol5o a numhcr o[ dcsirahle octivilics (16}, (305}.,385~ tivcs is evalualcd and ,..;gncd .a value or utility. Alter al! 
Thcse ·can assist in increasing lhe n:levoncc or systcmic ap- ahcmotives havc becn cvaluotcd, 1hcy ore compare-el and .alterna· 
proachcs such os tlo<>sc which rcsuh in inlormolion proccssin& livc A is said to be prelcrrcd lo altcmotivc B il its n·olua!lon'nis · 
adjuvanls for poli<y analysis, r,ue<a"in¡;. planning. ond olher givcri il a grcaler utitity sueh.lhol U( A)> U( B). In nonhoiUúc · 
judgfncnl ;wd dcchion lJ...\kS in whích infonnation acquisition, dccision rulc¡·indi\'idual altemalives or portloli~ of_ :~hemAtivCs 

. · ... ~nat}f:is, an~ inll'rJUCl3tion ph.1y a Ol'CJ~d a~d \'ita! role. • are gcncrally compared ~ith onc ilnother in a toequcntial cUmina•-
;c tion·. process. This comparisori moy be again>t sorne st>ndard 

1¡; 1 V. Dlcts-os RutES . ·¡¡cross .a rcw auributL"i \\o'ithin ahci'nati\"~ paiD or acro~ alterna~· • 
. ¡: . . · . • . . • •, 'ti ves, v.itb D.hcrnative attributcs bcin&. compartd onc al A .li~e.:· ·: · 

!n.¡ord:r In !.ck¡_·¡ ~n ~hc.:mall~·~ pbn oc c-our::c o( a~uon ros: •. Each o( lhC)C catcgorio appc:urs lO imply dhaggregatiOn ill_tc)' 
u1u!'".alc amplcmc~l;¡tlol\, lhc dl'l'I~IO~maki:r_ a~~l¡cs. one or mor~ C(!inponents o( thc ·evcnt outc:omcs Jikcly lo foJiov.· rr_om ,-.dC:á· 
dú1\i~n rules. wlud1 c~ahlc l'OI~lp:mM.Ul P':lontJiatwn, and ulll· .sions. Our KCtioo on ·contingcncy ta)k structurc mcKieJS :-.~·il~ 
f,Tl31cl):• !.CkCilClO ~(a !>mgJt: poli~y illh.·mat!\'_(' f~om ~mong 3 ~~ propase O,dynamic CV01Ying cogniti\•e •t)'IC n¡odcl \lio'hidfil~mi\s 
-.r ,:h~lcc a1h:rnaiH'I!). Thr: p_urposc (lf 01 ,h,·c¡~¡on n1lc ~~ to spcc1ry oC cxpcrt situatiomll undcrstanding that Ín\'O)\"C> f('OJ!li(U).Án&.' ~y ' · 
thC' ~o).a prdcJn:d altt·nnl¡\·~ !.'-'1\l·r~lly frnrn a part1.1l or tol:tl analog.y, intuitivr :arrea. and othcr rorms or non .. ·crhal;-.~lmqsl 
''_rJc':n~ or priorilit:Hir.n of Jlll'r~Jtin'), To utilizc ~ J.,;ision rule unconscious pcn.-cption. \\'e rl~"Cl tQ callttu' 1)-pc oC re";L'oning 
...,e_ n!u:.~ ha\'t.: ~ :..:t ' 1f ;llll·:n~_hv~!. a ~~ o( !'bJl'~l~\·ts to be whol_iMit and aJd a 1.hird calrgory to thc cl;u.)iriL·:uion ~h~rrie ~r 
an Jmph);J,cd hy thc altcmallvt~);. a lnowlcdgc 9f thc unpaclS ol Schocmakrr. · · 

'· o. • 
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Cci'n>cqucnllj wc CII\Í>Í~n 1111<< finl level¡en~ral CDIC&OÁ<I pcraon h111 ldeniiRcd availablc allcmAIJVC c:ounn of ICIJO~ lillll 
ol •kd;ion rule>: h"li>lic, hcuri>tic, ~nd "·holi&tic. In ti holistic lhc po»iblc co~~~equencd or caeb allcma1lvc. The rallonlll ~~rson 
doci>ion rule there i• un ottcmpt ID tDn>idcr oll aspc.:11 oC a makes a cnnslslenl choice oC allemallve acllons In ord~r lo 
dcd•!on >itu:>tion in 1,, alu~ting choia:s by me~~r~.< oC dlsasgrcga· m:¡.<lmi.c lhc expcctcd ~cgrecr oC aallafacllon anoclalcd. )Vi lb 
ti<>n ór 1 :>riou. choice cumponcnts. In a lltur/stlc dcci>ion rule, . allalning ldcnlificd objcclivn and goab. • · : :: . . 
<Jcuukd complicatcd '''"'rari,uns oro nol u~.:d. Ralhcr, si m· · A numbcr oC elcmcnls are wumcd 10 ClÚJI lA Iba nlllanlll 
pl)lied oppro•im•tion• ID holi.tic d•'<:l~lon rules are uscd.ln a aclor1mQdel: · · ' ' · ' · 
"·/¡o/rstir dcct!JOn rule, tht 0\'Diuation onJ ChOICe o( OltctnDIIV<S 11 . \· : . , . ,. , 
ba.'CJ upon U>C of prninu• cxpcricn ... , hnpdully lrue expcrlise, ll a ICI oC pollcy llllcrnallvn A, •. . '· · ..•.. 
whh rc;pccl 10 •imilar dcd>inn >ilu:>lions. Thc ~.:lccllon or 011 2) lhc ~~ ol poulblc conscqucncca1~ chulee or fulutO IIDICI or 
altcrnatil·c is h:>><d u¡wn lts rcrcch·cd nr prcsumcd worlb as a nalure or declslon oulcomct cal S¡ . . ' 
wholc nn~ with<'ut dmilcd con>ciuu• consldcratlon of lhc lndl· l) a ullllly runcllon U(1) lhal 11 dcnncd ror 1111 clemen11 1 

' 
1 

i 

\i~ual »p<CI> ol cadt oltcrnativc. 11 la pouiblc lo dcline a .o! S; ; · ·: !. . · : · 
numbcr ol J<cb¡m rules and catogorizc thcm. The lirst lcvcl 4) lnl~rt:nallon 111.10 whieb outcomcs.wlll occ:ur I!.a:p•~lt:ulllr .1 
catcgorics wc hol'c dcfincd ore nol mutuolly exclusive. A numbcr · pohcy al!cmauvc" In A 11 eh~, lUid ·. · . ,; :. , : 
of dccision rule• doubtlc .. ly CM be CQIC&C\ritcd l_nlo n\orc lhllll 5) m!o!""olton 111 10 lhc probabllhy of OC:CUtn:IICC ··O! any 
ono of th<...: lir>l·lcl'cl doci>ion catc¡orics. Figure 4 lllustralcs 1 parttcular ouiC~me 11 an llllcm~llvc 11 e A 11 chosc11. 1'0(1) 
po;,iblc inclu>ion stru<turc l<tr thc dcci>ion rules wc wlll describe 11 tltc proboblluy 1ho11 e S wall occur lt 11 e A .b c~os.cD. 
hcrc. . . . ' Thc¡c are o numbcr or woya In whlch Iba !Wo11111110Cllli:d wllh 

F..•pw"'. !Jrllr(t' 77,...,,.,. Our ftrsl dcclslon rule la bascd on 1he rallonol actor ntodcl may be slalcd. l!acb aiDiclDCDI or lbt 
upcctcd utthly thc•'l'}' and ls dnuhtlc»ly lhc moKI !omlllar lltd· ulonas allol\1 proof of 1hc ractlhal Clltdlnol ullllty runctlons wlll 
>In~ ~ulc lo cnginccr •. lltia rule derives lrom a "rallonal aclor"Z cxlu on~ be unlque only up 10 poshlvc linear 1nnsformallo11L 
dcct>llln m!'doll31. 14). (K9), 110.11, llll), (1341, (169), !192), (lll), Funhc.r, lhi: C'\'aluallon o! cxpcclcd ulHhy alluwl chcilecmllldng 
P~~). (~bS).(lKS), ()1 S),(JS9),(l97) "'hlch 11 more rully dlscuiiScd and prioritiiatlon o! ahcmatlve~ln accoidancc ~ilb lhc expcclcd 
In S.-.:t1on VI. f ullllly o! cach ahcmallvc. Thcrc are a numbcr ol lextbook 

lltc rutional DCII'r m~cl la o nomtalh•c modcl. Von.Ncunton occounll oC cxpcctcd utllhy lhcol)' lo "'hleb lhc lnlc"'lcd rcadcr 
on~ M,•rscn>lcm, ""'' mtr.'ldu, .. d lhc axlo1111 C\l lhe mndcl of o! lhls rcvlcw may 1um lor ahcinall.vc scll'of tL'Iollll·and dclalléd 
tAIIovol 01011, >l>tcd lite pUIJl<l"" OC dtclr Wnrk as • ai:count> oflhe UK of'Cl~lcd Ulllhy, lhi'OI)' (51~ (163~ (196), 

~>rind m>thcmoticall) •·om~l<tc prln<lrl., "hlch define "railnnol ll~J, (lKSJ, (Jo.l).(JIS]. llllcC'rimmon and Lo110111r11Cm:lalc lhc 
"?!•••1"'···· • '"' "' "'"""'"""''h r•rtl•;rant.whlch t<ll hlm hnw .. - :,liJar ll.~l.om.sy»tcllll In ~xfiCCI.cd utllll)' lh•'t.•l)' (l]l.D a nolc• 
'" h<ha« in «m· >ilu•til1n ~hi•h "'"l' '""'"l•·ahl· r1.. . nr1hy <Ontnbutlon lo undcf'lolandlna ollhc II:VCral l)'llcmslhol 
·'' · ¡ • · lcad lo (c>.cntl~llyllhc lAme r~ulll Cor lhc rallonalaclor.lll(ld~l. 

n¡,. IJ,·~ of rati11nali1y llrigin~tcd In thci t•'l'lnomlcs litcralurc A '"'IY rcad~blc lnlroduclol)' ltclilincnl ol cxpcclcd \llllily tb~ry, 
whd~ mi<r<'c.:<>n••mic .n1<>dd• of thc cnn>um,•r and lhc firm . rcl~tlns d,-.cripth·c p5ycholoalcal. conccma "ilb normallvc·con· 
a ... uút,·~ ••'•npktc inlonnalion and ratiunolil)'· lltc ration~l pcr- ccm>, i. prc.cnlcd by Vlck (144~ ·.· 
wn 1> •••unt.:d "' ha,·c ldcntiliod a >CI ni wcll-.lcfincd C\hjceii\'CI . lltc rotlcmal ae1or · mod~l l.a o!ten Aeccplcd ai á. normali1'C · ¡ 
anJ ,·,,,.¡, anJ i• a»umcd tn he uble In e~rrcllll prclcrcnccs modcl. o! huw dc.i•lollllahnuld-bc modc, atlc011 hf·wsitlillanlh·c 1 
hotiH'''" dillctcnt ''"'"' of all.lirs occnr~ing In lhc dc&r•-c of .or "as Ir lo>hinn. h l.a ohcn obwrvcd lhal thc. nk~cl.b no1 an 1 

J.Jii>laoti~n ul attainin& thc.c ••bj.-.:th·c• ~nd g<'al.i. A ratlorual · ACCUr>l< dc.cription or dthcr 1hc suh•tono:e or lllt. P.I'()I.".:N. C\C · 
t . • • •· acluol unaid,-d choia:makin& licbovlor. Somc or diiilc Qbscn-crs 

, : • \ ' .. U>C empirlcal \'\'ldcnte of lht dcvlallon O( ACIUIII d~~~~nntaktll 
'. rr.·hn••loii•·ol or «""'""le rollon.illty wnuld ¡,., a more ~~~~rl'(lrioti . from cit!tor sub•l~!lth-c rollonalll)' or P~lll rat.l~tnallty. Th\'111 

1J,I1\.,; obscn·:>ttons ore ~oubllculy. cort\ocl. Tite ratlonal aclpr modcl b. 
~ 1 • • ' ·-... '. . f"' . ' . . 
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how~wr. lnvoluoble in thut lt ·can be ollcn u"'~ •• rcCcrrnoc lar 
romruii.an o! octual bchol'ior wlrh Ideal "ai~c~" ar normu1h·c 

'bcha\i<Ír. Fur&hcr. lt rrovidca • hcn.·hm•rk ·~·lnNl "'hkh. lO 
comp.ah: •impli(icd lu~urhtil.'$, Our dforl~ :md Lliscut.)ions· in thi• 

· ..-.:tion: conccrn primorily •uhMantive bchoviar olth~usb wc 
rcrosnL~· th• srrot dillkuit>·· in rracti•"· or ..:r•••tin& auhstanre 
lrom p¡¡•:c.s. . 

Simon ond hi• collcuguc• introdu<cd thc c:o'llrcpt o! boundcd 
rationolity ond. dc\·clnp•·d a >ati•ficing modcl for individu:ll 
choiccmaling. 11 is worth norinc that boundcdly rationol octora 
nrc ból!oically raaio~;~l !iuhjccl '" rorauninl.l on thc rormulalion, 
unulysiJ, and intaprct.11ion of inf,lHI101Iion, and th.: !Ub:.titulion 
o( achic\'cmcnt ora targct k\ el pf rcturn, or osrir•tion Jrvcl, lar 
sckttion or thc bcsl altctiJJIÍ\'C. Typkally people satisfice by ' 
uq:lplh'c adjust.mcnl 112) C'lf ó&:-.pir:•li .. ms such ah.:.t. in rcpctiti\'C: 
dcci•ion •iluations, optimizin& bchavior i• approached (270(. 

Therc is ob;olutcl)' nnthi10g Ín lhc formuJatiun Of the talion:lJ 
actor modcl which rcqui"' idcuriCication ol u/1 obj•·cLi\'CS, u/1 
rossiblc oltcmolh·cs .. ~/1 po;,iulc irnpoets ol :rJtemotives, ele. Thc 
ralion:rl octor modcl is pcrfccrly capablc or beins uscd to nhow 
prioritlutlon ru>d sclcction ol thc hc>t llltcrnalivc by evaluatin& 
sorne impacta aod wirh knowkd~c ol toOmt· objectivcs, !rom 
aman& ,an incompklc ~e t. lt in no &ensc ncccmrily rcquircs 
cornplctono:;s In everything anJ the o"odntcd. romplcxity lhat 
thb wciuld rcquirc. Actual d«i>iMrnoking behavior may not, 
howcvcr, .oven be bounucdly r;.ticmal but moy cmploy .•uch poor 
hcuristics u lo resuh in in(L·JÍ,)[' ,·hokcmaking evcn to the cxtciu 
o( s.clcCtin& inferior diOiú's from :llllong thpsc jn a boundc:d scl. 

ThÚC. have bccn n nu:lll•..:r of cxpcrimcnt:J.I studics and licld 
studics,,ol the opprut"i•t<ncss ol thc cxpcctcd utility moJel (3(, 
1111), 1•117). (ll ~(. (11:>). ll ::4)-11 ~6), (2361, (336)-1341(. J3HS) as a 
Ut:!.criptivc lll(\{ld or ~ub~lóUlli\'l' un.Uded bch:lVior. Among thc 
survcys which commcnt up0n thi! cxpcrinlcnt:d nnd ficld litudics 
nre(271, 19K(, (2061, (l·lKI. \)72(. SdH><:makcr (liS) rrovidcs ¡¡ very 
rcadablc bricC •urvt)' of SvJlJC or this lircroture. Whilc thc evi
dcncc is mixcd, 'nw.H :,ludie~ inr.Jicatc thnt thc cxpcctcd utility 
dccision rule .simply dui.!s. not runclion well in a Ú(JCrip~úJ~ 
subsiuutiv~ SC'O)('. 

In its simplcst (tolo U lhc cx¡JCCtcd LlUÚty or altcmotivc ll¡ is 
computed lrom · .. . . . ' 

' ' ' . •' 

• • 
curnbe""me. Rcccnt o:"'on:h has lurmolly "''parutcd • '.·..: lac
turs(l3) and •"""'" much 1 rontiJotlr¡ tnhancln& unJ\·r•r .'rJing o! 
attltu.Jc toward• ri~k. In lhis oppraoch tite utilit• ,, .. ,,,..,pt la 
de,·oid or ,ml. lt takca on a m~anlng more like tl.. ·. : ·~•nv.:n
tional nticr.>cconomica "'lt•·re it mcasun:a atren&lh '· ·, ".'(cn:n•"C · · · 
!11r ccrlain outenmcs only. Thia rcsearch 133) rouiJ 1•· · 'al•• addi·. 
tional linkogeo 1111d undcr>tandln& hetwocn 11tc ••ro,.,,.,¡ utility 
o.nd fiubjccti,·e cxpcctcd utility ron<.'l.'Pll hy pro\idin& lur tncorpc>o 
ralion of ri&k a\·crsion cffccl> in a rclath·cly sCntplo way. A rclar•'ll ·. 
approach to lneorporution of rl•k owrslon la de>erihcd ,by 
Howard ond dcdsion analurs nt thc Stanlord RcJICorch lnlllrute · 
IIMI ";ho ha•·• hecn rcspon>iblc foro numbcr ni n1ojor oppllca;,. 
lion studies in tltis arca. 1ñcrc hove bccn a numbcr o! rrlotcd 
approaehcs 165). 166), 11211 and lhc suhjcct• o! risk ond un,"Cr• 
rainty ore ol much conrcmr••rory iniercstl6).1136). 11 S31.1l04(. 

A number oC studic• ha,·e indicated thal tite rclath>n l)ctwccn . 
fiUbjcclivc and objeetivc prubabilitlcs la nonlinclll' ond Jhuation 
dcpcndcnl. lll• u•u•ll)' indkatcd lhat pcoplc ollcn undcrcJlimatt 
hi&)t probobilitics and ovcrcstimalc low oncs. More r~nl rc
scorch has lndicatcd that this oppcm lruc only lor Co\'Ctrohlc · 
outcnincs. Just thc oppooitc appcars 1ruc whca lite outcomc il 
unlavorublc." This appclll'l to be a form ol wlshlul lhlnldnf. lor . 
low probobilil)' cvcnta and "c\ocrylhln¡ bad hnppcns to me' lor 
hlgh probahilitica. Whol wc will cllll subjccllve uliUiy 1hcory 
attempls to lncorporatc shuollon dcpcndcnt nonllncnritlcs that 
may cxist bct\\'CCn •ubjccilvc 1111d objcctivc probabiUtlcs. 

MultiauriL·ul< Oulroníts: Often dccision situotions are. sulfi· 
cicntly complcx thot it ls dirrieuh lo cv:llunle, in a wholistic 
fashion, .lhc utilily of eacl: outeomc. Often lt is possible 10 
disoggrc¡atc thc lcaturcs on which utillty 'fa ba.cd into a number 
of components callcd nttributcs. An ottributc tn:e is o hicruehietll 
structurc wliich, when qu1111tilicd throug.h clicltation oC \'lllues ol. 
thc outromd on the luwcst k\'el attributca and relativc weighu cil 
thc ottributes, can be uscd 10 determine thc utility ol ll\'ent 
~utcomcs. The l)'pCS o! multiallributc Ulility modcls uscd ha¡•c 
\'oried lrom very simple uuit wcight linear modcls lo rathcr 
romplc• muhiplicativc ntOdcls 1106). Dowca(71) documcnrs thc 
robust ben~ty of lincu modcb of the COf!R : ,; ,: .; .. 

• • '" • ..... • 1 .' 

, . ·. , U(s1) e }: 1r1u1(1,), ·~ }: Ir¡= 1 .. • .(l)' .. 
J•l J•l . ,,::·::·.t.:: . . 

E{U(a,)) ~ ~ p(s.-(a,))U(s1(a,)) (1) 
J•l , whcrc th¿rc nr~ o.o;surncd 10 be m attn'butn, h1 lslhe \\'eig.hl ol the.: 

· jlh ottiibule aod 111(1,) thc vllluc scorc on thc jth attributc o! 
outcome '•· In much o! t.hc work In lhla Atea declslo111 undcr ; 
ccrtulnty lite consldcrcd such thalthcrc la a one to one corrc.~pon
dcncc bctwccn llltemotivc "• 1111d oulcome '•· Undcr dcdslon• 

. . 
whcrc thc s1(u,), j = 1, 2, ... , n, ere thc &tate• whieb mny rcsull 

. from altcmativc a, nnd· ~e p(s
1
(a,))nre lhc auociated prol;labill· 

lles. In the cxpcctcd ur',tity formulotion the pls
1
(a,)J = p

1
(a1) = 

p1 are ossumcd lo b: i objcctlve probabilities 1111d, of course, 
I~. 1 p1 =l. Genernlly thesc prohahilirics ore not altem•tivc in· 
Ynrilllll nlthou&h nototionally thcy are sometimos writtcn as il 

·· they ·werc indcpcndent of ohemativcs. Thc Uls
1
(a,)J ore lhc 

utililics' or \'alucs (2961 ol llre do~i•ionmaler lor the varlous 
outcom~ llatc•. Johmon and Huber 1179) •urvey n numbcr o! 
proc.:d~rcs thot C:l/1 be uscd lO clicit Ulility lunetlons. Most or lhc 
tc•tbOO.kl citcd carlicr uho cantoln diacunion ol utility ossCS&
mcnt proccdurcs.. · . . . , 

SuhR<Iio' l:.'.;¡,.·<·ltd Urilii,J'.' Oftcn it oc''"" that ohjcclivc prob· 
obilitie~ :>re, lor any or ¡¡ variely or rco>Ons. uno\·ailable In o &l\'00 
ailuntioh, Thc •uhj.:~th·c c.,pccl~d utility mod~o·l b ohtO&ina:ll wh.iri 
•uhjcct!_vc prohahilitiC> /( j>1 ) ar" >UiJ.,IÍIUl<d fur lhc p

1 
in ( 1), TIJC 

/( pJ) are gcncrally clidrcd sudt that 'Y.; ... 1/( p1
) = 1 and •o the 

)UbJCC~\·c pwb .. hiliiÍ&:S b1.·h;¡\'( in ó1 WJY l'OIISÍ~h:nl WÍlh lfu: Jaw¡ 
·. pro\?;~biJit)'. l11~1C: D.IC .1 JlUillhL'f or diSCU!I~ÍOO) J.'OOCCrOing 

.,.rohab!,lity didt;.tiun 1111. 12~J(. (2~71, IJHI lhat prc><nl ap
ruopriale pf("'(."'CJUrt~t h'l r.n~thl!.- Jcll.'rmination o( JiUhj~"·t!\'1: prf'bD• 
hilitic•:rrom in~h·iJuah ond trnup>. Com·cntinnal approa,·h,,. 10 
tlicitriti~n o! mility in ••rc•·•··d utility thcory moy confnund · 
llr.•ngtlí -al prclercnrc kh f<•r ultctnatlvc C'l'<'nl out,·omes ond 
Altitud~' lowanJ riol. Abo lhc diriration proccdurc can hccome 

under·ccrtalnty conditinns wc c1111 lcl 11 a 111 la (2). . 
Muhiallribulc modeh havc becn very su~fully uscd .lo 

prcdict thc decision bchavior in field &eltlnp or many profcs
sianol ¡roup•. Hammond 1140)-(142) und 1tls oollcagucs havc, as 
discusscd In Scction JIJ, dC\'Clopcd 1111 app...,ch known ÍIS ~111· 
judgnicnt thcory In wbieh thc "pollcy" o! thc dei:l•lori~cr,. 
cqulvalenlln thi• clrcums1áncc to lhc wclghta Ir J' are ldentlficd 
lrom who l•tlc prioritlz.>tion ol dcd•lon oulcomcs lhrough·use or 
rcgn:ulon analy•l• tcchniqw:s. Ward lldwards a"d·hli cullco'&ucs 
11~6), l301(ond cl.cwhcr~. clicit "'elg.hrs lrum d~cl•innmakcn lor 
the model . or (2) In a w.>lul atrai&htforward IJCoccdun: cllll.cd 
•lntplc ntuhiplc aurihule ranking tcchnlqui: (SMART) that 'hlll 
•ecn a numhcr al rc~li•til: appli•·otions.. Rc•ulta of thc >UrWyw o! . 
1\ nn>rtong 114(, (1 S); f'i"'ilcr (111). Slo,ic and Lleht•n•tcin 13451, . 
Slnvic, Fischhoff, nnd lidtlmlleln 1348); Shantcnu. lll4), ond 
othm indicatc thol simple linear moJeb 1641 are itcry polcnt · • 
rrcdict<>rs o! rcli•hle jud&JliCill. ••pcciolly under cnnilltl.olll ·o! . 
ccrtainty in that onc can n.'Piicnte the •uh•tanlive'judg~t'·ot . 
d•-.:i>innrnakm. Titis iJ thr: c:lliC ~n thnugh thc ~mplii .lln~ar, 
mndel moy not do a ver¡ &ood job of ntodelln& 1hc' ~c.,is!nn 
rrocer.s. "Jloot ••rnrrlng• b lhc nan1c glvcn lo thc '·t:u.k ·or:: 
•uhstituting o deci•inn Nle rur lhc dc.iblonmakcr. 11Je .. !tidi!ll .In 
thc cltcd rclercne<5 •how 1ha1 lhe cllmlnotlun o! human judgm~t 
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error madc pm.~ibl,: lly hl1o1 Mr~pping cnahlcs it 10 be superior to 
una.idcd hu111~11 ju..Jgm.:nt. On'" c~n c'·cn mb~pcciry ""::cights and 
ignore aurihutc dc¡l~¡;.kJKil.!~ :JnU llill finJ th.-t \\"Cightcd linear 
moJd, Jo quilo "·di P 11. 

Thc l•cl thal thc wci~htcd linear rule may be w grod is a 
ralhcr mi:\I.!J bh:)~ing. In cir:.:um)tJ.nccs. in which thcrc is no 
rcquin:mcnt for kriowlcdgc: .or thc undcrlyin(!. d~.·ch.ion proccss, 
thC: )Ub)IJOii\"C pr~Jj¡;¡j\'L' .. hiJit)' or lhC linear otJditÍ\"C modcl m01y 

makc Íl quite u·.dul. Situ••ion> ~uch :1> cvalu•ling credil card 
,:,pplicant) or applicmt~ ror aJrilh.~ion:o lo ,,:olkgcs 3I'C r~pctili\'C 
judg.ment and dcáo,l(lll-:-.ituations u·hich fil into this catcgory. Use 
or ~imph: k•l m;¡l )illl':lr lll(Xh.•J Ola y wc;ll, in !-ituati005 ~Uio.'h a,.c¡ 
thc,.e. lcad In a rnnn'" crri'-·icnt a~ wcll as more d(cclivc ;~nc.l 
c(¡uit:~oblc ~~:kt·tic~n prc .. :c!l~ than on(' ba.,cU C"IO una.idcd human 
intuition 1701. 171J. '"""''in Shwcdcr 133211. In unmuclursd or 
~mistruclurcd noiH::r.ctiti·;c dl'cb.it..,n situJtinns it is much 1css 
clcar that.a Jt.:l'i~i.m ;.llk' that is nnt guamotecd toLe failhful to 
thc unJcrlving deci~.:.1n procl'~s will tll! ncarlv as valuablc as onc 
that h. in. tcrm~ l,f ciJJblint dcdsionmJkérs to ma.ke bCttcr 
dcci,ic>n>. Fi><hholf. (;oi1cin, and Shipira (119) provide o nu¡nber 
of pcn.:cptivc CCltllmcnt:, con'-'t.•ming this and llu.· conscqucnt nccd 
for 3 thcory or cHm~ t() explic:ue thc: cUccls of poor dccision 
situation structur~,¡ mvdcb and paramctcr!lo wilhin thc structurc. 
A hop~o.'d-for ad-.icvct~;cra is a scnsiti\'ity·ba.-.cd analysis oC dcyia~ 
tions from optim;slity lo dt·tcnninc. among othcr thing.s. thc role 
of C:\pt•ricnce in J..:~.:i:.i~..,,mJking and tho)c componcilts :t.nd 
principie) oC dcri~i.:J:Hl"!:Lking which can be u~fully and meanin&· 
luiJ~· korncd fi•>Ol c'pcricnc·c 1471.1941-197), (1 "1· 11'16). 

h-1ultiauributc u1ih1y modcb bJ!'cd on thc cxpccteJ utility 
thcory or \'On N,;c,¡J¡anr <~.nJ Mmr,cmtc:m are con.sidcrJbly more 
comph:x. than tlmS4: oC t:h:haviQial Jccision thcory. Ohcn thcrc: are 
cHons 10 determine cxi:-.tcn\.'c ,)r \·arious attrihutc: indefx=ndcnce 
conUitions !)UCh Z!S 10 v;.alill;.;.tL' u:.e 3Í a linear model of lhe form of 
(2) ora 'multipl:.cativc mWd el tl1c rorm .. 

1 + 1/U( •,) ~ n [1 + li,l/,.,(s.)), · 
;""1 

The rorcmO!.l p:,.¡.'lHL"Lol:. of ¡J¡j~ ;:;:proJch are K.ccncy and Rairta 
ll96J. Tticrf! :HL' ¡llJliY (.oLdlihulii.)ll~ lO this ilfl:a and variations or 
lhc ba.sic •I'P"''"I' ¡::11. [:!•J). 1151. 1931.(127) •. (231),[277),(278), 
(300), (3011. p;.~~. ¡i::;l. 139"1· h is proposcd cxclusively ;u a . 
nürmativc :tppi .... : .. 1~ ;.¡,¡J LIS u~~¡¡ :>UC.CCS!-.Cully uscd rora varicty 
ol opplk01iom i11dudin¡· rropns:~ cvalualion (245), [3101 silin& 
po"w plan !S 11 ;·¡1; •nJ '"'tl¡;c1ing and plonning [52),[191~ 
. }./('UJI J'uriwt("t;'·-··1ll..:r¡; are a numbcr O( modcls ,:,n¡i associ
~IC"d Ucci~ion :-ul..::::. ha:.~:J ·upon mcan-vari.wcc· (EV) modcls. 
l\1arlo\\'iU."s pe rtColio tl.lcor)', whkh is wcll :>Ummariz.cd in,Libby 
ond Fi,hburn 12141 a11J llarol\ 126), is bascd in pan oo 1hc 
~!l.umptiqn oC 1 quaJrJtic utili1y funct\on 

U(>)= n + {Js + ys 1 

• (4) 

whcrc thc f.amt: )l<~tcs OJrt: ;.~s:-.tw~<..·J inv:Lrianl O\'cr all alte~ativcs 
. sucp tha1 wc h 1\'0: a.qt¡:;.!·;.nk ptl·,;,ramnling problcm in prioritiz.. 
ing alh:rnJtivc! whcr~ 

,. • 
L(U(a,)) -- ~ p,(a,)U(s

1
). 

j= l 

~ n +ji f.'( a,) +y f.'{ al} 
=" + Jlp, + r(•.' + p:). 

C(l('lmb:o (65}. )ób).! li\)} h.1s ;.¡Jso h~.:cn t.:on~.:ancd with portCo1io 
~thC1."'11)' anJ a~.Jflll.':::. ;.¡~¡ l~jltimum ri:.l lnd in thc rorm or 3 !'>ingle 
f'k.'J.l~o·J ri:-l ptd~:a<;~o,:e hu\~,·ti\Ul ftu· c:\·cry c.'P'-''-"II..'d \'alUc kvc.·l 
Gamhh.-., ~,r ..:qL1;:l c.\¡¡·.:\..'tcJ \"Jiu\.' are juJg.cJ on thc ba.,is ollowcr 
\'~ ·ia.nto."e in thc hf.Jti..;.)Witz' plHI!olio thcory aod 00 thC h;uis Of 
Y :iati~'o Crom"u¡;timUw ri:.i.; k·d in Cút.HJÜ)s' pLlrlfolio thcory\ 
s·,~"ha~tic duminar.~c r.~n~: ... ·¡¡b 1124} are ¡;spccial,ly u'Scfu1 in 

dcaling \lith probkm.< in lhe mcon-variailcc modcls Ól porlloiio 
lhcory. Unlonun•lcly a5 h;¡s bccn •hown by a number ol aulhoii: · 
(124~ lhc rc.uJ" lrom u;ing mean-v:uiance porllolio thcory·arc :· 
not . nccc!osotrily consi!lotcnt wilh ~:csults C'fbt~ncd trom expcCted 
ulility lhcory. for cx=ple, illhc ou1comc• ol dccision "' o.rc $10 ·. 
wilh prohabilily O.S and $20 \lilh pmbabilily 0.5 and lhe 0111· 
come of dcci>ion "' is SIO liilh probobilily 1.0; thcn lbc EV rule. 
(1'. 1.= SI S, o.1 =SS) (l'.z =SI O, •.1 =;O) is indelcrminatdn· 
1h;1 therc i> no porelo JUpcrior. or dominance ahcma1ive .in.:iJI: 
EV S<'nse. Y el any reasonablc pc~n would ¡m:ler allemallvc. "!' 
\O ;~h~mativc: a~· · · . . ' · · · : ···· :·_> 

Fi>hhurn 1 123) has coruiücrcd a v:uialion o! lhc n•can~v:uiancc, · 
modcl which involvcs conccpiS b3.<cd upon lor¡,cl lc:vcl or·relum 
or :~>piration lcvcl or rcl.:rcncc kvcl lo. define thc. risk. 11! 110 .. 
ohcrnalive. Thc "risk" ol ohcmalive a il de1rrrnincd lrom lhe· 
probabilily ol rccciving a rc1um no11o cxceed .x, deoo1cd F(x), ·' 
by 

R(a)·= J' (1-.x)"dF(x)= f. (1-.x)•p(.x)d.x :> 
. . -m ". ~. -e : . :·. • 

whcre 1 is thc lar&cl relum. a is a nonnegativc·parameler thaUs • 
uscd lo indicalc rdative imporlancc o! dcvialions bclow tar&el 
rclurn. For O < a < 1 the dccisionm.¡ .:rs primo.ry coneero ls · 
lailure 10 ochicvc the 1argc1 "ith liule.' cgard lo the sizc ol !be 
dc•ialion. For a > 1 lhe dccisionmak•·' is vcry conccmed with 
sizeable dcviations lrom targcl and r~.~tively unconcemcd with 
small dcviations. In lhe lonner case the dccisionmalr.cr is risk 
sc:eking for los.;cs and ha> a. utilily lunction thal is convcx lor 
losscs; In 1hc lancr case lh<•Jecisionmalr.cr is risk aversc Cor losscs 
and h;¡s a ulilily lunclion 1ha1 is concave !or losses. . · 

In 1his modd 1hc mean relum lrom an allcmalivc and its risk 
are 'ihe 1wo anribulcs dctcrminin& prdcrcncc. This model thus .• 
oppcars múfh similar 10 1hc standard EV mhdcl in thal a 1 > a 1 i.!. 
and only .ir l'(a 1);. p(a1) and R(a 1) < R(a1} wilh atleasl one 
incqua.lily· bcing valid. In 1hc cxamplc jusi considcrcd, the mean 
va.lucs are as r,iven prcviously and the riW are · · · · · 

• '1 

1..:; .10 . 
R(a,) = 0.5(1- 10)", · . · 

{

o, · · . 

0.5(1- 10)"+ 0.5(1- 20)". 

{
o, . 

R(az) = (1- 10)", 
1<10 

10 ""1' 

10..:; 1""1!!¡\; 
20..:; 1 ·.·.:'··': .. '· 

.··,:{'\~::( 
· .. 

Thus we sce lhat the risk is thc =c. lhat is zcro, ir 1 < 10 and so 
we prclcr a,. The risk IWOCialcd wllb a 1 is onc balllhol assoc:i· 
alcd wilh a.,'illhe largél rc1um is betwccn $10 ond S20.·The risk 
associaled wilh a1 is less 1han lhal assoc:ialcd with a 1 i! 1 > 20. 
And so, sine~ p(a1) > l'(a, ), we prclcr a 1 rcgardless ol1hc 1arge1 
rcluro. G<-ncrally, ns in lhis case, Fishbum's below-largel modcl 
will resolve ambiguilics associalcd wilb lbc standard meu:.O 
v:uiancc modcl. The dcchionmalr.er is free lo spccily a and 1. 
1l1us lhis rcprcscnls a ralhcr use fui dominoncc lypc decision .rule. . 
ExtcruiQns ol1his rule 10. 1he casco! multiall¡ibulc and multiplc 
obj<elil'e pr<fe<CDCCS WOUfd haVC COnsiderable YolUC. .. 

Sul¡jwio• Utility Th.ory;· A oumber oll\'.carchera hove pro-. 
po>ed holi>tic dccision rules bascd oo !be ohscrvalion lhal pco
plc, iri unaidcd silualions, do nol lypicaUy pcn:civc (objcctive) 
probabilitics such ·lhat' lhe lundonieota.l' probobilily pro¡ierly 
I~. 1 p, = 1 is >alislicd. Thcrc prescnlly CJ<ÍSIS scvera.l decisión 
•iluation moJcls b;ucd upon a subjcctivc ulilily thcory U¡ whicb 
prohabililics do nol sum 10 onc. Among llu:sc · ue .ce<lainly 
cquh·alcnco · lhcory due lo Honda [ 144~ subjcctivcly: l''cighlcd 
u1ili1y lhc<>l)' duelo Kormarkor [188),[189); ond prospccnhcory 
due lo T"cr,ky and Kahncman [184~ (385~ Th,¡rc h.lvc :bccn 
severo( oJJitionol sludics in•·qlving prospcc1 lhcory iiícludin& 
!hose of 1l•alcr (371), ond llmlll:y and Schocmalcr [152~ [153~ 
Srimc ol1hc loundation• lor 1hese subjecúve ulilily lhcoiy cllorU . ,! 
can be lound in thc carly work ol Allais[3) who Wa5 oniong !he 

•, ' ! 
.1 

. ¡:;., •. 

., . 

. ' 
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f1nl to note that .lhc nnmHHivc c::xpcch:d utility approach ol vnn 
Scum>M and Morgcn.,lcrn, and lhc iuhjcclivc cxpcclcd ulilily 
nh-.dificatinn,, did nol nccl~M•arily dc~ribc actual dcw:riptivc 
ch~i<c b<h»·iM. Wc hdic,·c lhal 1hc>e Jludie• aic CJpo:ciolly. 
1·ch . .,·anlto inform:11ion ~y)tcm dc~i&n nnd s.o 5ummariu rclC\·ant 
fciturcs from thc.&e dfccl~ he re. 

Jn ccNairlty cqui\'alcm:c Lhcory Ci\'e u.ioms are assumcd. We· 
,.;n_ use lhc l<r.m ¡:ro1pcc1 or pro•pecl (s, 1') 10 mean 1hc oppor· 
IU~II)' lO Oblam OUICOIIIC S wllh probabilily f'. Simply Slatcd, 
1p<>• are as follows. 

1) Prdcrt"nccs are t<'\'t'rncd only by utililÍC$ Dnd outcon1cs. 
One is indi(fcrcnt bctwccn a nonsimplc prnspccl and an 

1 acluarially idcntical ~in~plc prospcct \\ith a single cvcnt 
nade. 

2) Compklc ordcring ,,r prospcciS is
1 
possiblc and transitivily 

of prospl'Cts cxist~. 
3) Con1inui1y cxiSis such 1ha1 ir (s 1, f'j) > (s,, 1',), > (s3, 1',) 

or 

< 
o--.L.-..,-11 

(a) 

/laq 
~ 

. : · $P .• 1 

• (1>) 

Fis.- S. Two o:1~Uy cqul•·olcnl pi'O>pa:ll. 

p• 
/(1') '= 1'" + (1 - P)" 

6S3 

(9) 

: thcn tlocp·rc <xiS11 an a such that (s, 1',) ~las,, 1'1) +(s3 · · · · · · · - as ) ,. whcrc O < a < l. This trr.n,[omuttion ·or probabili1ics is suelo. th~t 
4) Jndc~ndc~cc exis<s such lhal ¡¡ (s,, P,) _ (x, I)VI, thcn lar¡c probabilitics are undcr~tatcd ond smoll prob~~ilitics ~-· 

. (!, {'l- (I.i:, 1) whcrc ! and p rcprcscnt vectors of . ~tatcd. ~armarkar emph:.,¡zcs 1hat thc .probab1ht~ \\'t~ght· 
ou1conocs and probabililics s, and P,. . · . mg functoon docs nol rcp~ c~nt a probabili!Y pc~ccpuon. ¡o~en.· 

S) Enhanccd prO!ipccts are prdcrrcd if and only iC a basic omcno~ .~ut reprcscnt~ •. uoas.ln tbc ,.•ay ID wlúch (obJL'C'!VC) 
.,.. prospec1 is prdcrrcd. Thus !Ps,, f',) > (ps

2
, p

2
¡vp;. o ir pr?b~~11i1!cs are dcsc':'P''' .1~ 1ncorporatcd ln!o lhc cvaluallon, 

and only if (s,, p 1¡ > (s,, P,). pn?ntozauon, an~ <~Olee•. l;y¡& proa:ss.. In this modcl, ~·final 
wc1gh1cd probobolo llcs d; •m to one m acx:ordancc Wlth the . 
convcntional subjcctivé ·. •'Cied utility theory. Howcver, thc 
cxprcssion lor any norr. i.cd "'"ighl w[ P,( a)) is ac1ually a 
funelion o[ lhe volue or ~¡ :hcr probabilities as.secn in (7). The 
ellccts o[ this confoundin; · innucnce rcmain to be lm·estigiued . 

Th~. axioms are >uffi~icnl lo insurc that the subjcctive utilily 
lu~~uo? .ol. ahcmall•·• a, CE(a,) = CE(s(a1), P(a,)) = 
ll(~ • f ), lS hncat 10 J1 1md o( thc fonn . 

• 
U(s1

, p')"" L s'w(P') = wT(P1)s'. • • 1 J - • • 
(5) Tbe ·considcrably mr sophisticatcd prospect thccuy of 

Tvcrsky an~ Kahneman 1 . ¡~ (385), conlllins a number ol mod· 
ifications to'- cxpec1cd u1i· .' 1hcóry. Prospect thcory consists Qf . 
an editin& ph= im·olvin. raoning'ol contingencics. altenllitivcs, 
and oulcolnes. lollowcd : : on evaluation phau. The.~e modily 
subjcclive expcclcd utili1· thcory sucb as lo rnhancc ·~ouüdcd 
dcscripli~e re;ilism ol the . .cory 

J~l . ~. 

Axioms 1, 4, ond 5 incorpora le lhc mojor chan.gcs rrom thc von 
Nc~mann-MorgcnSicm :uioms. 11 appcars uoduly restrictive lo 
require thal·thc u1ili1y lunclion·bclincllf in thc ou1comc and tlús 

. is r~a.son enough 1o warrant the dcvelopmcnt or a more robust 
thC()ry. . 

. l;ishbum [125]. howevcr, ha.s shown tbat ccrtolnly cquivalcncc 
lh¡ory muSI reduce. 10 lloc expec1ed •·alue modcl, U(!, f) = fr!• 
I1• 1w(~) = l. This o.:curs b<causc ol thc rcquircmenl that one 
must be indirtcrcnl bclwcen a nonsimplc prospect andan acluati· 
ally. equivalen! simple prospcct. To insurc this for the two out· 
come case, lor the gcoeral acluarially equivolcnt two outcomc 
pro5pects of Fig. S, rcquircs that w(f') + w(l.-1') = l.',lñis 
cer~ty musl be vicwcd as anolhcr limilation of this ccrtainty 
equovalence lhcory and ond1catcs lhe considerable carc that must 
be exercisc:d in n>odifying lloe bosic u1iU1y thcory axioms. • 

Thc subjCCii\'c wcighlcd utilily modcl yicld• for the SWU ol 
allcmative_a, · 

• • • SIVU(a,) = L w[ P¡(a,))U[s1(a,)) 
J•l . 

(6) 

wb~rc the •ubjccti•1c wciglllcd probabilitics are . 

1) In the e<JIIing phak. 1hc ,dccislon situation Js m;a'l i.n.IO a 
number of simplcr ';1ua1ions in ordcr lo make lh< .. eval114· .' · 
tin'n tosk simplcr ¡,,, 1he choiccmakcr. lbe ta.\ks ¡.¡. edi~g . 
are vcry much dependen! on the contingrnq· sit1 :ilion· aL·.-· 
hand and ortcr possibilitics for coding, combining, .egiqill;'• · 
ing, cancclling,. and detection ol dominance. . · 

2) Value functions are devoid.of risk attilude anda:. unique 
only up to 'positivo ratio transfonnations. ~. . · · :·· · 

3) Oulcomcs aJe cxpresscd as positive or negativo Ú\iation.l 
lrom a rcfcrcncc Or nominal outcomc which is A•.;.igncd a 
valuc of uro. Thus valuc chon¡es reprcsent cbanr,•J in. 8.ssct 
position. Pooitivc and ncgati\·e valucs are trcatcd •';lfcrc:nlly 
with 1hc typical value lunction bcing an 5-Jbaped ;iu\-e· that 
is convcx b<low tbc rcfercncc poi ni ond eonca\'L' -above IL 

. 'Displca.urc with loss is typicall): ¡reatcr thao. · piC'IISW'C 
. associalcd "ith 1he Jame goln. . . :· · ·.. ·. 

J[ P(a)] " ( r, (a)) = -.;.J~'!..!::..::.!_ t: 

4) Probabilily wcight• 1\'[ 1'11 a ll rcllcct an' uncc:noln outcomc. 
conlribulion ID lhc O!lro~IÍ\'Cncos ora pmpecL /)sin' SWU 

(?) . ·. tbcory, hi&h probahililic• are underwcighl~d and low ones . 
; i OVCrWd&hlcd. The follo,.ing DI'C among thc propcrti~• of tbc . ': . . L J[ ~(a)] 

. }"" 1 • 
• • . a,; .• 

J\h~ough a vari~ly ot prob"biiily wcighting function; ;.,. ~ssi· 
blc, Karmarkar [ 18:1),(1 H9j propo>Cs use of o log normal lunetion . 

ln(_i_) =aln(-1' } 
. 1-j 1-J' (8) 

, : . probabilil)' wcighlin& funclion. .. · ··-· . ... 
. .:· · a) Truc ot cmcmcs •iO) =O, •'(1) = 1 

b) Suboddi1h·c atlow P, •·(al') > ""'(f),O <a 
e) Ovcrwcigh 1cd for'sman p, w( p) > p, p < 1 
d) Undcn.-cigh1cd f9r laJ¡¡e.f', ,.'(1') < 1', 1' >O. 
e) Subccrt;ún·•·( p) + •·( 1 - p) < 1 . ... 
f) Subpropor1ional •'(al')/•'(1') < o¡(afti')Jo·(/tf'j,,O < 
.·· a,p,c l. . .:. ·--·- .· ·.. ·;~.(,;··~·:· 

S) Thc va!uc of a prospecl (!, fl = (s1, f 1) + (s,, 1'~{¡~ '&Jvm 
by . . . . . . .;·~·. :.:·,... . 

·-:: 
a) V(!,'{')= <'(s2) + .;.¡/'1)(<>(s 1)- P(sz)) (lO¡ 
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,, ror slricrly po>itivc prmpccts in wlúch l't + P, = 1 and 
li s 1 > s 2 >O, or strictly ncgotivc pro5pccts In "wbich l't + 
<?e r1. = l,s1 <.rl <o. 
lb¡ 1'(!, f1 = h'(/',l•(S1) + h11'2 )v(s2 ) (11) 

.• 
1 

ror regular pro>pcct• whirh on: prospccu thot are neithor 
}' striclly po~i1ivc nor Mriclly ncs;uh·c in t~ac cithcr PI + r'l 

,. 1 andjor "''•' and c(•,l are o!oppositc•i&n.": 

. In' no sen"' is pro;pcct thcory po~ .. a norm~tÍ\:c thcory o! 
ho"'·) pcopl.: :..hoL:IJ makc dcchion~. Thc cditing or haming oC 
conlinE-cncic:... ah'"•rno1_1ivc acls • .1nJ ou1comcs is similolr to ahe 
fnrmulo.aiÍOO ~IC(l of lhc S)')lCm~ ptOCCltS. Jt is in this forming 
ph.1.~ thal thc contin&cncy ta~k Mructurc and dcchion silu.:ation 
modcl are. in crrcct, r.-~m•L'd. For cx:smplc, in a popul:uion o( onc 
mi Ilion pcoplc whcrc black lung disc:L>C mighl kili two thousand 
pcoplc, pru.:..ib)c foun:; .:trc 

Form 1-Ahcrnati;·c a, will >ave 500 pcople whcrc .. ir ahcr· 
nalivc "' ¡, aJopt«l thcre is a 0.25 probability or 
saving 2000 ¡;copie and a 0.75 probabilily or not · 
s.Jving anyon~:. 

F<?nn 2-Ahcmati\'C a) will rcsuh in dcath or 1500 people 
, wh.:rcas aha:rnati\'c u,. will rcsuh in a 0.25 probability 

· that no onc will die anJ a 0.75 probabilily that 2000 
,. pcoplc wi 11 dic. . .. 

TI1csc two form> aro rcally th< sanie, yet 1)13ny pcoplc .,;n 
intcrprcl thcm diffcr<ntly. Thc ··diting or rorming phasc or pfo. 
spcct thcOI)' allows diUcrcnt i:ucrprclatioñs. and thus mólkcs 
pro\·ision Cor Jifkrc-n(..:valuation o( rc~uhs in tcrrns o( alternative 
lormul:uions or thc ~.:une issue. :···· 

Prospcct thc<~ry h csp<cially .:ble lo 'cope wlth ctrtainry eff.cts 
in which pcoplc O\crwcight o··•comcs considcrcd ccrtain com· 
pared with thosc .:onsidcrcd • ;ni y highly probable; ref/tetion 
rfjrás in whici¡ prdcrcnccs ,, < rcverscd whcn two· posilively 
•·alucd outcomcs are rcplaccd h> two nc&atively valued outcomes; 
and isolation t>f/t·,·ts in which p.:lplc disrc:gard common outcomc 
comP,ona:ntS ~harcd by outcouh , and rocus only on componcnts 
that 'distingui>h altcmativcs. J.;, 'mcman and Tvcrsky hove cstalr 
lishcd an axiomo,t.ic ba:;is ror P''>PCCI thcory. [184] ror the IWO 
outcOmc case. 

In a tL"CCnl siU~I.Y involvin:: pmspccl thcory, Hershcy and 
Schocmaker [ 152! quc>tion th,: ¡;cncrality or the rcflcctioo by· 
pothcsi• of prospcc·. thcory wh.·'h 51atcs lhat nsymmctric pn:!er-. 
cnccs are found wbcn compariflg gain prospccas wiah loss pw-. 
Sp«ÍS. Thcy introduce four lypcs or rcfl<"Cti\•ity depcnc!ing upoo 
whcthcr subjccts ch<lOSC po>iliv•; prospcct (s 1, 1'1) or lhc noninrc:
rior prospcct (s,. P, ). and whcr:1cr thcy· choo;c ncgative prospccl 
(-s,·, 1'1) or (-s 2 , 1'2). Acro>S·•uhjccl and within·subjcct Jeflcc:
livity :are cxamincd in 1cnns C\( whcther subjccts do or do not 
choosc and do or .Jo uol. s,.itcb rrom ¡¡¡fe lo risky prospccts. 
Thcy cr>ncludc tha• prcdictions or prospccl lhcory C:O~«ming 
rcOcclÍ\'ily dcpcnJ upon lhc s;ze of probabilitics. For P largc 
cnough lo imurc uodcrv•cighting or probabilitics, it appcán; that 
thc rcO<octi,it)· h\'¡><:thc>i< is quite valid. For smaller valucs or P, 
rcn.:cli\ity is ndth.:r prcdictcd nor cx~.:h.idcd Jrom thc rciuh.s o( 
lkr>hcv and Sdwcmakcr. 

Jn. oÍno1hcr sludy Hcr.hcy and Schocmakcr [153) examine 
prdc1rcn~.·cs for ba:.ic iu:.uranL·c·lo:.) lollt:rics and )how .th:tt ri.sk 
laling is pn:\'Jk·nt in lhl· donu:n or lo~s.. Thcy suucst :a ~tility 
fundion which i) conCh'C ror \ow losscs and convcx for lou¡tr 
onC1.;1 Ths:')' imJic:uc a coulc'-1 ~·rrccl in "'·hich ,·ouious insutól.llCC 
formuiJtions kad lo mor~ ri:.t Jvcrsc beha\'ior lhan Coi stalisli· 
Call):~ cqui\·ahml b~llllhling C01 ¡ uulations. Thdr l'Onclusion th:tl 
pro~.~bilitics. ;:mJ r.utcnmo mJ\' be of IC"Ss guidancc in influcndng 
d~.·d~on ix'h:l\·ior a:t. unlcl lai.;ti¡,:s conccrning th.:ir m:1gni1UdC' 
: 1crCa..\oC. t.ar.:nbthL'I\.'• cCIOJCCtur.:.• conccmíng thc influt:n..:~ of con· 
,: '~~~nJ pcrccption~ Cif Jcci!>iu.J :>i1ua1ion slructural modcls Up!!R 
""'·'I.,SIC\R rcsuh$.. · • 

' .. 
·' ~· ,. 
-¡: • i. 

•! •· 

Thalcr (371J rx>mincs a numbcr or the te~IS or pro>pcct . 
thcory with gcncrally \'el)' positive confirmlng n:•uh•. Ad.Jitlonal: ·.' · 
commcnr. con,'Crning thc .cminal pra.pcct thcory ap~or in a . 
prcviouuu"·éy in thc:.c trarooc~inn> [3(1.1] including lhe ob.erva-
tinri lhot a numhcr or thc Í'CWIIs o! prMJMXI thc:ory, ,.·hich are 
sccmingly ot \"ariancc "'ith apcelcd urility theory, can he .._""'"" · . 
modotcd sum:»fully usin& muhiplc ollribute utility th<'OI)'. · ·.· 

. E.llcnsiom or prO>pcct ~1)' 10 includc muhiplt: aurihule · 
prcrcrcnrxs, Jorge number oC outcomcs, ocqucntial mul¡istage ! 
dfCI>ionmakin&. ri>k avcrsion cocrricicnts, and subjcc1h·e 'proba' . 1 

bility clfcm wou!d do much to cnable this •ignificóint dcveloP.' 
mc~t. to hedor ~·'"!' grcd a~ ~~uhl"':" i!!,_~'PI~-~n& c1·,'~~1cx1· ·. ,. 

. postii\"C or cscnptl\·e ccwon "" ovtor •. "~' mt.,.,l wc ."" o 
nluch normative use as v.-ell · · • 

llrllristlc Dccislon Rulcs 

· · A number or decision. rules do not involvc comparisóns in a· 
truc liolistic ra,hion. IUthcr lhcy invalvc c:omparisons or ~ 
aliemati\·e v.·ith anothcr, r.cncrally "'ithin a n:otrictcd ahc111.1tivc 
sCI and Dllribute SCL Within thc heuristic cl315 or dccisian rules 
we may distinguish thosc whit:b ·compare allcmativc:s rigairisl / 
sorne standard by means OC c:onjun<:~ :~ oc dujunctive compari· 
sons, 1hosc whicb compare .altcmali.es across anributc:s, and .i

1 
; 

thosc wlúch makc comparisons "'ithir Jltributes. Gcncrally. these. ! 
rules can n:suh, wbcn impropcrly applicd, in intransitivo: choicc:s 1 
[289]. We will consider sn-cral rules !rom each subcatogory. Fi111 ! 
we will discuss two non~mpcn•ntory rules [90] that are oCtc:n 
uscd whcn thcre is nn overabundonce of da.ta presenL · ! 

DisjuJICiir;t-A disjunctive dccision rule is one in \\'hicb. lhC 1· 
dccisionmakcr idcn&ir.es minimally acccptable valuc standards 1 
rar .. cacb relevan! allribulc. Allernativc:s ..-hich p315 thc critica! 1 

standard on one or more anributc:s ari: retaincd. Ahemativcs · 
whi~h rall \bclow the critica! stnndnrdS on all anributcs ·are ·.! 
climinatCl!. A single altemative il aoc;opkd whcn tha critieal . ·1. 
standards an: set •ut:b that nll but one alternativc !ail to cxa:i:d · 
any or thc crirical stand:uds on any anributes. 'Unlikc ·multial· j· 
tribute utility lheory (MAU1) rules, where poor pcrronnancé on .· · 
one allnbute' can be madc up by good performance on ot¡ler ' 
allributcs such lhat thc rule is c:ompcnsatory, a di~uncth•e ~~: . 
sion ru.le is noncompcnsatory. A compcosatory appro.Umation.l!l: · 
a disjunctive dccision rule ror anribules s1 is · · · · .. ·, :: .:.':.~.:, 

• : !¡-i .-':'¡ ... "'-.~ ¡:.· 

U= I 1 
) • ,¡,:.1 'i.(l2) ' 

1=1 (1+!1. nr' :. : ,.,:· 
... CJ ;; ·. ..:.~ 

.; . . : ,. : 

whcre nt represen u thc 'numbcr or allribul~ aod e, is the criiieal 
valuc on the /th auribute. lf U is gn:atcr lhiiD one, thc: altemntive 
in qucstion is retaincd. · · 

C01tjunrli~-A conjunctive dccision rule is onc: in wbit:b 
minimally ticttptablc valuc •tand:uds ror eadt relcvnnt attribute 
are idcntlficd. Allcmativcs are acccptablc iC thcy e:<cccd all 
mínimum s1andards. They are n:jcctcd iC thcy !ail lo cxc:ttd·.óiiiY · 
mínimum standard. Thc critica! •·alucs lar disjunctive •nd eón·· 
junctivc nilcs are gcncrally diffcrent. A c:omrcnsatory approXima· · . ' ' 
tion to the noncompcnsatory cof\iunctive ~ision rule is · .... ;:: ·,: · 

··~- ,' 

• 1 . 
u= II ( ) , nr > 1. 

¡al J+~ · 
' 1 .. , . 

• 

... 
(Ú) : .... 

. ', 

'.'-.' 

.· .. ·. 
An allemative i. rctaincd i! thc corrcsponding utility U 4'ri~~ a · . '. 
thre>hold which i• set jusi sUghtly bclow l. Th""' ,1pprn.,lma,iop> · 
ror the tli>jun<tivc and conju~ctive rula hccomc nonci>mpciu3'·· :· .. 

· tory il.s'n, approa<hc• infinily.-. '!:"· ... ,· ·,. ' .. 
· By itcralin& through thc conjunctive acccptance an(disjljr¡c-.' · . ;· 
ti ve rcjcction rule scvcroJ times with adjustablc critical ~aluci ~Or·,. :' '· . . ...... -. . '•,.. ' ' 

1·-·· 
.,., 
,, 

···.':-
·--·-··~':""'-..... :·· ".·.x 
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:i'"l~ir:.ti,,n )~\·d~. lhc.')ol.' rul..:~ bC\.'Oill\', Ín C'lf\"t:t, fotrns nf 50J.tiifidn& 
aulc,._ · 

u,1111Ín.1ncc m~AkJ_, o.nJ 01dJili\ C' di(f,·rcnL"'t moJC'L\ · :uc t ... ·o 
t.'\.unpk) of mfKkh '\lli,;h l~.1d w dcci:.i~n ruk• inn~h·in& C\>rtl-

r.,w""''" :l\.'rO~S M'IUH.", Ld 11111 11\.'Cc.'i;o.:l.nly. al~ lllllb~lr). No 
111 inimu1n ~•anJ;.uJ of ,,,., f,,nuancc on t~llnhulc•. th;lt '' tu~)' 
nunjmum o1:-f,...(h. :uc hh·n,,r,~d • 

lJUtUIIIUilft'-1\ d~lllllllllil.'t.' JC\.'i!-illO ruk i~ OnC' \\'hkh ChooW:5 

..~11anatin· u, on.:r u~ il u1 ¡,. t-.cu~r 1h.1n a:"" a1lc.:a~1 onc D)p"·"'·t 
and not "'c.lr llot: lhan ~! un .:l!ly oah"·r 3~JlCCI. An .1!-pcl.'t i• lhC' scorc 
,,r a ._p,·"··fu: .11h:uli~o.m ou ..1 -.p~,.·,·afu: aw.it,uh: .. Tiu:rc:·,uc a.numtK:r 
ol Dp¡..IJi\.'illiom, or d&lll\lll.;ou.x lhú>l'y, mduJmg !<IC'~.'h.1MIC donu· 
naim:, lo ~o.:i-.onm•ki"& >1111.11•""' IHJ, 154], p.>¡, 11~41. IJSSI. 
¡Joi91 

ífJJim:r ,h/FI'''h'''--ln Jn add.aÍ\'C' diUcrcn .. ·c rule 13H2)-(JS5), 
a biuill)' chClirc: i~ lll.l•k !,,_•¡wl'..:n .lllcrn.lli\'C5 a1 and a:. J)j(. 
rcrcnCt.'"S tUl.' Ct1Jl·.i(iCfl.:ú twt,q.•cn \'.liUC'S for U¡ and "J 00 C.:IC'h 
rd~v.:Jnl 3llnhutc. Ddh•n; ... ·..:~ of IIJC rurm U,(U¡)- U,(a:) a.rr 
roihpu1cd. E.ll.'h ol ~t.c JdkrLn«s •~ wdghtt'li in proportion 10 
lhC. ÍmpOillnl.'C.~ u( lhc dirku:nc~~ iJC'IWC'CO ahcmati\C'$ 00 lhC 
\arious aauibulc> lile r.·,ullin& wciglu is .f.IU,(a1)- U,(a,)J. 
AftCmo.th·c 1 i1 pu·r :11~o.J h1 ~hcrnali\'1.' 2 onl)' íl 

' • 
L !.l U,(o,)- U,(a,)] >O. 

; 
, .... , 

11tis is. a cornpcP~.:;¡Iuf). IU:~,· and can be us.cd &o comptlre any 
nuinber ol atlh:rn.JIÍ\,·~ llltid)' by rct:Unin¡t t!JC winncr in Ca~h 
compoui~"'" (2"/ll (.IUI) af 1l1c fum·1iom J. :ur linu.r wHI Uu: 
additivc cJalktLu\.C ruk r.L'l-..:::,,.:uily lc.1d 10 trouuitivc choicc5.. 

A 1hird uu¡">rl.ull )dt·~·o!h't:.~'riz.;uion in\aii\'C's comparhon 
wilhin nnnlJul;;~. n.r·rc.: ~f(' ~· \"Jrl\.'1)" nr k\icogr.tphic proc~durC'$ 
11211 and lhc dim'""'"'" !>) >>P<'CI' rule i3SIJ, fJS2f which 
~x.¡)lic111)' in\'oh'c cm\lpom~nn oC ;~llcrn>~livcs nn one, or al mosl a 
rew, allribuh:~. 

ú~if'ogrupluc DL"nw>n Ru/,·: This rule prc~ribc:s a choice ol 
1hc altcmJti\'C' whi'h h. mosl uura-..:ti\'C: on thc nlOlll importoml 
a!lributc. Ir 1wo .1.\pt·cl:o. ou thi~ attributc ar.:- cqually auractivc, 
thc<dccision ~m ~ b:l!<>~·J upon lhe (nO~I aurac1ivc a~pcct on abe 
auributc ncx1 in ~"~r'-h:r of 1111pvrHln\.·c, rlc. 

~fmmum1 Ll¡Jfrr~·m,. l.l"úwgruphic Rulr: This rule is mu,·h li\~e 
lhc.)CX.JI.:OI)fiiphu; rule, WÍitJ lhc OIJüitiOnJ) A~UmpliOO thal (Of 

cacll attributc 1hac 1~ a ·minimuln acccptabl~ difrcrcncc A, oC.. 
allcm:uivc ~o• e~. Thu!:a, lllll)' ~.hfkrcnccs g,rca1cr thJ.n l, bl!twccn 
thé lllr"il..:ll\'\.'ll~'!:a!i. \·allJC:a of IWO llltl.'mJIÍ\'(5 m.1y dciCfOIÍhl! 3 
dccüion. Ir 1hc d•llcr• ~l ~· un tl1.: iuosl important .1Urihu1c is. lcss 
than A,. 1hcu thc il'"•ibuac m:.A.I in thc lfaÜ:og.r;~phic o(d~r is 
cons.idCIC'J. Th.: lr..:.u. ,;r ... phic !<C'miordcr rule¡) ól ~fJC'l·ial case or 
this dc¡;i~ion wlc \\ bdl.:' J., i~ JdincJ only for lhc n1os1 imponOJnt 
outribu1c. For all othcr <allrihutc!:l l;.:;: O.·This proetdurc m~y 

·C'.ls.ily be C.\ltnJccJ 10 ~.:a., .. ·~ ~o~.hcu: ti¡-..·J-"'l:l:.L::Jdlncd for thc au.·o 
m<»t Ü.l.ilp..lrlo~m .s~p...- .. ·~. TI1i., n~c tt-'(ft..:t\_ . .uliCd in 5i1ua1iona 

~ ~ h~rc inf(,rnaJiion .ah,lut. .. o•llrihut.·!'t a u·. u1:~~ .. n& •b a r~o:suh o( 
1mpcrra.·1 Jls.:nmino~uon o~mon¡ :Shfl)'f.Jh~t.·~ "'R l !.1\Cn auribut~ 
or or unr~·i.~.hilll\ nl·.i\ó!il.lhk inf~i,.J1~.r(lQ~ Iit-s\.'OC'ral tht:. IUIC' 
L:~ds Lo imé~n!'tlli·.c l"h•ll\.'1.'~ "h,~lf.¡tk·rc ~rt- · ;nOIC' ahan '"o 
~~~C'·m,HÍ\"C'llo l!lll.l)" \.'Hfl k.1J tú ~~·nJJ,d~o.ll!.:nJcnl 1\.'~Uih ror lhC 
tW ""lu.:JC &l1¡;rc H\.· oul\ IIH~'I.' ~lt...·m.tfi\C>. Ont.: !th~1uld bt 
C'~pCcially CJh:h1l 1(1 C'.\.a:iniiL' rd:&ti~)l\) u).:d for onh.-rinz ahcrn.1· 
li\'C'ft lO .lll~·111p1 IV ,Jio'tr.' ~~~~· n( lh:Uri~IÍC~ )Udl Ob lhi:., C'~Jk'l-'Í~Jiy 
ir cuncc-pt) ~u~·h :u ll.&1l·iu, ••Y .src.· u.\C'd. JX'Ih.ap) inr~·r..:ntially. 1n 
\.J,·Icrminc p.utiatl ~..rJ~·IIuC,\. llai!>ro "'llf.t~)h lhl.' n~~o:d (ur 1pccial 
r.:ue ... ·hcn .111t.'mpli 1g 1t1 l •.• c tf;¡n,ilhily l"lln""'"J'Ill. lo inCcr ur..l,nal 
(lrt!cr\.'nl.'l·~. n,". n· ,,JI:itt~: f.11lu1~ 10 .k:l'll J¡"''nnCuming inronna· 
llnl) 111.1)' "'di, ..... ~¡· ~11\hllH.d pr...·(c¡._·nt:c illu:-.ions. 

Einho'n I'Jf'll. i~ lj lu~l u't.'' lh~ tcrm ""Cluh.:omc iru:k\·anl 
k.t~_iung s.uu ... 1u1\ ... 1u ~1, ,, 11h"· P''''C):-...') "h¡d1 U!ocd ddici,·nl 
h('~!I~IÍC'llo, Jll\1 14 h,~, llllKn h'ln:,,lú'~ pout l"hOiú") lhU-,U&}t Cl.fl\."ri• 
,·n~o·~ im·ni\ing, (\.'~ dhJd. .tnJ l.a~o·k or diM.'llfll(irmin& C'\'rdcncc. 

,\ 

• 
Thc:.c ouh"llllk! irrcln·:.nl ·.c:amin& i&ruclurn tOILS- m,. r~sull 
ehhcr rrom un.1iJcd juJ~om\·na Jl'~"-"C~ or from P'"'lrl) • ;1 c.:aw.J 
"' ('OJi~ihly wdl ~.7tlll\.'\.-iH·d hui impru¡,.,..-1)' ulili.L......t, and .hcrdo~ 
irrclc\·anl, ~y)l\.'mic mc.·th,"b or JlfCk"(').54"1.. 
n~ M".ümi: 111.( Num~T "' . .fllnltuh-a ;,. Grc"QI~T A llrUOII'c''INI 

Rul~: llliS rule prt.'.)C'ribcJ a .. tklÍi.'C or lht' ólh\~m.lti\C ·~·~,l.) thc 
¡n•a11:r nurub~·r or r.nor:tblc .:Jitrihul\"i. S~'-iri~o·:JU~· thc rul~ "'" 
quin:s lh.ll thC ilSJlCCI o( :S d .. '\i~ion ~tcm;ali\"C' nl~l be: d.bM~Cd 
lor cado ollrihuae O$ bc:n<r. cquol. "" ••one lhan lhe ollroch\,.. 
ncs~ of ah.: o1hcr ahcmath·c on 1~1 oaltrihuiC'. Thc prdcn,-d 
.1hC'0\3tÍ\·c "·itl be thal "·hi..:h h.u Lhc &h:alc5t numbcr or r.noraa 
blc e~~~¡ lic:.~ 1 ion).. 

f.'luwnuuuu hy A sp«ls: 1 n ahis ruk I~RS). 1 ~li 1 J aurih~lcs .1~ 
a.'~umrd lo 11.1,.1.' d1rkrt.:n1 impc.utan1.'C' ""d&hl .. An ilttnhult 11 
¡,ck"'·acJ wath "lUch lo etlmpJrc ahcmativt~ "ilh :J probabilily 
th:u is propMiional lo il~ \\'l.'il!,hl. Ahc:mati\'C'S "h_i":h do nol h.l\'C' 
aunuutc S.Ctlr"~ abo,·c ¡omc n.'pir.111''" or cnu .. ~al lc"cl :uc 
climinatcJ. A ~cconJ Jllrihulc is M."l~o.'l:lt.-d \\ilh rrf'bosbility J'h~ 
ponion.1l 10 iu \1¡ t>i&)l1 anci C\'tllU.llion by climin.:~tion rootin'!'-~ 
Thc climinJIÍCln b\· aspcrts mOO.:I is tbLU k."Cn to be a lC'llL"'
&rophic rulo in ,."·hich docision·lormin& anribuae• &re picktd 
accordin& 10 .a prob.1ball~tk mc"'·h.:m.im~.. 

IV1roluti~ Drrision Rul~s 

11 i• nol p<>>'ible lo pro•·ide onywbcre neor a complete lüain& 
or discus.~ion ol thc m;~ u i possiblc wholiHiC dcrision NlCS: Tiutt 
ot lhc)( "'·holistic judgm.:r.l proccsscs occur pc1h.1p¡ IJ!OfC. ~rc
qucniJy lh.lll othc:n: ililnd:.1d opcratin& prOC'C'dures. IDIWU\"t 
alfc:cl. and rca!:lonint by ur ..... logy. •1 

S1audard Opnll:wg Procc.luus: St;~ndard opcraaing proccdurts 
mJy rcsuh Crom thc Jpph.·~uon o( holi.>tic or h.:uris.lic prCX'C'-
durcs., or otha "ht.l)istic juJgm .. ·nt app".>ólO:h4!"s. A 51.1nJJrd opcr· 
aling, proc(dure i5 ~ntia~ly ... ·hat Lhc na.ll'k: implics. a ¡ct. ol 
expcri<nC<'·ba><J guido 1<' boha"o~¡pr "'hich ore l)picolly used 
"·ilhoul rcOoOrl lo lhe uncf,·rl)·ing rationole "hich ltd lo abe 
prvc-.:dure. Ohcn saandard c>¡><roling proccdurc> are lormulaatd 
by onc pcrson or &wup and thcn impkmcntC'd by .11\othcr pc:rson 
or ~r.,up. Somcaimes llocy involve habi1 or lolk cu•aoru, auch u 
""drink whitc winc: with ri)}}." 1 . . . 

Ohcn u~r·~ guidrs and opC"rating, manual) arC' ""'nltcn m 
IIICffiplS lO J.land;¡,rdlzc O('k!raling prCM.:cdurn (or performance. 
The greaae:O.a.,olue ol lhcse proccdurc• is IIJi 1 chcckli•l, remind,'l", 
or oplions, prcfile ol aunbuiC> 10 loo~ lor,jud¡,rn<nl> 10 make ot 
acti•iaics 10 ><kcl or pcrlorm. A lundamcnlal ohcn occurrin& 
dillicuhy í> ahaa au npcra moy be: ablc lo u>e 1 checkli>l or 
prolilc ol opliMs •• a &Uido 10 pcrlorman"" ba>ed upon lhc 
ohiliay ol ¡he <>pcn lo quickly recognize ahe leaaurcs inhcrml in 
thc siluation. lack or uoünin; and upcricncc u.1ll ohcn makc il 
nol possiblo lor lhc uovi"" lo ulilize alus c•pacia~·_lor l:o.sk nccd 
recogniaion. Kkin and \\'dw:nlcld f202~ fllOj po>C 1ha1 lhc l04·k 
of lriaining, and npcriena: inhcrcnl in Lhc: mwi,-c. tht: ~~~tt.-d 
lack ol obiliay lo n:cur,nizc conoexlual rcl•lion. and an.1log011> 
)ituations. :md thc i11.1hilil)' o( &Uidt."i> 10 be .1hlc lO IColC'b thil 
ahilily .UC n.JI fundamcnlal im¡:)l. . .'dimcnlJ lO lhC U~ O( ma.ny 
uondard opcralin& proct'\lurc I)]>C &Uidos lo joodgmcnl and pcr• 
rorm.lncc. 

lmwuict A//«1 

A pci~n "Aho nukct. jul.i&m'-•nb ba~ on inhuh\'C aflcd 
1) P"'ally 1.1lc• in infNm.:llion by koo~in& •• 1he "~~oholc" ~~ 1 
)ituation r~uh .. ·• lh . .m b~ Ji:wg,grc&.:uin& thr )itu:uion into iu.. 
rou\p,,n~o:nt p;uu, .1nd a."·quuin~ dai:J on lhc pJrh \';¡)uation li 
l}'fli,·ally h~t-~.·d on Jn .1Uc.·mpt 10 d"·c,·rmint ~IKih~r ,.¡ltcrnJIIH'
Jrc pkall,:l.rH 11r unplc:u.Jnl. liL,·ablc or unlikc;.¡hlc. &')\~ ur h.Hl 
(m inJinJuaf>. 11 ~lrt':\.:aCJ 1)14• uniqucnc)S O( ~l)l)OJJi~liC \'.llut 
JUJ&mcnl). ZJj.mc I·H IJ pr .. ·~·nb a \Cf)' U.)(' fui di"""·u.uiun of 
dlocl or"kdinr. a> !'O'I<o¡,niiÍ\'1: ac1ivi1y. 
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RC'fUoninr b)' Anulo/(1' . . .. 
¡¡ Mo.ny philowphcr. "( .ciencc cl;üm rc:uoning by on:olo&~ )H), 

liJO). (360) i• the ba.,;, o( hypothcm gcncrotion. 1t h lumia· 
mcnl;.¡llv dirtc:rcnl ah:~n UcúuL:tivc infctcncc or inducth·c infc:r· 
~hcc·b~ u.·a.\(lning. In an;lJo&ic rc.nonin& wc usc .... :uulo¡,ic:s, 
p'rololypcs. Uf othcr J'·H .. ~Jign\.) \\ ith -·hh:b WC DfC' (Oinl_il~at ~O 
¡uidc: u~ in nc\lo' ta ... h. 1l1c:..c cA~mpiJ.D tncourage rccogmuon 1n 
a prc:::tenl ~ituaUon 111 tcrmll ol cxpcricn1ially bóL.\.CJ k_no .. kd~c .. 

()ouhtlc~!\h' anJingic •.:a,onin&. a.s v.·c:ll as rc01~mng by 1ntu1· 
. li\'C 01H«l añd :.olóliu,l.ud upc;.11ing, procc:dun:¡, are cou:h hc:a\ily 
innucn".:d hy thc (llfll;nr,r:oc~ '-lllJ'-'Iurc o( the la.sk .11 hand omd 
thc cm·ironmcnl. lll..:: • .-: ;u~ thc jLh.IS,n\r.:nl prOCC:Slelo UM.'d b~· mlny 
in rc~L·hing dccbinn1o \\'e will '-·ummcnl furthrr in Scction~ V and 
V 1 ur<>n wholi><i< j .JJ ¡;n><n 1 anJ iL> role (H 1).(82), (98).(116)·)119), 
(~021.1~03) in choÜ.r.;¡nJ.:..ing. 

In lhi¡ :-cction .... ,. h~\L" 4."Aamincd a numbcr oC dc-.:ision rules. 
Wc h:wc di:-t:u.,::.l·d h<~h:.tic, hcuri~tic, and wholistic ruks. Thc 
hOiistic modcll\ 01 ruh:) J.rc gcn..:rally substantive and nol nc:ccs
$~_rily procc.!l~ m,-.dc:I~. Tht.·."· uta y b..: pt!:M:riptiYc: or dc~cciptivc in 
iii"acna omd U \C. Thc he u• iltic and \l:holi~tic modcl¡ an: more 
procrn oricnlcd than thc hcurU1ic nu:xJcls. ln un.UjJcd situaaions 
p~oph: gc:ncraJJy do not ha\lc thc cognith·c ¡tam.ina to utilizc thc 
hOiistic rules or f11.1V not scnsc a ncc:d Cor thcm C\'CO ir thcy could 
uÍiliz< them. A nriety ol contcmporary re•eól!ch (27Jj-(27SJ ha.s 
p~c:.cntcd thc sttt,ngc::.t oC cvidcnL·c thilt choice o( dcd~ion rules is 
v~ry tosk dcpcndent and actual choiccs rnay vory ~pprcciobly 
aCros!lo c.JiCCcrcnt IOtt.·q~r('tations o( the 1:unc dCcision siluatiorts. 
Pfdt:rc:ncc: tC\o'cn.:.d;) h:...vc cvcn hf.!'cn noted with lrílnslation o( 
g~mblc:~ and laqct 1.._1um, rcfcr.:ncc point, or n.spiration lcvcl 
dfccb. Phcnomcna "'u¡,.;h .1s thc~c ho.I\'C rccrntly bccn studied {274) 
and ~hown lo bt.· p~lh .. ·u1ially ('~pi ;:nahh: by a de~riptive modelo( 
ri~k.y choice duc lu fi:.hbuw 11:::! 1 J and by prospcct thcory. 

de><rihing ro&nltivc proccun u thcy .,.., innucnccd by thc 
concingcncy Jtruccur.tl dcmcnu ol 1..1~. cnvironmcnt u.ntJ 1hc 
hunl.an prt~lt:m )Qivrr's upcriC'OC'l: •ilh chn.c. Thcrc ha\"C b.....:n .• 
limite.! nurnhcr ol crrom to <k-.cril>c theM: ouch u tho:.: by Allats 
ond lla~<n (3). Dcach anJ Mitchcll pn IJor&i~o and Ni>bctt(42~ 
pr0.1Jbc:nt )49). nunn ISJ). Corrol (~6). Drcylu• ond Dn:ylu. 
)X2). E¡nhom )96~ (97), Einhom an~ llo~rth. (9X). HaDlln)'i 

")147). ll~u><:r 1149(. llowdl and Fki>hman II6SJ •. llub.:r )16R~ 
Jani> ond Monn (176].(177). Jun&crman (IR2~ Klcrn (202~ (20J), 
Klcinmu.IL ond Klcinwutz (204). Kunructhcr ond Schocmak<r 
)207). Mod(inoon ond Wcaring (233). Montg"nh."f)' and Svcnson 
(2S6J. Paync ¡272). (275). Soge (30.~~ Silnon )JJR_~ _(340~ 134!~ 
)343). S.>db .. ·rg (JSJ). and W:oll>tcn (39S~ 13.9<·1 Th.~> 1> on _:uca '? 
which addition>l rc..:orch could pay Dl.lJOf d1ndcnds 10 uh1· 
matdy incrca~ing thc ctrcctivcneu or information sysh:rns in 
coping wilh thc contingcncy l.uk struclurc variables in pl.tnn.in& 
and d~.:ci)ion supporL 

· We note lh:u p~oplc "~ Jiffc .:nt dL"C"ision rules and modciJ at 
di((crC'nl pha~",:-s of .1 d~!..Í)ÍOn pi.li.:CS.S UJ a function of a numbct 
o( influencio& \'ariahlo. such <'.· cducation. cxpcricncc, motiva .. 
tion. f.:uniliarity with thc cnvir•mmcnt. and abovc all, slreSl. 
EÍzioni (IOJ). 1 Hl-1) h» propo,.. J • mued sco.nnin& modcl ol 
dC:chionmak.ing th.;u forms thc b. ::is for sorne curren! rc.\catch in 
infonnation sy'lcu>.< for plannin: :.nd dcci•ion suppoll 17SJ. (76], 
(24S). )J99I. Thcr'. ~re a numl·. r ol contemporary crloru and 
3ppt0.1ChCS th:tl SU,"IlJ.,..dl thC' <.Jcs;..,n OflySICOÜC ruds lh.al WiJI be 
more rcspon~i\'C lv J .. :t.·i!.ionm:t~ ~·r n:quiremcots. Especial) y iffi... .. 
pon.a.nl in this rcgard are th~ c"ff,·ru o( E.inhom. Klcinmuna, and 
KlcinmuntL 195); llo¡;;>llh and ~lakridilis )161). Hubcr )168), 
Jungermólll )1M 1). Klwlii."IL an·J Kl<inmutz )204). l:ad )208), 
Libby 121 J). Montgomcry owd S·.cn>on (256), Paync )271)-(275), 
Rousc 1299). Sv<n.•>n IJ<•41. ¡3651. Thomgate )3721. Toda )J7JI
(J7S). Tvcr>ky onJ Salla~h IJ84J, Twency ti al. )387). Vlck )392). 
(3_93); W:ollstcn (J95J.f3%J. Cllor 5 ~~o·hich eonccm the integration 
O( dl!~ripli'\'C and pr..:~.:ripli\'C ,'t.UnponcOU o( dct.isionmakin& 
)142). f307j. (322). (32l); efforts which c:on<em detcrrninbtion ol 
coi;niti,·c choice n~<><kb in rcalisric :.cttiogs (22), )8~).)157).)1S8J, 
(3 14).1J2S); cllon. wtlicn invollc lormulation and >tructuring ol 
di!ci>ion •itu>lion., 11).1:47). (l4l'(, (25SJ, )26SJ. (286).)287~ )JOOJ, 
)3º1), IJ02). )353). )3~11: ond cff,ms which im-olvc thc cognitivc 
dlort invol'<d in dcc»;onmaling IIHOJ. (328~ moy orrer mucb 
promi>e .., wcll. 

e , ., ,. 
J V. COI'liNL..f ...... CY TA~~~ SIRUCTURE MODEU 

1Pc dtii!;OC( o( infl>CIO.liÍOn l) :.h.:nu. (or planning :llld Jcci1i0n 
suf;port mlUI be C(lnl"t."rnn1 tJoth \\ ilh norUlJti\'C nwJds o( d'--ci· 
5iá~ and .:hoict prt·w • .-nk's ~nd '·ith dc:.cripli\'C tt1oJd1 of how 
pc~tc paform. J.nJ ..... u J•O:rf\•1"'· in givcn situaliom. TI1us our 
di~·u::.~l\ln) oC inf ~~r nu t 111:1 ptt"IL·c :.i ng. ami dt.•d>ion or t.'\ ¡¿Jualil>O 
ruiC k:h:,·tif•n in lht.· fJI\"\ 10u.s 1 ·.\l k:"Ction5 c:ll.c on partil.:ul.u 
V; ~uung in lh;.t th..:y .,:\,llllliC:nl .111 thc widc: varicty oC pouiblc: 
f\: ·:.1Úl1r~ \Ve '.\ ill h~ ~·:.pl··.:iJlly '"·um:cmcc.J. in 1h.is ~cclion, wilh~ 

\. 

~-

The contingcncy '""k >tructurc modd wc lirst dc..:ribc u 
rclatcd to Piagct"s thcory ol inldlc<tu:ol d<.-vclopmcnt (43~ )116), 
)131). )20SI. )262). )362~ Alter a dc.cription o! this modci)308J.wc 
indka1c implications for inCormation systrm design o.nd 1hc reta~ 
tionship or this model lO DIOOC4 .th1" baYC: beco proposcJ by 
othcn.. · .., · 

lmighu into thc naturc ol cognith · &vclopment o.nd lmi&hts 
· into a conccptuJ.I modcl or cog.niLiv~ .~,tivity is tonla.incd in che 

work> ol Piagct, thc lounder o! "g<n<tic cpiltcmology." Acco<d· 
in& to Piar,ct, thccc arr.: (out Jtagcs o( !~tr.:llcctual d~"Yr.:lop.mcot; 

1) scn>O')' ruotor 
2) preopcr ational 
)) COOCICie OpCtation3J 
4) lormol opcrational. 

. Thc la>t IWO ol the>e ore ol pól!tieular importanc:e lO Out cllarU 
hcre. In thc writings ol Piagct, intcllcctu:ol dC\clopmcnl iJ 1CCD 11.S 

a runction o( tour vari.nblCs: .. 

1) maturiltioa 
2) 
)) 
4) 

upcnencc 
cJucation 
scll rcgulation- • proc= ol mcnt:ol stru&&lc witb disconi
lortin& inlormotion until idcntilication o( a sotislactory 
m¡;n1:1l conslnlclion allo""-¡ ioldlcctwl growth or Jcamin&,. 

In Piogct's model ol intellcctual dcvclopmcnt c:on<r<tc opcr .. 
tional tltinkcrs can dc:ol logically with cmpiricol data, m>nipulotc 
symbols. o.nd orpnizc lacu towards thc solution ol wcU 5truc:· 
turcd and pct>Onolly familiar problcms. Formal opiration>l 
thinkcn con cope in this lashion aho. A majo< dillcrencc, how· 
cvcr, is that ·thrue coru;retc thinkers ,..ho lltC not aho capoblc ol 
lormal thought lack the capocity to rcoson hypothetic3lly and to 
con~idcr lhc cHeca of ditrcn:nl variabl~ or po~sibilitics ouuidc of 
pchonal CXJ>('ricncc. ConcrciC' opcra1io~ LWnL.cn,. Cor insta~. 
,.·ill oltcn hove dillirulty in rcsponJitt& "truc" or "lals<" to lbc 
slatcmc.:nt.. .. six Ís not cqu.lJ lO thrtt pJw [our.• AJ anolhcr 
cxamplc: .. A card tw a numbcr on onc s.iUc a.nd a lcliCT on 1he 
othcr; test the hn.ailtc>is 1hat a card ,.;th 1 vowcl on onc sidc 
will h:avc an C'\'Cn numbcr on thc othcr aidr:"' Concrete opera· 
tional thinkcn ,.;u havc dilru:ulty sclcctin¡ ords lor bottom sidc 
namination if thc top sidcs of tour cart.ls are a. b.l. ). Howt\o't."t, 
(,1ilurc tl> pid thc c.1rds with .. a .. and J on top mJ:y not indicalc 
inahility ill a formal opcr01tion01l thinlcr but. rathcr, f.lilurc lO 
propcrly diagno>e the tosk and determine thc nccd lar lumul 
opcralil"IOJJ JhoughL 

Wc wi~ lo dndop il modd or hi¡hcr ordc:r Cf\gnitÍ\'C prc.,.'(:l..\• 
ing thal dc:M:ribt.·~ thc maturc ;.Jull dccisionmJ!q. Such .a t.l~ 
ci~it)nmal..cr W1ll 1~ pit.'.llly be c:apJblc: oC hoth Cot mal and ''"H"lL"ftlt 

opt.·rati,mal lht•ur,ht. Al, ""e "'·ill ;.uguc, sckctiun o( a (\ltnl.ll ~~ 
cont.·r'-·tc .::osru1iH proc.:u ""ill dcpcnd upon thc dcci~h,nmJ.._,,., 
diag.no,.is of nccd ""·i1h rc::.p.:t.:t co.::. pt~llicul:ar l.l)l. ThJI n..:cJ .,u 
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IOAMAL OPla.tol~A.L lii.Plllilt!!Cl 

Fi&. t. lr:~.min& lhrou&h t~ opcr;atioruJ C.xpcricnccs; 

dcpcnd upÓn a dccisionmJkcr's matL~rily, rx¡: . :~·ncc, and educa· 
don \\'ilh rcspccl to a pJnicular problcm. E.nd. o( thcse influcncc 
cor.niti\'c str.1in or strc.!ls, ., subjcct 1hat will be dhcusscd Jatcr in 
this SCt"lion. Ordin.:uiJy, " dcci!.ionm.Ucr will prdc:r a concrete 
opcrational thought procc» nnd will mnke use of a formal 
opcrational thought procc.s only whcn concrete opcration:¡) 
lhousht is pcn:eivc:d inappwpciatc. In gcnc~l. a concrete opcra
l~onaJ 1hought proccs) invoh·ci le~ 51rc:ss :1.nd may wdl involvc 

. rc¡xlitivc and pr.:viou~1y kdrncd bcha\ioral pomcm¡, Familióll'Íty 
and cxpcricncc, -.-.ith 1hc i!>.!>UC at hand or wilh issucs pcrceivcd tu 
be similar or ;m.l~ogous, play a vital role in concrete: opcrationaJ 
thought. Jn novel situatit.,ns. "·hic:h are unstruC'turcd ílnd whcre 
ncw lcarnin& i• rcquir cd, fonn:¡J OJ"'ra•ion~l thou&ht is typically 
more appropri.1te th;u' u'ucrete opt:r.ltional thoughL · 

Wc scc, in the forc-bom, discu~ion, lhc dominanl role oC lhc 
contingcncy ta>k 51ructurc in ~u id in& problem solving cllorts. In 
concrelc operational thought, pc-opiC' use conccplS whicb , 

· 1) are drawn dircctly·Crom thcir personal cxpcricnc:cs, 
2) invol\'c c:lcmcntary cl•b~i!il·ation t~nd &l!ncraliz..:ltion con

cc:ming langiblc .tnd fanuliar objccu. 
. 3) im·olve dircct cou>e and ell<el rclationship5, lypic:¡JJy in 

· ~implc ~wo-variahlc ).itu.Jtions: · 
4). can be laughl or undcr>tood by an:¡logy, ~lgorithrru1 allccl, 

51andard opcrating pc•lic:y, or rccipc; ó.lnd whic:h 
.5) ólfC wc)osed'' in lhc :K'IISC Of DOI dcmanding C:Xpforatfon O( 

. possibilitic-s out::.idc tlw Lnown C'O\'ironmcnl o( lhc pcnon 
and otatcd data. 

.'.!!,I.Oil\>:¡J opcrational.thourht, pcoplc ~sc-conccpu whi~h may . 

J) be inllgincd, hypothL'ti<"al, biL~ on ó.lllcrn.lti\'C: 5ccnarios, 
; ~: anJ¡or whh:h mJy be ('Ootrary to faca; • . · · 
• "'2) be "opcn C'ndcd .. in 1hc ~nsc o( rcquiring J.pccul~tion aboul 
'<- un~I<Ut:J pO!)iibiJilit.•. . · . 
~) r...·quirc d~ducti\·c rC'.a!>onjn& ·usin~ unvcrificd .1nd pcrh.1ps 

l]ow<d hrpothc>e>, · 
~} rcquirt" dclinition by mc.1ru of ot.la~r concq>ls ~r .lbstr~c

tions th.lt m.ay ha\c litlk or no obviou~ corrclalion ~ith 
~ contcmporó.lry rc~llil). ;)Od which lllJY 
~J r~·4uirc 1hc i~c~~j(j~.·Jiillfl ólmf )11"\JCiurin& of intcrmediale 

·con~cpls O'?l Jruu;¡JJ) :-.J~·c..·tfictf. 

• 

·1 
Form:¡l opcralional thout,Lt i(!''olves thrcc principal ~~~,.-.: 

1). reven:¡l e1l rcatilics >.>d pouihilitics 
2) hypothctico-dcductil·úell50ning 
3) opernlions on opcrat;., 

as •hown in Fig. 6. Theoc are aceomplhhcd throu~h r<Oecth.., 
ob,..,rvalion, abstrae! conc.'Ptuatizalion. :uld thc: le,tin& .,¡ the 
rcsultin& conccpt iinpliQ.tions ia new útu.1tionL Jt i~ in this .,.,ay· 
that the diver&cncc produc.:d by discomlortin¡ nN' c.pcrienccs 
allows thc lcarning ol ricw devclopmcnu and conccpl> lo be 
w•tored" in olC1t.ory as pan o!..:¡nc'• concrete opcratio~:¡J exp<ri· 
cnces. . · • 

A numbcr ol lhc co&nitive •tyle invcsti¡atioru di><'U»Cd in 
Scction 11 have eoncludcd lhat wabstract" dccisioJnno.lker¡ .re 
more inlormation oricntcd and would typic.ally proc·:•• mwh 
inforrnation in comple:x: deci¡jon Cn\ironmrnts. .. Con.;rrtc .. u~ 
ci•ionmokcr¡, on the othcr hand, could be cxpcctcd 10 ,_ •• cb >n 
inlormation o1·crloadcd stote at loi\'U ln'tb of cn1ir.•nmcnul 
conlplexity; hcnce !bey would tcnd 10 proceso lcu inl; .:noti<•o 
than would the abstraCI dccisionrru>kcr. Sorne modcb of •. ..,nili•• 
style are baocd on the auumption that ·=rete" dcci~io ,,;,akera 
nccd more informalioo to :srrivc at a dcciWon lhJ.n do .... •·,.tract" 
dccisionmakcrs, suu,cstin& lhat .. conac:ar• dcci~ionm~· "n do 
not give existing inlormaúon its lull worth and more ore J"One to· 
fi ls of s.k.cptici~m tha.n .. .1bstrac1"" dccis.ionm.Ucrs.. At fir)t ,;lance, 
co¡nitive stylc modcb such as thc onc •u&&<>tcd here •r·r<or to 
run in par:¡IJcl to l'iogct'• q:mcrpu o( concrete opcntion.ll and 
formal opcrational thought: But th.:re are •<ry impnnant and 
\·ery si&nilicant dilkrCilL'I:O: Thcoc ore n.plicoble throo¡.h the 
contingcncy t.bk. structurc and conccpt oC 1~'-k, en\ironmcnt, .tnd 
dcci~ionma..kc:r. a conccpt tfial .ap¡x.u1. •·ith >Omc notable rxcep
tion~. mis)in& in mucb ol lhc cxistin& a>&nilivc 1tylc tC')Ca.rch 
cited in Scction 11. . . 
.·. TI1c concrete opcrotional lhinlcr docs nOI ncccs,a.rily hove 
timitcd abilities 10 pr~s or intc¡ratc information, ond the 
•formal" opcrotion:¡l lhinkcr ;. not nccc.....rily copable ol •ab
strolCI" thoughl in 1hc ~pcciric c:ontingcncy Wtualion al h3nd. Thc 
futm.:d thinkcr is ncithcr nC"Ccs~rily oahlc to procc~ infoJmouion 
which cnc:omp:~S~s more compluity nor bc:ucr .1bl~ h> ,.-opc \\ith 
um:cnainty and di)jointcdnc-u in ahc dtti:.ion cn,·ironmcnl thóill 
is onc who u1cs concrete opcration.U lhou&}ll in ,¡ ¡j'·'"n u~"\.;~ioa 
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situation. Our contingcru:y ta>k atructurlll modcl lor thc maluro, 
pcrhap> npcrt. oduh .Scci>ionmaktr la onc ,In ~bicb thc dc
d~iorimakcr m.Jy ux. (urrna.l or concr~&c operDIIonal lhoughl 
b&aM.:d primarily on diagno!>i~ uf lhc contingcncy ¡tructurc or lhc 
dcci~n )itu<~tion. and thc ~lri.'Sio th.11 is pcn.-civcd lo be a~i· 
atC~ wilh thc dt.-ch,ion !.iiUi11Íon. llüs ch:ction o( a (orm~ or 
concr<tc opcrotionol onodc ol thou¡¡hJ moy be appropriolc or 
inappropri;uc. . · 

rSyMt:mic pruccu dnign must be rcJpon)Í\'C to lhc Ob)Ctvtllion 
lh·;,u lhcrc are two C•mdasr1cntally diHcrr.=nt thought or c:ngnition 
procc~!<>n. Thc>e aJC' L\fl..:n il.\MlCiJicd l4"ith diffcrcnt haln."' of thc 
brain iJX).)b7). (i~O).fNt.-~~X). {25~).)410). Onc typc ol thought 
prcicc~~ i~ dc~ribcJ hy thc ndjCl:livC\ vcrhoal. lo¡ical. s.c:qucnccd,. 
thinking. and ¡¡nalyli,J.I; whctcas lhc ~cond it. ·dt.:Kribc"' a.s 
non\'~rbal, inluilin•, v.h,¡(i!tli(, C,:cJint,. .111d hcurislic. TI1c \'t:rbaJ 
pr'on·s.!t h lypic.:ally \ ic" ..:J a.'i SUJl':rior in cngínc~rin& and nalut.l.l 
sd~nL"c. Uua thi~ \'ÍCv. P"•nl on lhc nalurc o/ lhoughl appcao 
'"·rong aud !-hould he Ji~~..,Juraged as po11i_1ivdy h.umlul. For lhc 
IWO procc!tsa are cu.rnrlc•ncnlary ond compatible. l11cy are nol 
comp~tilivc and in~:ompatihlc in any mcaningful v.·ay. Onc 
thoughl process may ltc ddidcnt, in fact, ir il is nol suppoitct.l by 
the othcr. The nonvcrbal supporb lhc verbal by suggcsting ideas, 
ahcrnalivcs, etc. Thc Ycrhal !.Upporu thc non(·crbal by ex· 
pccss.ing.. slrucluring,. ~alyLin¡.. and validating thc crcaaivc ideas 
that <'CCur in thc non•crual procns.,An appropriatc plonning ond 
dccbion support prCK:c~os must pro\•ic..le for verbal and nonvcrbal 
support. An nppropria1c planning nnd dccision supporl procc.s.s 
nlU!tl he tOlaanl and :.upporthc of a dccbionm:&.kcr'¡ CO&nilÍVC 
(tñought) procc.)~O. TI1nc will 1) pically vary across individua.ls 
and \lo ithin thc ~ame indi\ ¡Ju~l .u 01 riJm.·tion or the cnvironmc:nl., 
the inJi,·iduaJ's pu:\'iou~ C'.(pcricni..""C with the cn•tironrncnt, and 
tho~c ;bS<X.""i~tcd factor~ whk'h intnx.hu;c varying .lmounts or 
.)lrC~S. Thus n C<UIIing,·ncy la.)k :.lructuraJ VÍCW of indi\·idua.Js and 
organizatiuns in dcci~ion :.ilu;u~.:ms iJ' ncctkd as conarastcd wilh a 
~lcrcotypical vie"': in whi..:h indi,·idua.l:s are assumcd to process 
fixcd. ~tatic, and Ulll..:h:.nging cuogniti\'C tha.racacristics which are 
un.influ('nccd by cnvironlllcntJ.I cunsidcrarions. 

This ,.¡cw will cncouragc u~ not only to consider the evolution 
o( ruwre cvcnts ovcr ti111e aJ ihh!!rcntly probobilistic, but also lo 
considcr valiJe cha.Ht,C" o\·cr 1iu~. lt is cspccióllly importa.nt thac 
w~ '-'OO~idcr ,·aluc\ •a conta.inin¿ noncommcnsuratc, ambiguous. 
anil um:crta..in (;OHIPf,Ht.:llts, r.:uh¿r than .u brin& ab)olutc, con
sistcnt •. prccis.c, anJ c•"gcnow. "ith r<>p«l to choice (2J6), (238~ 

TYJ?ICally wc lca.m Cwn~ ~-'pcricn~'t _und adopt vario~ dL'Ci¡ion 
rules m thc Corm or cnl,nlli\"C hcun:>Hcs ba. ... cd. upon dús cxperi· 
once. Thc >trcnglh ol udid th>t wc havo in th~ u>clulncu ol 
hcurhtics is oftcn ha~cJ on rdn!orccml.'nt lhrougti feedback. 
Einhorn (96).(97) ha> .Sc.>cril>cd ~o:vcr•l >upporlin¡ lllustrationa ol 
this. /U we h••• indi··~lcd in S.."ttion IV. Tite U>e ol variou> typcs 
O( ,)CAJC'C'&r.lpluc ielllWIJ.,·r) oflen JcaJ lO intraruilivc chnk"C's 
v. h_ich are oftcn nc.11 n~L·ogniuJ ou inaran~iti\•t. Wc ott/n de-fine 
b!<tUC) by :contcnl rath~.·r 1han •lructurc and convin~..-c oursc)\'CS to 
Jik~ wh.:u wc gel lwm a det'i...,icon. As a con.scquc:n~.-c wc find it 
~ard to ~para te dt.·d)iOn) from wh:omc:s in rclroSJ>'-"Clivc c\':llua· 
uonS or our juJsnh.'llb .. Mu..:h or this ¡.) pnlbahly Juc lO changing 
o~!· auitudc~ anJ our Jh:fl..·,:pliunl! in a \'.:~· ~lcctive -.·ay wilhout 
h~1ng ,;.¡\\".lf(' O( lh1.• l'hangc and lO c.:han¡ln& C'IUf (orCC.l.\lJ, rclro
l.pcc:ll\"d)'. "' \.'Oth·~r,~nd 10 c,~·nu~ lhal haH~ O!.:t:urr..:d withou't 
r~.·~,.·,,bniLing thi:. ch~ng¡; 11171- ( 119J. Thu:. w..: aJopt 01 hind~ighl or 
•·k 0~\\ il all along·· Li.a Ulnuc&h.·nJ by o1 \';uicty of highly ~~'-~th·c 
p .. ·h:~o.·plinn). or rcality. 

\\'e ar~ most likdy 10 hlvc O"ohcrcnl \'aluc prdcr .. ·n~.-..-s :~.n~ ·01rc 
11hl...• hl dc\·clop anJ Ulihzc api'rtlpri:HC .:\·aJu.JIÍtlO hruristirs in 
wdl: ... lniL"Iur~..·d ).Ítu.JiiPm \•ith \1hi1,:h \\C ar~ L.uuiliar. Lc:arning by 
tri .JI anJ error Jnd di."\ rl••rn•,.::t of JUJt,m..:nt b~~·J tln .. ·athcr 
rca:.,~nin& by analor.~·. ~l.anJ;.¡rJ op"·rating pt~-.:\.·Jurr:., or orgJrU· 
z;lli\'llJI ruiL"s typir;1lly n::.ult.) f:\Hn thc.~· .. ,,,nL·rctc "J'k.'rati,lllal .. 
.... ÍlU:IIÍt'O) anJ (\.p .. ·ri.:u,·\.·) Lt~.lt! standiug ux or th.:M: ''rulcl" 
u:)'oulls in purdy allt.:diu· JUd,E!.l~·nt anJ d'-"\'illidn fl.'!opOnltt' •. In a . -

l•milior ond simple ,.·nrld, o •concttte "P<f•tiMIII" world. thc.ie 
ju.Ss,mcot guid•'S W ju.S~mcnt lh.'Wi~Ut> nü,lli"IO"cll be. ond lo 
foct <.Ctcn '"•· quite occcptohlc. In a dun"n& ond unccn;un 
cm·ironmrnt." an cn\ironmcnl th.31 U c.Jirrcrcnl rrom lbc onc wi&h 
...-hich ,. .. ore familiar, "e ma\' .. ..u ~rr cun>id<rohly by U>in& 
thcsc concrete opcr•tion•l world opruopriote judtmcnt hcuri>tla.. 
11 ,.. do not h.,·c o .S.Vclopcd "'' ol c.lb..-rcnt valucsrcloti\"C to a 
chonging cn•·ironrncnt, ,. .• may rc•pond olfcclh"Ciy "ith thc lint 
~hcmali•·c <>ption that com•'S lO mind. Wc. moy "'Cll aJopt 
J'Kl)hk'-·iJion bcha\ior 1LKh as 10 ¡uppon iUkJ ~nlain a _chos.cn 
rc),pon~ a.nd cmploy ,,..,g.nilh.-c bi.bO olnd t'l'&rütivc hl."""UJhlics to 
ju>tify thi• p<>t<ntially ilh·hO>Cn roporl.'"<:. This re>ulu in on 
a((L"CÚ\'C rc~pon~ .:1ppropri3IC for a:•concre1-: opcration.aJ" )itua· 
tion v.hcn •n analytical r<>p<>n.<e. apJlropriotc lor • "lormal 
npcrotionaJ" •ituotion, is nccdcd. lo thc Jonis ond Monn (177) 
tcrmin~'logy v.e adopt a copin& paucm b.ucd on un~o..""Onfikh.-d 
aJI11..'fC'OCC or un'-"llOfliClC'd (h.ln&C Wh.:rt:U \i&ilancc is C.Jikt.f for. 

A serious probtcm in praclicc U lh:u we &el ulcd 10 ver)" simple 
hcuri!!lics 1hal are appropriatc ror •concrclc opc:riltional"" situ.t· 
tioru in a lomilior world and \\'C coatinue to use thcm in "lormal 
opcrational .. siluations in .:~n unf:uniliolt "-orld in whkh they may 
be vcry inoppropriate. A typical hcuri•tlc il incromcntlllism: •Go 
ahcad and cro"·d onc more beosl into thc commons." Such a 
hcuristi<: nt>Y be oppropriote in thc farnili.r situation our lor
beau cncountcrcd in a nc"' uncxploctd ~o.'OOtincDL Dul lhc ,.~iAI 
traps" produccd by •uch judgmcntal h<wútico in a now crowd,-d 
cm"ironmc.1t may be inatpropriatc. Thcrc are numerous conlcm .. 
porary i:asw!s 10 support thi¡ íL)S.Crtioa. 

St}le> oc moda ol inlormatioa procc..ing. ,.·hich includcs 
informalion .:~cquhiaion and infoiUliltion a.na.lysú, are or anuch 
importan<.:C in the" dc)ign O( inform.:lliOR 5)")1CD1S for ÍDlCrprCla• 
tion of thc impacu of proposcd policy. lolllrmation acqui>itioo 
rdcrs 10 thc pccccptual proc:c>S by •·hich thc mind orgonizcs thc 
vcrb:d and vhual stimuli that it mcouot<rs. As indicat•-d in 
Scctioo 11, McKcnncy ond Kccn (242} diM.uss two rriodea o( 
inlormolion acqui•ition, a prcccptive modo ond D rcccpti•·e modc. 
Wc CS><ntially utiliu thcsc modea lor our lllOIIcl or inlormotion 
acqui>ition ond onlllysis. 

a) In preccplive acquilition ond analysis. individualJ brin& 
cxi•ting c.pcriential conccpll ond pm:c:pU to be.r lO lilter 
dato. Titcy locus on structural rdatioru betwccn itcms •nd 
look lor dc•·iation> lrom thcir cxp..-c'taiiocu. n .. y thcn 'use 
lormal pr.'Ccpll as cuca lor aa¡ui>ition, onlllysil, and ~
ot<d >truCiurin& ol dota. . 

b) !n receptivo ocquilition-ond .aoalysis. individuals locus oo 
contextua! dct.Ul rothcr thao prcsumcd atruelurlll rcl~tioo
>hips. Thcy inlcr >lruclurc and impocu lrom dir•'<t and 
dctailcd examinalion o( inlormation, gcncr•lly in<:IU.Sin& 
potcntially di.>c:omlirming inlormotlon, rothcr "than !roro 
lillin& it to thcir prccc:pts. 

·Thcrc il nothin& inhcrcntly good or bod in cithcr m.-.Jc ol 
intorm:~otion ~rqui•ition . .1na.lys.i¡,_ and as.s.odat~d s1ruc1urin¡. ThC' 
),ame indhiduJI may uS&:" dirfcrcnl modlo!S .u :a Cunction r-r ron· 
lingcn.:y to>k "ructurc. Mo>t pcoplc ~·ill ha• e prdcr<n= Corone 
mtl\.Jc or thr othcr in :t partkular Ñlu.ltion, tl~o.·pcnJin¡ Ufl't'" thdr 

. di01gno~i1 of lh~o.· (ORIÍU&,Cncy lo1~ strurlUJ\.' Olnd P"-"r~o:cin:U n«ds 
lo ill''ompli)h dk\.'ti"·c inf,,rm.:uion intcrprctalion .1nd .3... .... """-:iJt .. "\1 
~.kci~ioum.lking. 11 Í) our hyptllhois th:tl cotniti\·c bi.1.~~ olh.-n 

· ólri~. 01 o1rC initiah:d, by w,c of ól ~IU.ltionally ÍnC(Irf'-"'CI nk>J~ of 
infonnation J.cqui!tili\ln :md Slnk:lurin¡. To use pr'-"C~o.'ptivc 
ac4ui:.ilion wlu:n r .. 'f.:~pli\'c oacquiloilion U. n11..m: ;.appwpri.lll!' "''uk.l 
app..·ar lO ÍO\'Íic (lOC' Or Hll.lfC o( lht many hÍ~"-CS 3S!'>4.li,:Í.ll~d \t. ith 
).dü'li\'C p4:rccption. To U!.C' rccl.'plilc acqui)iti,,n "hcn pn.'l.·,,:plhr 
ac'-lui~ilillO i! apprupriat(' wouiJ appc:.1r to intrNU'-"'C mu.:h )ltcu 
a»o.:iatcJ ~·ith th< low lildihouJ ol bcing al>k to rc.ohc on·· 
i$l1Ut: in tlu: lime a\·ail.:~hlc. 

Informal ion '""'·aluJti('O. ;¡,nd intt..·rprcl.lti''" rd~n lo 1~ J'-'\.i· 
5ion rule pnrliun o( llk: ph)hlc;m Wllulion. \\'e óldHiil,."iliC ,¡ nk>Jd 
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F!¡. 7. CoiKq)lU~Iit~lioo of probkm aohin¡II)'ICI. 

b=d on 1hc u>c o! tJ¡e Piagct 1hcory o! concrete lllld lormal 
opcrational thinking ;u a u.clul prcccpl loe inlormatioo cvalua
tion and intcrprc1ation. ll1c>e lhou¡;ht procc" o10d<ls may be 
summarizcd :u follow¡_ ·· 

a) Jo coru:rcte OP'-'"llional thout)ll, indi\iduals ,o,pproólc.h prob-
lem¡ eithcr through intuilive arrcct. onalog,.ic rea.soninr,. or 
tluou¡;h lullowin& a •tandard opcrating policy or organiu
tional proccs~cs. or wmc rclat.:d proccss. 

b) In lormal opcrotional thou¡;hl, indi1iduals approach prob. 
kms lhrough bliUC.:IUring in ltrms O( imbcdding re3JiLics 
into po~~!hihty s<.·cnario!a, hypotht.:tit:o-d,.:duclive rcasonin¡, 
and intcrprclatiun in IL·r~ls or opcrations on operations. 

Fig. 7 pn:~cots our conccpaualization or infonmtion a...-quisilion, 
analysis. and intcrprctJ.Iion or probltm M>lving 51ylcs. lñ.is figure 
docs not ilhistratc, howc•cr, the lundamcntally dynamic naturc 
o! this procc.s mOdcl. Fig. 6 ha. prc>entcd son1c o! tl1c dynamic 
learnin& upcricnL·c.:~ which link 1he concrete opcnllional and 
!ormal opcrationnJ · thou¡;ht proccs:.c5. Again ,. .• nrguc thol no 
style is inhcrcntly appwpri.1tc or inappropriatc. Appropriatcnru 
of a p3nicular slyle, as has bccn mC'ntionrd bdorc. i.s vcry much 
task. cnvironm-:nl, .lnd cxpcrirncc- dcpcndcnL That 10~1 de· 
cisionmakcr~ func110n as concr~tc opcration:ll thinkc:rs is doubt· 
lc~ly corrccl. A pJ jncipa.l task oC il \\'Cll·dt~i&nc:d inCormouion 
sys1cm is 10 a»ist in •jding lhe- docisionm.Ucr to dctocl lhc 
appropriatc >tylc lor • ¡:,ivcn·l"-'k, cmironmcnl, and docision
malcr cxpcricnrc IC\'(."1 ·. Anolhl.'r task i.s lo cOhanrc transrcr or 
formal opcralional CA,Jri,nccs 10 concrete op.:rational cxpcri· 
(nccs.. such as throubh conc..:ptualiz.ation and cvolution or ap· 
propriouc hcuris1ics, wholi~tic thout,ht. :anaJogow reil)Oning 
guidc1. .st.andard op..:rating pnk:cdurcs, oth..:r Conns o( ilrft:ctivc 
thought. ilnd pcrhaps C't'l.'n prccognilh·c rc)porucs. Wc posit that 
both typcs or informaliun <h:quisition and an.l.lysis may occur 
with eithcr concrete or rormal thoughl ahhoug.h thc appropriatc 
balance 9C rccc¡•tive óllld pn."cL·ptivc acquisition and ana.JyUs witl 
vary rrom .siluafon lo s.ituation. 

Our discus.-..il ns ha\·c inJiL.Jicd lhe strong cm·irL1nmcnl3l dt· 
pcndc:nce O( lh1! (om¡u!Jtion, ;maJyiÍS, and inttrprclation SICpS 
OC'CC'.S!Iary for pr·.>blcm r..:~'}huion. Thcst slcps .uc nt.:4"C)S.lty )lcps 
án 1he rc)Oiution of any i..,.,uc u.,ing ))'SIL'ffiÍC m~ans, rcgardlt.')S o( 
the .. .saylc" ad,lplcJ (ur prubh.·m )C'IIulion. En\·ihlOOJcnts, organi· 
lólliOO.S, anJ 1CchnoiOf,i\.') .:uc tllf~lo! t.Jominanl COOú"flU O( .S)''Ioll.'ffi) 

~ng,inccring, in g1.·naal anJ Cor 1hc dc~ign oC sy)t~m.) ror planning 
:lnd d~o't.·i~on i.Uppoii in p.:llli,:uJar. JI is thc int~·raclion O( tJ¡~ 
cnvironmcnt with an Olt,JnÍ.t:Jiion anda I~L·hnu(,,gy 1h.11 fl')Uib 
in a mJnagi.'HI\.'nl kdu¡,,lt•f'Y· Sy)tt:uu mJn.l&L"DIL'nl i) thc tt.:un 
wc u~ lo Jl.'n01C' tlh: Í•lll'I.,Htiun of humanjutlgnk'nt ~;ilh fllL"Ih· 
oJologicaJ Cf•lu.:.:,n) JJU)J ·13<1:\j. S)·)t..:m) ITl.lOJf.•'rnL·nt tknot .. ·~. 
lhcrdoll', ,,,r.ccm) .11 thc L'n~nlli\·~ prr~:C)) kn:l &h:.~.t imohtc thc 
4'0ntin&L'O\.'}' 1.:1:-k >lru..:tu1c ~nd iu role in inOucOL·ing lhc ).dcctiou 

o! pcrlonnoncc obj<ctivcs and docision Nlc• lor cvnJua1ion .or 
options a.s.socí.1tcd wüh is...,~ rtsolution. Thcre are m.111y ID· 
Oucnccs which acl oo thc rontingoncy 1ask 51Ncturc, Fi&- l 
indicalcs, conccplually, how thc <'Ontingcncy task suucturc. lllld 
the environmcnl which inOuc-nccs il. aclS to specify and dir«l 
problcm soh·ing cllorl• 1hrou~h >tlcclion o! perlormaocc objoc· 
tivo:s and associatcd inlom•otion procc:ssiog and d<cision Nlc 
paradigms. 

11 is our btlid thal thc dyuamic co¡nitivr,stylc UIOdcls or Figs. 
6 and 7 can be uscd as guié e• lo illustnlc bolh tho>t mOlles or 
infom1a1iou acquisition and inform3.1ion c\·aluation thaa should 
b< uscd and thJI will be uscd on • gi11:n issuc. \Ve otrcs.s that thc 
panicul.lf cognitive style most :appropriostc ror 11 r,ivcn ~ue v.·iU 
dcp.:nd upon thc: drci)ionm:Lkcrs (01n1i1iarity \\ith a &i\'CD issuc, 
thc is)ue iuclr, omd lhc cn\ironmcnl inlo wh.ic.:h the i.s.suc is 
imbcddcd. Thus a roccp1ivc c.r pn:ccplivc inlormatioo acqui.ition 
s1ylc will be approprialc in a lormal opcra1ional .ctting il thc 
iuue 81 hZUld is 3D un(amiliílt And UruiiUCIUtCd ODC. 1bc Ap
propriatC balance bctWl'cn proccptivc ond roccptivc inlormalion 
acquisition ,.;11 be dtpend<nt upon t:1: type ol is.suc and· lhc 
cxpericncc or lamiliarity thc dccUionmakcr h:a "ith possiblc 
infom1a1ion )Ourcc¡ and thcir Jikc:ly rcli.1bili1y. 1 t vdll. oC ·eoune, 

• aho be innucnccd by tbc "perliOilal" otylc o! thc d<cioionmakcr 
and thc 1ypc, il any, o! intcraction with 1hc systcms ..Wyst as 
wdl as upon otbcr charactcrislics o! thc doci•ion oituation. Wc 
acccpt thc vicw thal •>·stc•ns rncthOdolo¡ies.. cspcciolly as implc
mcntcd throu¡,h use o! human judyncnl lo lorm a ~st<rruc 
proccss, are highly valuc di.'J"'ndcnt. Dil!orcnt sysacrns Ul<thodol
ogics :lllow onc lo define is.suL.-s in diCfcrcnt "·ays and a« rcspor¡. 
¡ivc: in diffcring amounts to \·ílluc conccms, such as cquily. $<\m~ 
mcahOdologio> cxplicitly cncourag< !or oxamplc, dctcction o! thc 
USC o( dcflcic:nt hcurislin a.nd ~lk."'UCíl&C' C:OfTC'Ciion. Tbc- '"tr.;uts
parcncy" :md communicability o( a &J"-cj¡ion proccu. (or ~x.azn. 
pie. i.s \'C:fY mucha function or W mc:thodologi~ us.cd in proccu 
aiding Cor lhc rormulalion or ÍL'Ul.~ lhe AnaJyW.S or ahcmaLi\'CS.. 
and associo~ed intcrpr<lation cl!ons. Thi• vnlur dcpendcncc ol 
splcms mcahodoiClg,ie~ is, lhcrcforc. an imponanl :s~pc..'Ct or in(or
mation ~)')lL'm dc)j&J\ and is rc:IJh:.J lO pcrforman'-·c.objc:nivCS ror 
1hc la!!.L: al h.:md. 

n.crc ha~·o bccn • number ol >tudics 110hich locw upon thc 
L.'riliL·al importJncc o( tól.al; dc)4.'ription omd ~~ dcci~ionm~tr"s 
intL"f;J.L"li(m Y.ith lhc lask throuf,h thc tn\'ironmcnL D;1~·es (70J~. 
171) )lfC'):W:.S tht crilkal inh:r;t.elion :~mong lhc mind an&J thc l~k. 
JnJ inh."grJIC'd OUll.kb o( thc mind :~nd thc I;J.)k rcquirc:mcnli.. Jf~ 
di~·u)~C:) lhc ''c"·rn numbcrC\J-\·o~o~ocl" cxpcrin~nt dc.l>Cribc:d cólrlicr 
ín thi~ x"L"Iion ;u. doc~ AndtrM>O (7). Andc(').On indic.liCI th.ll thc 
lailurc, .;.¡nJ Q JHJjOtily O( C'dU\.";llt:d 01duJu do faH. lO curr\"Cdy 
IC.)t)h·C' thi'-l..::.l i~ du.: lo diHi,·uhic) in lpplyin& thc moJus tvlk1u 
COOCCpl O( (OIIJitionaJ dL.'tJUdi\'C tC'~ning, 01. COOú'pl ~-hif;'h 
r"·quirc!l- lhinLing ahout \li.hat iS~ not lhc: f;'.l..)C. Andcr)()D abo 
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dUcuOSCJ D 1li,.h1 varialion or llúJ IUk, whlch IJ gcncraJiy &he 
l.amc. and In whi"h olmo•l oll ouhj~ll p~rrormcd corr~lly. The 
l&lok involvod luuking ol luur pitlurcs ol ordinory lcllct cnvtlopco 
..-ilh lhc po••ihilily of a alomp on lhcm ond plcklng lho lclletl 
,..hich •hnuld be lurncd o•·cr 10 le>l lhc h)'J>Uihc•i•; 11 a lclltr ll 
r.colcd. 11 h•• o 1 K~ •••"'P on 11. ,1ñc crillcDI dillcrcnco bel,.·ccri: 
lhc l\li.'O tall~l ís lhc racl tha& mm.t pcoplc ha\·c cxpcritnces sirrülóll 
10 lhc a.cconJ rouk. lt Í) rdalh·cly fimil.iar comparcd to thc fínt 
.t~k. com:t:rnius ~·h.kh pcupl!: do nol havc ~igniricanl cxpcricncc:.·. 
. V.'c :r.hould be rath..:r '-'.JUIÍilUI howt\'Cr in lhc: tlpp:ucntly rca
a.on:Jt.k inln~.·n(C II•JI .... , h:.!fit (U{fffl~l' rrnm c•pcricru:c. A 
uumL" ,,¡ 1111pnrtau1 •luJic• by !l((hmcr J46J, J47J hove •hown 
thou b)· nu nh:an~ U u p\."tlph: Jl~·ay~~o improvc lhcir jud&ml!nl a.nd 
d«i:-tonmJkang ubilit)' un .thc b:Li!riiJ o( inc1ctucd eApcricncc:. Di· 
Uc~. •uch a~ thc lcndcn,.:y 10 use confirmin& .:vit.Jcncc lo thc 
~cglc.:l or di)4,·onfinuing, C\iÍI.h.'lli.'C, Me lhc kc:y culprits. Brchmcr 
J47) inJil:aln how thc:.C bi.ucs.can be umkr!~IOod in lcrnu o( 
il\'ajlahk infnrnu&tion. 1 le cunduJcs lhal lruth is nol manifcsL lt 

··ñccd~ lo be inlcrrcd in ordcr lo C.\lr.lCI lrum cxpcricncC informu· 
üon co~1poncnn that. v.¡IJ truly lcad lo b¡;otter Judgmcnu und 
Üecisions. The rece m ddirUtin! JiM.·w~ion or judgnH:nl and choice 
proc:cuc• by Einhom ond llog:>rth (981 cmphoslzcs 1hc impor· 
.a~ncc and thc intcH.h:pcnJcn..:c or ath:ntion, mcmorY, co¡nitivc 
(cprc~nt:~tions,lcamin&~ 'onnict. am.l fl!ctJback. h providcs mucb 
\'ulu:t.blc pcr~pcc:tivc: cuu.:crn!n& lhc itñporlilflCC ol Lhc:.sc lopiCJ 
lor ju~¡mcnl and dl!ci~ilillfll.lkin¡,. · . 
~ Carroll JS6J i> much ·Concáncd Dl•o with und"rslondin& dcci· 
~ion bch;;~\·ior, C')pccially through thc procrss tracing lc..:hniquca 
1ho1 ""'" bccn ~mph•"«d by ·roync)272J-.(27Sj. torroll propo
~es lhor lho dcci¡ionmakcr :.IÍf,hl bcll<r be jl.Orlruycd 11.1 pciucs.o· 
mg a nch "ore of l. no~ kd&o org:ulizcd oround o varicly ol 
~v~kcd s~hcmtU, lhCJ~t:. ~-ompl~:\ uniu 01 org~utiud knowlcdgc 
\\'hich gtudc the acqul!<>lllon aud US4.: of c:~sc: information nuhcr 
th~ ~~clusi•tci_Y. éori:.id.cling. tlu: dcci:lionmakcr u cx.hll~ilivcly 
followlng thc prc~t;npliUOl ('Ir norm~li\'C rnoJcls. MAOy or thc 
chnplen in lhc rcc<ntly c~itc~ workl ol E.''"' (IOOJ, Homlhoa 
J.137J, Ho\\·cii)I67J, 1 i<mdi ami Flci>honan JI65J, SdlWcdcr (JJ2J, 
a,nd Woll•tcn (J96J di><u» ;.,,uc, rdalcd to cognili\'e roclorS in 
J!JJgml!nl. proccncs_, indudin~: IJ}.k Uc:~M.:ripli6ns for ieripts, t.ho~e 
Slcrcotyph.:al ~'iucru.:c~ ol ncuon~. •md c\·cnt schc:nuu wtuch oftcn 
are of much U!.e in c"plaining¡ju;l&nlcnL 
' Siudic• of infurmation •upporllor U.S. Air Force command 

lind communica1ion •ystcm• ••-compliohcd by Klcin )202), {203) 
~xprc1$ ~ numbc:r of .conccrnJl'étarding artificial intclligcncc Ql1d 
inlormauon procc•>~ng a¡oproochc• for dccision oidit•&· ThCJC 
r:t'KI'\'~Iicm~ con~crn potcnti:al inabiliU~a of hunuuu to disag¡re
¡:uc ¡uu;mons mio· compun..:nb Md tu óln.illyzc lhc:¡c discrclc 
c:'pmponcnts. flc inJicóiii:S th:ll lhC profic:icnl performance o( 
c,•pcm ma~· wcii be ba>ed more on rca.onin& by onology thóltl by 
lfptc~COUUI.O~S 10 h.•nns u( ~tcp by lh!p d¡:.w.;riptions Cólp:lblc o( 
(~ucrelc) di&Jial compulcr pro..:C.>)ing. Funht>r, cxpcrt profidtnl 
P.Ctrorm"'t$ may not follow c.,plicil roM4.ious rules. Rcquirin& 
l~cm lo do so may reduce. pcrform•ncc quality, tllld thcy wiil be 
u,noblt lo uccurolcly dn~;rrb<: thc rule• lbat lhcy do lollow. Klcin 
\1CWS .c.~pcrhsc tU. ar.i.11ng (rom p4-!r~cptual abílitics ineludin& • 
r~t:osru.u~'nal c~pa<.·aty an h:r.m' ur lllt~osous situ:uions, 1cmith·ity 
10 c:_n\'ICLlOnl"'OióiJ COOIC'XI JO thc )CfUo4: O( .1pprcci.1tion of lhe 
s.;smri~o·ancc o( subtlc \'ariouion~. and ~n1ooithity lo intcntional 
~IOIC\( h,\' \'icwin¡ lhc r~l~·._·a~cc .1nd Üuportancc o( t;uk compo
n.'inU au ..1 'lo\'htllc by anlll'IPJlln& whill ha. 10 cx·cur lo achicvc a 
&0..1.1 ratha lhan ju~t "'h;u will o..·cur at thc nc~l time inslanl or 
t.~~p. Jlr prc~nls .i1 <.'OIIlp.lri~4.lO·guidcd ffltll.lcl O( pro(kicnt de· 
ci.•ionmaking. In thh muJd j20lJ 

::1) .... currcnl ".kdsion situation b pcrtcivcd in tcrms or objcc· 
1 tn·cs: 
·,2) 1hc dc~hion•_n.ü;c_n' r:~paicn""C allows rcc'o&nition ol 4 

Ct\mran:-<'n SIIU.lii(JO; 

"13) ~~oimil~&rillcs .:anli Jirr~~~.·nc-cs bctw~n thc: cnu1p.ui~en sltu:l· 
' lion ~n..J lhc: curre-ni situatitln are notcd•, 
" 

t 

4) lhis oppiicatiop lli&&csll oplions. lncluJin& cvnluollon ot 
. oplÍOm ond och:cllon n( A prclcrrcd oplion boscd Otl ~>·bol 

workcd in lhc comporioon oplion; ond 
~) lhc way lhc objcclivcs and lhc dcciwon OlC pcrmvcd, 

p<mibic lurthtr adju•lmenll ol oplions. gcncntioa ol acw 
oplion>, nnd combinotiM ol oplions, foUow from lhia. 

K lela slron&IY cncouragcs dcvclopmcnl or dcci•ioa llids 10 · 
supporl lhc r'""'&nitional "apocily ol lhc upcrt; llids lhal will 
a»ist lhc upcrt in rccognizina ncw li IU.ltions In ICmu or CU\~Oo 
¡ous comp:\{i1<1n co>es ond In u'in& lhc¡c 10 define oplions ot 
ollcrnati\CI, lhc adJU\'óltllwould Dloo k~p loack ol opliof!S; a.ulll·", 
in gcO&:fo1ÚOn u( OCW OOt"A, QJ\d pedorro C~•illput.llioru 10 WtSI . 

. thc ÍmpJCh o( VólriOUI OplionJ. ll ccrloinly oppcatl lhAI lhiS IJ a 
nccdcd and nctCUaty role ror inlormation I)'IICnll odjUYIUlll ror 
piannin& >nJ dcti•ioo oupport. Dul ll mull be rcmcmbered thal 
not All 115tri o( luth 1 l)'ilcm will be proficicnl and Clpcrl Ja. llil 
of lhc la>lJ thcy ore lo pcrlorm. Wc •u&&••l lhc nccd oliO for 
pro•i>iom for rormal opcrational lhou¡¡lu lypc proce>ICS ror 
thos.c contingcncy t~k ailualioru that h.avc not bccu suffidcatly 
cognizcd such 1ha1 appropri>lc uoc or concrele opcrolionAI 
lhoughl otecuarily lcndi lO cflicienl ond cfl~tivc pcrlonnllllCC. ·. 

Drcyfw lllld Drcyfw (82) 11!10 argue thol expcricnccd lllld 
expert humon dcci•ionmokcrs oolvc ncw problcms primarily by 
>ecing •imilaritics lo prC\'iowly upcricnc:cd •ituations la lhem. 
Thcy orguc >lrongly lholsincc simila.rity b0.1ed proccue1 otlually,. 
u•cd by upcricnccd and cxpcrl humaru lcod 10 bcucr pcrror· 
manee than lormal npproochc:s proctic:cd by bcgiancn, de· 
ti>ionmokmg b011cd on provcn cxpcni¡c shouiJ nol bo: reploccd 
by lormoi nrodci1. Thcy po!oC a modcl wlúcb conlllin.s fi,·e dcvcl· 
opmcnlol stogcs lbrough which a pcroon p=s in acquirin¡ a 
>l.iil •uch "' to bccomc a proficicnl expcrl Thcir b:ulc lene& b 
that pcoplc Jomnnd icu óltld lcu oa nbllra<l principks and more 
nnd more on contrelc <lpcricnco u thcy bctomc proficienl Thcir 
fivc 1ln¡c1 and >u&gc¡tcd inJiruclioo al eoth uo¡c ore u folloW.. 

1) Nou/r~-Dccompo•clhc luk cnvironmcnllnto conlcxl-(rcc 
nonsiluationai lcaturc• which lhc bcr,inncr can rc<ogniu \\ilboul 
upcricncc. Givc lhc bcginncr rulu lor Jctcrmining atlioo and 
providc OIOIUIOring and ftcdbat~ lO improve rule lolio"iog. · 

2) C'onll'<lrncr-Encourogc ospccl rcco¡nition no& by callin& 
AtiCOtion lO rccurrcnt KU o( (Cóltura, but ~lhcr by lin&Jin¡ OUI 

pcrspicuous C>Jmp!CS. Entourogc rcco¡nilion or dólti&CfOW 
D..lpcCIS tllld ~nowlcdge or gu/tk/l~n lO tolm:l lhcK conditions. 
Equol imporlóltiCc wcigh11 ore lypically IWOciaiCd with tu~ll al 
1hi• Slogc. · . · 

)) fro/i<ltncy- ThiJ comes wi1b incrcoscd praclicc lhol CJt• 
pmcs one lO • varicly or .. ·hole IÍIUAlions. Npccll Appcar more 
or icu imponanl dcpcnding upon rclcvóltltc 10 ¡oal achicvcmeoL 
Conlcllu.U idonlir.calion iJ now pouiblc ond momoriud prind· 
pies, C.lllcd nuninu. are uscd to determine Del ion. · 

4) EJcpmist-The rcpcnoire o( c.o.pcricnccd •ilualion.s is DOW 
vosl, s~~th lhal lhc occurrcncc ol a spccilic litualioa lri&&cn 1111 
/~111/t/v.ly npproplialc octio11. 

~) M<J.Jirl')'- Thc upcn is Dluori>N lllld no longcr nccdJ lo 
dc:votc: comlllanl allcnlion lo pcrform.lncc.. Thcre j¡ no D«d lot 
..,Ir moniloring ol pcrlonnancc and encr~ ¡, dcvot,-d only 10 
l~cnlfly.'n& thc oppropnole pcr>pcclivco lllld appropriole altcru· 
uve achons. ' · 

Drcyfw ond Drcylus lllsocinle lhc dcvclopmcnl ol lhnc rh'C 
oklll calcgoric• wi1h •uccc"i'·c lrllll>lormalion ol fout mcn&al 
runclionL Pi¡. 8 J82J inJitala bo .. · lhc .. lr>ruformalion.s o.:cur . 
wilh incrCO>cd "•&•• or ploficicncy. Whiic d<•·clopcd primoril)' 
ror lra..inin& lhis modd.cont~ns much oC impor1.1ncc -.ith ropa:l 
lo in(C\m\Jtion sysh:m dcsis,n lo ·suppon pbnning and dctbion• 

. m.ü. ing, iU '•H'II. A kry iuu<; in lhiJ l;:ahle wouiJ appc.11 10 be &ht 
dl.''lo'dopmcnt Q( concre-te •iCUiltional C.\pcricn'c \\ hi1,;h fil'll OCC:Url 
whl.'n ,a, pcrMln h o.blc lo rccos,ni1c 11.\p<'\.'IJ. Th~rc M"Cnl~ '" c.,isl 
wmc \'OmplimcntJrily lxtvoccn our moJd ol 1hc c''&n.Hi\·c ju&J&· 
mcnt and Jcd>ion proccu anJ thal ol Drcylt~> and nr,·yrus. Tht 
con"·rcac í'pc:rationaJ thou&ht o( CApcri~·n..:~o;d d"·,:Uionm.U~.·n 
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would appcar lo Le much lht ~.une as thc thou&hl or Lhc: CJI.pcn 
:md the master: OC coLH~ in ;Ul oC the~ modcls, ••u.pcn" is a 
rcl11tivc tcrm, \'o.·ilh thc cnvironml."nl and thc conting.c:ncy \a.sk 
struclurc of a ~pcciríc ::.lluc.t!on nc:\.'dcd 10 dclcmlínc whcther a 
dc:cisionmilkcr Í!. fanuli.u .llld c"pcric:nccd ~ith il. Sorne: dif· 
fcrc:nces in the modrb &n: t.loubtk)~ly p1c!.CDI u wcll. Sorne of 
the.se dcpc:nd Up(ln pfc,;Ücl)' ·wh<ll ib mcanl by "procc::.~ins infor· 
mation."' Our ddirUti •. ü i~ rathcr broad and l't'riJiniY not re-· 
ilriC1cd 10 quanulali•oe plo-.:ó'::.l>in&. GcncraJiy infOrm.11ion 
Prc..:cuing. in our vicw, iHduJcs tb~: fonnul•tion or :~.cqubilion, 
ana.Jysis, o...nJ intc1pret.t~on uf diJUa of ,-alue for dcci~ionmak.ing. 
:Th.is ca..n be accompli.l.hcd holisticaJly, hcuris1ically, or y.•bohsli· 
caUy. 

Vcry impor1J.t1l (Oilf..:crn~ CAist, in our vicw, -.·ilh rcspcct to 
pos. .. ibll! ('ogniti' e hi.,::. JnJ valu~.: incohl·rcnrics in th.: concr(!le 
opcralional d~ci);onm<.!lLIL¿; ll( l'\f'.r:IUt or ma::.tcrs. Quc~tion~ rc
Jatrd to ti1c cfkd::. of d:JJ:~.-~~!~ cnvironm;:nt::. upon 1hc jud&mcnt 
a..nd dcci::.ion qu:~1ily or n:.a~¡crs and novircs ~like nrc vcry im
portJ.nl in all of thc~oe" ntP ... kb. For intuiti"c CApcricncc may not 

.. be a govd guiJc ror ju ... lt.•"t'ILI:i and d,:~o.·isions in unccna.in, un· 
familiar, and/m rupiJl;· ..:h.J.t.Sillg cn"ironnu:nb. Dut quilntilativc 
o' qwalllati\'c: anJ.Iy~is-lJ:...lo ... ·d t:!Curtl; may wcll not be Hry good 
tilhc:r duc to chaugcd Lict:i-liun silualion and .conlingcn\.)' I.:JSk 
¡tructuul mudcls. In uur \'icw it is po~!.iblc lo bccomc a .. masac:r:" 
but unrortunatdy pi:~ ... 1Llc tu b~.:~omc: a master oC the nrl of 
M:IC-Jccc¡.Hion ~ ""clt J:, oC a .)p.:cific task.. Thc cxlcmal bchavior 
of thc two ''m01.~1cn" m.-y "'·di t.x: thc sa.nu:: WtuouionaJ. wboüsaic:, 
iniUiuvc, and ab.ortJcd. Wh01t w;¡$ an oppropriatc stylc for onc 
... m.ulcr" may wctJ t.c inappll·¡~riatl' Cor a.nothcr. ' · 

Dchavior in L.uniliar Lut UIKC'rt.J..in cnvironrncñts is oC muc:b 
imercsl. Studic~ of l..Ulwr~. )itUJtion::. in which.u.pcrls and m:u
lcrs fail or mhdi..1g,no.)C 1111 .. '11 dcgrcc o( experti~ or maMcry, could 
)'icld C'li.Ccplionall)' U)dul rnulls and would aho Kn'C lo incorp~ 
ratc and int~gratc anuch of the t-'pcnmcnta.J work invoh:ing 
biascs, poor hcuri::.tit·::., <~.nd valuc ~.·oh..:r,:nccs inlo a more .cal 

•'dcci!.ion siluation. \Ve hy~.10thl·!.i:u: th;H lhc: dynamic modch of 
dccUion stylcs pr~:.cm~d in thi¡ scction ,.·jiJ be U.)C(uJ ,-chicle¡ 10 
lh<sc tnch. · 
' JLJJ&mcnr' and dc:cisionmaking, dlurls are ohen ch:ar:.ctcrizcd 
,by in ten~ cmotiun, strt"u, anJ cunnict; cspcci.llly wh..:n thcre are 
signific.ant COJb,:qu..:nccs lik~·ly 10 Cu\low frorn dccbions. As thc 
dc-cisionmakcr bC\."OIIIC:t ~ .... OIIC O( \".lfiOUS Ji~k.J and UIK\.'r1aiOÜCi 
)h:u may bC" .ib~ol.:i;llcJ w11h a Ct.lur:.c o( aL:tion, this ilfC~ 
bcco10cs all thc 1110rt "'"'<. buis ""d M>nn (1761. (177) h>\'t 
,dc\·clopcd a connicl moJel o( 4kt.:il>ionm.liing. C'onnict hcrc 
'rdcr¡ lo .. ~imultancou!l .1.11d ,1ppo:.in& t..:nd~·nciel ,.-ilhin thc indi· 
' ;dual 10 :t.4.:'l"4"pt ;md rqn:t J !',1\'L'U l·ou~ of action." Symptonu, 
_ ... e (:onflicts nl.l)' be lh-;.li..IIÍIH.I, r .. ·dLttp of LJn(t."lla.inty. \'J¡,:iiiJtion, 
and a.:ulc cmuti\JJiJI ~11..:).) ~~·•th ~u1 unrk·J .... :tnl fcding or J•~tro . .s 
bcing.. typicallr. Hh: 11111).1 jlfl.'\'.1knc oC .:a.ll .:harJt.:h.:ri~tic~ ou!li>Ci· 
.atcJ ~ith d ... :"'·i~iouJliJI..inb !>~lJj. Tiac niJJOf ckm~.·nts :1.'-MX."lóUCd 
"A"ilh lhc conOict rn01.lcl .uc th~: "·onn·pt of vig,ibnt inlorm.1tion 

ABSCIABlll 

pfoct»in&. 1hc lll!.tinction bclwccn hot -1ud cold co&rülions.. and 
sncral coying, pall..:ms a~alcd with judgmcnu. . 

Cold cog.o.ition~ .u-e th\l::.c madc in a c;Um dcl31.!hcd C0\1roo- · 
mental stal<. TI1c ch;.ngc> in utility po!o>ibl< duc to diCC<rcnl 
dt.-ci~ioM are )tnall and c:uy to d<."t..:rminc.. Hui cognitions are 
th():.c ~-iaa~d wi¡U \ita.J it.:.ucs. and conccrns. and AIC an.cxi· 
alcd with a high lc"cl oí •trcss. Whethcr a et""~gniaion is, or should 
be, hot or cold is dependen! upon 1hc ta>k ot h:md :md thc 
~xpc1i~ntial f;uniliarity a.nd cx.pcrtncss 0! thc dcdsionmJ..kcr ...-ilh 
fCSpi:Cl \0 tt•t lél!>k. l11e 'ymptoms o( llf'CSS includi! f~o.""CÜnp Of 
t~pprchcnsh·u:·:ss. a d¡;::.irr 10 c1eapc from thc di::.trt:s)ins choice 
dilemma, :u1•; ~df·lllamc for h>lving allowed oncsclf 10 g.tt into a 
prcdu.:o.uuc•ll vdu:rc onc is Córccd 10 choosc bctwccn un~li>~ólC:• 
tory altcm>li\H. Janis :md Mano ( 1 TI) >1>1< th>t "p>ychol!l&ic..J 
~lrc~" i!. u~cd b.) J g~:&h.'ric h:rm lO d\,'")ir,naiC' unplc~;uu cmo
tional slatcs cvukcd by thrcalcning cn,ironmcnt.ll a"t."'\LS or 
shmuli. Thcy ddiJH: a .. ,.,C!.SCtJl" n·cnt as .. a.ny chang.e in lhe 
cnvironmcJlt lhat lypitally indu'c) a hitb dc&h'C of unplc~:t.nt. 
cmOlion. auch a.s nn.licty. guih. or MlAm~. and \1.'hich .:~.Uccu 
nonn<~l palien•!. oC inromution procc~in& ... Janis and M.lnll 
dcM:rilJc fiYC runclionJ.l rclation::.hips. bciWC.'CO p!.)'ChoiO&icaJ ilf'CU 

anJ dt.-cisiun cuunict. 

1) Th< dcgrcc of otrc:.s &cncnt<d by dccuion connict io a 
function oC th~""'st ,)bjcclivcs. whic.:h Lhc dccü.ionma.ker ex· 
pc~ls to h'ulajn uruati!.ficd aflcr implcmcntin& :a dcdsion.. 

2) Ollcn a pcrwn tnruuntcn ncw thrcau. or opportunilic.s Lha\ 
moliYalc COmidcration or A OCW C'OUISC o( ~tion. TI\C 
dc&r,ct O( 1..k1.;SÍOO StrC)S is • (uoction of lhc d~o.•g,tCC. O( 

commitmcnt to adhcrc lo lhc pre~nt cour::..c o( artion. 
3) \\'hcn d~.-ci~inn connict ¡, scvcrc: ~-ciluse 3.11 identifu:d alter .. 

nali\'CS po!.e )<'1 i.:lu) rblu. fa.ilurc Jo idl!nlity a bcucr Jcci.
sion thil.ll tl:~o.' ka.::.t ohjcclionablc: one wiU lcad lo dcfcn.Wvc 
a\o·oid¡¡ncc. · 

4) In KVCrc d~.:~.:i::.ion t.:ounict whcn thc dcchionmaktr a.núc:·. 
ipatcs ha\'ing in)u(ficicm time lo iJ~ntify .iU1 ;~JcquJtc .Jtcr· 
native that will oa\·u.iJ ~riou::. lo~ 1hc k\'cl of iltTU 

rCffi~Oi eXIfCIUI,.'l)' high. nu:: Jikclihood lhal thc domin.mt 
pallcm or fl.')poll~ will be hypcrvigjiOI.Ikt. or pil.ltic. u.. 
Cft~::... 

S) A mod¡,;ratc dq:,rcc uf )trcs.i.. which rcsulu whcn thcrc U 
sutrit·icnt tina~· to id.:nti(y .lú'~o.-ptabk alt~mJii,·c:~o. in r~ 
spon~ tu a chJiknt.iug !t.ituJtiun. inJU\.·cs a vig.ilant cUan to 
~:arc(LJ11y )t.."luliniu .111 iJ~·n1iril.."d ahl.."rnati .. ·c couDa of ~ 
lion ¿¡nd ta !.tkct a &ood ~.kd)ion.. 

Dascd upon thc!>C lhc functionaJ rtb(ion propol>itions.. Jani¡ 
anJ ~IJnn prc:-~·nL ft\C "''1ping pJ!ll'rn~ ...,hich a d ... ·ci .... ionma~cr 
WliU(J U::.C .:a OJ fyn.:llUll o( lJ¡C lcHI o( ~trc.u; UOConniCicd 
·adhcrcucc or iu...:cti.&... un.;,-.¡¡na~.·s ... ·d 'h:m¡c to a nc,. .. COUI)( of 
.l(ll(ln, di.." k mi\¡,;· ..1 \-(•iJ.;ukr, h)·p~.·rYi&-iiJ.ru .. 'C or p<~11ic, and \'i&i· 
lance. ll1csc fa\C t..l•pin& pauam .• in et'njuncti~.ln "~·ith ah~ Ch-e 
functiO~aJ rdahon f110fkll>lti~o.HU o( p!.)'L"ho\ur,.ica.J ~ICC», Wt.'fC U~ 
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Fi¡. 9. lnl<rprclolion ol1hc l..U. and Monn 11771 conlli<l mod<l ol dcruionmtlldn¡. 
. . . 

·' . 
by Janis and Monn 10 devise 1hcir c·onfiicl modcl ol dc:cisiOMIIIk· 
ing. This modcl poSiulolc> lhJI c,1,·h pollcm Of Jccision SlrCSI (or 
copíng is ~!\.IJCiatcd wuh a ..:harJch:ristic mode of information 
pHX:C!o)ing. lt ÍS Lhis moJe: o( information prOCCS.SÍng which 
go\'Nn~ thc typc and aJli\)UUl ,,f informalion thc dccisionmaker 
w11l pr .. ·fcr. Fi!:,. '9 p1cscnts an inl··.~prcuHiun oC thi~ conniclm04.Jcl 
o( dccisionm;J.:ing, in tL·rms of the. sys1cms cngintcring con· 
1ingcncy modcls di:K."U~!ocJ in this. SCC"Iion. This modcl points 
to .. ~ number or lliJ.rlcdlv dirr~·rcnl 11 .. -nc.lt:ncics which bccomc 
c.Jominanl undcr i)arti~.:ul.:lr COO•::tions O( llfC'S.S. TitCSC Íncluc.Jc 

.. opc,i·mindl!dn~u. inJirr~.·rcncL·. Ol·:tive .. ~·asion o( dilcomfirmin& 
infohuation, fa.ilurc to :u."imilaJc ncw inCormarion, and a.ll oflhc 
othá cognitive inform<ltion pr0 ··:s~ing biouts idcnlilicd in Scc· 
lion'lll. Tablc 11 :.unun:uizc:s infnnnation procc~sin& prdcn:nccs 
and dcci:a;ion styk~ r...:ncralc:c.J b~ .lhi~ connict mode. The l.tblc 
dcpii:ls 1hc Slrilur.g '0111pkxi1y co1oJicd by lhe vigilan! inlom>a· 
lion pr<'<C'>Íng pa11crn in comp ori>on 10 thc othor copin& pal· 
tcm;. Thc 'i&ilancc pollcm is ch:J.toclcriu:d by scvcn,kcy slcps 
"'hich rcquiro >omcwhJI prolon~,·J dclibcrolioa. Thc olher (our 
coping P"llcrns rcquirc lhol only a fcw kcy Sleps ·be :Oddresscd. 
S.:lcc1ion of • coping paucm may be modo propcrly or un\\i .. ly, 
ju~a .u ~dc~,;tion o( J dcci~ion st:.lc may be Propcr ot impropcr. 
Thc :~eH o M..:ps o( vigiiJnl in(~lllll:ltion processin& appc::ll' quite 
cqu¡\':tl..:nt io thc: stcps of syslc:nb cnginccrina,. • 

lani• ond Mann 1171) comb;nc lh< hypolhe..:s .lhcy pi'C$Cnl 
conccrning lhc four Slagc• o! 1he d•-ci>ionmaking (which wc 
diS4.:U!I.!Io in S..:ctiOI1 1). tlac 'ri\'C: hii\O:lion:LI rc:l:ltion proposilions or 
p~n·hnlngil.·al slh.").S,·anJ thl! fi"· .. : >lrcss copin& p:tucms. Aho 1hcy 
prc:~nl a dccUion hal.llll.'C )ht'·:t, an aU.1ptation of the moróll 
al¡:. .. ·hra Cl( lh:,.j,uniat Froulllin·:I77J, ClO which to COOilru~l a 
profilc o( lhc i~.kntiri .. ·d ~~plion · log.cth~r with various cosl anp 
bcndit aurihutc~ of po~)\i~ll: Jc~· ::.ion f.)UICflrn .. ""- Thty havc a,hm' n 
that dl'd)\i~.)n h't,fl:t r~·JuLtion ,ud int:rca .... cd aJhcrcn~ lo thc 
adt)r}IL·J ~ol..:~ilouln r..:~llll) fwm u .. : oC thi:. hal.1ncc ~hect. Stral~·&il.!s 
for 1.·halkn~iog, m'll\~PrO t.kl"i>ir•:lt and impro\'in¡ Ll\."\.i~ions 4uaf· 
it)' are .. bo JcHit.'p'-·J in thi:. :.c:••in~J work. 

lll '''1uiJ he "~t ~.·un.,.~.J..-r;¡hlt. inccrcsl lo indil:ate thc 1\'pi~.·Jt 
inla~..:litlll~ bct~\·..:u thi~ 111t'tl . .kl .1( lanis anJ ~bnn. whit:h ~tluiJ 
be an l":\pJnJ.-d \'~·r:.ion ,.{ Fig. .. anJ thc otha lhr« C(\Oiing.cnt:y 
ta~lr.: .suuctur\.· m•"'kb tlf Jt."L'I'-Í• .1 )1ylc thal "'·c h:a,·c LliM'U.,:.cLI in 
thi~ :!-ú'IÍllU. \V~· 1>t.:linc C.ll'h ti lhC)(' moJd~ lO~ appfC'Iprialt: 
and: lO pllrlray Jdkr~.·nl rt:k·.,.;nl fcalurc¡ 0f I:U.k cvaluation. 

informalion processin& pr,rcicnce. and dccUioa rule sclcc:lion iD 
1crms o! cvnlingoncy clcmenu 11Ssocia1ed wilh tbc cnvironmcnl 
anc.J 1hc dcci~ionmakcr's prior cxpcricncca.. 

Thcrc ate, or coursc, olher modcls o! thc plannin¡ and dc
cisionmilking proccss. Wi1hin lhe ficld o! artifiCial intclli¡cncc 
lhcrc exisiS a gro,.in& imporlanl body o! lilcraturc conccmin&. 
modcls or cognilivc procci.scs in plannin¡ and dccUionmakin& 
(ISOJ, (l98J. Tile work o! lhe Hoya-Rolhs (ISO) is definidvc lll 
lhis regar d. h prcs.:nu a modd of lhe in<kpcnckol aclioas o! ·a. 
largc numb<r ol cognilive· •p«i:ilisu who .makc tcnlalivc dcci
sions Cor incorpor;¡lion into a. h:ntative plm. OiCfcÍCnl.spccia.li.sli 
innucncc diffcrenl porlioos o! a plan and · rc¡U:J.td dccisions 
conco:rning lhc plon on a common dala lllUCiurc Cólllcd a ~block· 
boord." 1bis blockboard allows ap<eialisll lo rclricvc prior pi4A1 
and dccisiona and 10 conobioc cuUcr dccisions wilh pracnl 
dc,isions, lhcrcby po1cnlially gcncralin& J~CM~-<!ccUioÍll. A proces.s 
descrip1ion o! how knowlcd&• ¡mcratcd durin¡ issuc n:solulion is 
.aruclured, ilorcd, and uscd iJ avoilablc. 

Thc ba.,is ossump1ions undcrl)'ing 1hc plannin¡ modd are: Jhal 
d,'Cisions occur al ocvcral dilfcrent lcvcls o! abslraclion, lhal 
prcscnl d<'Cisiom will conslralll aubscqucnl d<cision•,' and 
lhal pcopi< <On odopl ahcm.~livc and opproprialc Slr41cr,iCS (01' 

plonnin&- Thi• imporlonl rcsc•rch suggc:oiS arc.u in which prcscnl 
and prosp<cli,·e planncrs nccd lroinin¡ by polcnaially allowin& 
dclc:rm.ination of dirfcrcnccs in tbe informalion pr~n& 304 
jud&mcna •lr•lcgk .. o! pcoplc "' 1 !unclion o! wk and cnviron· 
mcnl.. 

VI. DECISIONWUINQ Fa.uiE\\ URU AND 
OaOANIZATIOSAL SE1T1NOI 

Wc hove alrcody diSCUS>\'d •uch 1opics u dccisionmaltina 
rules, cor,nith·c S1)·tc._ inform.uion prOC'CSSin& 01nd conlin¡cn..' 
losk str\1\'luraJ 'modcls. E.lch or thcsc rcprc,.. nll • nccn.'-lf) 
componcnl in thc Uc.)Criplion flf componcnb ,,r ''•~ dccisionm.Jk· 
ing prc..-c». While lhc>e componenu a.rc all :. .. •ry for unJcr· 
)landing or thc dl.!d)ion pnx"CU. &bey a:c surlicicnl., la 
particuiJf lhl.! ll.IIUrC of thc dct.-uiflfllll.lk.in& fF• • • is VCI}' mudl 
innucnc.:t! by thC' h.lpics lo tw; ~liab)('.J in lh• ... ·. ·tifln: \·ari''Lll 
l)'pCS o( r..:aJ.uning. lhC ~JL-¡rcc O( appro~~ti,tn lo" \J,r\oU~ ,,,n· .. 
"·cplual moJd~ l'r d~.·L:i~ionmal.in&. thc dc&r"""C "' "~'¡.¡·.,Ji~llon •-' 
1hc d~"'i)ion pr~~cu, .1nd thc: df~o"L~ ol tiM..'SC (i:h;IOCt upon inliJI• 

' 
1 
i 
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,· ·' 
rc•lily; •uch lhal lher< ni>l eommuniealion and vllluallon capa• 
bililic) :t.nd no JO"I u1110itlJ or fmclinn~lism. 'ID 1 almil:.r way 
)OC.;Íal r.ationalily óL\)IJUJ'-':o lhal :lDCictic¡' C(:onomic rc.,ourcc :tJio-
~.óltiun pcubkms ase )•'ht:d. · 

S<>eial illl.l pulili<al ,.,,¡.,nalily IIIC r<l•led·...!!L\hc >en5C lhaL 
OOah ~re prim.11ily '•·••Hrncd wi&h .intcrn¡¡J alrut:lurol conccrns 
ir1vol\in& pro..<>cu and iJflJ(_'ctlurc: lh:ll ¡,, lhc 'truc1urc nf intcrper· 
rwma1 rd<.~•iunllt.. nr thc a~~o:umul.11ion of powcr, or tlu: dircction ol 
1~>rc~!'lurc. L.·,mumH.: o111d lq;al rationalily are: primarily conccrm.-d 
..; rlh Hu: 'Ull)lolnii\'C hd~.. •lll( .a I.'QnllóL\l~d \rdlh rroc~dural ,;and 
IÍHLmal !.llur.:tur .. l ~ ...... \·ru.\ Wc ha\·c arp.u¡;d ¡thm&IY in pn.·,·inua 
:-~•.:uom lhal \uh,t.url·\ • .r11J pn>4.:1."Jural roationality (20l•J, ll36J 
are ~.·.Kh n~.·~,·~.·~ ... ,, i 1.t11•· .. kr .Hiulb in inrormation ~y~tcm dl.":oroi¡;n. : . 
DcruuHI Fru.,,,,..·orl4 . ' 
': Wc hJH' pl..:)~'llh.:J .1 e,h'I.Jill.·ll ~ynup~il or lhc pcrl."Cpli\'C 'A'Ork 
o( Dtc .. •nx. rn¡ \:OC\I.'l'/111."·' IA.Jih (1\(' J¡((crcnt Cuun~ or rallo•r.Liily. 
AdJua ... ,nal (¡¡fllh ol r.llun,alil) 1~01. p.:rhaplli ba~d upun the: len 
Ính:r;u:unt, ~-.·icc~~J ..e~ .. or ~ wHcJ IJ04J,Jl07J coult.l doubcknly he 
t.lc"e.:lopcJ. h v.od!J lu.: uf inh:H;)t lo determine lhc cucnt lo 
whKh chcM: adJiuonJI [,;fol~ ,,( r•1ion.1lily wuuld be ¡ub:.c:ls of 
and indcJX:akJ..:ut or 111'" r,vc form., of Dic¡in¡. 

1\br..:t- (2J(;j \Ji:t'-·u~-.~-. h~JUIH.kd raaion~ily. limilcd rollionillily, 
c<Hlll'.,lual r.alionJht). g.uu\.' rJiit•nJ.Iity, and procc~ ration.;.¡lity. 
A )tu~l~ oC u~l.w.••~> ur th\.'~1." (,,~111"» ur lollionWil)' boah 10 Lhc 
ratit 1nahl't r\lllfl) oC D•n•n¡; amJ d\.'CÍ!IÍ\lR rramcwurli.i, 'Ahich wc 
,,¡11 nu" t.JÍ)~oU)\, fo\llll k~J lo u~dul in~ighu and more rdt..·va.nt 
~\')ll'IHU.: J>lt)C"~\~ t.k)lhll\ • 

~ Ttu: ur~~u.i.tJiil~n.Ji .... c•nKc iitn,uurc: contai;ts mu"h J¡~cuuion 
rl'lali\C lO lhc d .. ···d·•Jillll'lll or llllll'lt.'plual modcl~ Cor J-:ci~ion· 
1i1o~J.. lllf.. ha~~·J upt.>n 'o~llui.l' r _.¡,o¡JJIÍI~ conccplu:aliLalitlll\ Amon& 
th"·~c :..r&: ti.C' t~~.~w,uH ... ) ,..,th•n~i ,,d,,r moJd, thc \J.II~ri~ing ur 
bounJl·J r~tnUlo~h,\· lllt···~ 1 tll~.: b •r..-auL·ratic politic~. im·1cmcnta.l, 
o.r "n•uJJlin& thruu,h" lhoJd, lt:~o.· org:.oi~tionMI prOt"l.'~)('S mocJcl, 
o~hd 1hc.: t,.arlJatc:- can llhk.h:l. Thc'r ilrc rehucd 10 lhc li\'C 1ypc1 al 
fJihlll.lhl) dl')\.ril-c\.1 Uy !J•l·~.n¿ m rdath·cly obvious way~ lhoal 
Iullo\1. JHCl.~iJy frum a dt"\dljl\ltlll oC lhc~ dcci¡ion rranh:work~. 

1) Thr H.u1um.d ..... ,,,, ,\J,,.Jd· ll1&: dccisionmak.cr hccomc¡ 
awarc oC a prl.~Uil:m, )1\httn il, c..t. ·Cully 'Aci&hs ~llcrna1ivc mcam 
!'? .a ~olutil.)n ah.J u.:ak¡,::. a ll••'tC~o.' or dccision b.u10d on "" 
~..~nJ"'·~.·ti\t )CI uf ,·;alun "llm i) \:tlmparablc 10 tcchnical and 
L'~~numic ra:tit•na.hty ¡,¡~ J.:)..:• i~l·J by Dic~ing. Al fin1 &lance thc 
Ulh,ll.J.I a¡,·tnr moJd ~ppcar:, lO f• nl;1in much or Vblut and lO be 
c-~p~o.·nall) ,.dJ n•Jidl~o.·J lo thc l.l ... ·tadat:d nculrality, takuhuivc 
''nt.:ntJtion. anJ anu.bo ... c uf fo~\urili)IQ U..\O(Íalcd v.-ilh thc 
.J~·hito:\_Cnh.'nl·o•l..:n&..:d f.'nl• ... ·pr¡;nturi..tl W&.'iiiCtD aocicly. In Hllion;a.l 
p_l .. mnm¡ or d~""i~iunma~ing . 

1 

a) thc d~....-i:oo.iunm.¡L.:r h confroa1~1.! with an inuc thoat can be 
: mcaninJ;full) IM•Iatc-U hom 111h~o.·r i~1ucs: 
! b) ObJc''.''·~:. .tn.· h.h.·nt~.ri"'·d. :._ln•~·turcJ. and wcig.Jal~o.'\1 a~cOrdin& 

to t~l.'tt nnpurl.:an~.·c &n .ldUC:\111& lh.''-'\1 ~lisra"·tiun on variolU 
ól)f'C'I:lS: 

e) r<>,.,iblc aclhities 10 rnol•·• necds ••• idcnlified; 
d) che impaCI) uf a,·tion altc•n.,ti\"Cil are dclcrtnincd; 
e) lhc ullhl)" ,., c:.u la .llt~.·rnall~·c h C\"óllu:atC\1 in h:rma ol iu. 

imp.Jr,."l\ upun n~o.•úh; .¡nJ :o thc: urihun_ ,~r Jll J.i_l~o.·•n~thcl ar"~ comp~rcd anJ lhc polic,y 
"111! tire h•~iln1 uuluy "· ~kl."t~o.·d for ou:tion impJcomcnl,;a· 
üon. 

' 
Thc¡c are r~ ... ,·nti_J.II) "'"4LII\'Jicul lo 1hc vlt,HO&.nl infornt;alion 
pit•ü':oro!-Íng, ~~~·p~ ol J.uti\ :mU M~oln 1177). 

·Unf~'fiUI\.JI'-'1.\, th~o.ll' .uc :<.\.'Wt:¡) ~.:u1J.,t.:u1Ü\'C' rcquif,'IUt..'nU. for 
!1-U~o.ú':<o:o.lul '"'""1''''/¡' l.&lh••l.ll J ... ·~.··~inlwlo~Ling lhat ~Aill nut ¡cncr· 
~11,\ he m~o.·t ir1 l•l.l~o.·&il·&:. 'he.:~· il...lud4: · 

. 11) \'' 1111ph.h\·n'l\ 1' llkllldiCJti.·n or u// n1.·t:ds, C~m:.lrainll, ¡¡nl.f 
.11 :~·• ,¡}¡¡~• r ... ·l. \ .411l &o pbt .1ing ot.mJ d&.'\.'Í.'<~Íonnuli.in¡ ia. ol 
..:~..•ur:<", no& P' ').\ILic; 

b) dclrtn•in,¡tion .tnJ d.uirM:.:Uion or G// n·IC'\ ólnt obJC'\'tiYC1 ÍJ. 
o( coor~. not po~1bl~~ 

e) ~okacruunJhtlR and minimiution ol .:nsts .1nd m.:u.imiz~lion 
or dlwi• ene .. "ill nol !i«C>»rily I<Jd lo 1hc "'¡<'>l" ruulu 
br.ou>< rol •1 an.J b); ' 

d) dct.u:htd n..:utrali&:;o ot.nd .1 c;~..h."UIOlli\·c oricntallon rathct th,¡n 
arbitr .llif\C).\, con01ct, ~nd \:ocre ion :uc not ¡¡),.·~)·• pcl).\ill~: 

el • uuifi,·.J proccu lhJI "ill cope ,..,,h inl<rdepcn.Jcnl dm· 
lioru. wiJI ohc:n be vcry complcx: 

O ~urridcnl lime lo UK' thc m~o.·thod "ill of1~.·n no1 be ,;ava.Hablc; 
¡) )UCCt~o.·l\'nl .nl~rm.u;on 10 &:n.ahlr: ul\.C' of lh,· nk:thod ... -,u oCien 

he ~hlf"·uh óilld npr:o:<oi\'C 10 ob1.1.in; o.nd 
b) )Uflincnl co,nii.Í\C c.1p~cil)' 10 "uloC lhto: ·n~thod v.·ill oCil'R 

nul ~.'.Ul. 
• It l•a..~ lonc; bccn rccognit..-d by sy)lr:nu. cn¡in"-cn anJ mlnagc· 

nt\.'nl )Ól"lll&:.l~ lh:JI thc .lll~lllfll 10 uK a "''rm~llivdy tlptimum 
ptuo,."l,.'")\ \1, di h'~ull in k\) th.an opaimum (l.")ulu bl'(,)~~ or lht.'".).C 
lllo~o.kl•nt, in~ú·ura~ic,, c~~~nitiH linutaliCim, Ollld wlu&ion lim~o.' 
C~lll.'II..Unb .. Jl1y,¡ L.I1C' ptC)Cn\.'C O{ thC' r~o.·::ilili.~i of i)· h) ~111, 
bú.JU)l.' oC a úHnbii1Jiion ol r~o.·S&>ur..:c :llld inldkctu;1l ccu1~ll..1inh, 
lcad 10 ~d~o.'\'liun o( an ah~rnati .. r 1h.11 i1 bc)l only v.·ithin cun· 
strainu, po~J Ly thc moJd a'lu~ly u~d. \Ve' m.1y aho C'lb\(1\(' 
th.11 0.111 úUU~'u••~.all) niiCinal U.:ci)ion \looul\1 only bc.apph•pnJtt 
v..h .. ·n thc d~.·.:l)llln )otua&illR "ru~o.·turJJ mudd U ,u,·h th.11 .1n 
cu.numirall~ ntiun~J pru(."l.')J i¡ po)!llhlc .Jrh.l c.k:.ir.;~blc, anJ lhJt 
lhc intdk·:aual .mJ h'~our"·c conditiom t.\IJnl mal.t · )Ub,toiJlll\c 
U)C or lh\· f.Jiiun.l) ;u:lur m~l rc.uiblt. 

Situun PHJ,Jll9}, (3~0}, (341} wa. p<rhJpS thc lir>i 1<> nb><o< 
lh.Jt unJ;d..:~l ~kcj~iunrn.U..:n m.1y 001 b< ablc lo n'aAt rvmpklc 
sulJ)tantPc. thal is "';u ir.• use of 1hc modcl p\l:.)1blc llu: 
conc~ph uf bllun.kd 1.11ionality and ~~i~ril.'ir¡& r.:p11.''WI mud1 
llll'f\' IC.&Ii~lic :.Ub!>I.J.nli._C IJ\OJCl$ or ;!.CIU.ll t.h."('i!>ion ruks .111J 
pr~~.·lll'l"l.. Wc hJVC' dc;,enbcd 1 \'aricty of ~.Hi.:.ficin& hl·un~t•c 
rules m S"·..:tion IV. Unlc::.s vc:ry c~dull) dndopcd :md 01.pplird, 
lhl.')C n1k~ ·~•ay r~sult in vcry in(cnor \h:ci~iPn); d~o:.:isinn) ~ hu:h 
are h'iuran·..:J lhwur,h {c,·\Jbad lllld fl.'pt..'lllu,n ~uch u lu ft)UII 
in l.'Apr:li,u~o.·c~ th:.~t ol.J~. by no mcaw, thc bol tcachcr. 

0( pln:.1bly (\l~O grc;llcf impotiJOt..'( lo tnluriii.J.Iiol1 ~)~tcm 
dl-".\Ígn i) lhc: (.J!,;"I 111.11 Complctdy C'I:C'IIhlllliCJ.ll)" t,Uit.IOo&l rh~."l'M.C.'~ 
may t.: ncuhcr dc>ttable nor pO>Siblc. S<><ial, pohlt<JI, "' kgJI 
r.uionJhty ¡;on..:·wru mJy wcll prc\'ltl. And onc or &I\C' Olh\.'r 
dn:i)IOII (t~HHC\o\orks ... C dc)Cribe htrC IIW)' ~el) ~ n&UfC ;;¡p· 
prupri~tc li lhCl.C cof\\.'\!nu .uc domin.lllt O"»cr f\:unomic IJ.hon.al· 
Íl)' (OIIn'lhl. 

21 n .. Surirf¡ri~g Uf BOtmdttl RulhNIUirtv ,1/oJt/: Thc de· 
chionmal.cr IOI.lk) ror 1 counc ol il'-'iun th.Jt .&s bo~,k,;all)' &•"'l!J 
COtlU~h IU IIIC'C'I 1 minimum Kl or rc~UllC'IU\.'RI~ lhc &IJ.JI j, 10 
"nul )hal.t thc sy~&"'·m" or "'pl.1y i1 wfc" b)' :mal.in& dc~o.'l)iom 
prim.:uily on lhc: b.a).i~ of shorHc:rm .X"C'CpiJh•lity r.1thtr thJn 
~clung ,;a long·tcrm C'lplÍmuru. L 

Sin~.Un introJw.:c:d lhc conccpl ol1o11i:.ficin¡ 01 bounJcd ntion· 
alily ;u llll clron 10 

'"PI,¡¡.-c lhc ¡hob.1l raai,m.;r.tity ot Cf'Of'klfi"UC an.aa· ,.)lb .a ._mJ ol 
ro~ai,.,,,¡J bc;h.JilOf lh.;al ¡, '"'mp.at1b&c- '41ollh lhc,.. \C~' hl inf,,rmo~tiun 
.anJ llu: cu.npul.lltvn-11 C.lp~h1h11c. llul .ut o¡, hl.&ll~ po~'"'-.J bJ 
Ot'¡.mi ... nu,, inc.lwJ•n¡ m.Jn, in dw L•nJ• Ctl rn.;h•nnw:nu in •h~b 
)Ulh ot¡;uu.~uu tJ..i•L 

; 

He )Uf&C':'rol&:d th;,l dú'i!oionmUcu cumpcn:..;~lc r~·r lh.:ir limii\'J 
.1h1liti\·~ by c.:omtnh:lin& .1 JoÍlllphfinl h"Pl'-'M:IIIJii•ln o( th~o.· ph~ 
km .1nJ rhen bchJ\iu& rouwnaJI) "-llh11a thc '''lhlf •. dnh im~,"" 
bv Hm 1110\ld. Th..: n~o.'lo:J fut lbiJ '"'~h in 1hc' bd thJI 1UJR' 
J~·~o.i:.IPOIU.lli.cn uti)r,~,.·c by f¡nY,ng, rllh~·r up1in1~m )uhlli~m:-. 10 .a 
aiwplififJ ...-.urlJ or ).&ll)f,n·aory wlut"'"" 1n .1 """"" r~o.·o&h•ll•" 
'AodJ t\) Simuu i.l)'l. "'~iahf.:r apptiJJ•h tJ,,,,,LI,JIC) lt"" tHih'l 
JHIJ"' . 

Sall:!orkin¡ u .;~caually ll(~rdUn¡ ror 1, .. ,, .. ~ \'1\UU~h .. ch~II\C' 
Silllfln ~Uf_.6C3ol\'d lh,;at lhc: lluc.Jklld rur ~,¡_,f:J .. ·IIIIn, Ot .l .. pit,¡II•'R 
ll."'td, m~y ~o.hano..: ~~o.·c"rJin& lO thc C~'C Uf J¡frl'-Uit)· or .lo\'J.h·~ 11 



oQ.lny ahn~U~Ii•·•• c•n be l<>und 1br rondusloio is n:~rho:d 1ha1 1he 
¡~uaion lf:,·d is hlll low Ami AL'\'d~ lo be lncrt:ascd. ~ rr-n• 
\tDt is. UUC' if no uti~f.;h:lt.ll)' :ah~rn.1U\'""" C':tn be (0\uad. llüs m.&)' 

i(.u.l toa uni,JUC wluawn lhwugh ia~o·roalíon. 
· 1 Tht prin.:iph: uf lh•u•u.J .. :J roali,maliiY and lhc: rtllullln& Nlis.llc
iri& ntadd wu.~~b lh.u ~o.,upi.C" h.:~tiloli-.-s ~.Y _wcll bto u~~o."quatc: 
(rit romplc" pruhlt.:m ~ll\·wt MILI.lllnnl. Sau,.fu.1n& ltroalt,ICJ n1ay 

hC tattiÍrnl for r&:~llli\·( plllbh:na,., n1cy m:ay abo lc:.ad ID 
prcmncure "hokcs at,.:.u rc,uh in unfor.:)('cn diu.MC"rous consc
i.¡~ncn; con~'IU~o.'lh.'O .... hj,;~l ct'IU~d. hJ\'(' bn:n fO~(M."C~ b~ m~rt 
,·:itdul ::mah~•);. Thc h~·un:.a•c J,"CI>Jun rule• d.:~ntk·d an Sc:~o·llon 
JV :are ~•11 \CI.,¡~~~~~ of "·•••!<ofl('mt !1-IIJ.h:git'- 1\ '"'""' papcr by 
Tiaornr,a&c 117.:!1 p1P\i,ts UM'fhl d~.·M:r•¡JiiC'IOll ol "'ol)11 in whida 
IK"wri:.liC"·d~,·,·i,.,,u hlkl> 11101~· bl! U!>C:l! :md ¡¡bu!IC!.l. D.:u·lv¡un.:nt o( 
dhC"!rnl and .:Uú·li\"' dü't.'·'"u lh'Uii,h!:s i) ·a conlemporJry n¡;-.:d 
''"'&he Jnal~·:-i) or dL'ú:oUIIo L..-11.1\'ior I~(,J,(S'IJ,(WJ. lh.: wC'IJding 
\l( '"t.J-.ii.JhLliJal a",J llhl:'oo\.IU.JI dt."C.'illoiOU) (292J, Pt.S)3~~o \\'t.'ll o11 

f,,, lhc ilto'\lfll 11f Jlllll+o"'llh' •\•h'll .. lU ¡utJ dc.'L'Í"IUIIIUoi .. ÍIIf.l.\lf•l 
Wc t.dlto'H' 1h.,¡ ... ¡., .11" !H( ~' ~.-11 ou c.:Un·1c.:n1, hcuu"'ll"'"' "'ill 
ft.Í\'C' hJ ~ c.J..:H·l,l¡h:..J 1·1 O& \O:J) .:,·,IUihJU;o \o\01)' \l.'llh dUC '-'lllllloidt:fi" 
ai.Mu IOr &he mo~n) iu11'1~. .llhh:'ll of lh.: -.:onling~nL)' la:.k Jlructurt 
ol· a dt.:d)ion )iiU~Iiuu j l.!GJ. 
· !J) Th~ Bur,.uurtut'' I'.JIIIirJ. '""'""u-moliJm. IN ''AiuJJiint 
n,uugh" AluJtl: A ha 111"1Jkuu. oui)e ''hid1 rCl.luin• a choan¡c ol 
policy, poli"-)'mJL,·•:.. ¡_·on·.iJcr only a \\'ry uanow ro1n¡~.· ol tl.lter· 
na1ivc1 d1Hcr:nb 10 a ~~~~..11 dqth:t.' (~c.lm the ~:..Jslin¡ pulit.'y. Ont 
4hcanali\c •~ ~cl.."\:h:d .. nJ tw:d wuh unlo1~-.:n con~qucncc~ ldl 
t~ ltC" di)\:,,Hrcd :u1J ln . .11\·J hy :..ub~,:~u~nl incu.'nK"nl._.l p<llicic._ 
llin, i) lh(' llh.h.'lllt.'nl.ll '··:w. 
:'In IY~9 Lindhh.:•c )IP~-1ul.a1cd thc :ll'rw:u:h callrd inrrcmcnla· 

Ji..,m, LJI muJJI:Ic;; llu., •.. ,-.f, 121tiJ 4 ¡221J. IU \'01)( \\itl~ p~.·rct:iu.-d 
IHIIII.aliun:.. 111 1lu: ~\ .. u~+uoi.·,,Jl)' fiati~·n~al apptoada. Mout.m:.l \·al· 
uc~ of ~.·h.aurc lluly ·•h , •• u .• iJ\·rnJ -.md th~.·:.t: lur uuly a lt\\' 
dimcmiuns ol \161-!uc- \loht'H'a:.. lla.: rauon:al ;,appro:n·h calls Jor 
C'.h.lu)llvr an.tl,:.:..i) uf ,·¡¡,de iJ~,·uuficJ 31h:rnol.liV\' alont, t~ll id~nli· "td dmu:n~o~ uf \'i.lluc. A numl,t.:r ot authora¡ hnc "hown 
iui.·H·uu:nlali)m io be 1hc typial. L"Ommon, and curu:naly prac· 
li,,-cd JHOI.'~) or r.wup~ In plur:aliuir ~clitlo. Coalilion~o of 
)¡I('('IJI in~rrc:..l gmup~ •n.,~c c.:aunuiJti\4' dl'l.'i)i,•ris and arrivc at 1 
\UlrL;.hlc ~.·ompwaui\(.' thtvugh a f,l\'t -.nd li.lke pru,,'l')¡ that 
l.inJblum c.·.tll:. "plrl•:>.m mutu.d aJju11oi1Ht.'RI. .. He indic~lr:t tho11 
idn,l,,¡.i~:.t.l ;.uul o&h~,·r \'aluL' Jill~·rcn(.'\') do not inOuC'UL't' marginal 
d~,.!n~iuu) óU 111uch ~~ III.IJl'l d.Jnt,.:~ and th.:lt, in facl, ~.·on:.iJcring 
ri1Jr &111.11 \odu .. ·) :..,li,J~·..-. h• pr •• di<.' al C(llhll aints "'llllead 10 ar¡cc· 
a~li:nt on ntt~lt;illaJ pro~rJIH). f'urthcr, in~.·u.•mt:nl;~h3om can n:suh 
in ar,rt'cmcnt on ~.tt-u~ivuloo ~nJ pi~) e\·cn by lhO)( who ar, io 
lunJJni,'Oioll di~.J~h ~·¡¡•¡,;ni un \'&duc.s. llov.c\·cr int.·rc:mL'nl.:aliun 
:&P.Ix:an ba!~ed uu .. cqling &he m;u.sc"lt m.u&in:.&lly contcnl :anJ thus 
may no1 bC" abk to ¡J._, ruud1 to h..:lp thc grc.:atly undcrpn .. ·tlcgrd 
and unu.·pr..:llc:nh:d. h •:... or rour:tt, o. c,,mbin:ation or Di..:ain¡'a 
l«'i.ll and politi~,.·;.l r;.uiunaliay. DaulJing has comp:an.:d in
tl~u\Cnlaliam w ".sl;•~f.tru•s tl&rough hi)aury likc a drunk puui•& 
onc di)j,uotc~ in .. ·a~.·nh:ni~.·J Joo1 ahcr anotbcr." Ycl llh:rc h..-vc 
bccn a' nun&b('r of MUJi~.·~. :..uda ll) Alli~m·a iludy or lhc Cuban 
mi»ile cri>i>f4J, So<mhrunrr'• C>>< >Oudi•'>JH9J, ond oohcr.j44~ 
JIUKJ, jUSI. (4001 "'hich indic•le lhi• 10 be aA ofita u~ apo 
r.ra3C'h in pr;acucc. • 
¡ 'lt i.s imporlant lo nuac: P 1 Kl th.:u LinJblnm rejt.'\'b lt"onomir) 

.:u,nprd.~n:..ívc rJtion,¡l,,_, (\L'II :u, 01 RL•rm.:alin: nh~~okl Jnd indi· 
l."OJh!) daat llo)'lolc.·nl~ .1nah,is \\ill ol&L"II lro:J~ tn ilh:un~i.JcrC"d4 oltto 
~t:~·id4'JIIJI incowpkh'lh'\:... llc inJiL'.:&lt.") •he lollowin& inc\·itablc 
ll;t.iHalioru 10 .-ualy)l:... 

·, ~~ 11 is laJI,blc, n~o.'H'r ri.-.c:lt Ju inbllibility, and coa.n h..: poorly 
1 ; inruruH:d. >upc.·d"·l..al. hi•••C'd, or m~.·nc.bt.·ious. 
b) 11 ,;~nnol ,.Jwll) ,,.,,,h\· ,unni..:l:.. of \'Jiuc: oanJ Ínlrrr~ls. 
~~ Su>~•in<o.l •n;~I\·Í• 11·"1' !.e 1<><> •In,.· ~nd 100 ~">oly COfllo 

' ' p.m:'-' "i1h h'tlll"'ll~ ~~~--:~~ 

!~¡ '""~ ,,,¡,o~l~''"" •i"'''""n¡ ~illl f1•1 R~lt ol {hPiff ur ,..¡¡¡ 
:. ; ~~~~ ·~u••!! lh•· ""'''>~'~ "'~'' ~~~~~~~ '~'~'"' f~>r J"'lilin, 

. ' 
'1 

' '. 

,. 
A pcn:cind ftM'IIC' pr.arti..::al nw-.:kl rrf'I.'C'U (~,.,, tJ .. · .. ·iw.lnlllJljnt 

tht~.n tl.co raliorul t16:tl'lf nWJ!I!d i~ th.:rd'''"· \.·~U .. ·tJ l·~r. n,,. tnN..-1 
is dto.•:w,:upli\C' Olnd Í~ oan C~Utn ..... \l:Dion or dK" b_,lunJ,·J f¡U.'\f\.11• 
llv m • ..Jcl. Ahrmoli>'t nw.kls l10•c b.:cn P"'f'O""'\IIJI·7~ 

• • .. 1 

TI1r m•in lrolurn ol lht mo.l<l ptu!"'N'd by l:indbl,..,, •r• oh< 
. ' rullr,,')\1. m¡. 

1) En~• ond onuns ~n: \itwed "" no1 di•lincl. C'cOn..n¡ucnlly 
UIC"3nllo·rnch .uui)·W• ¡,. vi~·cd a:.. rtfl.:n inJ.prwpn .. uc. 

2) I..J\·n¡ifi\.'OIIÍCIO "' \'.l!Uo and ,.~b i:.. ft('lt di~u~• rn'IIU thc 
. .:an.ll)'lloi!lo or olhcm~li\c .at.'lilllll. Rathcr. lhc.· '"'O prn..·t:!Oo"""!lo .uc 

\'C\ll(uund,·J. 
)) Thc ,.,, loo a &ond poliey ;., ·l)'pic•lly, o~•o •·ori<~u> J<· 

''iMoninal..ca~ 01 .an:al))Uo, óa&rC'\! nn a ruliL') ~ oapph•priJIC' 
wilhtJUI n,·.._·._·'-.,...ril)' 3~c.·c:in& lh,;U il i:.. thc 1110>1 ~J'piL'I¡lri.&le 
IUt:J.II) Ul JI) C"mJ. 

~) An.&l)"'i·"' ¡~ 4,),.,,,¡\'.111\· timilrd. illiJ'I4lJI.tnl (M'Iin· ,,11¡, ..... .JIC' 
lh f,k'- h. J. ,uuJ 11111"'''' 111 IIUh.lUih \ OU1o' lkll \ 4\H\I_•kl\'11 

.)) IJ~ ¡.u.._· .. ·,·Jmg lllto'l\'lll':lll.all) o~n~ ""'."!P.&I1n6 lhl.' h'~ulb uf 
c.·ach ne.,r.• p..1liq· -.·ilb ah~ old. d,,·a:.aonmJlcn h.·llu<."C or 
clin•in..~a~ r.:l,~ncc on thc:ury. 

6) l11Í:r< i> • &r<olcr prroa:upolion ,..¡lb ill• lo be rcm.:died 
roi~Cf oh•n po>ili•r &Nb lO be S.OU&hL 

Jn·a \~ry rcaJaiJlc rcccnl "'·ork tanccmin& .. muddlin& thwu~ 
1221),'' Lindhlum da.-il•cd m<rcmcno.d onalpi• 01 lho • ..: k•d.: 
~i1uplc, di.'liJOina.:iJ, and ~U.::ll·¡,ic. Jn,·r .. ·m,·n&31 ólnaly!-ii 1), .;u v..c 
hau~ &ndi~.·aacd . .1 gv.....J d(',:·riplton of pohli..:.d ..J¡,;,¡,¡..,mniJl.jn& 
and i~ :K>IUL'IÍ•·II!3. td('JIC'd lo .lS thc PJhliL'.II pro..:c~l mv..Jcl 

4) n, .. Or,,~.HÚ:tJIIUIUJ/ ~rn...·l¡C'I Mlltl,·l~ J•tan) oand dL"\'I"l''"~ .ue 
thr H';uh of llll.O:Iprt:l~hOil n llolndar..J Ovtr;,t¡n¡ prt'('C'iJUIC',. 
lmprmt.:rHc.'lll" ;,1t: uhl3incd ~)· C.lrdul iJrntifi'-'Ollion O( C'\i,.tin& 
•lauJard opcralin¡, pro~ ... ·du :s ~d a.'~x·a.t.lt.-d CJrg,;miulion.ll 
Slruc.:turt::" :md J,'ll'rmin:uiun •. r imprM-"•ntcnb in lhC')('. 

Th..- u•t·lnizallunal J•Hll.~i.' t!~.to..kl, orism3lly dur lo C)Cll .1nd 
M.1rd1 j6SJ. runc.:lion) bj· rcl· ~~~t. on •tanJJid llJ't.'r~unr, prOC'C'· 
duru w.hicb L'UUJoiiiUh.' lhC: rD:I1lory Of intclli&encc ba.nk O( &he 

nrgani-uliun. Only if thc •laa-J.ud opcr~ling pro..:~JuJt.') l.UI -.iU 
lhc Olt,anitatiun ... th·mpl 10 d:\'clop nt:w ,.t:andatd prar.:,·durn. 

TI•\: Ul!)~•nitatiunal JIIO..'CnCi nu.l!Jcl ln3Y be \'iocJ 4\ .t.Q 

tXIC'O:.Íon o( the cnm·rpt o( ~aundcd Ulionalil)' lO Chlla~·cm.U.&ng, 
in urs:u\iz.~lliOn). Jt ~ cl..:oarl1 an AppiÍCOllion O( tttll04.U110& .Uld 
r.:lliunJiily as di~m·cry and o~pplicouinn o( rules lo l'ti\C.") h rtl.l) 

be \'i<.'\locJ a.s " h)·bnd of c-.:onoauic .1nd k&.ll rJLhlnahay. lt 
l)pir•ll)' in•·olvr< ronrrclt <~p<rolion•l 1hou¡,h1 ;u "• hJ\c in<1i· 
t.:alcd in Sc.·t:tion V. Tiu: m.Un conttpb or 1hc bt:hJvior J~.&h.:\,1) o( 
tht lit m. Vto'hicb illo SU~C!iotcd aJ 1 d('!loCiipli\t modd '.o( .:&C'IU~ 
~o:hokcmakin& in or¡.aniutions uc .l.) roll\lv."" -

1) Quosiorwluoion 'ot eoollicl: Majot 'problcm• osri di""'~oe
&>lrd 011<1 coch >ubprubl<in U. au.dcd locaU) by • J,·p.ul· 
mcnt. An oacc'-"Ploabk ,mmct tcwlulino tk:tv.-:cn tlu: dh•nlo 
ol dillcrrnl d•·parunco"' i• rco.:hcLI lhrour,b ""qucnoi,¡) al· 
tcntion ao d~.·p:trlrl\\·na;d &o:lls.. 

2) Un..:en;Unty an.n..i.ltk:t D at.:hiL"\·~d 
a) by irorlin& lo ••ocnul IC'tdbxk, 
b) hy cmpha ... iz.in& ,hun-1crm ch\lie"n. and 
e) bv :ad\Cli..'Jtin& IIL'&llÜ.-cd tu&ura. 

· )J l'r~,.,hkm N.'3rda in v.hidl 
.1) Kolh'h Í) )limuiJ&\·J by cnc.·uunt~,·rin& iuu-n, 
b) ,a (,•rm u( .,lloolÜ)(j~,.·in&' i. U."-'\! .1.\ ~ dC'\'i:..iun l'\lk', ~nd 
e) ~al('h in th~ rk'io,hb.uho..-.1 or lhc ~latu!lo qu~l onl~ 11 

~IIC111plr!J o1nJ ,,.1) io.:rcmcniJI !io'thuions .uc .. ~m .. idani. 
4) Organiz.ation k:arning: Otg.lni.Z .• Uu,)lb ado~pl on tht b.1. .. 1, uC 

upcricucc. 

Thc ott•nitooion.J Jltnct,. 11>-.drl m•) be •i..,.·rol 01 •u~$•'•Oin¡ 
lh~l d"i>illn• ~1 1in111 1 ffi;l)' \e rlllfU>Icol "ilh .olmo•! \l'll'f'l<lf 
l'ffldÍIII)' IJ11m .n""''~~f llf ok•·ilil'lll il liflll11 m r ~hHf r" 
lh~ pl~nll"'9 or I•Jfi'H•I"-f f~riCl\1, !il.!ll\lt!f~ upcoolln~ p!lt.'V• 
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1 dure• or ~protrom•," ond cducolion mo1iva1ion and npcricncc 
1 or "progr,¡unmin~" uf mJn.a&cm.:nr are lhc cri1ical d.:lcrmin:l.Gb 
'Ól bch.a\-iHr lor lh.: or~:uúl:llif.lntll JlfOC'C)J n\U!Jcl 
• l SI Th~ Curi>U&< c~n Mo,M: lhi• rclolirtly nrw modcl (631 
1 vic .. :¡ or¡.1niza1iunal Jcci~iunm.1lin& u rc,.ullin& fron1lour \AI'Í• 
. Ablc¡: prohlcnu. wlull.m~. du•icc apporlunilic¡, and p."'ple. De· 
~i)ioru. R'wlt lrom 1hc m~~o:r;.cli,;n Clf .alutian) look.ing lor prob
~~.-m~. prPblcnu lou"in)t for wlulioru. dn"ibion app.utunitin. and 

l jl;.trtu:ipolftl) in 1hc pruLic:rn r.uh·int. rrocC')). Thc tno!J..:I allov.o¡ (or 
th.:~ \·.ari.ahh·:-r. h~o.·inJ!, ~dc·,;tcJ mur(' ar 1.:)) al ranJom from '1 

· c.arba¡;c '.ln. (),,ublh.',~h· 1h1¡ i11 a r~.·;.&li)liC dtKri¡•li\C mudtl. h is 1 é'l'IJ>(''-'ia11~ ablc lo ... ,.,ll,' \~11h at~~bisuity ot inltntion, un~~o·ul.tnd· 
! in&. hu.tory. und CHfJIHl.ltiol'l fullher. il prcwidt:s much r.uppurl 
~or a fc.•~:i.Jh.l¡,:k ami\Jd ol '''gauizalit"nt~l t:hoicc in v.·hich prcf· 

! ~tC'm.:c."'\ and co¡uiliou' n( inJH nlu~l~ .l((ccl thdr tx-havior, b4.:hav· 
1 ior "' arhh,·idu.lh ~u~. .. :t or¿.1nu~tiun.ll choiccs.. org.1nizo.lional 
¡ choac.·,., .~rte.·~.·• .:ti\ÍWnlllc.:nl:d ;~~,.·ü,·i&its ancJ rc~pcut:..cio, and en· 
, ~·lwnm..:nlo.l JC'II\ IIIC'~ .111d lt.'!lf»<l~"$ af(ccl d~ prcfercnCCS ilnd 
~ogn111on ot lnUI\'Jduab l1l7J. An c_,k:R)ÍYC an..J dcriniü,·c di)Cur 

. ;ÍCtO of olmbi¡ui&} ¡u\d c.:hu1cc in urganization, with cmphasis upoa 
1 thc ¡.:•rh.agc: e .111 n"K1d. '~ \:Onlaincd in (217~ 
. . All '''" ol 1lu: t•h.Ycb ''r fr;.unc."''a.o.U for dcci5ionmakin& ha"c 
, both dr.:\ir.abh.· anJ ~uJc::..iuLh: c.h,uactcri~tics.. C'ondu)ions mo1y' 
·.bt: dra"n hom lhc.·K uiWc.:b aml1hc C.1c1 th:aa any olthcm m:ay 
~be rcl4:\'&nl in 'P"'"·jf,C' t· •• ¡;urn,l:oth:~t:l. U wc acccpl tbc f:l\'LI t_hal 

1) llo'LUhiiUII.IlLa" Uo~ o1 \-till\'IY uf llit.'LJaOtJa IU )dC"I A&IIUIIJ, 

alh:rnJII'-C~ ft)f oa lam imr.l..:nk!nlation¡ 
2) lht.")t llh.'lhoc.J . .,. OJr .. · fu:\¡u~o•,lfl)' :o.ubup1ima.l: and 
3) mo~• c.IC"d~lc um.¡j,¡·r¡, dt.:)i•.: lo ~.:nh.uu:c thcir decisionnuLk.in& 

dfiCICOf..'Y .&.Ud cfl~o·~·liv.:nr:s¡ 

thcn "e mu~1 condudl.' ahal ll.!!rc is much motiv~lion and nccd 
for rc~c~•.d• anJ ulllm;\11.' dt:!-: ~~~ tt'ld d~:vclopmcnl uf planning 
and dtCISt':'>n :~oUJl~JWI )) ~ll'lla.\ .• ul thcM: livc modcb makc.it vcry 
cl~at ~hal unpu.h·~~ pl.utnlllt! . ·u.J dt.'~o'iiionmak.in¡ d(u:icncy óll1d 
ctrccu\·cnc .. illld ... J. 10 llu• r:•l tan only be ... 'C0111pli1h<d i( wc 
undcnlanJ hunla11 Jt.'Cl:.&onmo.~t 111g 111 it is as wcll as huw il mi¡bl 
bC and ó.LIIow for Ílh.orpor .. aioJ• "flhis undcnlanding in systcmic 
prcxcu adJU\·anb .. Ou..: o( ah,· rc'4Wrcn1cnta ámpowd on ahc.se 
ad~UVillllli IA'IIl be: U:l<vonct 1 O lh< individual Otld &10Up dt• 
<I>IOnmal.Jnt. >lru<ru•• IIKI), 1'.17), )286), (301), (401). Anolbcr 
~~q~•.rcnu:na 11 rckv;,:.~·c IIJ th~· infHrm;:ujon rcquircmcnu oflhc 
d<e1~1unma~cr. w, ll•...,u.s bu1.1 uf lh<s< in 11ús ..,clioa o( our 
li.lf\t~ .111d iut..:rpu:lalion. . . · , • 
, ¡ Thcrc hove bctn IIIOIIY >IUdi<• oC UOUp dcci•ionmoltin¡. Thtse 
•1.-tudc lh< lunJ>m<'nlal lhcuhlical 11udi•• oC Ar•o"· (171 illld 
u.thl."t) "tud1 ,flcm 1h.u. uiHicr :a •;cry mihJ ~• ol rcali~lic :u.ioms, 
tl~t.'ll.!' t) 110 :h."tUrnJiy )Li~·~.·~·,~fl: and m&:.:mingtul ~·01y in whkh 
''!JU1.ll prtk•...:n1.·c fum·t•uu:¡ otu~Ji,iduah m~)' be '-'Umbincd into 
~:prdcwtn' lun<h•n ¡.,, ,.,.¡,.,., (17),)1961.)27Y), (302). ~onRicl· 
·~j& ,,,lu<> )l7~) Jr< lhc 111a¡ur ,ulpril prc•cnling 1his combin•· 
hnn .. Tlu.s htL\. íl nUIIIh1.•r o( 1 1·1f1h4'.llions "'hich SU&gn' muc:b 
"·¡¡uttn~ an U31&ng orc.hnJJ prd·:r,·n~o.·c \'Oiin& s~·Mcms .uuJ any 
l!~·,&c_m~c .l~JlWa~o:h O.h.:d onl~· ··n uh.linoa1. po~"ibly v.·holi)tit, ot 
hcu!'~uc. prd.:.~.·mcs óllllull~ al::rnalivC'I. Among olhtr pow.áblc 
~,·bahl:..lln& cx:.:utJ.-..·m:~·:-. .u e :ag'·"J:a d~o.•pc:ndcnl r.:1uha •·hich ca.n, 
~~ ~.·our~. 1x c.Ju ... · lLl 41\lat.'t dlt.:\:b (:!KO~ Thcrc h:a\'C' ~en .a 
n~ml~r c:-t lhh.Ja_~.·:. ''' twup ,~ ~.·i~ioni .1nd ~-.:i~l ~J or¡ani· 
~ ........ ,n~l llllt.'l.l\ IIUil" )Ud& a) t:u.l~ IJy nol.:h.lrJc;h Jlll). Dólvif, 
)1•"1· LIO<rl •nJ ~l•~<h.-11 (X~). 1 nhum, llll&arlh, and Klcmpncr 
)V~J: ~'••1\'"""n """ 1 kuJn.-l JI !). hni• and Mann (l7h), (117). 
L\'0\111 J-11). ~""""'''¡. P~X) .... """' and lla>lic (276). s.:h<in 
1.\12). Shun•"·a•·. rr ,./.(J~·J(, Su· .•n)HI), \'in .. ~urond Uurn>l<"n 
(l'lll). ).1<11) an.J 111 ,,_. .-JII<· ""'~ u( u ... ~<l Lca.·h and 
M .. Cknn~·n Jltd¡. :M.·\,'fJI .\\ •IC ,,¡,,. 111to:llu~h hoah• h,:~n pu1~M."\I 
f,,, ''''"\1"~ oud Jp:.r~·~'.Lillll.\'. l:'''"P '"Jlllliom ~) ,J.:M.·rih\·d In lhc 
"'''~~ t•l 11··~""" ~~~~~. IJ11I•t'· ll~'lj, ll)'lliiml t~nd /.rr~hii~~Xr 

.J11,11. Kduh,o~fh ¡:•1\j, \',111 /9 V~n Aild Prlhn·~ p~~~ i\n 
n .. ·n,•m '""r.• "' '"""• !1!1'1 •l1 All\1 il!\"''l'i~lrll Pª'dllll~rl í1 
~~··..,•nl~.l t•)· l•'"''"'"li.'ll ~•·• 1!¡· l'h:m¡l7~~ 

' ' 

Vcry dcfinili•< >hklin oC 1bc inlcrl"'r.on.ol compari.oo ol 
Uliluk• ho•·• b.-en <o•nJu.:¡,.,¡ by H•run)i (143)'·(147) 11< or¡ut> 
con,·irl\:in&l)· Lh.11 V!'C m.;akc int('r'pCfk'A.II UUhly cumr.m\IJIU a.ll 
&he ain\C •hcn~o."\'.:r "e m ale any allt.-..:.Jtion ol roouh:.:!lo ,, .. th01e 
ro "hom wc r..t 111< .>IIIX.llion ,..ill d" lhc mo>i ,.,.,.¡. Tbc 
prr.:lloto·rirtioa a¡~.ua '~b compoariwn) ¡, nnc o( '"'Ll lci rnlric· 
Liun) ~·bi,·h lc.ad an lbc:. Arrow imp..'lo))lbihl)' lhC'OII:'m. By win¡ 
cJÍ'\Iin.;al utilitiC'i MH."h lh.11 il bct.:onw:" ('O!o~blc lo dclt.:Jminc 
prt.·kr~ru:Cl ;uuung uuhl)' tJiU~.:"n~o: .. ·• ta.c. "'h~Lhcr 11t 11) ·- "' b) > 

'u(h¡- u(r)l. and lnl«l"''"'""' c"mrari>On ,,¡ uul.oic¡,I!Jr>.ln)i 
•h'l"'l thal Allu\•t~ in\f'C"r»ibility lhc,,rl."n1 t->CC"omn a pu~llibilily 
ala,·orcm. n,;, ¡~a "'"'J~lf p«'inl in th.ll h ia ···ncr.U:)•'nlll p.t\,)iblc 
fut o1 ¡ruup 11) t.\PfC)ll llll."3nin¡fuJ. Uan!IÍIÍW 01t.lin:1J ru:(~·l\.'l\l.'t'1 
fur duce or more allt.'m~li\'CI evtn lhclu¡h all, indi,·~..Ju.ll, in Lhc 
'"'up h~\·t inJhidu.1l1~· mcanin&fu1 tr;~n~ith·e OJdinJJ p1dto:11.:ncu. 

JJar~nyi is concrrn~o:tJ prim.2rily "'·ilh or&.llliL.ation.ll dl.">i&ll 
(147(: OO"' lO Jc•ir,n >oc:ial dcti>i<'nmal.in& UruiS W .. 11) rito._¡• 
llll/C auolinmcnl uf !oCk:iol.l ob.JI."Cti\'n C'lf "aluc 'rill."ri~ He 'ho .. '\ 
tb.al r;.llion.;~l mor~lily h bol~ on nl;\.\inW..;~&ion of 1hc .1Hta¡e 
(•ar.Jinoll ulilily l<•·d Cur all indi,·iduols in wci<ry. Tbc ulilil.uiJD 
¡;ritcnun ¡, ~pplacJ (ir)l lo nKJr.ll ruh:1 and thl!'~ 1hcsc n~ou.l ndC¡ 
ar~ u~d 10 duccl indi\·it.lu.;al thoices. Tl•us uch utilil.lrilll ol&tnl 
d1o.l~" 1 'trolh:l)' w moWmiu wx.i....J utilit)' uOOcr thc :a.'~ump· 
lion 1h•1 all ollocr o&<nb ~Aill follo"· thc iam<,>lrai<&Y. ll.mJn~ 
rc\'ogllltcl a J)C'h.:nli.ll dittiaahy (147) u.·iih th•• p.lrli..'ul.u 
llllhl.uuul lht'IIIW uf lllut.al•h' In lhll 11 1• "I"U tu ••·'"t:•~o•'" 
pt•huc.·al -.bu.\Ca ou \l.cll •V lhc num~rou• prot,IC"nu tu~lollc;lo! ""1tb 
infurm.11ion ~tqul•uion .111d anal)sil in a l.v¡c c.:n&ralilcd sy"' 
trm. tic p..:·.•LS a J&tfclcnce bciV~~I.'Io"n mural roati~nalil)' .J.nd &J.me· 
lhcort.'lic l.&tum..ahl)'. JI( ar&uea the unnui..S.aOic WC1 of inll."rpcr· 
.onal c ... du,>J uliU1y comparison~ iD 11101al •••ion.Jily and lhc 
in.1JmWi~ili1y ol •uch comp.ui.ons in &an~< lh•'Ory. Much of 
llar,;u¡yi's cllull> cunccm ga.mc silu•lion• (146) in "hicb onl· 
~o:vm..:1 ..Sc.·pen..S on mutuoll inaeu.clioru bcuu-rn mt.~r.JIIy r;~lioaal 
ind1\ idu.1b, c¡,¡¡;h ;,t,U~o.·mpaln¡ 10 beucr lhcir a• n inlrrcsu. Wc 'kiU 
nu1 allclllpl 10 ••piure bcrc th< ••ry ialcrcslin& ••ubjc<ll ol 
b;ug.UnJng. con0ic1, rcwluaion, and nc¡Oti.uion ~nd ahc ~ ol 
•y¡•mu Cur plannin& illld d••'isioa •upporllo thc.c <aús )211,f•S~ 
(269~ 

llononyi's concopl oC u1iU1arioaisro bas OC.'C:uiono.lly beca 
criti~.·iud lor m;¡l..in& inadcquaar pro"l1ian fot rqui&y, or cquiva· 
lonlly tor soci•l ¡ruup cquohly. lnhn R""is, a phil~><>phcr, has 
P'''""nlcd a lhcory o( ju.Ui« (291( ~Aiúth iovuhn 1 diCCmn« 
pnu~o.·iplc in wb;¡;h drciWon1 a~c ma..Se undc;r um:-.:n.lin&)' r.1tbcr 
!han nn<l<r risk. Thi• dilltrcnct principl< 1dvoc•1•s .. k.:tion o( 
lhc allcrnoli\t chv~<< "hi<h is thc be>l Cor lhc "or.r·oll mcmbe1 
oC >DI'iely and is, 1h<rdo~. thc dira:1 wxial :uulv& ol lhc 
m;a~111u111 princ.·iplt lur lhc problcLn olloi..lh1Jual 1..1"'\'l~i~~n~ und~o·r 
Ct."lla.inly. R.1-.·1, U~ a "'vc.iJ of i&nOI.li\C'r• C'U""''PI in -.hi"h 
inJ&\"ic.Juolls mu~l d~.:acnninc rqui1.1blr d1slribÚI1tln C'IÍ kXÍ¡;ll~o.'i' 
rc.·M>urc.·~o·s bdurc lht)' t.now th~o.-ir pmit;,,Q in klll.'l"'t)·. Uis .u,w
m<nl i• ••..,nlially 1ho1 pcoplc ,.;u w:lc<l 1 rouur.·• aii...:Jiiun 
rulr.: 1h.11 U1ol\Ínnz~o·• thc utility olab.: "'';ISI-{Irf m('n;b~·r "' )01.'11,'1)'. 
U1.""'"U~ion!. of wmc of &be puh:nai~l ditriL"ulun ol,,..,,i.Jt~.·d Y>ilh 
R.a-. t~· .. k)c.ÜI ,·,•nltoat.·t• jU¡li~o'C lhCOI')" are phWnlcd b) l:::tbw~uh 
and Goulhicr )16)). 

Oth~o:r u.,cful ina~.·rprct~lions of rar..Jin:ll uhliry ;~n~ inh:rp..·r· 
kmoo~l utilil.\' "''111111..atik'RS hJ\·t bl.-,:o m.uJc ~by K~·.:n~·> ;.anJ 
~~~~"",.¡ )1~~1 an.J Kocney )1~31. TI«ir .u.i••n!' all"" ú<~<l••p· 
111\'111 of .a muhipli~o·.a&i\·c &hlUp ulllil)' lun\·&i''" ln ,·,•nll"'' h• aiK" 
;~JJ¡Ii\t uliht~· IIIUt.'litJD of fl.u\o1.1\yj. h u rn~~·hk lO "'''"' 
Ju~·~.·1ly dcaJ Vio&lh cquily rnn)it.il."t.lli•,ru. in a mullaJlll, .. iih· ll''n1p 
lil;hi,V nw.J..:IIhan 111 ~n ~Jdilin n¡t'lt.Jcl P;.apc:n b~ u,.J·I~. u .. ,.~. 
;~nJ K~o·t:n~.·:.: I~UII ,;uni;Un in~i,httnl rJ¡"''U)~h'") , ... ,"~·•n;nr. ¡;CI•ur 
:ui..J indt\ iJuoal ulllillcl or a n1uh1JIInhut.: OoiiUh' Uh'll..l JIIJ 

SniJ.·r FUIJ illuW~It ~ or PtijhiJIIIibwlr wlllllr """~'· ·~ 1 

n•·¡,••lt~''''"" 
ll't di\' rAfiii'IIIMI)' !mvr.q!l!"\1, l!l'lt, In Yl'l\'1 !~11!, '.'''''''''"' 

Pló!~!n& ~lll'm In hii'W~~·~¡I 111&4111HI!110\ P~ll n., I~,·J• 
""'~r~IJ~ 111 il Mwll~ ••1 inr~rm;t!i••ñ p!l!(~~·!n¡ in ''''"''11~1·•·~· 

. ' 



~l,ltU ·t."-P"!tl 'tiH,'\,~'Htl UtHU'tUJt"~JU! dnot'! JO (W,\1{1 r;'\pur.U\J 
U1" J>~J r·'"' :'lljt rur 'Citn-o;u ''11 JO 'I:'C'Utnp.¡n At-','1 ,"1\(1 Jtl 

\1111.'1 Ul ·"'''~t"l!"·'P \ur''-'th.1 uu~ PI""" 111 UtH),"'."'S U! r·""'"·""'P 
(trnpt \1('111 JO '·""rttt ,u,,.-o,1.XHd UI.JIIt'IIIJI\JU! Jqh .(q IJ.l,"'U.'IlUU! 
,lit' '·'l'lrur' ,. Jh"' .... -..,JJ unuruuuJU! .X."~ttl ·""4 .J'-'!IIIJ.'I·'r o,t 
'.(1!\~1."11' :"'('lt"ll'·'(l !' IU·""'•'JdJJ rtno ... ~Ut'!I~~Ur."JJO .(~ 'itu~""·'"'-'Jd 
UI"'~JriUh'JU! ~."'UJnUII! lJ.l~lJ·"' Utqr!Jt'.\ J:tltJO JO U0111::t!JIIU.'f11 

·p.,..r.JJ.'U! 
t! r·'IJ!r"\t~ JO/puw-(l.l(r.pp 'lupq J'!r. .. <";"'UI -'\41 JO (I!(!Qt't!tlld ,141 
U.'tt(l r·'IJ!f".KU11n :"'!Jr\-o.lm 1 tu!rU."'< JO ,(J!I!~t'q\)Jd ,"141 .:'1"-"r."H . .,,(' 01 
niJJ•Irt¡ 'JU!ltPtUU'Ioi J! Jr\ll UO!Jr.U~qo ,141 01 ~lt'¡.1J .(¡dUI!'C >:,ltll 
Jtl l(t')~ J.'4nJI jt) ,"'"' .(41JO"-"~IOU '!41 U! 1':'1'-.;n.J<!r IOU <'l."'t"tltU! 

.~J r J,'JU! 01 Jfqt'O.,.Mf f! lJ 'U'ft'n.3W JO U0!1t'Z!.,Jt:t\I\UI1f rur 'UUII 
·f'!Jif"JIU '.(tpr ''fU·tnOJ JtJ l.l11!J!qrqoJd •"'41 pul: IJU!'C-o.)."))Jd UO!I 
·ttttWJU! frU"!It7!U"IJo ~'!·"' P'ltpl'f~e UIQC~..n!.\ ~41 JO fl:"rcitu! 
)41 Jtl U•'!ll'l.lJdJ,'IU! Ut CJU.~.lJd 1J ,,(qr.~ 'UO!I"!Jt'IUI!In( J2eoc<.:HU 
lfl!"' mnJ rur. "Un!lt'.llj~PJtU )fr."'C"CJtU ('tUO!IM'!UdJO 41!·"' Jl('if!-) 
~.)'''"'·"" U! .(r.pr t(ll.\\ 1'-'llr.~t )Jf fUOtl!(t}(jOJd )..'IJIU 'llli:,lfq 
-rur." ~Jtll 41!·"' P''"!·"X\t ('l.lt' ~tJ!IUlP! :ue 'lu!tnoJ J'3r.oc(."~UI 01 
:t.\lll~f-'J ~U("'!I!"'ldmd '!S ·..:,c.Jnt;o~w JO tu!lnOJ ""f' 4'!·"" P.llt!."'I'i''Ce 
u¡qr~Jt'-' "!' '-''J!IU:"J'! IILII J~nu "S."'~tnJw JO uo~t~l!Jl!•umns 
pur .,,,....,.., ¡o '"'1""' • .,,.)JI"' "''"b" ~n•:nd.<1 !u!<<.>:•ud 
UCt!U~tUJOJU! (t'U('Uitf!Ul'IJO ".ÚU:I!=JUP :I'U'1!4Ul Ol tJOJJ.l UV U( 

"'P1urtp )t"l~:"'tuUfiJIAU' lfl!·" J'.lle~ :tq 11!·'1\ lel.fl 'ilU~tU 
-.3J!nb.u fU!''t):)Oid UO!Il"UUOJU~ p)turt¡-' lqJ l:t)IU 0) 
)UI!I J.l.\0 Ulnl:'ll\11' ft:1U."'IUI J!:tlll 1dr.pe 01 .(u1~qr J!.:ltfl 
aotfn pu:•tf>p I[!A\ fi!Un !"liO~Ol!Ue!JO Jn SUUO\!I.)JJJ3 :~d.:f 

,~J:KII .(u:>tdtl 'UI~OXHd UOII 
•t'lUJOJU! r\ft flU;"'UJ;'II!"t-.,"'J 'U~~~,x;Jd UO!It'WNJU! 11.):1.~1 
·~ tplt'IU ~~ tf IJC1!,,J.)U! t'i.)U.)\!f':'IJJ' (1!11t1!1M'!Ut',IQ !J:r1J:J 

'a.lnl:>rtJI~ UO!IntUt',JO JO UO!I·"'"J! ~ .Út."o\ 

"'" ~"!"·'""'d UO!IriUJUJU! U! l>!l~!qedeo P'"' s.>1Jp•dr.J :(tf.:l 
·(l!l!q 

•rdr..'l ~U!f~!":'I('Hd Uttllt'UIJ()JU! p)«:tJ)U! (\U't' OO!Ir.IIIJOJU! 

JC'IJ p.l."'U )\f,l 1-'0p 0'(r. tX .Xt'JJ.)U! ~S~ pt.n! .(IU~UJJUn SV :ztf:l 
'f>lq<!Jr.\ ~<!J pue (IU!"I 

•J=''"" U! .ÚCA nrunqn< lpt¡l P\11!' SUO!IC:l!'JC,JO JO f'l'i!~ :ld:l 

"1u!M((OJ>41 I~L(( '1'"1·'"' 
NO!I!\\ltf,,Jd f1"1UltUtflU11J ~-'\U 'W)1S.(, 7tr!<'llli:~:'WJJd UO!ltUIJOJUI 
uc rr U•l!lt''liUt'tJo ur. Jo t~PJW t JO •Y·'tud .. ,¡lup JIJI 01 Jlt"f"J 
IP!'I" J:tll'r.N P~ ururt¡"n~ .(q r:KJt'P·'='fl ~10!1!-.:udoJd ¡r.JU;.tu 
•t'fH111J Jll J~1tlnU C :m: ;\1:"\l.J. 'f110!1t'~Ut''IJO U! CJU!'if)."ttJd UOII 

·I!'UII•'JU! JO fp:KI~t linO!Jr.\ tuti~U.lJ ''liJ!"liiO JO 4:>1t'XJJ :"41 UOdn 
rur. ~:'IJ!'.l~)J U."o JP'CI UU. Xfq ''iU0!1!'COdOJd JO uqmnu t p:xJo 

·1•'-11' ~-'"'1 I6L() J>lr•N r·. ueun¡•n.t pu• (IU)-Joul '"'"" 
) 'UO!IIoel!J 

"''"l"l'q'"' pn•~rd • "! P•tt<!ldwo.)J• >q 1<nm '1'"' ""·'41 
'UJ'I(t'tUU0!'!33p :ttlftt¡nm .(q """ J!-'\{1 JO :xn~»q puy '1:l~lf!Jn:tt¡ 
¡ru•"~!I!'J:Xfo JllJ.:'IU03 3.\!l:t:tJj) JO .(J)~t'.\ r Jt't ,.., )t{l U! fJJ,I'IU 

·UO!'i!·'·'P p~JU'!J·'"''" .<ueiUJtuuoJ~\UJ uoddnt 1~1 '"'·.,'"'.<~; 
Un!tr.IIUC'tJU! JO )'tn pur. u1!oc:Jp UJ;t~Uo:> .~ "llt'not¡l ¡t"U!..UI 
-rJ."'dtl lt1UJOJ JO :wn I~!I!U! '!i:JJCI-''P ~~UJ!J:uh'Ju! '.P!'I'" U! II;JU."'tU 

·U~lJ!.\UJ .)'it?lll U! <'!1<ri1JnJ\( (t'U0!11!'J:'KJO !"IJ1."UU-' :'ltrtJt.hmJtfr ,...n 
rUT.' tdt·re 01 .:tfdll.'I.J ,U!"Jl" .(pA!I'.ljJ.l Ut'.) lt"1(1 ~IIIJI<(-o Ut'!lr.W 
•X'JU! )Cl U!!t)r UJ • •Ut» .()\l1 .,J?U)('U:>4bp ft1U:'I\UUOJ!.\U,•J111!1 
·~'t'd" CJUt)JI~ ~1!·"' 'W:'II' \.¡: UU!It'WJOJII! JO u"'!~(' UJ.l.."UO.l .(:»tU 
·ttu."luuoJ~.,u:» (l:U,•IlrJ.xl\, (t!IUJHld JO Al-'!~" e u~ .<p.,!P·"'JP 
lllli:OW J1 ...... n 3q Ul' l 1! 11!111 t.pnt. pliU.:w.:tJiJ rur ,ltt'l.lJ,-,0 'p., JO\~ 
'(')t..<tl•ne "P31!nb:tr !Kl, Pt"U4" U0!1tiUJOJU! ~!'(1 ·"'"4 pul: ~¡qr¡~.\! · 
~ rt"'~ lf:'l!t¡.'l\ Utl!lttllJ0JU! JO M_(t )lll UJ.'UUO.l .\JIU 'WJt)JJ-'d 
01 JJrlt put J)~t'IUUU!II;!J:"p .)'(1 JOJ IUO~I"""J :llt!JI.IttJdde iU! 
·UJ.,.)UfJJ (U\J!I<:tn., t.ll .llt'()J ~)ttl '\IU.ll-o.\1 JJO<Idn'C 'lu!r!t IU)W 

·'lrn( rtn !UI'C..-J:"'lJd UOIIrUUllJU! JO U'!llli:Jr :K¡1 1.11!.'1\ r:'ltt!."''U"i'~t 
.tn lt~l ('':-'rt""•lJ )\f fll 11:'"'"! put 'Cf'J."'U -'l'l~lUrlJ :ut .lJ;'I\l.J. 

·.(tU!tiJJ:Kin ).\(tl.\U! .\IJUlJ:"'t¡U! '='JtlJ.'J·"I1 
'rur .)JntnJ ~~ JO ~l<f'.1.l1UJ UU PJ'C'fq ,\ll't,,!d\1 :ut cuo~ocp:tp J"UC 
~lll."~ttl'lpnr "-"'!llli: J.¡¡r!·'·''h:a 't.l!t<~"·"'t lt'1U.:~tg'jrnr pue 'lu!(~:t:'ltlJd 
U\J!II:IU"''JU! Juoc.J J•l ."JJoin .l'fl Ol 'p-3100 U.»q Cl( W "'pCJt \11!."1 11-"14·" 

. 
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~U!tr.ntt~. I"J~~.111"' r "'1r!!"Jl ~!'l' ')'ll':tu .(¡qriJtJJtlltl:> ur,., \,' 

Ut"1J1 ¡1111!1 JU.f'tl!J.:'Id. U;'I\!4J e U! 'i1h'SP·'P P·"'l'"~·"''"''t! rur. "iJU,"'tll:'~ 1' 

JJUHI .:tV'UJ .\f(t:·'!•.ht 1-onm IEJ,"',t:t• '.IO~cp • .,r lr"111 J,"'r.J :'llfl "'! -oiU.'I""' 
IJl)(llfn< r'ICIIWJnr. JtlJ !§JU,"'It1,1J!h,',"'J pur. ~o:r."'."'U Jlrl.ltp ll'lfl 'tJJ."'."' 
·UU.l .(urm :tqt !UiliiiV 'OCJ!IH!tfr.Jr.l r.lJ!"·"'r .)"·"'lJI lfiT~ r.lJt'I."""~"'T' 
.l..,U,"'J'U.ld.lp (t'tiO!ICl!Ut',JO 111: l'li~ .)UI!I·.:t.ll~d'C 1!' 1! .)J.lttl <tlr.,'IJ 

·.(r." )\!UnJdn< \nrntnttl rut :'I'JOtctlllh r. 111 JJI(1.''3tl1 UOII 

·.:tunJ 01 Jlf';tnnqJ ¡r.uO!trJ,"'d\1 ;.I:U."'tÍo,., JO ,.,..'11· '·'!l3:"JJ.l rui: 
.)lr.!JdoiJc1JI' -: YoUIJt' >'C!IJ:'IJ~."' .)<:IJtlo\ ,"'(,lltl rue lt(':JllOl(l (l!U0!1 

·tJ.,do (tltiiUJ J\n 01 fl·'"U u~'' 'U.),t'IUUtl!"""f' Su~l"!'"iV (H 
·uonr :111~ u • .,"' r. ut :tJr.udoJddr. 

J-oOttJ '! UO!I!ll'lo, JO :.¡.(t-o ;"'t.~r.IIO.'I JO '¡r.tUJt.~J U ·J.lt¡J.'If.'n. 

JO UO!ICU!IIIJ."'J,'f' ;"'QI U! ':t(~!«t•J IU.))\.l .:'141 \JI '~ti!I"!""'V (L ¡ 

'.)¡.(le .)A!l!U':Jt.JJ (tUIJOU ,,J:'I~"UIUO!"F'-"P e JO IU\"'!SU.l)t\:t. 
(l!Jntr.U St 'C)UJIUUlU!,\U3 (t'Utl!lt'J'dn U."~\!2 JOJ )1t'~dOJdc.ft 
'-'!IS!JR;...4 lt'10;"1tU'Ipnf JO .(I.)!JI!.\ r. JO ~n 3~1 U! 2U!I'C!f'EV (9 

"t!".lJnO\ p:~¡nq!JIC!f' l(d!l(nW IUOJJ 

u~' ucf!teuuoJU! JO UO!It',.,J'il"iJc J:KfoJd .141 U! Su!"''..,.V (~ 
'''!lt:rn:»q (CIU.llu~pnf JOOd pur. 
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·~;t( ... J:lQJd trt.JntJttt (t'UO!II!J~l) ~I'J-'UO,, ."~.\(C:UUI 1tt¡l UOIIJC 

JO I:KJOO.> pue IUt'ld .)A!ICW-'IIt' JO UO!tr.n(l"\) .U! ljutiS:!~"V (( 
'IUO!II:n)!S' lt'UO!Ir J,.,do ~l,J:"UtJ3 
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and a dcscriptioa of bo .. · dccisionm>kcn n••Y d~tcnninc informa· 
tion n~ds. Whil•: thcrc ha ve bcrn a numbcr of SIUdics of group 
dccisionmak.in& r.ot.s and ur&ani7JIIional b•h••·iorpS7j, (J'IOJ, our 
cfforts wiU be b•>ed primarily on tho..- of V room and Y ello a 
(3941 and lluber (169~ 
¡ Hubc1, Vroom. and Yttton havt indica11:d 1 numbtr ol poo 
_knlial ad\o.anla&rs anJ l.li:ooadv;maa¡.cs 10 ¡roup pa.ticipalion ia 
dC'cisionrnaking. Sin«.:c 1 &JOup ha.~ naort inronnalion .1nd kno,. .. J .. 
odgc p<>l<ntially .av•il•blc 10 il than any indi•idu•l in thc ¡toup, 
it shuu/J be capablc of m•l;in¡ a bcucr d«isioo than an iAdivid
ual. Group dtci~ions are ol&cn more cw.ily implcmcntcd th~ 
indiL·iduOLI dccision¡ •in~·c participation will gcncr.;ally incrc;uc 
dc<ision occcptancc: as "cll as undcrslandin¡ of thc dcdsion. 
Also &roup pariicipalioo incr<a....-d lhc akilt. and information that 
rncn•bcn may nc:c:d in m.:aLin¡ ruaurt orpniz.alion.ll drcisions. On 
1hc oah.,·r h;md 1hcrc .ut di~ad,·:anl:tgcs In grou¡n.. llu.:y cun,.urnt 

1 n1orr timt in dcci~lonm.U.,ng 1h.1n indi\'Í~u.al). TI1c Uc.'l."i~ion> m.1y 
nolfUII)' suppor1 hi&h .. ·r urg.:~n.iz.11ion.11 goal>. Gwup parlu:ipalion 
may lc~d lO unrcaJi,..lu: ¡ruu:ip~lion~ o( im·ol\·('nK'nl in lulurc 
4cci,..ions and JC.K"Uiflh,'hl IU'A.aJdi )UfiM'QUt.'OI iudrt.·idu:lJ dcd· 
Uom i.n "hich tbcy hoi~H' nul panicipJird. Finally. lhC'rc U no 
&U.llllllh,'4.: lhat lhC' &ruup w•ll L'um·crgc on a d~.·ci~itm ahcrn~aivc. 

Jlul"-'r 1)1S tour pliiiMI)' qu¡;)lwn• lhc .10/IVr.t,:n 10 v.hi\."b 
di.'IC.'IIIlinC guidL•linc• for M,."il.'fliun or ól panicul.u tuttn ur &fUUp 
d&:Ll!'>it~nlliJ1111&. Tilt dr.·h.¡ r.·h.ut or Ji1g .• 10 in,Ji~.llr.') huw lhC' 
JC)(kiii\C:) lO lhC)C 'IU~~liull) 4.h.'lfrllliOI.'S .10 Oipprupri.:U~ r,~lln of 
&WIIf• •. k.:i:ooimunoaL.iu&- llh·rc ¡¡e a J}:Uillhcr ('1( ;ub;ida;.ary qu~o·)· 
lHlll'• r.IIIIL't'IOC'J WÜh (.u,·f¡ or lhC prin1~ty qu-.."~lium;, fo1 f-'ollll(liC, 

! 

wc may determine wbcthct or not 10 invoh·c othcn by po>in& 
qucstions in•·ohin& · dccision qualily, undcntandin¡. and, a<<'<P" 
lance, pcrwnocl dc\'clopnlnll, and rd.uionlhip~. &nd 1imc 
rcquircd. 

V room and Ycllon ha>e bcc'n much con«mcd ,.;th lc•J<rslup 
and dtci>ionmalin& IJ94). Thcir prinloV)' concrm u "'llh ctlc,·hvc 
dccision behaviors. Thcy dnclop a numbcr of clcarl) •rt•cul>lcd 
nolm•ti>e modcls of lc•dcuJlip il)lc f01 indl\idual and &roup 
dcci>ioru. Th<sc >hould be of U>e 10 thosc aucmplin¡ lo structurc 
norm>tivc or prcscripti>e modcls of thc lcadmJiip ll)lc portian 
of dccision situ•tions "hich ar• capabl< of upl."wionol implcmcn· 
talion. Wc ,.;u nol illustratc th•'SC hcrc sincc thcy c>><nlially 
in,·olvc ¡cncralizalions of Fir.; 10. 11 ia thc app.ucnt &n•l of 
V room >nd Ywon lo movc ,beyond &cncr .. I.IIC> ou<h ,.. lhc 
lcadcnhip olylc thcory X·thtory Y 1211); JlV~~ Thcy d<oirt to 
come 10 &rips voilh .1nd CJ.pl~ial)' U)C' kadcr:r.hip h..·h.l\'ior ond 
~i1u.a1ion.1l ,-ariabln 10 cnhance or&.:uÚI.lUon.ll dft"L"Iih:ncu. " 

Much ol our diw:u~ioa ia thiJ, ~lion h~ concrrnC'..J lhc 
n-alu.11ion compont"nl of \·ariow dcci.WonrnoJ.in& h;:un¡;v.oJL~ .1nd 
or¡o~nizouion.:d ~u in&•· érttcll\"C' pJ,¡nnin~ .1nd dL·,;i)iiJn Jouppnra i1 
b.1.\lo:'d nol only upon t\"alu.:uion. bu1 Upcln inf .. ,rm.liiOn il\q\.li~· 
lion :and prOL·c~)ill& ü v.cll. Wr hJH crupha...\u.rd tha in our 
di)CU).)iOO) lhU) f.&l in ltiiJU O( Índi~i..JuJJ lllr\IIOI.,¡I¡~)Q plro.-.."L''Iolltn¡ 
bchoa\ÍOJ~ bul h.l\C nol )1:1 &ivtn tAphril con-,¡J,:r.;aliOn lO w(ut• 

maliun prc-:o~in¡; \h:h.l\'it.)f in m&.ll1u.&lionl. 
Kccn Jl9) J ar.:l no,. h:J!,t:• fuur ca u lit• al inc111.1 fi.'IJli ~ r lO 

or~~nu . .11ional in("umuiun ~).)l&:"nu. Jlc inJIL'"'I".) lh:».l in(t•lln.J· 
liou i) ''uly ¡ 1m.1ll t.:OIIlfk"lOC'Rl, hum.1n inrutu•JIIUn JUt-..·~·!l,jn¡; lt 
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•PP'"•n 10 hove b•·•n only limilcd r .. uhJ ob10incd in lhc orca o( 
,.,,,niai\·~ inrorn¡ation prOC't1.~in¡ bita)('J 31\d use or inrcriot hcuris~ 
lin"on lh< parlo( &rnup•. Thu' many ollhc: lll<:U di>CUbcd ia 
St,·linn• 111 aud IV r<•nl~ be u1<ndc~ 10 &rnupJ. 

"J:..-.jlc,·iaJI) Ofll&'\\'(lrlhV C'C'IIJL'ftning IL':o.UJli lh:U ha\·t lll•a.•n Ob
(.¡juC'd in lhh arca ;)11.' lhC sruuplhink Mu.Jic:• o( Jomi) an\1 Mann 
1177). Gruupthink j¡ a Cltllt."(.'IÍ\'1.' paiiC'rn "' ddt.·n~i\lc 3\'t•ulanft,a 

~uncun .. ·nn··•""'llllg h:nllt.•ncy "r highl~ ,;nhr)Í\'C' ¡ruup). Whtn 
J.lllUplhink. 0\:''uo., IX'Oplc dcu·lnp r.:aliunaliz.ui""' ''' iupporl 
•'kt.'liwly J>'.'fC~iwd illu~•om nr wí,.h(ul lhinL.in& ahC\ul ¡,.~un at 

ild anJ lypi~o: .. ny p:u 1i •. :ip.:a1t roll\.'l.'liwly an dt.·u·lopllll'lll o( a 
o&:nl.Í\(' onoidanl'C' J•JII&:rn. In f,fC\UptlunL 1 ¡wup \'follk~·tih'l) 

f.dh \'Í\.'llm lo 'lllC ur mote "' 1hc "''bnithc bi.J..\('rr. da.·~cr•l't•..J an 
s.-,·1 ion 111. ;• 

limon& ¡he ron~ilionl ,.·hi•·h lr~d tb &<oYrlhin~ ~~~ hi&h 
l'l•ht>iwnv», '"•"'~Jiun, '~··k ur YIIO pr ·~llfmlQ P'"'~~YIVI rQr 

' 1 1 

1S Y3 N> Y 

••c .. ••c. l 

-~~~:.~ .. u,J .......... ,, 1 

~~IIIOUI40:.l ·C B 

FiJo 11. A l'fi'Wblt •1nu1ur~ W intor111.1li11n prl""-n~.n, b~""'.J Ufi"'R lhc 
,¡, rl,·n•cnuol ""M;,al•t:~n•n¡ 

..-arch and apprai•:ol. hi¡lty diroc1ivr lradcrslup. ""~ a •~n· 
Lin&cnc)' tou:r.: ~ilu;..li,,n "'h.a.:h lcadio lo high urr~s.. Anwn& tht 
¡ymplonu or r,rouplloin)¡ ñ.:d by Joni• :lnd ~lolJin (1771 ar< an 
illu~ion o( im·ulner.:ahililv. c.•llc¡;tivc ration:&hulion. b~o.lid in an· 
hcrcnl youp mur.:ality, c~cc•·tvc JUt.')~Utc a~o:Un~t di.,)('nting vi~\\i, 
~oell·ccn~nhip, illu>ion¡ o( onaniuu1y. ""~ Rl<mb~u "ho >iu<ld 
lhc &roup lrom discunlirnirl& inlormalo .. n. Thcy ÓIC 1 b'.&< 
Dumbct Of C::LIC ~IUdiQ ¡naolvin& groupthink: C:I,.C'io \\ht.•rc In· 

rrcmcmaiUm and buruw-n1ic pcllilic~ \\Cft lhc dominanl dt• 

ci•ionmakin& lramc..-uJk l);•idlly adopi<J. Ninc prc"i1ip1iuns 
Ir< olfcrtd lO 1\"0id VOuplbJ.l~. 

1) Thc grou¡olradcr>hip >lt•~\J l>c non,~mmill<d lo p;u1irul011 
allcmativc rour""~ of .ar1ion. 

2) Thc grnup lcJd<r ¡houH rncourogc <rili<al l"oalualion . 
3) .. Dovii"J a~Ho<OI<>" ,¡,..,¡J h< induJe~ in lh< &"'"P· 
4) Subvoup> shuuld be l«mcd. all.w,·d 10 lun<lion ind<¡><n· 

dtntly, and thrn mL-ct v.ith olh~r iub&h,up¡ \O t:\ptt)S 

&cntrattd ideas a~~d f'C)Oivc rliHcrcnccs.. 
S) A varicly ol ahol"lllÚW ..-.u;uio> ol polcnli&l oppMcnu 

inl<nlioru Jhould t.c daclof>'"d. 
6) St<ond·opiniun ITICC"tiu¿> ¡hould be h<ld lu aliuw lull ••· 

prcuion ol1!,1uh1> IDd r<~1inkJng uf 1hc iuuc. 
7) Eap<rl> ""Íih oppa>ÍIC ,;.,.pioinl> hl lh< ona¡orily vi.-..· •h.>uld 

be crccouu&rd 1u pncml ch01llrn¡ing \itow•¡, 
8) A •mal! '"pulu:y" >Ubyoup ¡houhl alwa)'' diW:IW ;ul>gruup 

dcliberalinn wi1b lbc l.r&<r group lo ancmpl lo ublol.ÍD 
di>conlirming lwfbocL 

9) lndoprndcnl poli<)" pl.,..nin& and cvalualion gro~~· .•hould 
be formcd. 

n.c •uunlion• ol(cocd ia S.Xtion llllo 1\"0i~ ·~¡nili'" hi:u •nd 
lO amclioraiC lbc <ff<<U oliMu 1ha1 do n•.-cur O(ollCU <o¡>Jhlc ol 
applic.a\ion lo ¡,roup¡ .u -.,·en as 10 ind¡viJu¡,¡,h, úplicil ~.lud)' "' 
lfOUp ¡md Ot&6inl~lion,:¡l bias th"'t \\'flUid "'uUI~Iinh.'UI an&! c.ucnd 
ui"ing Sludi•• fl~). fi'JI. (129~ (1 SS), fl7.1). (H7~ )l76).•(2NJ. 
(2MO), f388~ (3\lO). (391~ (J~) o( &roup ""'~ 01pnil.lional d<· 
cil.h,nmakin& >houl~ yidd rcoulu 1ha1 ;u< •:lluablc lur lht ~••i&n 
ol pl:1nnin& 1111d dcci•i'"' ¡upporl •t•lrm•. 

A m.>jor dillkull)· in a>&nili•·r inl••<mJiion P'""""'in& r.rcnu 10 
be fo~ilure lo idcnli()' :and w.c: .tn olppro~Jrlal~ )\ruduu• 1h.21 .111~"" 
apprnpri.liC v.·ci¡hlin& ol ('th!'>t'n't:~ dt~lol. IU\1 ,li¡.:aliiiO nr lhC' 
tfka.'h o( \'ilriou• •lru"1wcd·in(orm.alil"tO prtA&.'~~~roin¡/d("''·'ion 1id• 
ing f"h.ltut.·,,]r. upon lhc an¡ui,.ition ... aniliY)I), an.J iult:rflltUIIC.r\ ol 
inru, m;,.tiHn ilnd ils inlt.·¡;r.:alion "ilh JU.Ir.natrU it\d d~tl'-lti~ 1 

"'"~"'& aoli•ilic• '"'"Id JPP'""' 10 br a .unldlil\.ilol'; Hrrd IR 
inlurm.,lion 1)">1<"111 d<>i¡a.. Thtrt alt •ll rl<ri~<énl> li•Uñd IH 
npli<il or&un~<nl fl76~ 

1 1 '/ui"u or hypnlh<'4o 
21 M'"'"kb lit r ...... ~oliun. lO •up¡KO'.I lht ,; '""'· 

'1 

3) •""""" or )YIIil•'¡l,~n lo1 th~ ~rnynJ• "''"wn~~llunt. 
~~ 1141r&l111 or lh~ a~nml bGd)' 11( llillllllliltlln lh~l ,. 1'1.1''"1" 

plllfd llliM li'AIIMI, . 
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"'''''. ,., ~•u,. ._.. '"'u"'""IIV,. .a tal'""'"' ,_,_,' 

~) lltcJcWI c¡uullfim or ciu."'UtnSbrM."tl. \ 
lit.''"' v.-hu:h v.·ill h;a\'C' lo c.U)I in ord. 
>UpJK>rll thc &r<>un~>. 

6) p()u1blt '"''•dtu/J or circunutance~. ce 
aioru whic.·h, ir Lh~)· ui~l. v.·ill rdutc ": 
thc- \lw.lffolJ\1. 

inll.tncits. 01 ieslriC· 
,, lhc •urranllruiY, 

·nc:ics.. ot "''ric· 
· .,¡,J¡ lb.! lorr:c ol 

A •iiñplificd bloc\; diapam ol lhc intcracti• . ., aJllM& lhnc el~ 
m,·ntr. ¡, ¡i\·tn in Fi,. 11. n.~ inrnrm;ataon Ph"-'\'~liiRC .. IINCIUre, 
,·, 1n,iJ>ting in parl of lht drcü.ion_?la1.~~~· \'Í~w o~ po~Whlc ~.d 
rhlhoahlt .:h:litlR C\lUf~l and tht d~o.~IMtlR •U~h()R,. modd,. &1 

·~"·ifK"LI by clcn"nts J-6 .. ~.:nh::nl 2. thc .. ,,o~nd:.. ron•pr:t~' 
thc )iiU<.~IlOR31 d~l3 r~nanun¡ lO thc fl(lC'f:lllonJI COOlhlltl05 

('\.l,1nt. n.r cl>~im. d~mC'nl 1, .) lhc.· rmpiric.·31 !.ll<lh:lll~lll "·hkh is 
J>UpptlrlC'd by othcr ~km~nts in this inh,rmatit.ln proc:e'"'in& 5truc· 
1urr. T ,,ul01in ¡ho~to·) thwug,h uampki th.:u 1hc •ix cltu)l.:niS for 
h'f.ical í1r¡;umcnt and rca~'1nin¡ toan be ukd u a mc'\lcl for:· 

· r.IIIC\n;~l rc;~~:min& in a numhcr of arcas induding law, w:iL·ncc:. 
thc aru., manasL·mcnt, and cthic¡. Thi~o ~nucturcd infouuation 
phl('C~\in¡;. modd i¡ al!<oO ).Utridcntl)' &l'Rtral lo accomm(~ate 
Jual)'li<al hi<r•n·hical inlcrcn.:c )lb5~ )306). n.u. it may ..... 
pro,·idc a structurcd ham~"ork for infurm~tion ptoct).sing thal 
can acú)mmodalr a \·aricty of inrormation proc:ching .uyh.·~ and 
appro>~,·h,·s ranging from thc purdy qualitath·c ólnd .,rrccti\·c. lo 
rc.u.onin¡;. by an.ollOb)' whic.:h may bC' a hlcnd ol quóllitoni,·r and 
quantitati\·c, lo quou.uitJti"cly b.1~d hhrring and dctcction al&o. 
rilluru. lñis could pro,idc cnhancrd undcntanding of the im· 
plkalicms of ~ha.ucc, C.lu~. and ICóbon (5SJ in humoan iurounatioa 
procc~ing.. 

Ua.e of a structu1cd inronnalion procc~in& lorm.1t may rcduct 
lht (('Jidcnc;y ror llll')~.IC,C t.Ji)IOrlion duc lO lhc CJ1.3Ccrbating 
\ari.;¡Uics prcscnt,·d in Tabh: 111, prrhaps toa com.idcrahlc otcnt. 
M.iuort and Ma:;.on 12~51 hJVc prc~cntcd wmc 'u&.&r:stiom. con· 
c.:rning us.c of !.lrurlurl·d lugkal rc.1soning lO cope v.·ilh ill· 
ilruclurcd policy p1ohkms and lhc oh~n occurring divtrr,.C"ncc 
b .. ·twc-cn opposin& fwmula.tiuns and ptrccplion¡ o( largt·.)calc 
i~ua.. 

lnformation 5ttmmariution is nf'C:drd in infonmuion sy¡lcms 
for a \·.uicly or rca~on!.. Prr~.·cdurcs to condcns.c and organizc 
inlormation iolo a loun thaa com be managcd. and usc..·d in an 
crr.c.·irnl manncr a.rc. ahcrclorc. import.:mt Thc s.tru¡;aurrd in· 
f,umauon pH>CC))lng moJel suggc)tcd hcrc may wdl ptu\'idr 
flrganil . .&lion.ll suppllrt lnr mc~!.a&c t1U,rcga1ion a.nd inlcgralion 
ahat "'ill an:ommodalt: anJ cnrouragc drccli\·c lnlonn.1túm ~um
m.•riution. Wc poMulJLC that this hamL''''''rk ma> .:u:c:ommodatc 
hoth lt:'t..'CpliVC' and prCL'I''1IÍ\'C' 51y)CS' or Jlf0CC5Sing óiOd ~Uffilll.lri• 
ZJiiun or mlurmation. 11 .• 1 it "ill also an.:mnm .. ld;llc nonnuun.·ri
C:Il and numcric.·al inro• JaLion: and thu) hopdully rnabh.: rapid 
Cllll\'l.'f:.ion from onc . 3 thc othcr ilJ Ol~dcd 01 dc!.ircd for 
c.t.rr'"rcnt )ituOJtioni. 

ln IIÜ.) ~CÜ9n wc ha\'1:' n.;amincd 3 numb~r or fram~~orks ror 
d .. 'l'i~ionmaling. Our pafiÍl'UI.lf intcrc:.l is in thc: dc)cripliun or 
lhl·~· frJmcworlu in a \\.1)' c.·ompatiblc wilh and )UpportiH o( Ole 
cHcrth·c dc.:'sign of sph:ms amJ prcx.·-:-~s lo aid 11oups in pl<.~n· 
nm¡; and dcci~ionma.lin&- \\'e dc!teribC' a numbt.:r ol .. raliunal'" 
" .... ~).in ~hiL:h &mu¡» m.Jkt d,'Cision~ and pay p.;¡rlkul;u a.llcn· 
hun lo inform.1tion prn.."C~'ing m·L-ds in &roup d.:d:..ionm.a.kin~ 
ll.\l' or 1 )lrUctun."d pr,lhl\."01 for in(,lrrnation PJO\.'C,..\in,· in ))')•. 
h'lll) lor pl~mnin¡ anJ dlo.'l'l)r.i,,n )Uppurt i) )Ur.&l'!ltlt..·d ou J &l·ncnc 
\Ur~l')ti,,o of p<HCOliJI V.J)) lO dt.'lt.:l'l an..J \.'OU\'CI pc'l).)ibl\.' CO&ni· 

••\(' h1:.bC'S 1ha1 OtUCL:l ma:-e~· JUd&mcnl.la.lol..l.. 

An;.sowLLD<.iMI NT 

lk.lpruJ commcnh wt.'l~ prcnidl'd by "'"Hr.,l propl .. · induding, 
llr ( h··•"'• c. \\'hit<, 111. Au<>ll<> la~""'"!i""• PI•HI II'!IH•·, d"d 
ft!!OJUIR.3o, 

•" 
• : ... lt&:UNCU 

11) O. AOOn" ;and N. u, .... ·,vd. •A b.,d,·~n ~rJuNdt lll uU· .... l,,C 
prO&JOIDI .pl.annin¡..• M~r.·~~mntl S.i .. ,,,). 1~. no. 7. pp. ll'lf· 7U. 
Jul)' 1~110. • . 

lll L A.!C'IuYn. T. R. S1n...rl. .tGLIIC.. R. ll.unu\l.lnd. -A .. ·~~ h1~ll'lf'Y 
ol llw: .21(\pli"·;atk'lfU "' •·"ul ju.Jf.nK"nl d\o.'''f)' l'l (W'Itt.., (,.,mul~· 
lklft.• ru/¡,-,· s..;,.,m•s. "'1. tlo, pp. IJ7· 0~. 1-IU. 

(ll M. AIIO&iJ> omJ O. 1 b,,·n. F..!... t:.tf't'III'J L ,,,,,.. 111/"llltnn .,..¡ tlet 
Al4tu r.u.w.u. 8..'1:-I\IU, MA: D. Rtl~ld l~hluJunf. e(\., 1~7-f. 

141 G. T. Alli:.on,. ú,a,.,,.,. t{ DtnJ,.,., n.,,.,,ll\, MA: Linl~. llh-.a.. 
1~71. • ' 

1~1 S. L. A.lh:f, DnlsWII ,f;¡,,.,,_, Stuc"rru; Cu,,.,., rrat·tu·~ ~nJ COII• 
"""'''-'= ('II~J//,·,~t. R~.1..:mc. MA: Addllolln·Wc·ln. hl~. . 

161 M. 1.:. Am¡;•, Uull'oHI" 1 , .. rnu111. W.a~lunl-l'm U C.: (\\lnmuru· 
UÜt\:1~ 1971l 

111 J. R. Ar\IJ¡;r.on. C'ux••iln, l'•nl.,ol·'('· dnJ lu l"lf'l•tWiu"''J. W 
rr.;anc..,~'-'· CA: W. 11 rt .. '(m.an .af\1.1 C'Cl .1~¡~:-Q_ 

1~'1 N. 11. Andi.'IMlR and G. k. AI<"\.J.OJ .. :r, "Cl""'il7c Tnl ol 1ht 
AH'IOif,in& ll~I·Oihc:l>i:t. tu.- lnf.'~fm.lht\ft lnl~'f.f.liU\R," r .. ,,urn t IJJ• 
clwl .• •<>1. 2. pp. lll-324. a•n 

IV) N. U. And¡;I~Nl. "(·o¡:.niciu· .u,,·br.l: lnl,'f.l:llillft lhC~olf) .appli<"J 1' 
.oci.1l auribuüon," t:.\p. Socwl l's.1thc.J .• Atad .. ·m•c. ""· l. (•¡· 
1-101, 1~74. 

IIOJ N. 11. AnJl'tUln ¡nd J ~11.1n1uU.. "'\\'c.V. inkl!o.'OC'C ~ith lin: •• 

mod<l>.'" Puclro/. Bw/1 .• "'· 1'4. no. 6. pp ~~~~-1110. 1977. 
111) N. 11. AndcrW"tn, -p,~, ..... in ,·~n.II\'C ,,¡,·bro~.· In e,,,,., .. 

Tñturin 111 ,t;CJC"Ial l's.t. . ..JuKI'• L. lk1L.o,.i.u. Ed. 1'\n. \'o1L 
AcadL"mic. l'i78. 

(12) N. 11. An.Jtl !~oUR, .. Ait.~o • loit ruin. in P'~ d1Clh1¡.il7.al mc.uuJtmcna.'' 
Anwr. St ,,.,,JI, \ol. 6:·. ·'· SSS-.S6l, S.:pl ¡O,·t 1"119. 

lll) U. L. Ar.wfr, '"Thr ~t. ,¡( pr~u"c in pl;mnin& ~~•lclm. • SJp,;lt 
AlaiWJ¡I'Iu~l Rn.~., \'CII ·.¡•p. 1·~-4. Wml.."r 19/l. 

(14) J. S. Arm~lron¡, /.Qt'.• ~p FvtttlUIIIII· Frun1 C':rual Balito 
Co111purn. Ncw Voll.: ~ :-)·, 1'1111. 

fiS) --• .. forct'3!oll06 \llj; C· !o.lOClOil'lfÍC IIICthod:.. folUOIC \~hW 
fac1," J. Bw., \'ol SI. P•• ~'l·~..l. l'i71t 

1161 --· "Thc ~cnud.er · ~·1): Thc ulut of u.rcru in C~Jr«~l· 
in¡." Trrlr. Rn, .• pp. 1~- •. Jun</lulv 19RO. 

(17) K.. J. Anow. Sonul Cllou• cmd /IIJH•JUIÚ l'olw.-.1, lnd cd. S .. , 
lbnn. Ci: Y ..te U ni,,, 1•· l 
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1211 W. M. Dalkc, K. R. Hounu11.lnd. ¡nd O. D. ~hcr. -Aa .¡}1cr •• 1\C 

oapplct~:h to lahar m.21n.1J'. ;nena aqull.lliOill. •· AJttu4. Sn , ·4 .. 

•ol. IK. pp. lll-ll7, 1~7_;. 
(22) D. P. fi;¡IJou .1nd J. S. I1

1J'I1 1n, "'Comp.:Uli\C' suattti": A'"· . '·'• 
cbotcc nK..:Ir:l,"" Omc·g"· H' 8. no. l. pp . .S~·~. &bO. 

{231 R. L 8-.n .. r:n .1nd S. 1'. Ciupl,a, "A rra..·c-lo) f,• h.in:-. · l'&l 
dcci•inn ~~~~inc v.ith mu ·,rk uhJ .. 'li\C'), .. o,.,"',.· ,.oi. J.. • l. 
pp. lll-14~. 1~110. 

)24) M. L. üarirr omd E. J. lt. L ... C"t•f.ntii'C .21nJ ,,.,.,...,,n.1lil) 1· f..:w 
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MIS ~js a mirage 
1' 
' ' 

Can a siny,le, integrated system be devised 
to fill all of. managemcmt's information needsl 
Only if Superman lends a helping hand 

. 1 

For.:word 
Evcry compan y ul< any sizc hus many lnlormntion 
s¡·>tcms, both lunú~l •nd lulormal. Thc formal lfl
tcms h use¡ cuv~o:r ~uch .:a \'llrlety of tcrritory thát une 
nun cunnuc po;,ibly comprchcnd rhc m•"' ol dctalls 

.•md princjplcs rc,}Ú~~rcd tu d.:sign a single r.upcnystcm 
thar cmbro~c&.·:- thcul all. Evcn a group ol .·y&tcms ..:x· 
p.: res c.muur e rc:ouc su eh ·¡ bllpcnyalcm, the aurhor 
a1gucs, Lcc•u•• che cum¡>oncnll that musr be Jnldl· 
g•mJ•tcu ,.,. too uüfeccnt In thcir n•turcs 10 be luscd 

'• 

. . 
Some ycars agJ· J exprcssed rhe oplnion thDI 
"of all rhe ridiculous rhings rhar havc bcen 
foisrcd on rl1c lo,ng·suffcring exccurive in rhe 
namc of scicnce ami progress, rhe real·rlmc man· 
a¡;emcnt inlormation systcm is thc sillicsr." 1 

1 no longcr bclicve this sraremcnt is rrue. We 
now havc something evcn sillier: rhe currcnt 
fad for "rhe manágcrncnt information systcm," 
whethcr it is calle~ rhc Total System, rhe Total 
Managemcnr lnformarion .Sysrem, the Managc· 
mcnt lnformation ·systcm, or simply MIS. 

· 1 certainly do no,t mc~n ro su¡¡gcsr that s com· 
pany docs not nccil ¡;ood managcment informa· 
tiQn systcms-noth\

1
ng could be further from the 

rruth. Dur rhc notion th~t a company can ~nd 
¡ 

oughr to havc an expcrt lor a group of cxpcns) 
creare for ita sin¡;lc)completely intc¡;rated >Upcr, 
systcm-an "Ml~"-to hclp it goven! evcry liSpccr · 
of its activity is absurd. 

.for 'mapy busindsmcn, it is probably incon· 
ceiv~ble •rhat thc !ofty phrascs and glittcring 

:1. ''Mylh'"l·llc.d·Ti•nt ~hn.ac~nu:nl lnfuun.ulno:• hUil.M.17:Junc 
l&,.tU,;p. U)o ~ 

... ! 

i 

• 
togetber dfectlvcly. After dcmunatratlng the lutlllty 
of thc Alll appro•ch, the author recommea.1ds practl: 
c•laaepa lor rclorml~ delcctlve infortuotion sysacma. 

Mr. Deor.lcn la I'rofeuor uf Business A.lcnlnlm•tion 
at the HarvarJ Busineu School. He b well known to 
HBR rea.Jen, cspcclally for his slgnllicont contributlona 
to tbc theory of dlvislonal conuol. lA ll.st of Mr. 
Dcordcn's prcVÍ()US Ji~R orti~!·~ on. !n.lo!n.!~!lon. !Y~' 
acms oppefn In thc rule<! ll!~m ol! ~~~~ ~@.) · 

promiscs syrrQ1,m<!i!1g th!< ~m ~Q!l~~ª! ª ~ffi: 
plerely ur!WIJ!lcª\1!~ ~Q!l\;<,;P.h Y!:! !h!~ !~ C:!m!Y 
\vhat J pr(Jp(J~~ IQ ~\!ffiQ!l~Ü~!~::-:!h!! ~ l!!!!!l.P.~!Ü' 
rhat p1rr~y~~ ª!1 ~!!~ ~m~ªrl<l '!!! ~ w!!~,&!!!!!g 
chase, i! ~m~h f'!r l! 'IV!\hl!:!h~=W!~P: ' -

Let 111~ 1\m !n' tQ ~1!Plªi!l wl!ª! ! ~!'!!!m!~!'!~ 
by rh~ "r.m c;:Qri~~P.t'' ~n~ ~~ª!!'\!!!~ !~ ~~!~&~~ 
advantªges, ~mi !h~iJ ~h'!W WhY !h~ ~Q!!~~P!!! ij~: 
workablc. Thcn ! ~h~ll ~e: ¡º· ~ pg~!!l'!!i !!1 m= 
ommc:nd some pr@cti~ªl rcm~~l~! !9! !!c:f~s!!v~ 

. managcmc:nr illÍ9CiJ:Iillion snt~m~. which ~C:~= 
ly constirure a real problem ÍQ! cl!c:c!Jtjvc:~ !~ªY' . 

· Confusion betweeri terms . 
Ir is difficult even to describe ·rhc .Mu In a sati~· 
factory way, beca use this conceptual cntity J• 
embeddcd in a mish·n1asb of fuzzy thinking a~~ 
incomprehensible jargon. Ir ls nearly imppss_i~Jc 
ro ubrain any .agreerncnr on how MIS pr¡¡p)c_Ql_s 
are ro be analyzcd, .what shape rhc.i.r ,spJ)J.rJ9.Q~ 
might .take, or how rhese .sol.u.tiP.Q~ .a.rc ,t9 !le 

·' .·· 

\ 

,• 



implcmcntcd. Thi~ confuslon makes lt very dif· 
ficult to auack th~ conccpt, because no mallcr 
what as~umptions~a critic makes ábout thc na· 
tu re of the MIS app~oach, a proponen! can alwaya 
tcply that },'is u~c~of thc term is di/Jcrent from 
othl·rs'. ... 

But thcre' 1s a 'common thread which runs 
through the, vario~s uses of thc tcrm, a thread 

' ¡ 
that al once unifles nut also subvens thc MIS 
htcrarurc. This t~read is thc computer·based 
inf01marion sysrem. 

Com¡Jutec-based; activity ... 
) 

Wherever thc MIS is discusscd, it is almos! in· 
vauably statcd that a managcment information 
5ystcm does not neccssarily require a computcr 
and thar many foilns of managcmcnr infmma· 
tion are nor 'comptiter-based. 

' Yet, if nne looks at what is actually being 
discussed, he <¡uic.kly discovers rhat rhc tetm 
"Mrs" is uscd, csscnrially, to stand lor "corn· 
purcr-ba,ed rnlormation sysrcms." For example, 
a rennr anide 1n l!usincss Wcck rcad as follows: 

"ISomcl. (Ouccnícd rhat systerns analysts are 
o o o a 'mi xed bag' whose training and knowledge 
are a hit·or-rniss proposition, are couvinccd that 
mana¡;cmcnt llllorlnation systems jMis) is 1/u: 
cmergmg fielt: in nthlllCSS administration. Both 
Wharton and MlT have tailored programs cspe· 
ciall y for s¡·stems spccialists, but no 'chool has 
gane funher than rhc University of Minnesota, 
whose B-school no~ o'Tcrs MS and PhD de
grees in managcmeht infcrmation systems and 
has launched an MI.S rescarch centcr. Since thc 
rente¡'~ opening rh.ree yc:us ago, MIS Director 
Cordon B. Davis ami his stalf have worked to 
develop 11 riew ~ystems-related courses-froru 
on·linc, rcal·time systems 10 a seminar on soft· · 
ware. In ad<llllon, the program's so MS and u 
PhD candidares sp~nd a good portian of thcir 
time alone and in ;rcams at work on actual 
computcr prollleru~ ip industry."' 

,, 
lt seerns evident to.•me that MIS education as 

' descrihed he1e is principally cducation in coru· 
puter-based inform~don systcms. 

lt is vital ro nore: first of all, that the in· 
formation &<'neJa red ~y rhis kind of sysrcm docs 
not indudc a g1cat dc;tl of the informJtion that 
is most import.llll 1~ managemcnt-espcci;tlly, 
imporr"nt •Jll<l/Jt,Jtivf informatiun. Sccond, a 
spcci;¡Jist group tiJJt dc•·elops such a sy"crn is 
u~uall)' rcsponsíblc líir implcmenring only onc 
parr oi Jny of a COIIIJ,"'")''S individual manage· 

) 

MIS is ~ mia.th-: 

mcnt information systems-namely, that parr 
that interfaces diJccrly wilh the computcr. ror 
example, such a group has lutle lil anythin¡;) 
to .do with spccifying thc naturc of an account
ing and financia( control systcm, althuu¡;l\ itmay 
be responsible for the computcr programming 
this systcm employs. . 

My conclusion, therefore, is that such a group 
has Jitt(c impact on IDOSt of thc informatÍOII MI))' 

plied 10 management, panicularly at uppcr lcv
els. Conscquently it is ridiculous to say that 
it crcates jor can creatc) a total 'ma¡ .. ¡¡;rmcut 
information sy~tem. 

... vs. MIS 

To the cxtent that Mis refers only to com¡>•11 y 
information S)'Stems rhat use a compute¡ J,,,sc 
and to the extent that cvcr¡·one understauds 
tlus limitation, 1 have no serious quand with 
the t1end to MIS; it is ,vital that mJnJ¡;cmcnt 
tightly control its computcr·bascd mfoun.11ion 
systems, and in general thc so-called Mts ¡;wups 
~ccm designed to guarantec a tight rem tu lll-)11' 

agcment. . 
In my expericncc, howcver, such a linurcd 

dcfinition oí •us is 1101 whar advocarcs ol rhlS 
approach ·to information systcms lllCdll whcn 
rhey use rhe term. They inrend somcdling nuvcl 
and far more global. some cnrit)' rhar c.1n provide 
revohuionary bcnefirs we cannot derive from rhc 
tr~ditional approach. Wahcr Kenneron su¡;¡;csts 
this definition of the MIS: 

"A m~nagcmcnt inforruation sys1cm is a u ur· 
ganized method of providing pasr, prcscnt and 
projcction inform~tion relaring to interna( opcr· 
atioils and externa) imclli¡;ruce. h supporr~ the 
planning, control and opcrauonal function,of an 
organization by furnishing unifouu informa· 

, tion in thc proper timc·frame to assist rhc dcci-
sion-makcr." • 

This is approximatdy what 1 pcrcci\•e most 
pl·oplc to mean by MIS. AIHI ¡{ this ddinition 
~ccrns grandiosc, 1 can only rcmark tlur "rile 
managcmcnt infounarion systcm" d ~rihcs a 
¡;randiose idea. lf thc ddlnirion •verc l:~s ¡;lubal 

·in its scopc, it would not mcJsure up 10 rhc 
rcrm. lf, for nample, onc \ve re ro limit rhc dcf· 
inirion to rhc context of a conlpJn)"s flnJIKJal 
arcountin¡; p(O¡;rams, he )¡'OtdJ havc ro 'P<Jk 
of thc {in<lllciul Mrs olthe·compJny, JJthcr d1.1n 
it~ ¡;rnnal MIS. 
J Junc i, lfU. p )lrl. 
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Howcvcr, in practlcc, no such limltations are 
intcndcd. K•·nndon's Inclusive dclinition of thc 
MIS ;approach is .¡uitc consistclll with the ncarly 
univ.:rsal bcncfits claimcd for it. 

• 
Thc MIS apploach 
Given this inclusiw dcfinition, how is man;~gc· 
m~nt ro appl)' i1: In oth~r wurds, how should 
mana:;cmcnt think about thc pmblcm o! sclling 
Úp 311 MIS! 

Fundament,ll llssumptious 

First, it appears that if mana¡;cmcnt wishes to 
subscribe tu the thcory uf thc MIS, it must make 
·up its mind 10 acccpt two fundamental lif high· 
ly questioilablcl assumptions that are quite dif· 
ferent from tr.1ditional oncs made in this area: 

l. Managcmcoit in!ormation is a subject for 
study and spccialization. That is, it is sufficicntly 
homogeneóus só that ;¡ sct of principies and 
practices can be c>ahlished for cvaluating all 
managemem's in.formation nceds and satisfying 
them. In short, the MIS approach anacks all 
che problems o! 'managemcnt in!oomation as a 
whok, racher th.in by individual areas, such as 
finance and marketing. This humogeneity is a 
neccssary assumplion, sincc without it there is 
no reason whr gen~ral solutions to a man~ge
ment's ·inform.lloon rcc¡uirconcnts can be found. 

2.· The systcms opproach 'can ~nd should be 
úsed in analyzing management's information re· 
quirements. Proponents claim the systems · ap· 
proach is nece;sary fur mostering thc sprawl of 
requirements and for synthcsizing the general 
MIS solution. {1 shall have more to say about 
the systems approach latcr.) 

Diagnosis eJ development 

Once management has acccpted these two ·as· 
sumptions, it can begin to develop an MIS pro· 
gram. As thc theory goes, there seem to be two 
techniques for sctting to work: 

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

.lcms that the presiden! must sol ve, the decisions 
that he must makc, and so forth, and recom· 
mcl\ds tnethods for satisfying the president's 
tOt3l information rct¡uircments. He then drops 
to ¡,,wer kvcls uf mana¡;cmcnt and providcs thc 
s.lme scrviccs thcrc. 

- ~-- ·A 

In gcncr;ll, thc expcrt dcpcnds on othcrs lo 
implcmcnt his rccommcndations. For dmnplc:, 
thc controllcr .bccomcs n•sponsiblc Jof'. chang·· 
ing thc cost accounting systcm in thc way·the 
consultan! rccummends. . 

D Managcmcnt can crea te a stalf dcpartment 
that repons to the top. TIIis group is rcsponsible 
for the comp:my's computcr·bascd S}'stems but 
also providcs the samc typc of di;a¡;nos~s and 
cvaluations as thc supcrconsultanl. 

Thc stalf group, unlikc thc cons.oltant, usual· 
ly has responsibility fvr implemcnt:uion. 

Its alleg,ed advtmtag,es ... 

Under this approach, then, either a single person 
or a group of persons is responsible for dc:vel· 
oping and overseeing thc construction of the 
entire man~gement information system. This 
concentration of authority and responsibility in 
the hands of systems'';. xpertS supposedly crea tes 
a number of significan! advantages: 

O Expens schooled in the MIS "discipline" 
can analyzc managcment's information needs 
more effectively than can the people traditional· 
ly responsible for satisfying them. Moreover, 
these exp~r\s can bctter determine which tech· 
niques wiil best mect tht:oe necds. 

O Because the MIS is dcvelopcd as a unificd, 
single system, rather than as a numbcr of ·.sepa· 
rate systeans, it is completely coordinated and 
completely consisten!. 

O lnformation needs are determined from the 
top down. Hence the top will be in better con· 
troJ; thc lrequent practice of letting lower mau· 
agemcnt decide what information will pass up
ward is eliminated. 

o The company reauces ita direct information 
costs by eliminating systems. Also, the MIS itself 
is cheaper to run because it has been designed 
by information experta who know the most 
economical means for satisfying managcment's 
information needs. 

O Sine e one expert or group is rr· ponsiblc for 
the system, managcment's desire that thc sys- · 
tem be kept uP:,to·date can readily be satisfied. 

In short, the proponents promise, experta can 
design an MIS that is more cffcctive, more ef. 
ficicnt, more consistent, and more dynamic than 
thc haphazard aggrcgatc of individuo! sy~tems a 
company would othcrwise employ. 

These are imprcssivc: advantagc:s that any 
manager would cnjoy, and doubtlc~s this ap-. 
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proach was de~clopcd to salve thc real prob- {!j) ~any act~vily anJ creare a gcnrul mJna¡;c~cm 
Jcms o( poor in(ormation that havc becn·plagu· 1nformauo~ systcm. 
ing managcmdrn wilh incrcasing !rcquency. 
Thc growing coh•plcxity and thc pace o! changc 
al modcrn bush1css, especially' in thc last ten 
years, havc surc'!r rnade many inlormation sys· 
tcms· obsolete ~nd many more inadequate lor 
prcsent tasks. 

E<¡ually, thc last ten ycar~ havc scen the ex· 
tcnsive dcvdopmcnt ol inlormation tcchnology, 
hlanagcm'cnt scicnce, and S)'Stems analysis-a 
<lcvclupm1cnt 1Í1a1 has bcen accompanied by 
ropid g10w1h in'thc number ol cxperts working 
in infornÚtion systems. 

To somc-tbat is, the proponents ol MIS-il 
sccmcd logical 'to centralizc thc dcvclopment 
and control ol inlormation S)'Stems in the hands 

t • 
o( thesc cxperts. Alter all, thc problcms that 
hcset info1rmati~n systéms have bccn thc rcsult 
.,{ changc1 and growth, thcy rcasoncd; and thcsc 
prublcms 1 cuuld perhaps be sol ved by using 
thc ncw lnformation tcchnology that had becn 
dcvclupi llt\ si llH;It J ncousl y. 

Severa! comp<1nics have tried rhis approach, 
and many ptoplr cuncntly advocarc ir. In spite 
ni lis a¡ípa,enl! logic, however, 1 know of 
no compaÍly 1n which ir has workcd out. This 
fails to ~urpmc me beca use, as 1 ha ve alrcady im· 
plicd, 1 bdieve the whole MIS approach is funda· 
m•·ntAlly lallacious. 

eJ i~s reQ,l fallacies 

There are; four :~llacies and one serious mis· 
conccpriori, inhc,rent in thc MIS app10ach, as 1 
havc dcscr¡bed it.. The fallacies are rhese: 

O Mana¡;eme1!r inlormation is sufficiemly ho· 
mogcneous so tliat it can be madc an uea of 
specializati'on for an expcrt. 

(' Jt thc ditf~r~nt infonnation sysrems ardí· 
narily u sed by ~.' company are developed. •epa· 
rately, the rcsulting managcmem inlormation 
system will nrcessarily be uncoordinated and 
thrrcfore iJidiJcient and unsarisfaclory. 

O Thc "•yst•·ms" approach is ~ new boon to 
business ;Jdminisúation. 

O 11 is piJcticablc to centralize rhe comrol 
owr a company's. entire managcment informa· 
tion systern. 

1 
The miscouccption is this: 

O Thc spccialisr expcllise that creares a good 
lo¡;isti~s sysrcm for a company can cxrend its 
talcnts inro rhe broad ¡Jomain of general com· 

Thcrc is no rcason to suppo~e an MIS gruup ~n 
actually do this-in fact, therc is good rca•un to 
think ir cannot. : 

Let me refute thcse crrors one by one. 

1. The true MIS expert dots not nnd cnnnor cxisr. 

A complete management inforDJa•io.n sy>tcm 
consists al such a hugc assu11menr ,,¡ dillcrcnt 
types of activitics that no man can pos"·•s a 
bwu.J cnough set of spccial skills to apply rn 
evcn a small propo11ion o/ thcm. Comidcr the 
skills rcquircd to build any one of thcse indi~iJ· 
ual information systems. 

The finnncinl nccounting tlll.l coutrol .\\'.,!cm: 
This indudcs preparatiun uf financia! statc· 
mcnts, <levclopmcnt o( bud¡:cts and Jnn¡;·ran¡;c 
plans, analyses of capital in\'csrmcnu, publica· 
tion o/ product co>ts, and su /o11h. 

T1aditionally, rhe conuollcr i~ rcspomihle for 
all thcsc financia! subsrsrcms; with rc•pcct ro 
rhr financia( information •rstems, he pl~rs :h,· 
role that rhc MIS cxpcn i~ MlfiJIO•cd to piar in 
rhc general managcment inlormatwn >)'SII'Ill> 

ln complemenrary lashion, the MI~. npcrr n1nsr 
ha ve a thorou¡;h understanding of thc wnt •ol· 
ler's systcms lunction. 

T/1e ln;.:istic.< infurmlllioll .\)'.\ICill: This >)'>t··m 
controls thc flow of goods lrom rhc purchase ot 
raw materials 10 the physical distriburiun of t!w 
finishcd products. NeXl to thc financia! com.ul 
sysrcm, it is probably thc mo>t comprela·nsivc 
informarion sysrem iV thc typicJlmanufacruriug 
business. 

A logistics systcm normally consi•ts of sev•·r~l 
subsysrems of var}·ing dc¡;re~s of indcprndcnct. 
For cxample, thcre could he diMinct >)'>tcms loc 
dJffcrent pcoductlines. Wirhin cach p10Ju~tliac,· 
furthcrmore, thcre could he &uhsystcms for f1Jo
curcmenl, producrion schrdulin¡;, Jlni.hc<l ¡;omls, 
invcntory control, and so forth, and •rill uchcrs 
for plant ,utilization and cxpansinn. Jkpcndin¡; 
on irs industry, a company ha• J largcc or smallcr 

: nu1ubcr of COillpl~:x, inrern:l;Jil'd Jogislit"s in· 
l formalion subsystl·nu. 

Thc crirical point 10 note hl·rc is th.u tl.e 
logi>tics informarion systcm is alnwst Clllllf'lcrc· 
ly Jilkrl'llt from the finan(ial infullnJrnliJ •Y•· 
rcrn. In puinr of fact, most of rhc ,J..ilh lll'l'JcJ 
10 dcvelop .financial.inform.Hi('ll •pcrrm ;lll' ol 
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nn use in dcvcloping logistlcs lnlomtotion aya· 
1crn5 ami vice wrs:~. Evcn thc uscr rd~tionships 
:~re dillcrcnt. In building a financia! inform:uion 
~¡·stcrn, thc conlr(,Uo:r dc:vclops a system lhat 
prov id es in fonna 1 iim for managcmcnt outsidc 
thc flnancc lunctitÍn, whcrcas lugistics informa· -
tiun is nurn~o~lly ·dcvdoped and uscd by thc 
pcoplc dircctly cmic,·rnc:d with logistics. 

Furrhcrmnrc, lo~istics subsystcnlB lrcqucntly 
havc lirrlc in conuiJUn with cach othcr, so that 
a11 cxpcrt in une typc ol subsystcm might not be 
ahlc to transkr his cxpcrtisc tu a diffcrent typc. 
Fur L'Xamplc, thcrc may be little or no similarily 
bcrwcL'n a ¡Hot·urcmcnt inlonnatiOtl syslcm and 
d llnbhed·¡;ouds diMribution syatcm. like the 
financia! sys11:m, rhe logis1ics informalion sys· .. 

constituting ~ single ~mi homogcncnus ~clivity. 
. 1 condu.Jc th~t lcw, il any, imlivi,lu;als havc 

thc training to call thcmsdvcs cxpcrts in• man· 
agcmcnt infonn~lion s)•Stcms. Jn.Jcc.J 1 bdi.:vc 
it is much more practic;ll 10 tc3ch thc nc:w in· 
formatiun tcchuolo¡,'Y to thc: luncti01ul cxperiS 
than 10 tcach iniOJmation tcchnologisiS !une· 
tional :;pcciahics. Ahcr all, thc: m~n who could 
master al! thc funcrional ~pcciahics-the true 
MIS cxpcll-liould have to bt· an inrclkc1ual 
superm;an¡ and hcncc he does 1101 ;lnd cJnnot 
c:xist cxccpt, pcrhaps, 35 a ve!}· rarc cxccption. 

JI an MIS can be implcm·enrcd at al!, it can 
only be implemente..! by a st3II gruup, and onc 
of considerable sizc. 

tcm or suh>ystcm is a job for a specialist. 2. Cuurdin.rte.l s¡•stems {or functional~~teas c11n 
be .lcvrlo¡Jed withoutu 'tot<JI syllcms ap¡1ro<~cb.' 

Tite rn,Jrkl'tiug infomrmion systems: like the 
11\'0 sys1ems just describcd, lhc mark(ting in· 
formation system can also consist of a number 
ol subsystcms: A company moy maintain sepa· 
ratc subsystcms lorl separare product lines; and 
within a pro<luct lihe, il may maintain fur1hcr 
subs)·srems for advc!rtising and sales promotion, 

· short·rcrm sales lurccasting. long·lcrm sales lorc· 
casrin¡;, pmduct planning. and so forth. 

Again, the crirical point is this-a marketing 
information system is almost cumplctcly dif· 
lercnt from the other two.syslcms. Conscqucnl· 
Ir, cxpcnisc in cith~r or uoth ol 1hc olher sys· 
ICIIIS would ue of (imited value in devcloping 
a marketing information systcm and vice versa. 

. i 

Legal services. industrial rclatlons, ond public 
rclations: One of the major purposes ol each ol 
th(se staff lunctións is to providc top ·manage· 
mcnt with spccialized information differenl from 
thal providcd by any olher staff officc and .Jiffer· 
(llt lrom thal pruvided by the three information 
systems previously dcscribed. 

RoJD reportlng: The information system man· 
agement requires in Ibis arca is distinct lrom 
all others, and experlise in 1bcse o1her arcas 
offcrs limited hclp i,n dcveloping an R&D in· 
lormdtion syslcm. 

¡ 
In short, cxcept in lhe small company !which 
probably needs only. simple syslcmsl. there are 
severa! informalion systems 1hat have vcry lcw 
similaritlcs and many wide diffcrcnccs. Con· 
sequently, it rn 1kes .no scnse to regar.! thc pro· 
ccsses of dcvcloping and implcmenting thcse 
5everal mana¡;l:meni inlorm~tion sy~lcms as 

"Unless you develop the MIS as a sin¡;lc, inle· 
gratcd S)''tcm, all you wl!J gct is ;1 bunch ol un· 
reldted, uncoordinatcd, ineffecti\'e S)'St(ms." 11 
1 bave hcard this statcment once, 1 l1.1ve hc•rd 
it a hundred times1 and lit still is not true. 

1 h~vc secn many sy~lcms thal have intrkale 
interfaces with one ancither and that are still 
effident ami effeclive. In the automobilc indos· 
try, lor cxamplc, thc developmcnt ol a ncw 
model car involvcs many lunctions-SI)'Iing, en· 
gineering. product planning, finJnce, lacdity 
planning. procurement, and production schcJul· 
ing. Each lunctional unit dcvelops its interna) 
inlormation system for controlling its part uf 
the opcra1ion 1 in addition, at each interface, rh'e 
lunclional units exchange 1hc information ncc· 
essary 10 maintain coordination betwccn thcm. 

11 an information sys~em is incffcclivc, thc 
cause is vcry likely to be the incompctence ol 
the peoplc responsiblc lor it, not thc aiJ>encc 
of thc general MIS approach·. In 1his conncllion 1 
might quote William M. Zani: 

"Most companies have not conccivcd and 
planned lhcir managemcnl informaliun S)'Stem 
with any significan! amounl of attcnlion lo 
1heir intcndcd function of supponing thc man· 
ager as he makcs his dccisions." 1 

Zani gocs on to suggcst a ncw .1ppro.;. h lo de· 
vcluping 311 MIS as a solution to this >IIU.I!ion. 
My solution would be to m•ke somc pcr>unncl 
changcs, bccausc myone who fails 10 dc•i¡;n ;~n 
inlormJiion systcm lor its uscrs is incompctcnt. 

Such incompc;_tcnce is vcry prevalcnt. 1 hJve 
scen dozcns of comp;lnies whcrc n.anJ¡;cmcnl is 
•· "llwrv•an• ~r MU:•ua" Nonml..u·Oc;uUlbcr .'v10. ,. "' 
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not rccctvmg hall. Ulc relevan! accounting 1~- somcnne champion the sy5tcms approach .to 
formation that could be madc avail~blc i( thc mann¡;cmcnt. 
financia! inform~tiun system hnd bccn properly 11 is therclorc not surprising that gooJ man· 
dcsigncd in the llut pince. And although 1 am agcrs follow thc·syslcms approach, bccaus<: 1hi\ 
not ¡uffjcicndy cxpcrt in othcr rypcs of in· appro~ch is mcrcly thc ancicm art ol managc· 
formatiun syslems to know whethcr the same mcnt. Would a cotnpclent business exccutil'e 
situ;tion cxists thcrc, 1 havc no rcasun to belicve plan a majar expansion prugram withoul con· 
accounting is worsc than thc uthcrs. sidcring the suurccs ami timing uf fuuds, the 

To asscn 1hat such prublcms as 1hese result availabili1y of pcoplc, thc puso1blc rcactiom of · 
from 1hc imkpcn<lcnt Jcvclopmcnt of differcnt compclitors, ami so forth! Ccn •• mly not. Ami 
infurma1ion sys1cms, rather than frum shccr and he would cpnsidcr 1hcm in rdalion lo onc 
ordinary incompctcnce, is 5Ímply ridiculous- anothcr. 
and to tL'Commcnd 1hc "MIS cure" is cvcn more 1\l)' conclusion, then, is that thc o)''tcms ap· 
ri<liculous. Tu cn,urc 1ha1 a cumpany has cffi· proach is prccisely whal cvcry good mona¡:cr 
cient inlormation ·syslcms which are wcll co· has bccn usin¡; lur ccnúuil:s. Thc systcms ólp· 

· ordmatcd with one' anothcr, managcmcnt necd proach m ay be ncw 10 •cience and to wc;lpon> 
only bt·ar down un'lhe pcrsonncl in thc variuus· acquisition, bu1 it is ~crtainly not ncw tu busi· 
functional oreas who are rcsponsible. ncss administralion. 

3. 'Thr s¡•;tcms rrpprooch' is mere!)• tin e),rburale 
pirrase for '::nocl uwrw;:cment.' 

Thcre are man)• Llcfinilions ol 1he sys1ems ap· 
proach, but the followin¡; is rcprescntalive: 

"The S)'>lcms approach lo managemcnt is 
basically a way ol thinking. Thc organi:ation 
is vicwcd· as an inlcgratcd complex uf ioterde· 
pendent parts which are capablc ol scn>itive and 
accuratc inlcraction amon¡; themselves and wi1h 
1hcir em•irunment." • 

What docs 1his mean 1 lt tuok me somc time to 
figure it out. 

Wht·n 1he sysn:nis approach firs1 appured in 
the lilcrature, 1 ~ad a grcat deal uf difficulty 
understdmling 1he concepl¡ and my confusion 
incrcased until 1 s1ar1cd asking pcuplc 1his ques· 
lion: "Wha1 wuuld an cxccutivc do diffcrently 
if he wcoc tu adupr 1hc sysrcms approuch in place, 
uf the lr;ulitiunal unc1" 

Withou1 cHcptinn, the rcplics 1 rcceil'ed made 
assumplions ahuut thc traditional upproach that 
simpl¡• are not val id. For cxample, somr assumed 
that 1he cx,·cutivc J'<'lccives his or¡:ani:ation as 
s1a1ic; others, that he iails 10 consi<kr the imcr· 
ac1inn of rcl.ued v;ui.•hle,, In other wmds, 1he 
rcplics \''<'te ptcdic.licd unan incompctcnt, cvcn 
a stupid, <'X<'nllivc.• 

Thus 1 wndudctf:th;~t 1he allc¡;L·d a<lvJnta¡;cs 
uf 1hc S)'st~ms ;opplll;lt:h rcally rcsult lrom thc 
diffcrcnrc h,·rwccn· an ;td•·quatc and an inad· 
ClJU3lC 111:111.1¡;er. JI )'llll Lhltobt lhis, 1 ÍllVilC ynu 
111 a•k the <Jll.:srinn 1 di,l. rhe ncxt time you hcJr 

t. ~P"" Al~l.tulo~LI•, ·~~ \'t'hya ..tn.l Wh~rcfura. ,,. •hl' 5,,.,, .... 
Afr••.,.""h,•' fuu•,.,·.,a l'l.u••••N, ~.unuu.-r 1'171. 

At thi~ point;lct 'me summarize bricfly. Firsr, 
an MIS wuuld have to be dcvclopcd by a ¡:rou¡> 
wmposed uf experto in 1he v;uious 1ypcs of in· 
lormation systcms ust!d b)' mana¡;cmcm. Thi< 
mu•t be so hccause thc pussibiltty 1h~t a sin¡;le 
individual will be expm in "" types ni inlur· 
m~tion is tcmolc. Sccond, rhi.- approach t.•kcn 
by thc MIS ¡;roup would he apptoximatd)' thc 
samc as 1hat takcn hy any compctcnt and rxpc11 
manager wurking in one of the functiup,,J lll· 

lormation sysll'ms. 
Huw, thcn, does 1hc MIS ~pproach Jiffer fr"m 

lhe traditional uppruad1.10 iniormation splcms; 
The only diffcrcncc 1 can scc is thal a com· 

pauy's managemcnt infnrmalion system wuuhl 
be 1he responsibility of one cenualized gro.tp; 
whereas, traditionally, the infurmalion syst,ms 
experts have bcen loca1cJ in 1he various !une· 
tional arcas. This brin¡;s me lo 1hc last lallac¡·
thal sucb ccntrali:atiqn is ptacticable. 

4. Ccntrn/izin¡: 1hc con1wl ol 11 cumplln)•'s in· 
fornwlion ~y.•lem.< in ~ ~l·df ;;roup cre&~us prob· 
leu1s rhnr 11re in<olub/e; tlJere/ore ir i> •imrlr 
nul /easible. 

h is thcuri:tically pussiblc to ass•·onblc a olaff 
MIS ¡;roup 1hat is sufficientl)• largL' and Jinrsi· 
ficd 111 have cxpcrtisc in all rh,· fou11al infunna· 
1ion sysr,•ms d,·,c 1 ihed <:MI icr -mJ rke 1in¡;. ntJn· 
'ulotclurillg (lu¡;isti<·sl, fin;~ncc, ;onJ so lurth. llu1 
to oJganizc 1his ¡;ruup propcrly, rhc cump.111y 
shuuld ~ppoin1 an ·,·xccutivc \'ice prc>iJ~nl lur 
inlullnJtiun 111 >llp~rvisc thc wuo k ulthc ¡;lllup
that is lo s.1y, 1hc ~ys1cms of1hc slaff VÍL'<' pt<'>i· 
dclJis, 1hc cuntroller, thc lu¡;istics inlntlllJtiun 
¡:ruup, 1hc marketing infurm:uion ¡;wup, Jll.l "' 
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forth. Out wh~t wuuld this uccomplish! Lct me (J; m~n;l¡;••mcnt inform~tiun ~yst~ms wunu~" ~om· 
i¡:nore thc fa~t that no sane manula~turing or pany ur tu thc man;r¡;.·mcnt mfmmauun Sj'stcm 
marketing' cxc:cutivc would dclcgatc thc rc~pon· · consi<l•·rcd as a whok. 
sihility Jor '!lis infurmation sy~tcm. . . Thus, whcn a group uf . .-xpcrts h••• .:unrplctcd 

Onc rcsult mi¡;hr be that this cxccutive vice its ovcrhaul of thc h>¡;1s11cs ~}·sr~m •. ll_wrll not 
presiden! for infurmation wuuh.l promotc bcttcr be in a position to a~~;rck th~ fin.ulco.•l. IIIJrkct· 
coordinatioiÍ bctwccn function;rl arcas. On thc ing, or an)' uthcr ;'l'~t··m. Fm_t, th•· ¡:1uup w¡ll 
other hand, of cuu~c. thc ¡Huhlcm~ of coordina· 1101 h;~vc thc ~pecra(¡st cxpcru:~e rcqnucd. s~c· 
tion would ;lr,lslically incrcas~ in the nt;nluiac· ond, thc t)'pc of probkm> thc J:h 111P ma}' havc: 
111 ring and m;trkcrin¡; arcas beca use che rcspon· found in ·thc lu¡;isuc:; arca. wrll ahnost .:cu.unly 
sd>ility fur che infonnation systcms had bccn IHll cxist in othcr areas rl thc: ·.ta!Ts 111 thcse 
scp011at«l lrum tbc pcople who hold thc linc re· ochcr arcas ~re cumpctcnt. ~hmt, thcrc. \1'111 be 
spnnsibility. And in any ••vcnt, simply hJving no rcsponsihilily v~cuum a~ 111 thc lo¡;•,ucs arear 
all of the infornwtiun groups, inclu•ling thc MIS che MIS group will 1101 be m a poslluHI to llkc: 
grnup, rcport to a single exccurive wouhl h~rdly over by dd~ult. . 

' change the tipprn••cll to devcloping information Jf you h;rve any douht about the valrduy of 
' systcms. Thhs the spccial value of the MIS ap· thcsc statcntents, 1 suggest that you examine 
' · proacli is stiil obscurc. thc kinds ol things that any MIS group is Joing. 

In short, ir scems to me that if any of the Outsidc of thc routinc computcr srstcms, you 
MIS people are compctent to tell the functional will almost ccrtainly find them conccrm·J ha· 
cxpem what to do, they should be in the func• sicallr with parts uf the logistics inloun~tion 
tional arca. 1 sce no logical way to centralize systcru only. . • 
thc rcsponsibility Jor all the managcmcnt in· 
íormation systcms. 

Significant misconception 

11 the MIS approach is as fallacious as 1 bclicve 
ii ro be; h()w has it becn able to maintain cven 
~ superficial credibilityl 

The answ¿r, a~ 1 have hinted earlier, is this: 
the early succcss. of information .tcchnology in 
rcnovating logistics systcms has bcen so great 
th~t there is a natural inclination to try thc samc: 
methods on ·rhe company information systems 
as a whole. · • · 

This misconception has evolvc:d in a natural 
enough way. Responsibility lor ¡¡ logistics sys· 
tem has traditionally been divided among sev· 
eral executiv'es-e.g., in purcha~ing, in manu· 
facturing, and in marketing. This dividcd re· 
sponsibility h'as often resultc:d in poor coordina· 

'tion throughout the system. Furthermorc, the 
people rcspunsible for thc system have often 

· becn old·fa•hÍoncd in their methods and rcla· 
·tively unskillcd in information cechniqucs. Thus 
a vacuum has frcquently existed with respect to 
the rcsponsibility for a company's logistics in· 
form~tion sysccm into which the burgconing 
informalion tcchnology has moved easily and 
successfully. 

Howevcr, as wc: havc: seen, thcre is no reason 
to suppose that the principies uf information 
technology uscd so successfully in the logistics 
atea can be generalizc:d to apply to the other 

¡ 

Roots of poor infobnatiori 

So far this article has bcen quite ncgativc:. Now 
1 should like to suggest sorne positive actions 
to mitigare the infurmation crisi>, if it can be 
called that. Befare 1 p10pose thesc aclions, how· 
ever, it is appropriate to review thc causes of 
managcmcnr information problems. 

As 1· have pointcd out, tbc: prindpJ) cause 
ol poor information sysccms is rhat we have 
pul incompc:tent or inetlective people in charge 
of these systems. 

The secondary causes are: somewhat more 
complicated. 

Growing use of computers 

Computen and computc:r·rclated systems activ· 
ities havc been growing very rapiJiy, and cur· 
rc:ntly the cost of thc:se activitirs has. bccomc 
very significan! in many compan1cs. In spite of 
brge expenditures, however, the •¡uJiity of thc: 
information available to managuncnt •ppears 
unimproved. 

Onc rc~son is, of course, that sorne computc:r 
insrallations are not run cffectivdy. Anocher is 
that the computer·based inlormation sy,ccms 
havc: bccn oversold; man~gemcnt has (¡,·en lcd 
to expect 10\lch more: than it has r~n·il'~d. In 
other words, managcmcnt's dissatisfaction \>'ilh 
its information occurs, not from any dctcric,r~· 
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aion in lts inlormation systcms, but lrom 
infl~tcd cxpcclations. 

Jnrcrfacc conditions 

its ®1 graphical dispersion have made control m u eh 
more ditficult. Yet the ncw informauun .tcch· 
nology h3S been of little hclp in this arcJ, simply 
beeause the problems of controlling dc~cnual-

Individual sysi~m's change and improvc: at dll· • 
/crcnt ratcs, and this creates problcms at the 
interfaces betwcen them. For example, opera· 
lions rescarch techniques, used in modem lo
¡:istics systcms,' require much more sophisticat· 
cd cost accountin¡: information tban traditillnal 
cost accounting techniques can generate. Prob
kms can also occur at the interface betwecn 
production and marketing, bccause production·. 
sclwduling teduuques are lrequcndy mueh more 

'sophistiCated than the tcchniqucs ordinarily 
used in market forecasting. 

In general, the bencfits of advanced tcch
niques may be largely lost where thcy are de
pendent on poimitivc oncs. {To sorne extcnt, of 
course, the problem of proper coordination at 
rhc interfaces rellccts the competeney of the 
statf involved. Other things bcing equal, only 
an incompetent would use an advaneed tei:h
niquc whosc <"ffectiveness would be undcrmined 
by inadcquatc support.l 

Rnpiditjl of change 

Many companies are ehanging very rapidly, and 
it is ncccss:try that their information systcms 
kccp pace. In sorne companies, iulonnation sys
tems are not keeping pace. To sorne cxtent, this 
rs causcd by the inability of the stall personnel 
uaditionally responsible for inlorm~tion sys
tcms to react to change,. Alter all, many people 
who were.once perfectly adequate in a relatively 
static situation become inctfective in a dynamic 
siruation. 

Greater management clwl~enge 

Mmagement must always operate with imul 
ficicnt inforrnation. And frequently, the more 
importan! the decision, the greater the uncer· 
tainty. In many arcas the truth of these state
mcnts is becoming more salient bccause, whilc 
the role o/managemcnt is bccoming more com
plex, the new information technology is not 
hclping significantly. 

For rxample, 1 ha ve spent many yc~rs working 
on control systems for decentralizcd companies. 
Thc problems ol cont10l in such companies toda y 
Jrc much more difficult than thcy wcre ten 
)'cars ago-incrcascs in siz.c, complcxity, and ¡;eo-

izcd divisions do not lend thcmselvcs to com· 
puterizcd or ruathemalical solutions: 

Accordingly, il is important 10 realizc that 
part of our inlormation crisis results from the 
'nature of the present business cnvironmem. Wc 
shall simply have to live with it. ThL> docs noi 
mean, of course, that we should nao continue 
tryin¡; to improve thc situation. 1 

Toward real solutions 

Any company that believes it is facing ¡;cnuin.: 
· managemcnt inlotmation problems and WJnts 

to salve them should consider thc following 
mea sures. 

1. Pince compercnr peop!e in tach o( tiJe (ormul 
informarion systems. 

To my ruind therc is no question that incnm· 
petcncy ;s thc leading cause of problems in man)' 
managcmem inlormation systems. Hencc the 
obviou• answcr is to retrain or rcplace thc in· 
con•petcnts. 

2. Examine the interfaces. 

This is best done in connection with systcm 
cvaluati~r., and the c:xamination should focus 
on thc!e ev.aluative questions: 

O Is th~.:e a:L-i!l.:t:e communication bctwcen 
individual ¡;roups at :all important interbccs: 

The executi\'e mi¡;ht bear in mind lormaltcch· 
niques such as schcduled meetings and formal 

· agrccmcn ts. 
O Does each ¡:roup in volved in an interfJ.:e 

know er,ough about the other intcrfacin¡; sy)· 
tems lo do its job effcctively! 

This is a qucstion of education. For cxamplc, 
cost accountants should knO\~ enough about 
company operations-rcsearch modd• to be surc 
thcsc models are providing corrcct inl<>rmation¡ 
or, at the very lcast, thcy should be Jbk to ~x· 
pla.in to the OR ¡;roup the rcle\'ant limitJtinns 
of the informatiun thcir ¡;roup can •uppl)'. On 
thc other hand, the OR pcople shou!J knuw 
cnough ahout cost accountin¡; to ask for rhc Ji¡;lu 
t}'J'C of data and to appreciatc the limiwinn• in 
thc data thcy rcceive. 

But althou¡;h this is p1incipally a mattrt o/ 
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cJ111:ation, 11 mny wcll be that SOIUC st~lf mcim- 1 cumputcr·bascJ systc~s óiiHI mi¡;ht .:ven unJcr· 
bcrs are nut intcllcctually 11óll'~blc o( handling . takc thc systcms anJ m•¡•lcmrntauon 1m1k 111 a 

;·hucrfacc rcqliircmcms, i1ml thcy may havc to situation whcrc scvc:r:al orgamzaiiOII gruups use: 
be n:plac¡:ll ' · thc sarnc: data bi1se. 1 

.' 
· Most comp:a11ics alrc:aJy h;avc: such groups. 

Sume are cvc:n callcd "t-us ¡;rnups," :alrhough, in 
rc;~lily, thc:y have ;¡uthorily only ovc:t computcr· 
rd:uc:J work. 

.l f.\ilrJIÍIIC 1/rc /o¡:i.<I/CS S}'SICIII. 

.. ·ori¡:in:ally 111:111)' lu¡:istic~ systcms wcrc org;mi~cJ 
' fur m:anual ,J:u:t pruccssing anJ ha ve ncvcr bccn 
ch;an¡:cd. Equ:~lly, thc ¡•rocurcmcnt, proJuction, 
.uad dislribuli~lll lunclions 1ypically repon lo 
Jilfcrcnt cxccu1ivc:s, :mJ conscquea11ly no one is 
furm:ally rcspo'nsiblc fur 1hc lugislics illformation 
srslcm. Sincc ir ;. hcrc 1hat cumpulcrs and in· 
iornlóllion 1cchnnlngy are mo~t applicable, man· 
• ag•·mcnl should evalua1c: its logis1ii:s arca and, 

RL·ada) pJrtiL·ul;arly inh:rc:stcd in 1hii topic may wish 
m con~uh lla•sc pu;\·ious HBR ~rticlca by Prof~ssor 
nl·.:utlcn: 
''Com M.lll.l~CillCilC lnfurnuarion n~ Automatcd?" 

\l.,<h·April ry~~. p. u8. 
"Cmurutcrs: No lmpiiCt un Di\·b.~~uul Cunuol," 

l.lllll~&r)'·fchtu.JJ)" IV67, f"· 99· 
"Hu'' w 0It~'niic lnformJ.tion Srs•cmi," M;uch·April 

·~h\, p. 6). t 
"M)Ih of R<•l·Timc Mólnólgcmcntlnform•aion," May· 

Jum: ·IYM',.}l. 1.11. 

Fur mort pcrspL·cth·c Un thc CRJ5·MJ~ l:OilUO\'crsy, 
icadcr. may alsn fin<l thcoc IIBR aniclcs hclpiul: 
WJrrcn F. Mcf•rlan, "Prohlcms in Planning abe In· 

iuun.ttiun Syst~m," March·April 1971, p. 7 S· 
William M. Za'\i, "Biucprinl lnr MIS," Novcmber· 

nc:c~o.·mbcr 1~7~, p. YS· 

·, 
1\'hcrc appropri:itc, rcorganizc it and make a stalf 
unit, responsible for its logistics information sys· 
tem, repon 10 the company olficer who dirccts 
1hc logislic systcm itsclf. 

4. Or~,rníze" ceu1wl computcr group /or JyHcms 
conlro/. ' - · 

Comp111cr use will CD!Jtinuc to cxpand, and it is 
vital 1hat man~gcment maintain ccnlral con1rol 
ovcr computcrs ~nJ computer·l>~scd informalion 
systcms.• Such a group·~hould be rcsponsible for 
ovcrsccing all c9mpulcr·relatcd work-for long· 
range· planning. .fODrdinalion,· and control of all 
compulcr ~cquisi1ions and applic;~tions. In addi· 
tion, ,oit should Ílc responsible for coorclinating 

6. ~r w~rrca. f. Mcr .. rt., •• ·•rn.biC'IDI ln PIJnnin¡chc lafurmJ~iua 
!r.) ~•"m.'' 11!11 M.m:b·Arril 1111, p. JJ. 

.'i. CrclltC: 11n .ulruínislrtiiÍOII ,.¡, .- ¡on·.<i.l~nl, i/ une 
clor$ not ,r/rc,uly rxisl. 

1 rccnmmcnd thc cr~ation nf an oñicc to which 
1hc followiug repon: · 

O Thc controllcr. 
O The trcasurer . 
O Thc: computc:r and S)'Stc:ms group. 
O Thc: legal olfice. 
O Thc industrial rc:lations olficc:. 
O 01her alfices for company rcl.uio11s (that is, 

public and govcrnmental). 
O Organiz;¡tion planning. 

The marketing, manufac1uring, and R~D ¡;aol.l,>s 
would co111inuc to be indepc11dcnt. 

Such an olfice has severa! aJvaniJgcs: 
O lt provid~s bcttcr control ovcr 1hc >IJif ac· 

tivilies. The increasing numbcr oi ''"ti opcr~· 
1ions, togcthcr wi1h 1hcir incacasang >pn:ializa; 
tion, has madc it nearly impo>>rhlc: lor 1he prcsi· 
<lcnt to exercisc rc:al control hcrc. An aJmin· 
bltalivc vice prcsident can cxcrds~ much more: 
elfective control ovc:r 1he si~e and Ji1cclion of 
1hcsc: activitics. 

O lt providcs a practica! ahcrnaliH lo local in¡: 
1hc computer and systems gwup i11 1hc con· 
troller's olfice. An administralivc vice pacsidcnt 
can provide clfective supervision anJ, ,¡1 1hc 
samc: lime, m:tinlain an objectivity 1h~t a con· 
trollcr oflcn finds dilficuh becausc: o( his in· 
volvement with specific computer applications. 

O lt allows the company lo handlc mi•cdlan· 
cous projccts easily-for example, an cval .ation 
of ,a func1ional information S)'Siem or an •naly· 
sis of the formal information rnlcnng 1hc: presi· 
dem's olfice. To l;~kc care ol nonrccurring or 
panicularly pressing informa1i11n ')"<ms prob· 
lems, frcqucn1ly the best arr.;ua¡;emcul is 10 or· 
ganize lcmpor.ary task forces 1ha1 rcpurt 10 1he 
administrative vice prcsident. . 

O lt simplific:s thc process of coordin.Hing si;~IJ: 
officca. · 

However, I would not makc 1hc ~drnir:i\trJ!ivc: 
vice presidcnt or thc: officcs rcponin¡; to him 

• 
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tion in its lnformation 
inlbtcd expcctations. 

/nti:rfacc coJlllítions 

systcms, but írom ita fá! graphical dispcrsion ha ve m a de control much 
more difficult. Yet the new informauon ·tcc~
»alogy has been of Jiule hclp in this aicJ, simply 
because thc: problems of conuolling dctcnual· 
izcd divisions do not lcnd themselves to com· 

Individual syst~m's thange and lmprove at dlÍ· • 
lcrent ratcs, and this crcates problcms at thc 

'interfaces betwcen them. For cxample, opera· 
tions rc:scarch tc:chniques, used in modem Jo-
¡;i>tics systcms, require much more sophisticat· 
cd co;,t accounlin¡; information tban traditirmal 

'cost accounting techniques can generate. Prob· 
kms can also -occur at the interface between 
production and marketing, because production·, 
sch<·duling tc:rh111quc:s are frequendy much more 
'wphistií:ated than the techniqucs ordinarily 
us..-d in market forecasting, 

In gencr•l, the bencfits o( advanced tcch· 
niques may be brgely lost wherc thcy are de· 
pemlenr on p1imitive ones. (To sorne extent, ol 
course, the problem of proper coordination at 
thc intcrf a ce~ •rellccts the compctency of the 
5taff involved. Other things bcing cqual, only 
an incompctcnt would use an advanced teeh· 
niquc \V hose effectiveness would be undermined 
by inadcquate support.) 

Rilpidit}r of change 

M~ny companies are changing very rapidly, and 
it is ncccssary that their information systetns 
kccp pace. In somc companies, iulormatinn sys· 

·tems are not keeping pace. To sorne extent, this 
· 1s ca u sed by the inability of the staff personnel 

· traditionally responsiblc for infonnation sys· 
tcms to reac1 to. change_. Alter all, many people 
\,·}¡o were once perfectly adcquate in a relatively 
static situation become incficcrive in a dynamic 
~iruation. 

Greater management cllall_enge 

Mdnagement must always operate with insul 
ficicnt infomution. And frequently, the more 
importan! the dedsion, the greater the uncer· 
tainty. In nuny. arcas thc truth of these state· 
mcnts is becoming more salient bccause, whilc 
thc role of mana¡;emcnt is bccoming more com· 
plex, the new information technology is not 
hclping signilkantly. 

For ex~mplc, 1 h~ve spcnt rnany ycars working 
on control systems for decentralizcd companies. 
Thc problcms ol cont1al in such companies toda y 
are much more difficult than they wcre ten 
)'cars a¡;o-incrcascs in sizc, complcxity, and geo-

puterizcd or ruathematical solutions." . , 
Accordingly, it is importan! to rcalizc that 

part of our informarion crisis results from the 
'nature of the prescnt business cnviionmcm. Wc 
shall simply have to livc witb it. Th1 .• ducs noi 
mean, uf course, that we should no1 continúe 
trying to imprO\'C thc situation. 1 

Toward real solutions 

Any company that bclicvcs it is facing ¡;c11Uiil• 
· m~nagemcnt information problems and WdlÍts 

to salve them should consider .the following 
me asures. 

1. Pince compcrcnr pcopje in each of r he .fomltll 
information 5y5tems. 

To my ruind there is no quesiion that inrnm· 
pc:tcncy ;s thc leading cause of problerm in mall)' 
managcment information systems. Hencl· the 
obviou< ~nswcr is to retrain or rcplace the in· 
cmr.pelcnts. 

2. Examine rhe interfaces. 

This is best done in connection with S)'~tcm 
evaluath;, and thc examination shmlÍd locus 
on the!e ev.;¡Juativc questions: . 

O Is th~_:e a:!;..¿!J.:t:e communication bctwcen 
individu.1l troup$ a.t :all important interfaces: 

The executive mi¡;bt bear in miild formaltci::h· 
niqucs such ·as schcduled meetings and formal 

· agll·cruents. 
O Does each group involved in an interfj~e 

know er.ough about the other intcrfacihg s)·~· 
tems to do its job effectively! . 

This is a qucstion of education. Fnr cxaliiplc, 
cost accountants should know enough abuüt 
company operations·rcsearch models to be suic 
thcsc models are r•oviding corre" inlurmatioi1¡ 
or, at the very lcast, thcy should be ~blc to ex· 
pl;¡_in to the OR ¡;roup the rclevant limit.uinn• 
of the information their group can ~uppl)'. On 
thc other hand, the OR pcoplc should knuw 
cnou¡;h ahout cost accountin¡; tó ask for thc 1i¡;ht 
t)'JlC of data and to appreciatt! the limit~tinn> in 
thc data tbey rcceivc. 

But altbou¡;h this is p1incipally a mattcr of 
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f§l! . 
rcsponsible for thc entlre managcmcnt lnfor· ' pretends to embrace more 1han computclll•·J 
mation systcm. Marketing, manuíac1urlng, and systems and logistica, thcn 1 havc no1 ser up a 
R&.D would all be rcaponsible for 1hcir own In· atraw lssuc. And 1hosc who doubt my conc~u' 
formation ayslcms. Also, the diffcrenl activldes sions, nega1ive as 1hcse may be, would be Wt~C 
rcporling to bis officc would dcvclop thelr In· lo ask 1hcmsclvcs the following qucst.ions bcforc 
fonnation r.ysrems In relativc: independence ex· they take up 1he pcn of prolesl: , 
ccpt whcrt interface communlcations are: ill O Whlch Informa don systcms are lO be m· 
qucstion. . cludcd In thc MISI . .. 

O Whal kinds of expcrts are to be u.dudcd 10 

Questions for my critics 
an MIS group, and what training ~hall 'he y havel 

O Whcrc is tbis group 10 fit into th• .:o1pora1e 
organizationl In particular, what will happcn to 
1h~ staff gtoups from the conuollcr's olficc, 1hc: 
legal dcparunent, thc marketing rescarch depart· • 
men1, and so forthl 

Jncvitably, 1 shall be accused of sclting up a . 
blrJW issue in thls article and tbcn demolish· 
ing it. 

11 thc MIS approach really embraces only com·· 
putcr·bascd inlarmation aystems or centralizcd 
lugistics systcms, then 1 have &Cl up a suuv 
issuc. No harm has been done, h(Jwcver, beca use 
1 ha ve at lcast clarified the meoning of "MIS." 

O What au1hority ls thc MIS group to havc1 
Js it to havc authority 10 dcsign and implcmcnt 
sys1cms, or is il to serve In an advisor)' func· 
tion onlyl 

O What can this group accompli~h th.11 cJnnot 
be bcttcr accomplhhe'd by placing inlormation 
specialists undcr functlonal groups1 

But 1 cannot bclieve the concept is meant to 
embrace only this. 1 have done my bcst 10 dis· 
covcr what thc MIS approach rcally is, through 
talking with its proponents and studying its 
lilcrJture; :111d this article honcstly rcprc~cnts 
m t bcs1 understanding. 

Arguing the viabilily of the MIS app10ach i~ 
pointless unless answers 10 thesc quc~uuns ate 
&el forth clearly. And the clcarcr the answcr~. 1 
bclieve, thc h1ore transparent 1he MIS tnira¡;r. Ji 1 am corree! in believlng tbat the approacb 

Scientists 
&. critics 

.Mornmcr Tauhe:, 
C"mpurcu ¡~nd Cummun Se111t, 
Nc:w York, Culu.11hia Univc:r•il)' 
Prru, J yM, pp. 111, u,., 

The crlllciam o/ sclcncc in 1hc twcntletb ccntury ls a kind el li-.w lll•ll•'"r 
aomcwhat equi"alent to crhicizing abe Roman Cathulic Ch111ch in t~c 
twcllth ccntury. lt is acldom rcali::cd th~l cvery lorm ol inrcllcctual en· 
deavor wilh the exception o/ scicncc has both praclitioncu an~ inlurnwd 
critica. Thuc critica in thc liclds o/poctry, /lcliun, dumo, ¡,.in~ing, .culi•· 
IUrc, music, cte., not on1y lune1ion u interpreten ol rhe pr•Ciilioncu 1u 
the general publlc, but aa critit1 who compue and t\'alu~rc 1hc ,,·urk Cl/ 
thc practhlonera. A crhic who nevcr wrotc a poem, campo""~ a "ore, or 
paintcd a picrurc may perlorm the \'alu•blc JCn·ice ol no1ing rh.u a par· 
dcular pocm, atore, or palnting ls uninspired, sho~d)•, or imiwi1·c. Furrh<r· 
more, no onc seriously supposcs rhat thc work o/ such crilics cun.rirutn 
ccnsonhip or rcst¡ictlon on thc free creolivc spiriu ol J>O<'U, mmici•ns, 
or palnten. But sclmtia1a havc lnsi•tcd rha1 any criticism uf thdr wotk 
dOCI conslhutc ccnsorahlp or a lailure to apprrciOLc 1hc ncc'''•ily lor 
''b•llc" lwhich somcdmcs shuuld be rcad a& trh·ial or usclcul "><'M<h .... 
. Thc way thlngs nrc now, ll wmcone t•n &<1 by wilh pl<r"'J'Iin~ 1he 

use ol rhc 1rrm uacir:ncc" he ia 1darin~Jy In.-.: lrvm cxpus.urc: oas .. r.:h.uiJIJn 
c"n ll he ls onc. 
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-~8CIIlll2 
' ,; "Jio. f. n-.:t.cr.. aa . ......,.I'UUL G 
MANAC~ MISINFORlllATION SYSTEMS0 

lroSSELL L. ACiiDn" 

l1~t. oJ Pc::au,L-aaia 

r~ ; ;.,., ~J' mao!to ..,.~~o! mu..apmqt idona:atiuu 
IIJ'SleDZI aft' icln:J,tiSal. lt is uped lhal titar 8ft ~ )11St&d iD SD&DJ' (i! 1101 
IDOSI.) casas ad brac:. ltad lo ~:~ajar Aé - uia m dae IU1I!Iimz: ~ n..._..,. ... ,(l)thocritial~--.... -
aprrw.k is lite lad: cf n:kn.Dl Wona:atica,. c:zJ !he ~ ~ lb bfor
catioo i-r --.ts. m ff • I:ISDI!¡H - the iz:fon::zsJ.ioo t. ~ las 4«Gioa 
........ rii~(Qkuu-Jo.t....,.,.,...... · ¡ uns 
mpnñ - J pul • aDd m • macqu "-- DOl ll::aw to « n'...d 
t.. his icf~ sp:EC ~ ca!y ¡.,.. ID CDe iL To ~ ~ 
i ¡ r¡...... cd the de&TLucies .... }a -aa:!s. fz:ra d.ns. • msn¡ · 1 

Wormslio::. w:JS!nZ1 doaLf l:lr l:mhrddrd iD a ~Daapma.t nm.ttd. ~ 
A prorn!~ for ~suda a aystem is ~ ODd llZl ~ .h cñ'n 

• ·. 

l B-148 a=n.t. 11.. Amntt 

. . n;, is no\" play cm ....,..!s '!k amsoc¡~ o!' <1=,-i:>;; the ompkS. d .. 

1 I>f!S írom omp¡l!fo>;: rde>-:ont in!mmti"=o :O efucint'i»g D-rek=>_icl~ 
• b CC~~de.~e.. 1! onr is: prt:«:e.!;li"ld ~ ~~ rclnmrt b!~ 

ntkntion is olmast e:xclu>inly ¡;\\-.:> to tbo ¡u¡antím>, l!ll<m!..""<o o:>d ~ti 
inform!>liono hcoce cmpb..;. ;. p!r.rol "" CI):IS1nJeli:>g <h'.s. ~ ~ 
iDdexi:>g, updatm¡; file., a=,-s bnl:'-'-'""' "'~ """"· 'Iht ldr:l ..-lüth iw <m"PP! 
fro::n thls oñmtsti~ U SD inhniu: pool of t!'.1!a into •hicb a nuna...~ c:.::.R:scb lo 

pull out eny inJOIUUIÍDD br WBDta. l!, en the olha lw>d. G:l• """'':~>• ~· 
information problcm prim.uily, lr.r! n<rt ~.as eme ths1 ames- d."" 
onnbun<hna: G! iJn,kr.mt iD!'onnatic1:, JJl'.15! d.,..¡.;¿, ,.,.. not. ~ 101", tbo 
tho tu-o moÁ ünportant ftmdi= c.f "" i:J!'ormali<><o ~= be<ome ~ 
(or ~ÜOD) and ~ The lit~ OD WS"a oeldomnfea tolbao. 
fm:ctioDs Id a1one a::>!ide:rs llo..- to nny ll>em ou1. 

· )!y esperieDC:e indita! es that mm! 11n.~ na:iTe IIUU:b mono dsta (i!'
m!onnatioD) than they un J>O<Sl"bly •bs>:b n'm if ther opend .n ol thCr li::or 
b)i!>g todo oo. Hmtt tl:cy nlredy ouliu from"" i:ol'orm&ti<m ~ n.,. 
- .,....d a grot deo.! or ti:De R;W'l'IÍ:Ii: thc mev>l!~ ronn tho iJnle>aa\111>11 
~~~ rm thc kt:md> io thc rc!enmt do ts For ~pk. 1 hano~ 

. that 1 ~ ... av6111:" or forty-thr<c hnws rl .....,¡¡¿!00 ...,dia¡; - ' 
. 1br powÜ>¡; pnoca>ps\ÍDD elopo:nltioas ~ and msoa,.........,t sclm- ach ,....L Tbr solicit<d m~l<:ñal.is u.<u>lly bs!l qsio_lhio am .. mL • • ' 

d the I.JPr d CGDtml ~ daida. it Jlift:ld 

; · ts uith lb..._t loformation Syrtems (JliS .. ) is appermt. In fad,. r.. 1 bne """" a clai!y nod otstw "'pc:t that ..,.,...b of ~ 111 

.,.. thc d,..;p. elOFOCb ~les al!nast bcmmrsyDOD~-mous uith operatiom bun~ J»:;aal' compntu print-<ru:.. The nport i> cimlhted dzil1,....,..~ 
an:b ar ~ .a-e. E:lthu........., r..- mcb sy>t""" is UD<Iczstend. q<n' deob. J"ft al.«>..,.,.. roquerts r .. coior capital apmditara that ~ D 

!o:itio..-oh-cstho.......ma-maiOlDaDticrdat;.,bipvithtbemmt~ boa1: .uc. ~ or odúcb.,.. &tn"bntrd to macar;ua ach ...,.Jt. n •""' 
·.trummt of oar time, thc ..,pufu. Such mthn.<Üsl> D undcnl>ndablr bat,. 'IIDCDmmnD for m:u>y DDD>;:uo lo J'Otein 1111 ·~ of ODe j_...! a dq U 

~-......., elthe ~ to vfú<:b it h:ss Jalarc DOt aA!!3ble. more. ·Ouc c:ould r;n ua and GIL · · 

. CootnJy to tho imprasiou prudoced by die ~ literatlue, te.- ...,.. Gol= thc infonnatioo ovc:'l~d t.o ..-hioh mana¡era ue subj<ded is red=-1. . :oto;ñr~ m:ma¡;antDt inf~tion tyl!e:ns han ...... pul mto opcmtiDD: Of r &111' addi:io'Ul iDfonDSlioc m:ulc anil:.blc by"" MIS camsoL he~ t.o h 
: Id: ¡ . ..-.~ I4!CD th3l h;an, ~ implemmled,-bs..-e aut =tcbed exp<datiaDI 1Z5ed dl'ectinly. · · 

. .,¡--lía"'~-~~ r~.l ~tlnt tJ:- ~aDd w:am- ~ r<1a-aul docummt.shsvetoo n=h reduzdllll<:)". Mnst ~,..., 
rould bsn boft. Piiidedlf <etem bt.e (s:rd 11RDU,. J:Dplicit) •mnuptrDIB - he. cru:.idcrabiT ~re! .,,jt};out Joss of =knt. M,. point hue D besl _.¡._ 

. •bid> "'""" mcb syftlmS liive·~ ,_.ed bsd aot l:Jem ~ • puh>ps, br d~ br.efT a.o a¡>Cñm"'l tJmt a fe., el m,. ~ omoll 
'thor<....,. to he fiu mm- iiDd,..,__, IL<:niiZip(IODS arrcl.csl.rm& the enocl re! thoORJituat oenral)"e:'•nr;o.B,J"U!ÍIJ&ap:uoelel~ 

: ~, ol mosl )JJS'a, ach of..-bK:h 1 ril ~-Aftu doir>¡; .... will oo;tliroe ud. . ':..,tified f o~ articla that all......,¡,., el tho ~ """'"""' i ooAUS~vn-fme•llidmcridstl .. sun•,;;p.¡..---.._ 1 :;;:M:_~"!' rmd faur artiths IW ._ '!.....!ID he.~ 
' Ci .. - ... _ . -- ~-- n.. rmtharo or tho ~~ articl<s- G5hd t.o J>II'<P""' -~. 

· mo •aciD- ·- -·--- . •-· ad ,.wdcAI> •~· · · · aaminatiom (dunt.'ml tlñrty mmu1a) plus.,.......""' r;r ..ate 
llost MIS"o ar<dtsi;uerloa tbr a>>umptioD that tho aitial clrficimry llllllf<r, .......,tohe a.....r.,ed tbc o.rtid<s rO.rw!i:>,. (Thrautho>suueooliof...-.1~ 

• d;c), JDost ·-opaate io tbe lacl of ,.,._., MI--'W.. 1 do DOt cta.,. --... Ílir-~-;,.,m~) n.., .._....-en~ ttpcñma:d ..m..n.,.... IISked t.o·nd""' oJ¡o 
: lb!. most -~ bd: a pod deal or w....w;.,., tbat thcy obaWd hsW. b>t ~ 1o 1 a....! 1 ~ it. oñ¡;'.nol Jength aa.'J' b.í o:\immaW>¡; ,..,.m._ "Jb<J 

1 do dmy tlnt tbio io tbe moot importaD< wmm"';,.,¡ "di · ¡ r.- t:bid> ~a brich~ o1 ach artit:~e.:n,.. •bo did tho co dmv•l clid ... 
~ IIU!Itt. U- lo- tb>t thcy oull"u- f.- liD_. <( · oL ~&o¡,.,..:-.. &o thc ......s..da. 
"""""" • 1 :" - -- I!DDl ' ···- • •'- artidoo -- A P,..P ol r;rodualr ati>d«?•• 'ldlo had aot p:u =Ir n:ad ...., ..o.~. 

•· ~'-~ ~ . • 1 '-' .,.claal-
ILm coJerted" ED<h eme uaa pvm ~ .or '""""'"' qm>l'• 

·~--- - • 

:~_ 
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:· "'•rupp;arr:"'tt f!ni5DJ"'mu.no:tr G'rSIJ:,Q -. .B-lG _.;_.,¡ pert~!Pilo.l> • t1r.: ~t· o! lime 'kot by llt"i'P""'l b ~ 'l: . 

~Jle!! cf :s!l b~ a ¡.,.- cf lho ~!J! .. ,..d by tbe 1::~ J"<ro!'WhmJ cool.¡ 
be ""f.blneli by ~ c!iod e¡¡ ouch ¡:=:opl>an. . 1 ... ID cmeol·its-roar~ lOO'"- 67'ló, 33ll., ar ahstnw:L Each ~ ol 

1 .,.h S11ide ~ sal~ by lwo atudeols. AD 1nft ¡ivm tbe ISSI11t nzminsfims 

~·no a~..,.,.... oalhe ~ VerE u.... eompared. . . . 
t For !he abun:...-..n,oe artides !!!ero 1riiS no S¡:ni6amt difii:rente betmm 
; -test a:ora for !he IOOll., 67~. aad 33% ~ but.Chmo """a 
1 qilicant deereasr in a«rl!ge test ...,.. for thoSI: ..-ba had .ad ODI,y thr 
' dz¡lncL Far tbc bolo..--ti._.,. articles there "'"" DO d:!rt:reue:e in a- test 
l .,.;..s"""""" !hose ubo lw! sal~ !he lOO%, 67%, Bml33 50 ...meo., 1M thue 
j -" zi¡;nilinmt ~in """'K'! \d....,...,. ol !hase ubo had rad <1IJli !he 
1 slm!Dá-
; 'l1lz ssmp!e mod :ns ~ tOo ...wJ for _.¡ amdU!Üou5 but !he 
i .....,Jia atruuW indil:ale the e<lml to whi<h fteQ r.oud ...i1ing CBll be .,...<m<d 
! dhout lass ol ;m....,tjan I Jdnin fram dm..mg !he cbrious ..-Iusi<K1 
:-w~ . 
j lt ....:...S deu that amdamljan as ...U .. filtmliac. prlanned nurb-cicaD.r 
1 ,. Glhenrise. ohould ·he an .....,lid part or aa liiS, aad lhat such a ".ff'.em 
• lilould he c:JpOhle ol hacd!iDg mncb, il" JJOt ell,. ol !he amoliciled u wtil as 

mlialed informatioa tha1 a =;;u....;...,_ 

1 
1 

' 
TLe Ma.za..._ &...!. the laf~tiou 'Ihat He Wanta 

).bl MIS desi¡;D<D •clelermi:De• vh&t infannstioo. i. ......a.d b.r askmg 
- vh&t in!ormsliaa they ..-ould lile ID hsn. Tb.is is basal aa !he ,..._ 
•IDijltiaD that ~ btoor what informatioc they aeed acd .......t iL . 

For a..,..,_ to lmcnr ..t..t in!O<CI1tion Le lle<ds be musl. be a...-me ol ach 
tJpe ol deci9<m. be shGUid mah {os ....U as does) and be must have IUl adequste 
...W oloocb.. 'l'hese <OIII!iti<ms L~ l<ldDm nti!;lied. '-!ost ~ hsn some 
~ ol at le:m -=~·o1 tho IJY-5 or ~::S they must m.sl.o. Their 
~ bmre•-.<, are a.ly to he dóciau b "-.r:.7 criticsl ttay, a ..,..1 that 
folion trom au impurún: principie e! oci<n:ilic e:cno:n:r: !he. less ve ltllldu· 
ri!Dd a pho:nomEU<tU, !he '"""" 1'1Uisbles '"' nquin: to ap1aiD. a. Jieoce. !he 
,...._ ..-bu du.s aoL unl=tacd lhe phu,ommon he CC!llsua puys it ~...w

. aod, ..-ith ~lo iuf~. W":l.:lb ·~~-" 'Ihe MIS~ • ..-ba 
_!.as nm Je.s anden!!u:wg á~ n!enn: ph""""""""' thsu !he =gu, r.ñcs 
lo pnnide n= more lhn ....,-tlü=g. He thceb.r incrcs..<o "hst is al:~:ly ao 
-lo.ad ol irrden.ct infoanation-

F;,. aampü; Jnarket ~ m a Jn>jo, cil """'I=Y ..;..., aok.ed tlWr 
IIW'1¡ct~ ~en lr~ ~tes 1.hey thouc";bt •·ere "l:r;;w.t io ~tinu!.i::¡ 
\be U.:0 YOlt.Jmte or future P.::"\o-iee 4U!ic.ot:.1 A.J.c:u:et ~-c;U.~ Ya.ñ.:ib!~ ~~~ 
ideotilio-.!. T~ msrl:ot ......,¡;,_.,. tl.<:n sddcd obout "b:r ~O>iu tlU =.r 
•Ariable a.od pe:-fo=cd a larT.e m'llt';"• En...-~ a=lr:s'> or ,..¡., ol 
~ u.r..tioo.s a.¡;zimt thes!: ~ ar..d found al.:-c-.¡": thi.tt.r-5..-c Lo be~
Lic:e.n.r oituin""'t.. A fou:csstlnt eq.ut;, """ h:!.-' ou tt.a a=l,..:S. At. OR 
lam ..u-; •.• ,;Uy """-~ a ..,.,.¡.; ~:<._...! oa o;..::ly <><;E ~ th.-.;oo n:iah:., 
llalJi,: Boto-, •·mch ~ oo)d bdt.,.lhc tlle \lürty-E,,._ .,-¿....1.4 ~ 
"'P"Iim 'Ihe- wuot COl to ~salo al oonice ~Da lama ol !he 

.. 

. -

TI= ..-..1 is <lmple: """' ~ spociiy ~ ;,romo~;, is 1-.qul;,d k 
deciSon =)¡j¡¡¡: llDtil "" t«",..hn:daJY ...,d.& cf tbe decis\oa ~ ..,¿ 111. 
srstem inn>lml 1= ¡,.., ~ed oild ~e>-w.i. Ial'=.tioa ...,- .,. 
..,b.;ste= cf control .-yst<=s. The.r =t k ~ ~,¡y cilh:r.1 
bl;ing umtrol in :J<CQ\lUL F\!lihentmre. ttb:>f.evw dse ¡e¡;¡....a.w. !~...!pos""' 
p.1d. thcy c:umol fo:ld. W>ll~n: ond np'•nolinu d r~ ~ . 
G=ll>e ....a. 111 btsl,. p~ . • . 

· Civealll_,;;~.<IJiekr~ne"~liD•IIIisD • ·
llfaliul; Wdllmp:ono 

n is fm¡=ntly ,...umed tM1 ;r,. ~ is purided vilh the im011X101ino 
"be ·needs, be ..;n th<n b:>n DO probt.m .in usiug il áf~ '1112 bistoly fll 
OR sbnds to tbecontn:;. Fore:=nple, ¡:i-<emmt-211 inili>l bbli:sutf 
a iypiol '"rol" mothe=tic>l ~ ocq,...mg, or ~ pollltm · 
aad ..., l>mr el= ther eo:ne to :u> optinul solution. U their eq>e~ieuo:o ...a 
jud._.,..,...;tl,~n:m.r nluelh<T ms:r autdu hi>dly,bui &bey ril Wdum do"" 
....n. Ju D>Q5\ -mt ~ lhon :ore too IDZD.f pu•v.;b,Y,tiés ID apea 
eq>e~;.a<e. judgcmEDt, or inluition to proride ¡uud ~ evrn -.ri!h pa!ca 

infomutioiL 
Furthermort, wbcu ~ prob:>bilitjes m invol..d in a pzohleo tlle..,. 

p.d mind ol eTEI1 s m:u>agEr has clilficult:r in aw<;?IÍDg them in a -mlid "'1· 
"\\e el! b= UWZJ !Ünple prol>lcms in proh:ll:ility in 1riúdl uztutored ~ 
u.=ll.r daos TaY h:ldly (c..g.. \'l"h:>t on: the eom:cL ucLb llul2 ol25 ptcplr 
rekded at s=dom ulll b:>TE tbrir birlhda!S aa fhe S>JDE day of the ~ 
For eumpü; v.ry r~ ol the .-lts obt5iN<I bj q_,;,g lheot}-, ..dJeu :aninh 
anc! oenice ion: prob.>bilistie,. = oOrious lo mono¡;en; DOr :~~n llle ...,.!11 rl 
risk ...wrm vh= !he uian>gcs" o= !tlhjeclive estin>a1es ol pn.babili!its 
-used.· . • 

·Tbc mono!: l~ is .,...sury to dt:IDmine how .-di~ CSD.,.. ...,.&.1 
infomutio:L ll'b<D, b=>u>e ·m the -leñl;y ol the decisiou pttlC<S'I. lhrr 
a~~'t""" it -nll. lhey should be p.-uritled mth oil.!:er <lecioioB rules Ó< !Jf3Í<""'" 
BDOe feed-b:>cl: su thst they C>ll ;.¡.,lify aad learu lrum lheir uüsbJ¡.es.. Mon:oo 

1lüs point bter. . 

l\lorc Communíe:1tioo lleatU lktter Perform.:anca 

One cbncteruti<: ol IDOS\ luSos which I ~ve .- is thst they pNW' 
man:t~ 'ttith be~tcr ~t infortr..3lioD about u-b.t. other '[IU;l3grss cnd thñ: 
~lm<t>U .....1. cliruious ""' óoio¡;. Ucderlyü:¡: llm p~ is U.e b<t<i 
!lnt bctttt intcrle¡=tmonL-.1 ccmmuck~ti<m eoables ~ to ..,ordíl»" 
thejr cleé>ioos more e!fa:t.ivd.r ..00 hmce lmpt<m" ·Cl.e cq;>.!Üul>oa'• ....,..» 
p<ñ~ Noi oaJ.r ;. llñs 1>01 ~ ..., 1m~ a~ is .... 01lll ,...al.l 
lwd!y eq=l """ C>OUJpel.int cou>p:mies lo'-""" """" ~ ... ~ 

• 
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• 

• ; information each acquires abo-.Jt tbe otber is improved. TWs analogy is not 
1., /AT fe!ched ns one mi¡;h~ first ~ For Ullmplo, coruider lhc fóllonin¡; 
: .,,. mucb oimplilied venion o/uituotion l <mee rai. mio. Tht llimplilication ol 
! :!:r taSe does not afiect. any or it.s rsentb.l ch:tracterislics. . . 
: A dcpa.rt.ment stQre h!lS tn-o •'l.ine" operatio~: bming aod l'elling. Eacl1 
i :.,,..;o~ i> pozformrd by a rep:>.r.~!e d.-p:utmenL The Purclut..<iD¡; Dq=tment 
¡ ~l¡ .. con!rols one Tarioble: hcm- mncb of co.cb item is bou¡;bL n.e Merclw>
j !,;,g Ilcportmeni controls lhe price a~ "·hicb it is oold. Typicall;r, the me:>SUn: 

1 

,¡ pcrlo!"lTWlce applied lo the Purclwing De¡=tmeat ,. the tumo= ·m~ 
o/ inventory. The m.,...,., applied lo the :.'\Ierchaudising nq,,:<.,eot ns groso 
s:Jcsi th;. depAT~mC>t sougbt lo muimize the number ol items sold ümes 
d.<ir price. . . . . 

N'Oll by eJ"mining a &ing)e itrm 1et us con~dtt ll"hal happms ür thi:s systcm. i The merclwJdi;ing znan>ger, tmng b.is knowJedge of rompetitioD and OOD· 

, =plica, S<! A price whi<h he jud¡;ed would nu:<imize p-ass S3les. lo doing "" 
J 1t utilized p~emand C1lJTC5 for e.ach lype o~ ítem. For-e~.th pñre tbe C1IlT'd 

• J!l= tbe apected ules and Talues .;, liD upper aod km-a- ronfdence b>.:>d AB 

! .-.!!. (Scc F"~p1n0 1.) ll"hen inrtrucling the Pan:buing De¡w-tmC"Dt h= nuny. 
~ i:cms to lll.:lke al·aibble, the mercha.ndú;i.::lg tn:m:~.~tt quite natura.lly u.ct'd the 

l
. nlu. on the upper co':'fidence cun~ This minimized the chauces ol bis IUlllliug 

lhort ..-hiel>, if it occuned, -.rould hurt bis perfomw>ce. lt a1so llliU:imized the 
dwJces of hei»g on:r..tocked hut Ibis .,...,. not lüs ~:>.,C<tll, OD!.r the pm<hn•ing · 

, IIUI13¡;er'._ Say, tbe-eforo, thet the mon:haudi>iq nuoager io.itislly ..Jected 
; prite.P, and r.quested thet amounl Q, be·made aTDilahle b¡ the P~ng 

llepartmenL .. 
lo Ibis comp..,. the pur<basing J1W13it:r ·a1so had - to the price-<lcmand 

runoa. Be ko,... the ~, IDIIDllC'O'" ohro.y. wdeftd cp!;mi<ti<aiiJ". 

r k-~· 
¡:~--~~ 

" " 
--"'-~ 

" ..... 
~ L N= 1 n-! Clt::ft'O 
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'J:1x,-el'o,.,, n.<in¡: the """'" cu1w he ~ O'm" !raro Q, to the uppcr lmú\ ....¡ 
. do..-n to thl: ""lJ<CIM t"oluo h-om ..-bic:h he obLa;n>d Q,, !he QtU!llitv baa..,¡¡, 

b!end<-d to nuke aY:úbLle. He did n~L intend to p:~_t" fo, the .,;err!nad~ 
nuru:c,-'.f optimi.qn. 11 m!:'rrlcné~in:; nn out. el tt.Oe\:, it tras not !üs ~
N'tnr th~ m~b3ndi~!nb Jt;!lM:er lt':ll' hJo:rned a.boul lt"h.'\~ the pmr~ 
~bu h."ld done "' he :.djustt>d hi." pñce te P-.. T"l.!e- purch:u~iD&: ~"'ff' &. 
turn u~ told th:.t t!1e mC'rrlJ:wdi:.in: m:ra.'tp:: kd m.o:de thi: l'l'!;ldju:itnlenl!!., 
he plmned to nuke cnlr Q, ><oil.:Jble. lf Ibis prooe!.>-fl!ode ·Jl<lS'l"h!t c::ly In 
pozfect commutüotion betn·een dcpartment.-h:>d been nllom:d to Qm!in.;:. 
nothing t<OuJd m ve bct!n bought nnd Dotbinst<nuld h~ve b.eu mJd. '1'hi. 00!· 

come 1l'U a'-oidcd by prohibiting com.muniotion betll'UD the tml ~ 
aDd forcin: e:><h to guess what the othcr li1IS d<lin&- . 

l hne obvio...Jy <oric:>turcd the Eituation in onler to ....U the polot_d.or. 
.. hen or¡;oniutional WlÍt! ha\-. ili.ppropriate m=es o/ periorm:m<e vLid 
pul them in c<mllict ,.;th eacb other, "' is ollm U... case, =uruc.tm Lo
m- th•m m.y hurt organiz~tiODB! perfornun~ DOt help iL ~ · 
strut1ure sDd perfonnonre meo..<urement must be tal-.n into - bácot 
~ the lloocl ptes and .pcnnittin:; the r...., ll<nr of Wozmalkm 'llektal: . 
parts o~ the oq;:uúz•tfon. (A morf' ri;orous di.~OD cf otg"niutjanel mu:c.tazrt 
And the re!>tionsL;p ol rommunictioc to it can be loünd in [1).). 

A )fana;;tt Dors 1\ot Da,c '" l'ndu!land_ How IUl InformAtiou. 5¡-alC"m 
tr orks, Onh llow to u~ lt -· . . 

:.'\los! )!IS d..igucn ... k lo m:>ke their <)-.l<:ms as innocuous and unotM.si .. 
._. pos.;ible to =~= Jest they become fñ¡;htened. The dei¡;n..._.try lo pnni.J. 
rnan>¡;ers mtb TU)" e:L": ac«» lo the ~-.telD ADd IIS.<ift them lhat thq DO<d 
to l"llOTr Dothlog more about it. The dei;ners USlWly 5UCCeed in l:ttpio¡ m..ua· 
a,;e-:-s i¡norant in t.his Jto;;ud. Tbjs lcJ.\"e3 In3.:l!l¡'US ~ble to C\":ll~te the ).US..., 
a ,..holee It oltm mskes them a!r:úd to n"UJ try lo do so les! they displayl.bri! 
lj;no..,.nce pnblid;r.ln failiDg lo tTaluotc thü MIS, I!W>llgers d~le mudo ol 
t1>e control ol the orpniution lo the SJ~'• de.i¡;nen ADd opemton1 ,¡... 
..,.,. uve IIWIY Tirlues, but UW>>¡;eri>l compe~oe u oeldom _, thcm. 

Lft me cite a c:a..<e in poinL A Chirman of a Boord ola mediwn-we eompoo! 
aoked ror help "" the foDowi!lg proble:n. Ooe of his br¡;ei (d..,.,t.rsliled¡ di,.¡. 
aions h>d in.<blled a computeriled procluction-m\"eDiory control ..,.¡ _... 
facturin¡:-rn:mager iJ::LFonnation 1)-,:tuo aboct a Year urLu. U bsd acquift:d 
about S"!.,rxJJ,rxJJ \\orth ol equipmeot to do 10. The Board CbAinuD had ~ 
B«Ci..-ed a r.quest from tht Division for ~on lo replaoe t.be ~ 
~uipm~t vlth n""ly a.nnouaet"d e"Ju.ipsnent vlüch vould cost seicn.l ti:nll!l' 
thc ori;¡inaJ amounL N> tttmshe "iu•tificati:m" 1<>< oo dowg ,..,.. ~ 
.,;th lh• roques!. 'Ibe ChoirmaJ¡ ..-anted lo k.o"" ubetk the ""'~""" n• 
ft!>ll,. just.i6ed. Be admitW lo complete iz>coropcla>ce in this -oortion 

A IDI!II:tint """" arnn¡:ed 81 the Di"ri..<ion ni >rhicb I ,.. .. anhjecled to 011'"" 

tmded GDd ddailed bric6n¡¡-. The •yat.em .,.... Li,ge hul .rclalift!r oiaoplo. J.l 

lhc "-' al il. .ri. " ......uu poiz>t foi- -" e.... -s .. --- aJk>onlolr 
· . 



•• ~ 
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¡·.,.el: Jevé1.. R«mlcr qa&Dtities toolr.lead-time .., wd1 as !he all.,.-able maximwn 
1 ¡,to a<:COUDI. The eomputtt kept tnek e! stock, ardemlltems ..,.¡,.,. ·m¡uirul 
: ,..d Cftl<tlllm IJIIID<TUII3 ttparb 0D both tbe Wle cf the &ys!em it CDDtiolled 

¡ ,;Dd ~ ov:ll •actions.... . 
, ID>m tbe bri<!Wg ..,..,. o\-.:r I """e.sl:ed il 1 1-.ad any que.,--tions. 1 dxL F.m 
· 1 asked i!, ,..¡,.,. the syrum h>d !>.=. ir.stalled, then b:.d be<n m:mr p.ru 

..booc stock leTd exc=ded lhe ma..U.urn amouot posoib~ uoder the ""'" system

.... told lhere ,..., DWlJ- J e.sl:ed lar a 1m e! about lhirty an<Üouoroe graph 
· pp«- Both u ere prorided. 'lnlh the help of the .,-stem des;gner and ...,¡,.,.. 
1 á old daily r<ports J btg3ll lo plot the otock le\-.J e! the lilst listed ítem o .... 
. ...._ 'ITheD \bis ilem rachee! the mmmum "ollonble• otock lEn! it h>d '!leal 
i ._.jcnd_ 1:he ~ d~ 'lr.l51R1lprioed aDd Die! tha~ by ... "'lw:k" 1 
: be! foamd """or tbe r .... erran made by !he system.. Cootiuuod plotq sho<n:d 
; dt>t beeaDSe e! repe>ted ptm!!l!un Z<Onlering the ítem hall """" coue mudo 
¡ t.e1...- the JDUñnum oled '""'-. Cl=ly the pro¡:nm 'l<as eoc!uring the m.DDum 
¡ ~slockl..-.1 nnd tbeteonittpo;m_ 'I'bi> turn<d out lobethecseinmore 
: !UD half el tbe items OD the lisL 
j :Km J asked il they hsd lll3.DJ" .,.;red J>31U. ooea that ~ ooly used mth 
' taeb othtt; r .... c.ample, uatebed Duts 2Dd bolu. They h:td IIWIY- A liot ..... prt>-
1 d"""' and.,... lte¡;au cbeekittg the rrn'iom clay'•w:ilhdr:...-.Js. For more th:t.u 

1 bll oi the pain the dilrereoce; in lhe numltenrecmded a.s mthdra..-o .a-e Tery 

l
lu¡;L 1\o expl:matioo ..-..s provided. 

Befare tbe da: '1<65 out it ......., l""'ihle t= •how by oome quid;: and clirt7 
1 akulatiolls that the ne.- computerized systom ,..,. cootÍDg the compoDY olmast 
1 Sl50,oro p.. D>ODth ID<lr1! thsn the hsDd aystem •i>ich it hsd repbced, - oi 

'

Ibis in c::ue> innn\oria 
. Tbe soc:ommend.atioo ..... that lhe syslem be .-edt:.ipred as q1Ü<kly ,.; p<»-

1 oiblt ODCI that. the o= equipmeot 1101 be authorized for the túDe beizlg-

1 
Tbe quertioos asked oi !be system h:td been ol.Tious aad Eimple .,...._ :Man

""" oboald han: boen oble lo ask thtDS but-aud this is tbe puiDt-tbey lelt 
lhausel..-.s incompelm! 1o do..,_ They .-ould 110\ han ..n-ed a lw!dopttoud 

1 - lo cd 10 lar out el thar cootroL ' 
: No MIS ohoald....,. be inatalled uoJ.ss IM mar.a¡ers for rlam it is iDtmded 
1 Ir< tnüPed lo rnduale aad beac:r CODUOI it rathu than be coatrolled br iL · 

1 . A Suuest«< rr.>ed..,.. feo: Desi~; "" !IUS 
Tbee•-eswnptiomlhanlried to -.al m tbe ~ w..m.;.., 

..... J bel¡,~ be BToUIOO by llD -OJRiatc d.,;p pnx:edun_ ~ is bñdly 
OOIIiDed bei'c.. 

1- A....Z11.;. CJJ TA. ~ Sv.s-

1 
'Eoch (..- at koal e><b impoetaot) t:rpe of ........ l:'t'rial de.:ioion ~uited by t.be 

"'PP>izaticm omder .wdr obould be idmti6ed aad the n:IAI~ bes......., i ~abcio.ld bedetermined aad llcnr~ Note thst Ibis is- .......,..;¡7 tho l ...,.. tlült.!;"" ~ .. hat c!ri;.,.""' aoMe. F.,. example, ID cms _,_ 

• 

B·15< JroDSEJ..l. l.. ~Oi'T 

psny I foaDd tlu~ =~e-<>r-buy deci:;iom concertún~ p:trt. ......., oude only "' 
;!,, time ...-hrn a ¡»rt ~ .... ¡,,rrodottd inrc stock sod <r.IS ...,..,.. au~a,. 
:nieo.-d.. FGT """"' itenro lhif de&ioo h:ld ¡;ooe un~ {01" as lii:my .;. 

'u-ent~ yc~ Obtiow:J~' Furh d~isions r.hould ~ m:a.dc mote ohm; m
c...~. ~'"'f'I'J" tirur :m ordPr ~ ph .. """Cd. in order to t::.ke xcouut of c:wre:nL &bap 
]m.din;;,, underu...~-d '!hif1s, rlcl~n~r.r timo fr:lfn FUpplicrs, a.o~ &o en.. 

Deci.~n-fi<nr :m:lly~es :~.re u..~&Dll.r sc!i-jU!tilying. Th~~~- o!ten ~ imporbut 

dO<i9om tbal:tre ~ Dl!ld< b¡- d.í•ult (e.¡;~ t.be RUke-buy deei-<ion ftfesred lo 
abo'l"e), Aod !bey discl""' m:cnlopmdtDt cleeiok>ns tW aJe being uwie ;,. 
dependtDtly. ~= c:b:>rls frequmUy ou¡;:esl. clunp in ~ 
~. mp1Ün.lioml .uuct~ aDd me:aswe ot pu(Ofiii!IDI:C ..m.h.., 
corm:t tbe typos or de5cimcies c:itetL 

Deci9aD azW:<>es """ be c:ooduc:ted ....;th nufot:: depM ot dctail. tlml;, 
they may be·auy..-bere from eo>art10 to fine cr.üned- H= much detoil-ll>ou\4 
bee=e inwo!T'ed mth dt;tn~ds 011 the lliDOUDl e! üme aad ,_... Iba\ ~ 
amihllle lor tbe DD>l,-.is- Altbou.:;h pneti:c:ol c:oasid~ fm¡ueatly ICIIzitt 
initial ~lo a particubr ~tio=l fuDdiou. it is ~lo pafam 
a eoorse •usly.io ol all e! oo orpnizstioa'a mamgerial faactiom r.>thu llwt a 
.fioe arWyris o1 oue 01' a ~.~~ ol functions.. It is ea.sier to iDtrodu:ce &r. ~ 
lonnstiou into ao ic.tr;rated ibrormation &)"Stem th:ln it. is to ca:mbine Be mb
a¡stems into 0110 btq;raled SJ'SI<:m-

1 • • 4n Ar.c!IÁI o¡ lr.formtJJ.ion RZ-1u.iTcm~nll 

>Jaruge.-úl de:i>ions c:m be cl=ified into three types: 
(a) Deciriaus lar ...-bich adequ•t• modcls an nnilable ar COD be~ 

aod from .,.¡,¡eh <>ptimal (.., ne:rr optiuWl :rolatioos ca¡¡ be doñ....L la -" 
e.= the deci>ion p...,.,... itsell obould be ino:orpomled into tite W..-limt 
~-•tua tbereby <011..-.rtin¡ it (at l=.<t partiaUy)·lo D coottola¡s!...._ A deeisict> 
IIIO<!el idmtifies 'll'hat inlono:o.tioa is requind 8Dd heDee ....hat inl....,..., 
ism.....,t. 

(b) D-.-iriom lor ...-bich adequale mode!s ean be amstnM:tm but lrcm oül> 
optimol !Oiut- ounot be utr.ICied. Hue ..,. kind or ~ ar -" 
proeedure •bould be pnnided .,..,. if it eoa<isto oi no more th:tD mmpn'.trizol 
tri>l aod error_ A limuulioo oi tbe model ñll, as n minimum, pcmút c:om,....,. 
of J'TOPO'ed altenra!i,-. oolutions. Htte too the modcl Epecifies ..-hat Wonoo6oe 
hreq~ . 

(e) Drci>íons la< ..-bich odeq~C>Ie m<>dr.h <::>WlOI be CQilStrueud-IU:s<>J<h ¡. 
requíml bnt lo det..,;,e nh:tt inlor11atioo ¡, r-clevanL 11 decision ...,!C. 
<aDilot be dela!·ed for the co,;,ple!ÍOD or auch ~ or the docisioa's dfr<i;. 
1301 bt¡< couxh lo ju.li!y the cost or ....... n:b, thm judgmeot mus< be..,.., 1 • 

"¡¡u=" trbst inl011114tioo ;, r-cl<nnt. 11 ma:r be J>U"ible lo make espúcil .,.. 
implic:it a>odcl used by the decisioa lJUker ond t=.t it .. a!Doóel el typ< (b!. 

IA'=h oi tlm.e three 1yp<:1 el oiluation it i:;....,.,...,. lo proñd<t fcedborl 
br """'.,.ñnc cdaal cle:isioD out.comei wiÍh thme prodjctod br tbo ~ 01 

ol«:isioD """-· Ec.ch olet:iW<tD tht>t .. ma<k,. olmt¡¡ ~ ila pndid.ed ... -
o 
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~ be "" essenu.J input to a mana"""""~ .;,Ira! apt.rm. I. o1mll fttam 
, Ibis pomt ~-

- 1 

(.1-jW<;a!imlOJDc~ --
1 

1 
D~<i>iom uilh the ...- cr b!gtly cm:rbwin¡:; iuronn2u.m.! rrqairw-mi~ 

~ul;! ~ ¡;roa~cl lc¡;ctha as " oln¡;le ~""r's b!l<.. "Ih.is uill r<c!uce lh; 
¡ ;;(o=slion "ID3D!I;<r ~lo do his jcb lUid is likrl.r lo b=e his 1mdu-

t 
~¡; af il. Thls t:aT .-.qum a~¡¡., Gf U.. IJ'IlmL E.-.n il •uoh o. 
~..,;¡;•al>ation cnnot be implemm!ed <tJmpl.t<l,r "~>~t cm be do:~e is libl¡- ·to 

1 ~-e pcñorrneace lip,;fiantly alld m!""" lhe i:.rartllaliun !mded cn J>W>-

: 

o 

t
' ,p. . . - . : -~ 
c.~ o¡ 1 nfcrr.oa!i= Prr:t1CDÚ:g - · 

_ l\cu- the pn>ttdun: fOl' coÜ.ctla;. otoñn:. ttlñ~rl:!g.llllli bclinJ; inl'o:=IÍ<nl • 
! cm be ,¡.,:;;.,.e~. S"a:cc thcre iS n Yoluminaus lit<r2lu:e cm lhis robjcd I slWI :·.: 
: :.Sn ~ al thi> <:u:<;>l ror - p<i;nl.. Sarh 8 !)"slom mll>l .,.,;. "~ be able lo ; . 
j ~·• que>tú:lm sdd.~..d lo i1; il:l:ould ol!o be ..b!e to""""" t¡culiun> ~ . 
. bno<>l bttna.lrdb,rnpo~::mJ'dnttliocs(romapa:Wians..Anextmsivo _ ::! ¡ rmplion-rcportin; s¡siCJil is nqlliml. • · : -~ 

1 

. . . 
L D .. i;n OJ Centro/ OJ T!t Cm!ro! Sydcs · · 

Jt mm! t-e =um<cl lh>t U.. •;r-lcm l!nl ú brin:; da~ ,.jJI be clr!icimt ' 

·tsa ' ·.rr~ 1!.. 4.010:lW 

f"..&At;!.tan¡: """"""'"" -=·: - "'-"== . Ett~ .. -. fnt.m:rro Jn~C~cs.n. 
sn zam Pal..rct' - - ~ 

. - • -~un~ 
~·.,. I!'C:I.mcrm ...,..... ... 

-~ 
" a .. p- "-ftJS\P.c.l'~ a ~ .. -~ ..1 2c; . .e 
" :0 

~ ~~ 
• <> ~ ::a. ' o"' "'U ~ - """"" .. "'"' . !! o ¡; 

sc.:a:as .. 
• ·---''- . 

OI4J>oU ¡ C4ZA 1 
__ ..,.,. 

~-~ . 
'""""""""" - .... a:!U'&.:..~ .. 

11'$1(11 
~ 

. -. . 
~-

. . 
- '!! " -~ 

"' e S " ..... • ! . 
•o 
~ . 
!: C5 • . . 

. - 1 ' --O<a.D 
snu• 

1 
.... ~ 

"1 -
•ooa: -- -

F:tc:CBE 2. Simplilied clia¡;nu:> af a ~1-a~en canlral C,r.t.,... 
,_ D t:n!IT ~d ,::ni!ic.liil tn~ Then:fcrr it b Df'C'C!CJT lo ~tifT tlze lnYS iD . ~ 

f ·!icb it nu¡- be dcfaC:ot.to éco:igc protec~ur .. t<>r ddtctb;: iu .:.licü2drs, aad -t abov"' •'--- ..,.,, .... ·hou· u n b t :.r li ·--- ,_,,_ .· • - . . · · ..:. ~. u.u-= .. --...-• ~ w co :r. orn e: wso:m:r. on sys~ spec=!s, ,_ 
- !or corrrobn: thc rysi<En so ss 1<> n=ve or m!urr tlu:m.. Rro« tuc •ptcm - ations re;e:m::hers nd -.• • • ........--
! eo:dcl t~ c!cú;;utd lo b.: f~k a.nd a<bptiTe. This islittle =-e tb~o e pbti!ud._ : 1 , • 0 maru:g~. The pllltu:lp:z.hou el m:r.n:Jgem tn the ~ ol 
• bt it b-u a nol-!IHlh•iot:s i:npliutitm.. Xo ccmplctdy <=q>Uitti:ed ·syst<JD ¡ ·e. aystem th:r.t IS lo u~ them, ~-ures their ability to enluate its pzri'OJmDilt>-
j c:r: k,_. fl<><ibl• and .<!.,ptin o.s <3D s =·=•¡,_¡,• 1}-stnn.. Tiüs is illu.tDtai • by _comp:uin¡; its output uith t>hat. ttn predieted.lf:magers vho :~..v '!lot ':rilliJ.; 
! t¡ a ~du:lin¡ <-'-~m;alc cr a •>-.tm> thst is be:n: c!cn~ aad is poctülly m ,..: to mnst wme oi their time in this pnx:ess nre 110t likely to use a msnsg~ 

1 
c;-.:~tron. ~ la:;ur• 2.) • eontrol system trell;"and lheir tem in tum, i:slikel to ~ fhem. 
Th~ ~~DT iam>IT.d l::s its m:u-kft cfirlded into o~tcly t..-o bmu!r<cf • SjS ' y u::e 

r r=:::l:rtu:¡; arOL A IDO<!d lar l:!tb hu t-eca ttnstrurtrd u m •r,n• tu •=rutu. • · 
• 0:. Q:e !>S>is <>1 m:npelíñn iD!dli;<oce rup¡-Eed to·r~ .....-lee .=rl.:cling -_., 

1

• · IIAc.¡:rr b)· nu:\:<lin;;-=rarc!!•n a.Dd i:.ro:-:a>."ioa •;-créli!f.! he ~nd his •t>Jf 
c:..de- r<·Yicy drci:-:o:!S for rscb uu ruh mo:JUL. Tht(r tr;~bli1"'e dtti!ious :ue 
!ei i:cto the COIDpulcr t>bich) i<!.is 2 f"'rast Gf 6ft'<,;Ñ pcío.-m:u>re. Chn:;cs 
tn .::uile unta tbe o.tpttutio:l.s uutdl trhst is dc;iml. Jo this ., ... ,. they ~rri•e 
11 •fuu.!~ d«=i>ioas. At U:e rad oC the moclh !he <o.:nputcr com~n:o th< :acll1.1! • 

f 
l"ñomo>rt<< or ndl :un "ith uh:r.t =-s r:.dicW.l! a d<ri>t.iou cueo.w .. -&.l 
ftl<a!d be apcd<d br clw><r, U.. com¡=r"• OR Croup tl:aa 1<cla thc r=-- . . 
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Dnhl nrchitecture und 
. data múdcl consideratinns* 

1>,1· !lDOAR H. SlllLEY un.J LARRY KURSCHllERO 
(.'n/;vt!I(V •1/ AltJJ;\LMJ 

(\>ih'8< l'ut\, t.tat)lm4 

1 !:e [)¡¡ta llnsc t.ían;o¡;conent Sy>tcm ls now a wcll esta~ 
!o;h~d p311 or lnrurm:otiun oystcms lcchnology. bul lhe 

. ll!Jfl)' urthitcclure• m.u thcir plcthol'll or data modcls are 
úlnCu>ins lo b<11h thc pr;octitiuncr und reocurchcr. In the 
~'"!, nl:en:pt> ~uv•: bccn mude tu compurc and contras! 
"'ill~ nr the•c f.~,t~ms, but tht grctote61 dirncully uriscs In 
'<illl.inL\ ·,, Cl.ln"lmun basi;, Thls rarvr Dllcmru lO lhnw how 
,, ~11nomliud Llata ~y .. .,n CODS), reprvscntcd by twn 
•l•fl•r<m ntodds, ~t~uld rurrn suoh a basi•: it tlicn prupoiCI 
thal data policy detinitions can rcstrict thc OOS 10 a 
'f'<'dali¡cd moJel, such as a rclational or DllTO·Iikc . 
m.ltlcl. Finally, il¡Jtopo.1es llo~llhis conccpl rorms n bcncr 
~·"'' Cor dala &lruCiurc dcKign oC spccllic ay;iem upplica· · 
li~uu .. 

ISTROOUCfiON 

l'he •cvenlics hu• "'"' lhc ~cccptancc or lhc dlltabu!IO 
"""'"r.•mcnt aystcm <DllMS) .. commcrciol aystcms and 
~~~arch eiTun• llave prolirerated, and the aubjecl hua 
~·~umc a n1ajor conrcrencc topic. However, thc potcntllll 
u;cr la llill lefl wlth mnst or thc quc~liona thul nrst 
·•~l'<'lircd: Whlch io the bcll ayhlcm? Am 1 loc:kina myutr 
intu onc lechnlquc ur lrnpl~mcntatlon method1 • 

TI1erc hnve bccn aucmpll ul e~pluinln8 olmiluritiu 11nd 
ditrcrcn~e• In the bu>k clunca or ayatama,•~ dcbale on tha 
rfkctlVcl\en O( dlfTCFCill dniB moddS,1 and dcscripliun o( 
lhc ""'•~t!on Dhd ocqul•llion proccaa,• but conruaion ro• 

""''"'· . ru .. ibly lhe rcnson ror difficuhy lll:. · 

l. ~e lople la complcx. DBMS exlat, but thcy are 10 
d11Tcrcnt ltaat thcy deCy simple compurison. They ulso 
run thc camut oC •izc und •uphlstlcutlon. 

J. 'lñcy tliiTer In mcthodulu»Y oC data mutlclllns, retuln• 
ln¡i, nnd qucryinc, 111 wcll al thcir l~tcrnal slomae. ---

• llw •wlh"H abh lo u¡wtu lhdr ¡.r . .llihuil lo'lhc U.S. Ann)' Compulcr 
S~ttcm, COhiM•nd \\'hu, IIJr&otl,ph 111~n1 nun1h.:1 DAAG~·'7fr.0·0)00 1Tl1lr: 
"•.tolt"'' Nt 1~ Tr"n,lo~ti~~n ~r.J 51¡,.-J.uJiu.rkm u( Rdo~hvn01l and Ncl'lllt'lñ. · 
t~,... D.d.& ll.nc), Pl"~'"kk.J ,...,~ •u¡~W'I·anJ 'c~hrU-:~ IM.Iwkc. 

Teatlnp ls cxpcnslw: Mlmc rcprc,cntmiv~ &)'•lcm 
muil be implcmcntct.l un s.:vcr01l DllMS fur cump~ri· 
son, or dirticull simulmion•'· are ncct.lcd. 

Funhcr probtcm• nrise In lorg~ ..:ale d;uallt~•.~ rc•cnrch and 
lherc is nccd Cor a common bu~l•' a• a Curmali•m (llr 
dcscribinp ouch ayMcms. Mcthod1 o( ddininu lhc runctiun• 
allly or DllMS lncludc sct lheory unll sruph thcury con
llructa.' This pupcr ~ncmpla hl tlcnnc ou~h 11 comm"n 
buMii, and >huw huw 11 cun be uwd tu cumptu·c mu~ol•. 

DEVELOPMiiNT OF A FRAMI::\ÚIRK 

Therc are at lenst thrce distincl lcwls in an inforonnti.in 
i oystcm: thc. lnfnrmatiun and its &lrllcturc, lhc data mo.Jcl, 

and thc &tomyc •lnocturing. Ol>vlmlHiy, nn •hurt parcr cun 
covcr ollthrcc, and wc will Cllnc~nlnolc un the t.lut., modd. 
Howcver, con~idcruliun mu•t 1'111 ¡tivcn lll thc infurmulion 
sy•tcmldut~ modcl lntcrf~cc to ACI thc stn¡te rur wa7s 111 
define a 'ood dula modcl ~A·ilh lli n.:cll lo rcnccl thc way 
duto·are intcrrelutcd, munlpulutctl. and rwtcctcll. 
· A J11111 ¡nmltl ia a •Y•tcm In whkh 11 IChcmu may 111: 

dcnncd: thc DDLC'a dclinhion lunsuuuc• ls plindpaliy a 
mcchunlam rur dclinins tho nnmcs und auoibutcs oC data 
ele menta, ymupln¡¡». nnd.Nlall•>~~t.hlp~. whilc lhc dcOnhion 
or pollcy (intcyritr, 111curity, emcicncy, cte.) .1• nlmo•i un 

. ancnhuuyhl. 

There ls .on lmP<•nunl Interface l'llltwv(n th• ur~anizatiun 
vlew or lnronnatlon und thct dtot~ m ••. M ,·,•n•tru"Cd 111 
rcpro•vnl. 11. Thl& Interface h l'llliny lnvc•ll~;,tcd by re• 
wurchcr. whu tire allcmptlns 111 doOnc M prurcu ror 
prcxlu•·ln~ o aootl t.l111l1 bu1o d.,.i»n piv•n u •ctur u...:r n••d• 

• · or uopirotiuns. Rvfcrvnce 9 la 11 turvcy or ~urrcnl •~•11· 
nlquea. 

Comrl••lc kn11111'icduo or ttic lnf<lflruatiun •Y•t•·m und i" 
dulo u•nG• chaructcrlzn thc Cllhlrany. Op.rating ~ulicy, 
howcvcr, •ummurizc• the lntcm:1l cun,tmint• ur thc ur¡;;ani• 
zntiun, nnd lhc wur lhat lhc runctiut\:11 •ui"Y'Icnt• intcruct: 
onc. uuthor10 rdcrs 111 thesc a' urcr•ti~c und ~irccti~c 
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lnformation •tructun:s. Sovcrol rc.eurchcn"·" havo re• 
ccmly u~v<><:atcd lile collecll'!n or lrJnl!4ctions as a baab 
for dc'i~nÍn¡l(O¡~lc~l data atructUrcl. 

Oúr soul, huwcvcr, is 10 devclup a frumework In whlch lo 
uully data m.xlcl&, o~ lo incorpor•tc imponant paramelcrs 
uf th~ int(lf:l<c into thc duta mudcl: Data U1ilization and 
Op<:raiih~ Pulicy. By íncorpoMing these paramctcn lnlo 
thc datn rnuJd fmmeworiL wc expcct to c.aminc somé 
cla•!dls and: 

• f:\plain suhtle diiTercnccs, 
• E \piure dcch•rativc ~ersu' proccdurál aspccu, and 
e Charattérize lhdr .. semanlics ... 

A rccent r••pcr" r•·oposes thal thcrc are ruur obstraction 
lcvtl• for dut• machines· and modcls. Thcsc, in lncrcasing 
ubMrac:lion. urc! · 

l. Tllr Dr/inrJ nnd Pt~pnlurrd D11111bast: o fully opera· 
tior.ul data •ystcm, with databasc dcfincd via soma 
ddin1tion lunguage. 

1. Tlw Dr1111brur• Systrm: it involves no data, but rcprc· 
se niS a specific sy&tem, with its dcscription. 

3. Thr Dura Mudrl: lhc data systcm prior lo lts applica· 
tiun. Thc cla55(e>) or dota structurcs thnl may be 
supp<>r1cd by the systcm huve been fi•cd, but not 
u sed. 

4. Da tu Mad<l Tlt<ury: a conceptual or senernlized data 
h:¡.e mana~cmcnt systcm gencrntor, assumed 10. be 
ahlc to >upport all cianea ut data mudels. 

Thcsc levcb rorm a progreuion:. From one lo rour b 
abstmcti<>n-frum ruur ·lo· onc is utilization; cach levcl 
natumlly ,ub,ume• or subset• thc previuus onc. 

As un e•ample, Lcvel ) may be a Rclational Model;'• 
i.c .. it can >urpurt a rclational datn 'YStcm.'but no othcr. 
Thcn U:vell mi~ht be !he implcmentatiun ora payroll data 
alefinitiun; i.e., • dcfinition or lhuse ltems (and their allrl· 
hut.,;l with procealurcs maklns up a relatlo.núl payroU 
•Y•tcm. A't Lcvcl l. we ICe ICIS of payroll tuplcs; l.o., 
cnlril!'h (dr spl!dfic pcople. 

We 'hall "'" thís cunccpl os a husls rur the popcr. 
Huwcvcr .. th~.·t\! urc t.pccial u~ratiuns pcrfurmcd in going 
fr\lm. <lnc lcvd tu :anuther, dc(on~d U& folluws: 

• Lev~l 4 lu l: Dala Policy Dcfinltion. 
In thh ''"P· thc mana~ement und infurmalÍ•>n system 
•.h:"'i"rh.!'h !'!IHh:· lhc m:Uor cun:-lminh.on ahc opcmllonul 
'Y'I~m. The r•sulting data mudcl (ur datah:~>c ma· 
chíncl 111 l.cvcl 3 is rcstrict~d: unly somc clanes ot 
dolla ~lnh:lur\!!11 are ñow ullowcd; 1nmc I)'P,:Iil o( opcra
tiun ar~ rc,lrictcd, allo"·ing privacy ur •ccurity (pulicy) 
dc~hion" 10 be slahal; bOnJc uclion5 nre r..:ñormc:d 
autumalically, allu,.·inll valiuatiun and intcgrity (policy) 
h) he SltjlCd. 

• Lcvcl l hl 2: · Data Opcmtion ~finitiun: 

Here, thc· ndmlnislrallon lis woriLing with a re•tri"cd 
•Y•Icm in which dato •Íructurc, sorne cfficiency, and 
apccific palicy consider~tion. may. be statcd: c.s .• Dala 
Puliq O.:finilion specificd ~ rclaliunúl syslcm with 
validation ot input, now Daua Opcration ~finilloa 
define• a d;ataba.c of NuplcL invulving 'acial sccurity 
number ond namc. "·hcrc thc rurmcr is a ninG di¡¡it 
elemcnl' This also lnvulves dcfinnion of the'· procc· 

'.dures for buildiOJ!, main1aining, m .• nipulatins and re· 
trieving data. 

• U:vcl 2 to 1: Dalll Populntlon ond Utiliualion. 
Finally thc dala must be loaded and uscd. 

Tlrt data moJtl atntraror--gtntrallztd data 1y>1rm 

Lcvel 4 dota architeelurc or syslcm can be vlewed 111 

cithcr a thcory or a mnchinc: l.e., •• cither an ab•trncl 
dcscription of a m~thod, oros a mnchinc implemc'ntation of 
lhal m~thod. lf the cunccpts or Lcvcl 4 can be c.preucd in 
seltheory, thcn lhc "machinc" could be cither a th~urctlcal 
or working set proccsliOr. ln thia papcr, we di.cuu two 
condidat~• ror U:vel 4 machines, and lhen •huw how cach 
moy be reurictcd lo L.cvel ) .mnchinea. lt ls. ho,.cvcr, llf 
tantamounl Importante thal lhcse machines b.: lruly gen• 
eral, and this c•orciic ls an nllcmpl to show lhc n<cd nnd 
gcnerality, •• wcll as lo illustrnte thc pam and use of auch 
machinc.. Obviouily, iflhc lcvcl 4 machinc is •ufliciently 
gcncrnl, ii will ca1•tr all ponible datu machines· al U:vel 3 . 
(al lcast rclational, hierorchic, ond nctwork mudds). 11 may 

: be considcrcd a meta-dala model or gcncralized dala sy~· 
tcm IGDS). Funhcrmorc, the use of such a oyst~m providcs 
a framework for data modcl comp:irison. . 

Thc 1wo modela discusscd here are: 

l. Thc Functional Model1 nnd 
li. Thc Set Thcurctlc and Ext~nded Set Proc~uor"- 10 

· modificd to allow data policy and data bp.:ration · 
delinillon. , . 

THE FUNCTIONAL MODEL OF DATA 

. He re wc consider the Functiorud Mudcl or Data as a 
GDS. Fint, Levcl 4 structurc ia prc11entcd, thcn datn pulic~ 
con&tr~ints. are •hown ID add furm und structurc tu the 
model. The cunm:•inll are semantk. and ullow thc Func· 
lionul Modcl lo be vicwcd in re. u ictcd ca••• as cithcr 
rclatiunal ur DBTG (nctwork) data t•iudcll. 

ú•·•·l 4 srmrtun 

Level 4 is a meta-data lcvel ,.·herc th( Fun~tiunal Modcl 
or duta is vic" cd as u directcd ~rarh: its nuu~· rcprc•cnl 
&tll and its ares rcrrc,cnl lolal ftint:lion\. Nuüc~ :arC'' cilhcr 

. cntity •cts or. v•lu< ••11. /;.ittily Sc·u may ha ve any numt-.:r 
of incuming or uutcuing •r•:.; l'e~/rc< Sc·u may have unly 
iR(oOling arca, b.:cause "valucs" are thi ultimntc losic•l 



't.) ~'P"'cnt:uion of infurmatiun, ao no ares lcavc valuc sct 

0 ,,.¡,.,, A l)'f'icul l.cvd 4 runrtiLtnal Mo~d crurh is shnwn 

1n !'ir,urc l. 
i!lc dcliniti<mal f:,tilitios fnr thc leve! 4 Fun.:tiunnl 

~ 1 f¡~Jcl cnn~¡,.,. or :hrcc: crcntiun and numing opcr.i.linns Cor 
,,,luc ••u. entily ••••· an~ fun~tiLtnal •rc•ilk;ation <>f nn 
tniÍIV >el (i.c., "pccili•:utiun uf functiun• whosc ~umnin ia 
¡h< cnlily •el). 

Tllerc are ;thn npcralion> for dclcting valuc •cli, cnlity 
''"· and functiuns. Thc dcl<tion orcr:ttion• huvc thc fui· 
h•\\·ing !:!idc:·cJfcct~: 

o o,•lc:lion 1.,1( all ~:nlily scl abo implirs dclction l'f lhllse 
funCti<lOS inciúcnl on Íl (hulh incumin~ and OUI~uin~); 

o l)..:lcliun or a \';alue ~ct :1lso implics dclt:tion of thosc 
functions incidl!nl un il; · 

• Ocl:tion uf a function docs nol affect ils domain :tnd 
rango seis. bol some may bcconie isolnted nodcs and 
nliJ)' no iont;cr be rclcva~t. 

n.uo policy dejillitivn 

Dala policy decisions are of t~e followin& types: 

o The mcthoJulusy lo be u•cd lo oblain lhc data struc· 
tu res. 

o Thc rcprcscn1.11ion of elements in lhe nodcs (i.e., seis) ,.. 
o( lhe ·Func1ional Modcl graph. 

o Thc loskal acécss mcchanisms lo be supponed ar 
leve! 3. 

Whilc both inform01tion and manaaemenl policy ramifica· 
lions may be 61atcd in a declarativc fashion (CODASYL 

lotl\7 $ob. [ 

V•lu. Stt • V 

'"""' 1-Fun<liu..S cnodcllf•rl> 11 lcv<l4 
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DDL,'). mana~cmcnl policin are ollcn cnforcod by lrans• 
nction·t.lrivcn ""lril!J;ÚS ... a 

To rclinc thcsc i~ca• wc flnt rul~rcos lhc r;amific¡¡tion• of 
dul;t poli e y. Thc m•lSI imjiortunl d..:i,.jon is thc choice of 
~;tia mooel mcthooul.>¡;y: lhis ... m dclcrmine thc richncu 
und complc•ity uf lhc allowablc dat¡¡ mu,1urc>. Thc n>elh· 
oduh•~Y. adopte~ in thc Fun~lional Mudcl is •cm;mtic pre• 
dicution aMI)·sis,11 a pmccu dcvclurcd lo an .. lyzc the 
acmanlic structurc <>f scntcncca. 

A prcdicath•n rcprcscnts a Nh\llc scnlcn•·c: e .g., an 
asscniun, u comnHmd. ur a queslion; il may be dccomP<l••d 
into zcm. une. ur twu ;~rcumenls an~ a ptcdic:uc. Ar~u
mcnts may lhcm•<lvcs "• pr~icaliuns ... Do" n~radcd prcd· 
ic:ations .. may qualif)' arGumenls tthc iemilnlk .:quh·:tlcnl . 

1uf ;u.Jjcctivo•l ck•uM!~l or may mudify prcdit:;llt:lll Uhc sc:man··· 
lic cquiv;•lcnt uf ¡¡dvcrbial cluuses). Thc lowut sen•antic 
lcvcl c:tJn~ists uf \~m;mlic (calurcs '*hich scne as ntomic: 
scm¡¡ntic dcscripti\ln unils. Down&r•~cd prcdic¡¡liuns play 
the role uf scmantic Ce;11ures oflhc uraumcnls or predica! .. · 
thal thcy qualify or n1udify. 

Here we ussume lhal u specilicalion of dala in1crrela1ion· 
ships ls availat>le: The 'informalion analysl's ·role ls lo 
obtain the corrc•ponding prcdication ilructures and map 
lhesc lo 1he Funclional Modcl (an abstr•clion procoss). 
Consider the Slatcmenl: 

"Companies surply parts lo dcpanmenls in sun¡c volumc" 
1 

The prcdicalion structurc is ahown in Figu'ie 2. ~<·herc the 
main predication llruclurc "compani'" •uppl¡· pans" is 
rerresenlcd by lhc pr~dicaliun PN, wilh ••11ument• A1 
(COMPANIES), A, IPARTS) and predi.:atc P1 (SUJ!PL Y). 
The arrow undcr SUPPL Y denotes the dirctlinn of lhc 
rcla1ionship rcpresenled by PN1; it corresponds lo lhc 
aclivc voicc of P1 •. PN1 and PN1 are downgr•ded modirying 
predicatiuns rcpresenting thc indircc:l object and adverbial 
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Y • ·W•I• St'l 
A • -~~t Sil 
P • Prt'dlutlon Stl 

fi$UfC )-The func:Jionaf modcf cb11 IIIUdUte 

information. respective! y. The X'• rcfer to P,. which thcir 
corrc~pondine predications mll<lify. Semantic fe01tures are · 
ll::l! prc&ent in thi• uample. but correspond to dcscriptions 
of the arsuments (COMPANIES •. PARTS. DEPART· 
MENTS and VOLUMEI. For c.:•mrlc, Df.PARTMENTS 
mi¡¡ht bt chara.:terized by NAME, ADDRESS. ond NUM· 
DER. 

The Chl>ice or thc ubmnction used lO map predication 
structurc> 10 functional. Mll<lel data structures is pan o( 

d'"" policy. As nn exarriplc. the mll<lel micht be re.tricted 
as fullows: 

• S<mi.tnlic fc:aturcs map t~ funcliOns whose mngc scts 
are \laluc ~cls. · 

• Arsumcnts <<>rrcsponding to ."real·wor;ld" cntitics map 
to named argument sets .• 

o Prcdications nmp to named predication sets. and the 
· ares puin1ina lo :argum.:nls bccome ruamcd fimctions. 

Al•o thc prcdicatc and its orrow are auachcd to thc 
prrdkarion s~l. · 

• D<n• nsr"d<d predications are reprcsentcd by functions 
whose du.rn,&in is the main predication sct and rnnge ls 
eith<r un argumcnt set ora vuluc sct. 

Figure J dcpi<ts the Functional MO<Iel data ~tructure based 
lln th< rrciJicatiun structure or"Figure 2 und lhe abovc 
ul"hlt;h.:lion rul~a. · 

Thul'l lht chl•i~c uf _rhc m..:lh,..,hli''P:Y used to model the 
orl!aniluliPn is uilc .aspccl nf ~ohlla pulicy whit.:h induces 
stru<lurc in ra-sin~ rrom l.cvd 4 to l.cvol 3. At l.cv<l 3 the 
Fun,rhm.al Mt•dd ha!t cnlit)' sch .. ·hts!iil"icd us cilhcr pr~'-'icae 
titln !\C'I~ ur :1r¡:umcn1 ~eh tdcn,•a.:d P and A. rcspc~tivcly) 
iand v:1lut !'.Cb rcm;Jin un,han¡:. .. ·¡J, Funcliuns pcñurm 1wo 
f~ollts: u funclion m-.y pruvidc infllrmulion uht..Jul u pn:tfica· 
tiun ~lruclurt or i1 rn~•Y r .. ·pr .. ·,cnl u ~~m;mlic fcuture. The 
dar a \HU~lurc~ !ri.Upfhll h:d hy lhl." prt.·Ukaliun ;ln<~l)')is and 
,,thlr.•d•••R·P'""''L''' .•• ,. lkph:h·d in l'•.,:urc 4. All lh~o.'\L' daca 
.... ll,hill'" .lh' P•"''''dl r ... rlh , .... , IH•u;d "'"~""· llul IIUH•I 

,qo 1 •1¡, 11 ' '' r-1\C.' • ••1 ¡, 1' ,.,,1 d 11 'o\~ lo •111\lllool'·,f 

. ' ~·· 

o Funcrions ernnnoting from a prcdication sel can1101 
have predicotlon seta as rangcs, 

thcn only cases e and dan: admissihle. Thisls prccisely thc 
case in the Entity·Relaliundlip mudd.11 whcrc prcdicatioa 
und ar~ument •••• are culled rclation•hip. !IC:IS an.d entity 

· seis. rc•recti•·cly. In the Funclional ~lod<l ares ·all rcprc
. senl total functions. whereru.· in th•· Entity·Rclationship 

model ares are eilhcr 1 :·N muppin~' (for cnlily sets lo 
rclation<hip sebl or functions lfur cntity sets to v"iue sclsl; 

So far. we have only cunsiJercd thc mcthoJology fllf 
ohminins data structures. Althou¡:h lhc sct typcs play ·an 
imponant role. the runction typcs are imponant in C.pr'Ch· ' 

. · ing logical access mechanisms. Consider a binary rclalion ar 
from set A to set 8, and ill representation, Ro, as the sel ul 
urdered pairs 

R.a{(a, bllacA & brB &. aab) 

Obviously. Íherc uisls an "inclusion" function, i, whil:h 
. a .. igns an cl<ment (a. b) or R. to its corresponding clcmcnt 

(a. bl of AxB. the Cunesian product o( A and B. In 
addition. thcrc cxist functions f: R.-A und g: R.-B such 
that lhc dia8ram of Figure' "commutcs. ""In tcrms or thc 
Functional Modcl predieation struclurcs, the binary relati••n 
o curresp.,nds to u prediealion structure conshtins or a 
predication nodc (labcllcd "a" l. argumcnt nodcs (A and Bl 

·andares (f and gl (sec Figure''· Thc·nctual repr.,cnMiun 
or the clcments in thc predicalion set ls by means uf thc sel 

~. ' 
Thc runctionality typcs or r ond g are importan& in 

modclling the •em,.ntics orar: i.c .. whclher o.is a r<l"tion. a 
paniul function. or a total function. There are sixlccn 
po"ibl~ configurntions· for the prcdi~ation structurc, be· 
couse r and B muy 1>c one-to-one. onto. both of these, ut 
none of lhese. The most imponant configur:uio,ns ore 

1•1 . ,., tcl 

'(•) 



!I\ 
,...,_ AaD___.,..O 

f\#ur• ,_1\epr.,.ntailn• oto ~IOW:W rtlatlon lUid prrdl<•tloo "~""' 

•untmarized in thc rllllllwlng: 
ful'l.' 
l.ct a be a blnary rclatiun frum A lo a whh runctiunnl 
.¡..:dlicalion r ""d 11· •, ..• 
Tb~n: 

.1. lf nchh4r r nor a are onc·lo-unc (1: 1), lhcn o ls a 
rclallon: 

2. lf f 1& l : 1, rhcn o ls B punllll funtlion: 
J. lf r la 1: 1 and on1o, lh~n o ls a lalnl funcllon: 
4. Ir rls 1 i 1 and onlo, whllc o la 1: 1, lhcn o ·ls a 1:1 

runction; · 
'· Ir f is 1: 1 and onlo, whlle e is onlo, lhcn o is un onlo 

runclinnt 
6. trr ""do u re bolh 1: 1 and onto, then o is also 1: 1 and 

omo. 

The funclionnlily lype or r dtlcrmln~a whclhcr " ls D 

relallon, a panlul funclion. or a ltllal r11ncllon. Ir o ls a 
Jun~tion,then lhc runctionalily ora uelcrmincs.whcther.o ls 
<~nc·to·onc, onto, a onc·lo-one correspondcnct, or nono or 
these, 

In termi or predlcaUon slruclUICI. a prcdicalion ICI may 
thus rcprucnl a rclation or a runction. whicli implica lhal, 
In thc lancr case. o may be rcprcocntcd by an III'C. Thls ls 
indecd truc, bul 11 musl be considcred 8 Daltt Policy 
tkcl1ion. ' 

Onc·to·onc funcllons play un lmponanl role In acceaslng 
1 panicular elemen1 ora ael. Jr 1he funcllon r In Figure 5 la , 
onc·lo-onc, a pnnlcuhtr MA will purtlcipula In (al mosl) one 
ordcrcd palr (a.b)oR •• so lhal lhc second cl~mcnl or lhc 
ordcrcd p:¡ir may be oblnincd by evuluatlng lhc runclion 8· 
Thu1, any ORC•lOoORC runcllon OUlgoÍng rrum a ael Íl a 
candidalc (key) ror ncccuing 1~e clcmcnls or lhe acl. 

The nolion or loukul occcn con be euendcd lo predica
don aeta· lnvolvlns more lhon two arsumenl sc11 and 
varioua v~luc iCII (os in Figures l11nd 4). In lhis case, lhe 
rrtdlcation ·nooe rcprcsenla on n··ary rclnlionohlp, where 
cacb clcmcnl muy ~ vit,.·cd as ori n·luple of cnlhles und 
l'nlues. For n·ary prcdlcnllon ICIS, 8 composile kcy la 
rrcclscly lhe conccpt in Rcr~rcncc 22. 

Finall)' we lllu•lrulc a mana~cmenf pollcy conmalnt 
"ho10 prcditlllion •lruclurc has unolhe·r prediculion node 
a1 an ur~umcnl (e.g .. Fiuur~ 4<1)). Thc opcralionnl con· 
llmlnl "A comrany musl ~upply ul lcasl lhrce pnn1 lo 
10me dcpanmcnl during a quun~r lo remaln a v;1lid supo 
tlicr." could be modcllcd by a prcdicullon s1ruc1urc con· 
1l11in¡¡ o! A "mu11" prcdicolion t.cl wilh ur¡:umenl scll 

t. 
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COMI'ANY und SUPPLV lo Fillllrc 3 prcdkuli••n •cll, nnd 
·aemanllc rculun:s ((uncliúnslo vuluc •cbl TOTAL·PARTS 
and QUARTI'R. l!lc~illA uf lhe "mu•l" ..:1 mi~hl be 
updalcd liy pru¡:rum oo lhe uccurrtncc 111' a· SUPPLV 

. lron!lllclion, bul lhc vulidullon wuuld pruhal>ly lakc place 111 
thc cnd or cuch opcntlin¡¡ quunl:r. 

Thc relallanal modtl or dala 

The dalll pnllcy eoRAlltllnll 11n 1he Functiunal hhlllel 
· predicnlion alrucluru which lr•nsrúrm 11 ln111 lhe RclalltJn:tl 

Modcl are: · 

o Vnlue sell are dumalns; 
·• Argumenl seis and prcdieallon IIC'll are rtlrrlluns whooc 

clemenll are rcprcaented by 1uplt1 or vuluca rrum 
dom.iins; · 

• Funclions whor.c ranse acta are valuc ACII hccomt lhe · 
allrlbulr unmrs or thelr reapcclive relaliun1: 

• Funcllons rrum prcdlcatlon scll lo tir1umcnl scll are 
replaced by lhc auribulc name corrupondina ·lo lhe 
kcy (pcrhapslhe composllc kcy) of lhc urgumcnl act. 

Thc conscqucncc of lhesc rcslriclions is 10 allow only 
nodes which represen! lcvel 4 cnlily ICIS as rclalion•: 

·, rcprcsentcd b~ tuplcs. Thc arca can now only poinl a"·uy 
from nodci, arid lhelr runcllona are lhe namn ur the value 
acta or cuch clemcn1 or 1he luple: riec Fiaure 6. 

Tbc DBTC dala model 

,. 

The Funcllonal Modcl can abo be 1ran1rurmcd in1o 
DBTO 1ypc Dala Slntclurct by . dala policy dcliniliun1. 
Flnl, lhe reconl wRI be almpllllcd by lgnoring rcpcalins 
sroups.-in lhis ca1e a rcconl ls ·a luplc, and may be 
rcpreacntcd In lhe &ame way as lhe relallonal dala alrUc· 
lure. The DBTO·t.cl, In ha slmplcal Corm. la a reprnenta
llon ora runellonlll predléallon (i.e., a predlcatlun whleh ls 
a funclionl. The arrow or the funcllon 'lutme ls In lhe 
opposhc dlrcclion lo lhe arrow in lhc cqulvalcnl ''Buch-
rru10" Diaaram." For a more complicalcd DBTO·scl slruc· 
lure, lhcrc ls a Jlrcdicallon (a rcconl) ~lwcen two.other 
relallons (also record•). This represcniS on inlermcdi~lC 01' 

link rcconl belwccn awo olhCÍ's;,ihese &lructurc• havc ¡,cc11 
dlseus•cd ai llnklns rccords belwcen two relalltutsln Rerer• 
ence 2.5 and lermcd "au01:ialiona" in Rcrtrcncc 26.· 

Whclhcr lht modcl lrunsrorma a funclion ~:ome lnlo a 
DBTO·W or f11lluws lhc Predlcallon ( Rccurdl numt mod~l 

· • la a data pulicy dccl•ion: lhc sume rcsulll rrusy be ol>tuin~d 
provlded lhal onc record la funeli~nully dcpendcnt on l~e 
olllcr-bul nol ir lhe relallun la N lo M. 

The lnscnlon propcny ot a DBTO·scl la eilhcr AlfT(). 
MATIC or MANUAL. Whlch scl has whlch prupcny ia 
dclined ul Leve! l. bulthe ablllly to delinc lhc•e prup.:niCII 
ora runclion is 11 Dala Polity dccislon, which dclimils lhc 
lcvcl 4 lo 3· ilruclurc und delinca lhe DOTO Moocl. 

. Slmilnt1y, lhe delellon propcnle~~ (MANDATORY and OP. 
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Value Sets 

a) Relational Data Structures 

Record. (Relation) Name 

Value Sets of the items 
(e.g., PICTURE clause) 

b) DBTG-like Data Structures 

..Relation Name 

Funct1on (Attribute) 
N ames 

(Domains of the relation) 

Item Names 

Record Name 

Function 
(DBTG~SET) 
N ame 

Record1 Name 

Item Names. 

Cumparlwns 

.. 

' 

Predication 
""'"""' (Record) 

N ame 

TIONAl.l. ar.· l'.<•·cl 4 to J Jata pulicy decisions which 
dclinc the "l'"'"'i"n uf a IJUTG mudcl. Thc•c twll propcr• , 
l~s an.• lht.:r~.·rurc J,.dtuulú•a•s a.~tiodalcd wilh lhe ares. ' 
Aimil~1r IU lh..: fum.·ti~.'n<tlity 1)-pc:o. in a (uncli!Jnnl modcl, bul 
ollwiuu.ly ha•·in¡ strunscr dfcct. The cnfurccmcnt of this 
pulicy 1•. uf i:uur.c. proccduml, · 

·lt i5 uscfulto compare and cuntrnst rcl:uiunal an.J DBTO 
dáta pulicy up<rati<~n•. Rclational •>·•tcm• li~c S) •te m R11 

an.J 11-IGRES'" use thc lhcory uf n<~rn~:J furms tu providc 
&uod data structurci ~nd lhcn utilizc lhc>c >impl.: •l.ruciUICI 

.... 
• .... ,..-,. l 

'/_,•: • . l ,, .! •. ' '•' 
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thmush dala·nmne l.ink~IJCI nnd data opcrutiuns likc JOIN 
and i'IWJI!<.'T; lhcy llpJIIY oth~r datu fl\llicy such ns 
cunsi>tcnc)·, (ntc¡;~l~. nnll valiJatiun thr••u~h Ry~tcm modi· 
lkatio.~n of thc u"cr ~latcmcntiiNGRESI, Y.hi~h is immcd¡. 
•. ttly initial~d. qr throuuh ar•tcm ui~scn tSYSTEM Rl 
\\bkh al\: tnonL>eliun driven. but may be dclaycJ. Thcsc 
''"' impltmtnlioti''"' dilfcr in thc f:~~:l thal INGRE.S spccl· 
lia fl\llícy in. dcclarotives y.·ith rrnccdurol enfor~cmcnl, 

· \\llile ~VSTI!M lt it procc'l!urol huth in dccl;or.tiun ami' 
cnf~>rcconent./ 

Thc DliTG data policics are hoth dcclarJtivc nnd procc· 
durnl: s~>mc.: •otrh "' AUTOMATIC, nre tlccl:or:otivc und 
11pply a rri~>hiH fun"iua on •'per;llion impl)•ins a ··.cman· 
aínu al ~lún•~c of n u:cuni; olhers. tht Data Bm~.e Proce
duros, arc rnl«<lur:ol anJ are invukcd by lOme tri~gcr: •·B·'• 
on updatc (validat.i<ln), .privacy anll sccurity chcckins. 

THE SI::~ THEORETIC DATA MODEL 

1'1lc sct thcoretic proccssor owea 115 uis1cncc to tha 
ron~cpl of an u1cndcd sel. Thc t.rltll~~d srt consls15 of · 
elemcnts whlch themselvcs 'may he conventional seis, se• 
qucncca, ordcrcd scts, atoms, or evcn exrcndcd· seis. bul 
cach eÍcmcnr 'is idcntilicd by a position·idcntilier (numcric 
or mnernunic). Thc extended 5CI is cncluscd in squarc 
hrack~ts 1 1 whilc !he ordcrcd se1s or $equcnces nre in 
angle braclo:.cts ( ). Thus ir' X is an extended sct consistlns · 
nf clcincnls Y and Z in puoltions 1 and NEXT, wc havc: 

Xm[(J,Y), (NEXT,Z)) 

lf we use brace' { } lo enclosc seta, then if Y ls thc sel or 
lhc lirsUhrcc intcgcrs and.Z ls lhe four·tuplc conslstlns of 
"0,1,0;2" (in arder), lhcn: ., 

Ya{l ,2,3}a( (tll ,J ),(#,l),(t1',3)) 

and . ' 

Z•(O,I,O,l) •(( 1,0),(2,1),(3,0) ,(4,2)). 

Rcf~rencc 16 ahowa lhal the extended ccl b 11 normal· 
extcnalon of sct theory and that predlcote culculus opem
tlona can be delincd on thc Ulcndcd Bet. AD. normal aet 
operations (unlon; inlcncctlon, 'diiTcrencc, etc.) may also 
be dclincd, uccpl thal op~rationi are positlon dependen!. 

' \ ' 

ú~d 4 llruclur~ 
\ 
\ -

l 

The model consi•ts ot the tollowlns objccts or clcmcnts: 
Aloms, which represent o.numher or charocter otring; Sm, · 

· compoied óf ony object; Ordcred seis or scqucnccs. com· ·• 
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Jlrtdic~tes lo llmltthe reiponse: and macros y.•hich simplifr 
operation~ (e.g., Aver;oge, Sum). · 

In ordcr lo illuMr~le the upeMiuns uf the utendcd SCI 
proccuur IXSP) 111 lcvel 4, a scrico nf uperJtiuns is pve11 
in Fi~urc 7. Thc fir•tten operutiun< nre ~11 u( the "llorase 
by :o»iGnment" t¡·pe: 'thcy •torc l~n •••~nd~d ••"; with 
synunym• (namcs) ME, YOU, el~. Th~ VALUJ: functiu11 
invokcs a "co¡iy" openitiou, ,..hich do>e• nut utcen~rily 
duplicn1e thc Miin~: thc re•ull m:o)' he ...:prr~c11tcd inter. 
nully by ¡x:>inten. Thc 1e1 AUTIIOII.S i• thcrcfur~ mude up 
of thc '"''Ó ••tended htli l\IE and YOU. 

Thc as.i&nmcnt up~rution for X d~linc• a n~,.. e~tcndcll · 
set: lt is a simple sct containins 1he namr• uf thc two 
authurs of ihis pnpcr. This punicul:or orcrallon ulr3c" 
(frum thc sct AUTHORSI the vuluu whi~h havc fl\)iition 
,in,dicalor NAME. Funhcrmurc .. thc summatiun upcr•tio~ 
(SUM) counts thc elcmcnls (lwo) uf thi• ncwly dclincd sea 
X. 11•c kcyw,•rd LIST in thc tind lnslructiun of Ficure 7 la 
uscd to denote n ut ot O 10 ·•N" replicatiuns. Thc numea 
and symbuls whkh hav~ not yct heen dcscribd, sueh llll 
PHONE. NAME, AUTHOR·TYPE and PICTURE, hav~ 

. no semanlic meanlng at Lcvel 4. Later. sume will have 
scman1ics in di:tining policy, bu1 l1~rr tht.• n" mtrt/y 
symbo/s. Al Leve! 4 thc XSP is unr~•tri.:tcd. lt will storc, 
maint:ún, rctricvc. or m:onipulatc lho "~.~1~. or nny pan ol 

·any extcndc~ s~l. Howcver, the XSI' mu•l have operationa 
whiclt can be tri!IBcrcd · by cvents or. cunditiuns; thcse 
opcrations~ app!icd in soins from lcvel4 lo lcvel 3, are 
thc Data Poliey dctinitions. 

D.11111 po/k¡ dt/inltiun 
~ .· 

Thcrc are lwo typcs of XSP syllem appllcd conslr•ints: 
· ataUc and dynamic. Thc Jllltk cunstr11i111 il one lhat IIIWJll 
alwayi be satlslied: e.g., lhe data struciuie clan must. be 
hlcrarchlc ,. or· lhe acceu.lo .Omc pnni ol the databas e· are 
pnisword protect=d. Sucb con¡tralnts lmply a ayllcm actlon 
whcnevcr vloladoo ·oécun, and thcac may be lmplemcntcd 
011· speclol sratcm acdoñri ("compila! lnto tbc l)'llcm'') 011' 

as lnlcrpretcd actlons, whb well dcnned error rcapo=IIO. 
Most currcnt systems "compile" thcse conslnlinta (l.o., 
lhcy "do nol iupport othcr modcll ol data" or ''allow lho 
followlns typcs· ol dala protcctlon .". ;•'),· · 
Th~ dynaml~ consirmnt la one lh111la aadaficd al specillt: . 

times or for speciol opcrotlona: c.g., tbc validalion allll! 
clemcni.la'only lo be performcd atlnpuc, or securitr 1s to be 
ch~kcd · a¡¡ainsc typc ol' ·use; and type of opet.tlon ror 
ev~ry acecu, ~ese con~tralnta are caacndally lnt•rprcli!d. 

' . . 
' ' 

posed of any object; Extendl:d seiS, composcd o( ony · · The rclallolllll modcl ol dala· 
objcct. or coursc, no object moy contoin ilsclf. Thc othcr · ' ... 

· model objects moy oll he rcprcscntl:d as· extended seta, · · . An exomple ol thc dcfinltioll ol ollowahle dala structure 
posltloll ldcntilicr• (whicb are atums), ond atoms. Cummau clas~i for a relolional modcll1 ¡:lven IR thc rcstrictions· ol 
are uscd to dclimil ohjccts in o sequencc or set. · Flslire .a. This delinllion Dtatcs.lhal allaeta are madc up Gr. 

The bosic lnn&imcc or thc lcvc14 dula modcl consi1 ts of;; · ordcrl:d seiS which i:ontlliil "lllln"bute•Yllluc" paln (e.s,, 
prcdicaic calc~lus nprenlons; algcbrolc cxprcssiors; ·liS- ' thc clcmenta ME and YOU in F"!SUI'C 7 are ordc'red sets ol' 
lignment btonobel $111lcmenti; retricval expre$aions, wlth thrce palra). Moreover, thc po5ition ldcntilicn ahaU .tic 

1 " ' • ~ ;; 

·, ' 
·.; 
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ME .. [ <NAME ,SJBLEY> ,<SSU,017j3217992> ,<PHONE. ( 301 )262.;7138>] 

VOU"' [<PHONE,(301)937-7726>,<NAME,KERSCHBERG>,<SSD,294I36J4321>] 

• 
' 

H a(<TITLE,DÁTA ARCHITECTURE ETC.>,<AUTHOR,(VALUE(ME),VALUE(VOU))>] · 

AUTHOR·TVPE ~ [<NAME,NAME-TYPE>,<PHONE,PHONE-TYPE>,<SSU,SSI·TYPE>] 

NAME-TYPE a {PICTURE X(25 MAX)} 

PHONE·TY~E a {PICTURE '('999')'999'·'9999) .. 

SSU-TYPE "' {PlCTURE 999'/'99.'/'9999) 

ARTICLE-TYPE .. [<l,TIT!..E-TYPE>],. 

. TITLE-TYPE =· {PICTURE X (UNRESTRICTED)) 

AUTHORS· ... {'iALUE(ME), VALUE(YOU)} 

PRINT (NAME-TYPE) . 
" · .. 

X e {NAME 1 s'ET .. AUTHOjiS) 

y D SUM(X) ' ',. 

• 

Xl e {NAMEISETaAUTHORS AND SSI.N0Ta'017132I7992') 
' . . . .. . 

AUTHORSHIP-TYPE " [ <AUTIIOR,LIST (AUTHOR·TYPE)> 1 <ARTICLE ,ARTICLE-TYPE>] . ' ' ' . . . . . . 
. :· ' 

) AUTilORSHIP a {VALUE(IT)l 
t11,. 7--$omc upcr.Uiolu olao XSP. AS t.c.d 4 . \ 



... 



• . . 
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~· POLICV RESTRICTIONS OF XSP • 

• 

. OBJECTS: ATOM, ORDERED-SET • SET •. 

MEMBERSIHP: MEMBER (ORDERED~SET) IS <POSJÚON-10, ATOM>. 

MEMBER (SET) IS <6, DRDERED·SET>, 

CONSTRAINT: ALL POSITION-10 (ORDERED-SET) IS MEMBER (POSITJON-10 

(ORDERED-SET-DEFINITION)). 

LEVEL 3: DEFINITION WITHIN RESTRICTION •. , 
SET OBJECT. AUTHORS~. 

ORDERED-SET OBJECT. AUTHOR-TYPE •. 

ATOM OBJECT. 
• 

NAME-TVPE. PHONE-TYPE. SS~-TVPE. 
~ 

TIMING. . ' 

. . 
APPLV PHONE~TY~E. SSU-TYPE ON INPUT. . . . 
APPLV NAME~llPE ON OUTPUT, INPUT; 

APPLY AUTHOR-TYPE ALWAYS • . . 

. . . . ' 

An Inva11d DEFINITION would be: 

·SET OBJECT. AUTHORSHIP • 

. . 

. . 
ORDERED-SET OBJECT, AUTilORSHIP.~ TYPE • 

. . 

••• (See Figure 4.1: ihfs fs nota ffrst 
NCinna 1 Form deff nf tfon) .. 

. ·~ 

. . 

•· . 
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found wilhin a dclinition. Thus. if wc con<idcr thc Lcvcl 3 
dclinitions of Fi~urc 8: AUTHOR·TYPE defines lhc posi· 
lion idcntilicrs (NAME, PHONE, SS#l. thcn ME und 
YOU conform lo lhis lype of ordcr~d sct. Morcovcr, lhc •el 
AUTHORS In Fi¡:urc 7 now conforms lo thc dcrinilion 
AUTHORS in Fi¡:ure 8. 

11 is now obviou< that Figure 7 cont:uns dcfinilions of. 
extended sets which can 11pply (or be upplied) with seman
tic< al Lcvcl 3. Wc cluss thc ckmcn~> hy st:~lcmcnts· in 
Fi¡;urc 8 ""hich >lww thc .Jcfinition thal AUTIIORS con· 
·tains clemcnts (luples) which comply ~ ith thc (Figure 7) 
AUTHOR-TYPE dcfinilion, while thc (validation) crilcria 
of lhc atoms SSII"·TYPE, etc .. are upplicd on input, wilh 
NAME-TYI'E chcckin¡¡ also on oulpul. Morcovcr, bccausc 
some cxtc:ndcd sc:t opcro1tions, mighl allow gcneration o( 
invalid sct• duung vulid operutions, lhc AUTHOR·TYPE 
.criterion is applied on all operulions (lhis may be a duplica· 
tive ilalc:mc:nl. dcpcnding on thc ovcrall C'OI\oo 

strainl ... ALL POSITION-10 ... ele .. bcing univcrsally 
applicd. '" ··compilcd into lhc system"). · 

lf we gave XSP,. thc dcfínition for AUTHORSHIP· 
TYPE. an <rror musl occur,. bccausc ·thc definilion la 
Figure 7 allows non-atomic elcmcnts in .thc ordcrcd scl (due 
to usn. 

Thr DllTG dat• model 

In doaling with lhc definition of a DBTG-Jikc struclurc, 
one is faced wilh sume prior docisions. Using lhc delinilion 

. of Refcrcncc 25, a DBTO-set consi•ting of an owncr record. · · 
(A,l and thrce membcr rc:cords (80 , B0',"Bu"l. In ·thal 
ordcr, will be rcprcscnted ns 

(A,, (Bu, B¡j', Bu")) ' 

The rcstrictions lmpo~ in an earllcr scction on DOTO· 
records is applic.J herc abo: no rcpcalirig sroupa are 
allowed. Thus the definition· of a record in Figure 9 followa 
lhal of an ordered SCI in Fi¡¡ure 8. Thc definilions lhcreforc 
are 'spec~~l only in thcir inclusion of mem"ctship in DBTG· ..... 

11 will be scen ihal the dcfinitions do nol truly reOcct lht 
lirsl rcquircmcnt. :tnd llml thc r.ccond c~&n be con,idcrcd 1 
triggcrcd or systcm applicd proccdure Uhc rcsull o( 11 
op<:wtiun dcpending on lhc funclional propcrties o( tht 
DllTG·•ct, etc.), Thus lhe rcstrictinns are nol corrcct. Dr 
funhcr rcfining lhc modcl•. it shouhl he poniblc to dclet• 
mine lrue similaritics and difTcrencc• Ho••cvcr, iÍ is fine 
ncccssary lo add thc opcr•tions and tl .. ·ir marpings,-a no• 
lrivialtask. . 

OO.:ICl USTRICliDIG Of 1>1, 

OOJitll: 

lt:.l'til&JP; Ktt~U CIUOIII) ll d'0$1fi011-ID, AfDtto, 

·Mta I<DT .. ICI) IS •1, licoatl> DI 

d. _LIST tltlCOID)• , 

IIUtltJI (srlWI-50) 15 ...... u' 
a>IISIOAIWJ: M.L P0$111 ... 10 111<01111) lS KteU 

IPOSITI ... ID tll~lllflOITIOII)), 

LUQ. l: Dtflllti.OII Ollllll llSTIICliOI, 

IYSTIJI.SU oa.IICT. .11111101Í5111P 

08T .. SIT 08.11CT. ~tr-nl'l. 

ltiCIIRII OSJICT. ARTICU·lTI'l, Allllllll·nPI. 

ATQII OIJICT, lllU•nPr, --nl'l, --nPC, SSt·RP(, 

.. Tlfttlll. 

· oW\T AUillMIIC 111 AIIICU·lTI'l 011 STCIIII. 

Plpn.9-I'Dilcy llal_,b 11114 Lnd J dcllokioa lar 111 XSP: Eu..,.. t 
. '·, DBTOaoodcl 

' . ····· 

'Data Policy is rcprc•cnled by thc nbility to havc A Uro: · .· • CONCJ..USIONS · 
M A TIC opcmtion of DDTO-scl inclusion on $torios a 
predclincd record. · 

Comparlsotlll 
1 ,, 

11 h>S been ',;,!ll.!CSied thal the implcmcnlaiÍJn of a 
rd:llional slructurc In a DBTG syslcm is a mallcr ot: · · 

l. Only :tllowlng syslcm owncd seiS (DBTG tc:mcd .Chis 
a "SINGULAR SEr'); . . ; 

2. Rcmoving cunccpls of databa« pruccdures. inclu•ion 
and dclction prupcnics (AUTOMATIC, 'dANDA· 
TOR Y, etc); . . 

); Mn~ins kcys uniquc (using CALC wilh " DUPLI· 
CATES NOT Á.LLOWED clnuse); 

4. l.llvwing n.:w macros likc JOIN and PROII!CTION 
a a (m;uhcmatical) 5els o( reconl5. 

.. ···· ., ., ··-'-···· -·· 
Work wilh two GOS (Func:tional ano! Elll~ndcd Sct Modcli) 
lead1 us. to !he tollowin; conclusions: · · 

·. l. Thc modcl oran cntcrprisc lnfo•mulion struclurc m;l)' 

be dcfincd indcpt:ndenll)' o( thc GDS uscd (ut ils 
inirlemcnlation • 

. 2. lf lhc GDS is "universal" il rnay 11ore any inrorm;a
lion llructurc (holh dala l)'nlWI and ...imanticsJ Íll 
terms of ils prlmitives. 

3. Thc 5pccialiution uf the ODS lo a d:it:í mudcllikc lh .. 
supportcd by m•lSI curren! rcocarch und. c.,nimcrclal 
DBMS lnvolvcs D-~lu Pulicy dclinition. U•ina thls. a · 
GDS . may be rcstricted Jo pt:ñorm as orwl or nwre 
specilic d•ta modcls. 

.... Thc proocss or m:tpping frum an inform:tlion slructurc 
· . wilhin a GOS lo a data structurc wilhin a tra.Jiliorwl 

'. 
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1 

Spec1a1 System · . . . OPERATION·. · 
.' · · DEFINlTIOU .. · ,· ·. · .· 

Exampl e: . A personnel fmplementat1on fn a Relat1onal System . . . -

· Populated Oatabase . . . . 

for the Specfffc Usage . 

' ~· ... 

. DATA POPULATION ANO 
' . UTILIZATION 

. 
• 

IIJ -

1 

L------~---------------·------------------~------~ 

DDMS follows thc rutrictions of llie Data r ulicy 
,Jcfinilion: Con>equcntly thére must be a corrcsp>nd· 
cu•·c bctwccn D;,ta P<>licy rc~lriction and dma mu1~J. 
ling (i.e., pa .. itig from information sll'Ílcturc to •'nta 
structurc). This pruccu io lliagrummcd In Figure 111;1· .. . . . '· \ 

Mosl lnformation a_nalysts nlrcady ~ve a •J"'•d;•liud d;Jia 
modcl (c.g .. DOTO systcms) in minll whcn '"'"'r~ctina 
lhcir lnforlllóltion riludcl. Thus, thcy ·to~c the u .• o a M·•l··l· 
lin¡¡ roulc in Fisure 10. Wc su~scst·that tho nll:rt···· 
scneral) proccu is lo cAprcss conccplual infurw 

1 
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)----------------------------------------
1urca in lhc GDS ond lo "lunc" lhc informalion slruclurca 
le dala alruclwC5 by mcuna or l>'Jia Policy dccisions. In 
olhcr words, il is odvanluseou• lo represe ni informadon at 
L.evcl 4 10 lhal all scmanlics or lhc infonnalion ore re· 
laincd. 

Dala Policy .ldir:itions imposc addcd s1ruc1urc (with 
rc>tricliun•l on auu .. ·uhlc <bla slruclurcs. Tradcoffs wíll 
lhcn m;okc il ca,icr lo cun1ider lhe los!.Cs in rcprescnlnlion 
of informalion >lf\JCIUrcS in lhc IUpporlcd dala 5lr\ICIUrcl, 
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crnmcnlal unit" rccunl-lypc such lhut nll are ablc to 
BSRUmC thc rule or owncr or the "cmploycr-employcc" 
oct. lt 15 nccco~~:try to dcclnrc thc •·pcr•on" rccord-typc 111 a 
somctlmc act mcmbcr, ··sometlme," sincc an· pcraona are 
nol ncccssnrlly cmployers. 

In thc cusc ur u pen<~n who is sclr-employed, thc same 
"peraon" record woul~ be thc owncr und .mcmbcr or the 
samc occurrcncc or lhc ··cmploycr--cmploycr" scl. 8oth 
thc ullcrnativc owncr (prop. 31 and recursivo scl (prep. 1) 
proposnls would ncc~ tu be acccpted tu suppori this struc
lurc. 

Thc rca~cr >hnul~ ~lance buck lo Figure 6, one or thc 
pos5iblc mcuns ur implcmcntins the or¡mnla:utlonul unlt 
aspccts ora corpmale slructure. Oivcn this &tt ucturc, now 
lmunlne how thc or~anization-tu-cmploycc rclutlonshlp 
would huvc lO he hnn~lcd. Euch ur~uniz:ttionnl record, 
rrom the "curpnruliun" record throush to the ."unlt" 
record, must be ublc tu handlc the rule .,r cmploycr. All 
seven or thc urcnnizuliunnl records necd to be dcclnrcd as 
alternativo owncr lypcs to thc "orsnniZIIlion-cmployee" 
sct. Figure 8 illustmles this cxlension lo Ficurc 6. 

Jr one us•umcs thnl ench ur thc units nced& lo have a 
manngcr, who is u pcnun. lhcn cuch ur thcsc seven 
••rfl:tnlznllunnl unit rule rccurd·lypcs mu•t nloo bC dcclnrcd 
os a mcl)lllcr in thc "munagcd" sct. Thc suppun or the 
"miiO:I¡tCd" Kel gÍVCS 110 cxumplc ur lhC Us~fulneSI O( tho 
ubility ''' llcclm~d multiplc rccurll·typc• ns mcml!cn or the 
sume scl-lypc. ( Prupu.al ~l. Fi~urc 9 illustmtc• the runher 

1 extenslun or Fiuurc 6 tu includc thc "manager· 
--+orsaniz.aliun·· ~el. · 

RECORD-ROLE CONCI!PI' 

For lhc lhcurclkinn• (:ond it i• lhcy whu hnve lnr~cly 
Url!UC~ fur rcJudn~ thc numhcr u( mcmhcr re<UN•Iypcs 
dccl:tmhlc ror u 'cHypc tu une, :~nd kc•·ring thc owncr 
1ypc~ f,.kcl:irahlc IU LlOC) thc inarmluclhm ur lhc ··rcconJ
rulc" cnncqll m ay he: ur ~r.:al Ín1ptlf-tancc. This is hccausc 
lhcrc will he no "r¡:umcnl rrum thc pr.l~litiuncrs uvcr 
hnving onl)' u~.: rule l..h:dan.:d il,. lhc uwncr of U !iCI-typc 
und only une rule dccl:~rc~ '" lhc mcmhcr \l( scl-lypc ir 
rules hccumc dcdamblc cntitics. Funhcrmurc. th~ owner 

and lho mcmbcr declaratlona could be rcstriclcd lo bo' 
dliTcrcnl "roles." · ·. 

In thc worlt 111. Honcywell lnrorrnotlon Syalema oli tilla 
subject, the wonl "rccunl-rolc" has bcen uacd to chane· 
lerlze the role conccpl lntroduccd abovc. 1bo tollow!na .· 
llcnnltlons opply: · ·. · .. : 

• A "record·occunence" la 1hc d•tabasc repreientatloa 
ora real world entlty. · 

o A "rcco(ll•role" la a declaratlun ·or the D collccllon of 
the propCnlca cnclda and sota) whlch a reconl·occ~~ro 
renco moy reprcscnt on bchalt or ono rolo or a rolll 
world entlty. .. · 

o A "record·lypc" ls a declaradon ore collectlon ol one 
or more record-roles whlch a record occunenca may 
reprcacnt, while roles are all played concurrently by a 
real world entily. 

o A "record-clan" b the collecdon or oll record-oc:cvro 
renco ora panicular rccord·typc. A reconl-oc:cunenca:. 

.la alwoysln only onc rc~onl-clou, denned by a recordo 
typo. · 

• A "role-clan" la 'che collectlon or all rcconl-oc:cvr
rcncca ora panicular reconl-rillo. A record-occunencc ' 

l!ultiple o.rner "EIIIployeo• Sot 
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laln ono or more many role·classes dependin¡¡ upon 111 
rccord·l)lpo dcclaralion. 

o A "role·occurrcncc" la a subdivision of a record· 
occurrcnce which is lhc repreacnlalion of lhal record· 
occurrcnce playlna one rolo. 

This dlslinclion belwecn record-role and record·lypo hBI 
nol bcen made in exislins dnluhnsc syslems. While a record· 
lypo may hnve reprcscnled sever•i record-roles, lhcre WBI 
no mechanism of shurins lhe rccorll·rule dcclaralions be· 
lween 1wo or mure rccord·l)'pel. 1ñus lhe aamc ficlds and 
acls, relativo lo lhe role, hud lu be mulliply dcclurcd, once 

. for cach record·lypo which pluyod lhe role. Thia' lcd 10 lhe 
rcquircmenl for mulliple mcmbcr decluralions nnd ahcmule 
owner decluruliona fur scls. 

Wilh lhc record-role conccpl, lhe declaruli<ln or ficlds, 
¡roupa and 5cls are all assucialcd wilh lhc record-rule 
declnnuion. Field may be ucccs.cd using ficld-namcs which 
are qualilicd by rccord-role-namc r•lher lhun rccord·l)lpeo 
numes. Seis are ordcred by rule dcclurcd liclds. Scl owner 
sclcclion is l""cd upun role dcclurcd fiehls. Record occur· 
rcnces of dilfcrcnl rocord·IYJ><S cocxisl wilhln lhe sume sel 

CODASYL Dula Slruclure'Sela 7l 

lypo as ownc1'11 or memho:ra whcn lhc rccord·lypea shuni : 
lhc 5umo record-rola whh 1ho dcclun:d runclion. . · · 

In lhe pupor "The F.v11lu1ion o( Dalu Slruclurea, "' lherc 
wus a aequence or dulu 11ruc1ure diusrumK which were UKed. 
10 illuKirulo lhc Jlfi'IJn:KKive inlnlduclilln or n~w II)CIII oh
jccta und ncw inlcN>hJ.:•'I rcblliun•hir>• inl<l dtllu •truclurins · 
CII¡>Ubiillica. The nr&l IWO uf lhe followins lhrco dula 
alructure din~n•ma urc reprinl•-d rrom lhnln•IMc. Fl¡¡urc 10 
illu11ru1es lhe mela cnlilies: r•'Ct~rd. ncld. tu"UUp, awncr, 
mcmbcr nnd dt~la·•lructurc-KCI, whcrc lher.: muy be on · 
unllmhed numh.:r 1\f mcmho:r rctord·lypca nnd owncr rc
cord-ly~cs declt~nlhle f<lr U ICI•Iype, Thé dinsn1m o( flsu!" 
10 la. lhc mela uhjccl 11ruc1~re which 1 rceommcnd ·!O 
DDTS nnd havo rccommendcd and used for a numbcr or 
ycnrs. . 

Fi,ure 11 ls a slmplincalion of Figure 10 whcre lhc 
reslriclions or a one owncr enlhy·rolc nnd a one mcmhcr . 
cnlily-role huvc tocen plnccd on .lhe iel·lype. The scl-owncr. · 
and sel·membcr mela enlilics ha ve been merged wllh 1~ .. · 
sel·lypo meta enthics, as lhcy cxisl on a 1 : 1 : 1 ~sla. This 
yields lhc rcslricled Slruclurul cupubilily whk:h wu rccom• · 
mcnded by somo or lhe allondcos al lho Namur 
Conrcrence. · 

The dnla llruclure dlosruin or Figure 12 introduces lho 
mela enlily "record-rule". In lhia slruclure, lhe "record· 
role" mela cnlhy has displuccd lhe "record·lypo" mela 
enlhy in lis dirccl relaliunship lo lhe sc1, sroup and ficld. 
The rccord-lype concepl la nów aflhe aidc, 11nocialed by a 
declared relalionship wilh one or more "rccol'll-roles". 

"Record-role" dcclarulion muy be BISOCiatcd wilh one or 
'more record-lypos. From lhe viewpoinl or lhc seHypo, ' 
lhcre la only one "owner" record-role and only one "mem
ber" record-role. This fila more eDKily iniO lhe Viewpoinl O( 
bolh lhc rclalional modcl and lhc Dala lndependcnl ... cena 

... U IDIStr ~lnat•ro ror \.'ahllr1'&ed IOL/JNOrd a.hUOUial.fl 
' ' C4U• III"'JCCIDN •1•trut . 

.. .... " - " ... 

" ...... -.... . ... 

'"' " ..... ... ...... ¡......- -·· 
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IlotA Dlúty Strv:t\ll'O ft>< llooU!d.oo! ~ Alllaúallhlp 
(data •tructure dlavram) -

(!rcup 
trpc 

fleld 
type 

A¡wo 11 

oot 
typo 

Modcl. Howcver, the requiremcnts oC the real world which 
wc wish to modd can be sati5ncd as cnch re:~l world entily 
can 'be rccognized ncting in one or more role& and ils 

· record·C!CCUrrcncea are combined wilh the declared role 
oc:c:urrcncea. 

Al this tim~ 1 hnve no intcrest in trying to introduce the 
"record-role" Clln•·~pl inlo exisling data description lan· 

1 ~unges and daln m:~nipuhttion lnngunges. Rnlher, J wish to 
provide the ratiunnle, within these lnn¡¡uuges, Cor: 

{1) reeursive set-typcs, 
(2) muhiple member seHypcs, a,nd 
(3) muhiple owncr seHypes <· 

reta IAtlty lt.uctare VJtb r.8cor4•role Concept 
h~•te urwcuau dlltr•l 

••core reH.rd 
ro .. . ... 

¡..., 

'\...\..~ ~ 
~ ..... 
f../ • •• r•C"ord"'Hie .... . ... tnociatlon 

t l•l• .... 

Fi¡urc 12 

which provide an altemnt~ means Cor achlevlns the objec~ 
tlves, nchieved by the record-role coneept whlle remalrib~a 
whhin thc limitations o( the presently availablc meiiÍ ollllo 
tlcs. Howcvcr, the eventual lntroduction oC the "reCOni. 
role" may be thc uniCying (actor that wc oeck.· . . , 

The duta •tructurc dia¡¡rammins technlquc has bccn Cl• :' 
tended to ~uppon thc conccpt o( rcruid·rolc. Figure 13 ls a· 
redruwing oC Figure 1 with rocus ••n the record-roles or 
employer nnd employee. , · 

They are illullrutcd by thc two hexagons so deslgn~t.ccl, 
: Thc recurd·t)•pes wilh which the roles are assoclated' art 

designnted by the background boxu. The empluyc:~ role " 
pluyed by thc company. person nnd govemmental·unll 
record·typcs. Ir clnssical data structurc diagrams wcrt 
thought to rcprc5cnt reconJ.typcs nnd thc relationshlps 
between them, then the new dia¡¡rams illustnite record· 
roles, their ussociations wilh .record·lypes and thclr reta• 
tloMhips with other record-roles. Record-roles are Uluao 
trated by hexagons and the background boxes name tho· 
record:types · which play the role, Each record-typc 11 
con'sidcrcd to have one or more roles. In thls example 
••person,". "compnny" and "govemment-unlt" are tho 
rccord-types. "Employer" and "employee" are record·· 

· roles. A complete data structurc dlagmm would show eacb 
record-type once as a box on top oC a stack of hexagons. 
Each hexngon representins a record-role played by lhe 
.record-type. 1t would also show cach record-role, once as a 
hexagon al the top of a stack of bo'r•. Each recor4·typc 
would appear once more'as a backgruund bol bchlnd eocb 

, record-role it plays. Figure 13 ls thu• an incomplcti:: data 
structure diagram us it shows thc record-types playins eac)l 
record role ·but docs not gruphlcaliy·iiiustrate each, rccórd, 

Employer and Employee Record•Rolea 
!'ata atructure ~iagraml 

governMcn l-un1t 
company 

•cmployer-->emplo ee• 
set 

· Fiaurc IJ 
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1ypc whh hs record-roles. Figure 14 lllus1ra1es each record· 
1ypc wilh 1he record-role lhal 11 pluys. Thus mosl old dala 
11rvc1ure diagrama can be considered as bcing examplcs 
where lhe recunl had only one record-role. Thus no role 
facloring is neccssary. lf allcmatlve ownen or multiple 
membcrs exlsl in lho•e diagrams, lhen lhc record-roles for 
lhem has nol yc1 bcen raclurcd. Thc imponance or lhc 
record-role concepl lo dala 11rvc1ure dia~rnms may nol· be 
lmmcdialely obvlous al lhe firsl comparison or Figures 7 

. and 13. Howevcr, c:onsidcr lhe followlng unalogy, 1( idenli· 
cal programmlng c:ode uppcars In scvcro1l pans or a com·· 
pulcr program, 11 ls common lo faclor lhls code oul as 
subroulines or al leasl as macro procedurcs so lhal lhe 
documenlallon ls more eusily undcnlood. Thc record·role 
concepl ls lhe dala s1ruc1ure dÍngram cqulvalenl or a.· 
subroudnc c:all. The dinsrnm illu'males lhe shnred aspecls 
o( lhc record-role and also all lhe pinces 11 has bcen 
lnvoked. For dala s1ruc1ure dlagrams, rcprescndns cómplex 
organlzalions wilh many rccord-lypcs, record-roles· and 

CODASYL D-~la Slrvclurc Seis ' 7J 

lhclr rcl:uionshlps, lhc rcconl·rulc hua rn•vcn lo be U• 
·lrcmcly uacl\d In slnipllryln¡¡lhc dl~rums. Thc'y nrc much · 
·more rcndublc. 0( ncccully. aho:le dia~rums urc 11nly 
crrccllve ul'lcr lhc new conccpl hus bccn un~crsluud, u~~o'\1 
awhile an~ nccepled. · 

SU M MAR Y 

Thc dula s1ruc1urc scl ls olmo•• lhe only ••l'llclul'lll IO<II 
currcnlly avuilnble lo lhc dnlah!l"e u~mlnislta~ur lo reprc• 
scnl lhc rclnliunllhir• llollwccn cnlilieK In hi• cnlcrpriso. Al 
lhls lime whcn ull ur 111 U""''C& are unk,Amvn. il iecms 
dc~imblc nul 111 pince nny rcslricliuns upon iln nppllcnllun. 
Prupusnl 1, lo permil rccundve SCII (wherc owncr MniJ 
mcmbcr are ur lhc same rcci>rd clusa). is a proposal lo 
rcmóve a reslricliun. Prupulllll 2. 10 prohibil mulllplo mcm
bcr rccord·lypcs. is o propooal 10 ndd a rcs1ric1ioa. J>rO. 
posal 3, lO pcrmil allcmaliVC owncr dcclaralionl, is G 
proposal lo rcmove a rcslricllun. Thcsc rncilhica, wllhin 
loday's rccard·nclwork mudcl wuuld pruvidc a ·WQrkablc 
lmplemcnlatiun o( lhe role cunccpl. an cxrreulon o( lhc 
evidcnl and lmponanl mulliplc bchavlór pullcms whlch are 
characlcrisllc or real world cnthlca. 
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lllt /U.VD rtflfttWtli4AHI 

8••" t.lllnkl, C'•hl11111i0 

'IISl'RAl"T 

1 he• rnrcr diiCIIUco o protolypo ayotom lntcndgd for the 
rore .. ,nal 1110 or ph~olclana onpusod In cllnlcal ruourch. In 
r•&li~IIIUr, lha prOIOI)'pa 1• O hlshly fnlogrulod, lniOIIICIIYO, 
nunl-.•mrutur balfd linio munuaomont und onoly1l1 1y11cm. 
1 hv rucllitl~a on'md by tho •v•tem allow lht clinlcal 
mlt•liputur 10 aluro, r"ull, unolyze, and dlipluy hla re• 
war~h dnto 11·lthout ro1urtlns lo cumputer prcoarummlns. 
~lo•J.orn c!&tlu basa lechnlqufl ore ovnlloblc 10 the phy;lclon 
•• ,,1~, in urgunilln¡¡, ~turins. and Mrievlns hla dullc. Tha 
J,,,,, llu•e con~cp11 ure nprcabad In torms thut ure funcillur i 

"'u cllnic~l rncurchcr. 

rl'IU'OSE 

Tht rurpOIO Of lhfl popar 11 lO dliCUII D prololypa lyiiOm 
onltndcd rur lha pcnonol uao or phyalclana anaosed In 
,lonl~nl rue~~tch. In pnnlcular, lho protolype ·11 a hlshly 
'"'~Jruted, Interactiva, mlnlcomputar b111ed data mnnaso· 
ment und unalyala ayatam. 

1111! l'LINFO PROJiiCT 

111o CLINFO prolutypo dalo manosomonl anll unoly1l1 
•l•lcm ducrihed In lhl1 popar hna baen dovtlaped u1 pun 
14 tho CLINFO projcct, a o~lontlnc lnqulry •ponaurcd by 
IIIW J)I•·IAiun of RCICIIICh Re~ourcCI (DRR) or lhe Notlonlll 
ln.tirutra cor H~nllh (NIH). The aoala ur tha proJcct aro lo 
lllrntiry un.l chumclorizo tha lnformotlon onalytlc taRkl und 
111t lnr,,m~tlun nowa In cllnlcul rosoorch, ond 10 dcvclup 
meth•"'• ror rocllitatlna thcu IDikl and flows, The proJccl 
" hrlns c~~nducted by cllnlcal lnvutl8'llon al the Boylor 
l'..tlr~t 'of Medicina, tho Unlvmlty ot Washington, lho 
l'nl•·mlly nf Okluhoma, and Yondarbllt Unlvonlty; by 
lllloormutlc•n ~clcntllll ullhe Rund Corporatlon; Mnd by 111111' 
llllm"cro uf lhc DMit. 

\\'t huvo lhuo fur 111 lnlrrvlcwed cllnlcol lnvutlpulun 
"14h rurmully and lnrlllmully., m chonaclcrizcd lh~lr lnfur· 
~liun rrucouln¡¡ nccda, ()) ldcntlflcd dula munas~mcnt 
lftol Mlllll)'ll~ Bl mojor prublams, (.) aaamlncd UIAIIng 
f••mputcr ayolema ulmod at aotl~f)'lns tho110 needa, (S) 
~urncd, b11lll, nnd ln•t~llcd throo coplea or o prutolypa 

6J 

l)'llcon, and (6) llnrted thc unnlyal• ar ln•trunccnlullon dula 
und uacr lntcrvlowa lo hclp Ul cvoluotc thc l)'ll~m. · 

Rdcroncoa 1, 2, ), ond 4 diiCUII YUriiiUI RiJIOCII Uf lhO 
rurosolns polnll. 

CLINICAL STUDY DATA YOLUMES AND 
ACTIYITIES 

A Ocncl'lll Cllnlcul Rcaeorch Centcr tOCRCI pm•·ld~l 
fucllilic• which cllnl~nl rcuKrch pcnonncl cun Ulf In con· 
ducllns 8 Yuricl)' Of m~diculaludlcl, l!nch IIUd~ lendl lO bo 
acp~rutc ond dlallncl from othcr 11udleo ond pr11vld~1 M 

natural rocul pulnt fur dntu collccllan Knd un¡¡lyiia. A lurpo 
atudy lnvolvu upproxlmatoly 7S aub,lcm lpiillcnlal and 1 
total cullcctlon of upproxlmntoly 67.000 dala ~alu11. 1.l 

Ocnarully, a cllnlcal11ud~ lnvolvea lho roll~wlna actlvl· 
tln: ' · 

• Durina tha alud y. doalsn the lnve111au1or docldn ll'hat 
dota aro 111 bo colla~ltd, al whot role, and In wh~l 
volunla. . ' 

• A1 lho atudy prosrtiMI,, dato, are cullecled 1~d ro· 
' cordod In 1 contnal dnlu nlo. Con1l~omhle c11re latukon 

to anaura lha volldll~ or thoao dulll. 
• Aa lho ~ludy proyrou01, tho lnvosti¡DIIII revlowa und 

IUmmarizu lht ~UIU, Pon Uf lhC proCOII Of IUmmari• 
Ution lnYolni lrun~eribinD lht daiB lniO 1 rorrri 1111111• 
blc for llatl•tlcal onalysla Di well u the rrepur~tiun of 
piola, ampha, und repuna. 

The CLINFO protolype' la dula~ed 10 accummodall U 
ouch oludlos. 

SYSTI!M OYI!RYIBW 

Tho prololypo lA lmpl~menlcd on a cumR'orclul minlcum• 
putar tDuln Ooneral 1Miph41 51200) u•in~ mulli·u..:r U· 

lend~d ·IIASIC.• Buch oludy huA llo U"'" r<•ninn uf a 2S 
mllllun chun1c1er dl1k, Whon un ln~Chli~illllr tur a m~cnt>cr 
ofhl1 11nm uualh~ ·~•tom, ho lnlcnc.:l• ,.,,.., thc l'I.INI'O 
aoRware (primurlly by ro•r••n~lna 111 prumpl•l and 1• pre• 
vanlcd rrom Ulln¡¡IIASIC proclldurn 111 tciT.:~I hi• dola. 

Flsuro 1 illullmiOI lho muln feD'Iurn ur lho CLINFO 
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Pi¡u~ 1-(\t.f'ltrn.an-4.· • ., and doala t-1 now In lhc CLINfo"' pro1o1ypa ror 
• ~roin.:l• proh>Col 

proh•lypc. Th~ ~llips~H cn~ompau lhc .lhrce ~encrnl acllvl· 
sic• whi~h w~rc m"nlion"d nhllvc. Thc rcclunslc~ lndlcaiC 
lhe YariiiUS WUYh in 1\ hich dnlnlor dCHCriplions Of dula) are 
ssorcll in lhc pr<liiii)'P~· Thc dia~rum encumpasses a single 
.sudy (ur res~ar~h prusncoll. Thi' pnpcr ls concomed 
primarily "ilh 1h~ ncsivilk• lul>clcd "DESCRIBE," "EN· 
TER" nnd ''RETII.IE\'E" und 1hc dala con1:1ined in lhe 
"SCHBIA.'' "UI'llATH." "PATIENTS," "SUBSETS," 
nnd 1he "STUUY DATA" Slruclures. Thc "ANALYZEI 
DISPLAY." "INPUT," "OUTPUT," nnd "BASIC" oc· 
livilics nnll lhcir n••ucinlcd 'lruclurc• wili be dcscribed, bul 

, in 1~•• dcluil. 

THE DATA BASE 

Th~ ur~nlznliun or u CLINFO llndy dala base is predi· 
culed on lhr~c ubservnlluns: 

o Th~ runllam~nlul unil or unalyslsls u•uully lhe pnllcnl. 
o Dnlu llt'CI cnll~•·l"ll nhnullhal pullcnl ovcr lime. 
• Th~ dnlu hnw nasurul ~ruuplnsa In lime (c.g., lhc vlllli 

•l¡m' ur u p111kn1 ur~ snmpl~d al etscnlinlly lbc lllmc 
lime). 

Thc lin•e-oricnlcll n:olur~ ,,r "linicnl rcs"urch dula hnt bcen 
dio~usscd h)' Frb.' Dr. Fri~•· ldcnH ha ve be en runhcr 
rdnr,m.:.:d hy uur uh~t.·r\'aiWn" nf the curre: ni mununl tcc:h· 
niquc11 fur rccurdin~ lhlll llaln. Fur cxumple, dula are 
r"c"r.lcll in r:oli~nl 11111\ •hc~h lun~ r •• r cach pullcnl) 1\'hich 
nr~ 11\ ll•dimcn•lon11l nrno)'' wilh lh~ rows represcnllns lhc 
t.lalu lh:m"' "' N m"•u,urc.J unl.l 1h1.1 culumns Cllntnining lhc 
VUIU.:OK Uf un ilcm (nr .Jifft:r.:nl limeN nf m~u"un:m~nl.' \\'e 
hnv.: runhcr uh,crvo~ thal •umc ur lhc rows cnn he 
¡:ruurc~ nmurally inh• rclnlcd ilcmK (cxun>plcs o(' •u~h 
srdLIJ1M urc vilal !r\il!""'· hl~t\ul s~rum h:,.ts, urinc nnaly~c:•. 
ele.). H··~·cvcr. lhc ~hlllrin¡:. llirrcr will~ly rrum Klully 10 
tiludy, Tiocl'I.INI'O l~rm r.u nproupin~ ls "PANI!L." Thc 

· cuncc¡ll ranolkls rc.:.>rd, ur prnups In lhc COIJASYL Dala 
llaKc Tu• k Oruur 1 DU 'I'Cl) repon.' 

PATIENTS/SUBSETS 

Thc kcy •lruclure ls lhe ·PATIENT nlc whlch conlalns an' 
ci~hl char-•cler ubbrcvlallon ror cuch l"'licnl (aulsncd b~ 
1hc clinidan whcn 1he p~tienl 1~ nddcd lo ·1hc •ludy) and aa 
lnlcmal numeric kcy (a .. isncd 'by lhe •Y•Iem). Thls nlc cnn 
conluin up 10 3Yl diiTcrcnl enlrics. Thc cntrles are onlcred 
niphabclically on lhc patlenl 11bbrc vlallon lo allow ror 
emclcnl searchlns. 

A subscl la a nnmcd file (c.s., LUWBLOOD) whh lhc 
s11mc slruclurc oslhc PATIENT nle hui eunlulnlns pnllcnll 
v,·hh pnniculur propcnics. No particular pnllcnl orde'rlna la 
malnlalncd ror subsclll. Therc cun be as many subsciS aa 
space nllows. 

Thc numeric kcy assoclnled with cnch palicnl rercrcncn 
a block or dala In a PATIENT DIRECTORY (nol shown), 
Thnl block conlnina aomc rcdundnnl ldenlincnllon dota and 
IWO lnblcs. Thc nral lable CDnlnins poiniCra lo lhc palienl'l: 
scl or pancls (sce abovc) In lhc STUDY DATA me and 
counls or 1he numben or lnssanccs or lhe pancls, The 
•ccond con1nlns dala concemlns lhc s1a1c or thc varloua 
EVENTS (lo be descrlbed laler) for lhla palien!. 

DESCRIBE/SCHEMA 

Thc SCHEMA' providcs the meona for ndapllng lhc 
CLINFO dolo base 11ruc1urc lo lhc necds ora par1lcular 
invesligalor. 11 la a dcscriptlon or lhc pancls nnd lhelr 
con1en1s. Thc schema exista In 1wu rurms: lhe cxlemlli 
ICXtunl form und lhC inlcrnal COmpilcd (onn, The (ormCr la 
for humnn lnlenlcllon, lhe laucr ls for compulcr procculnj¡. 
The DESCRIBE acllvhy la in esscncc an lnlcmclivc cdhor 
whlch allows lhc cllniclan lo creala, edil, nnd compile hls · 
schema. , 

Thc schema describes lhrec maln cnlillcs: J:rEMS ol 
dulu, PANELS or hcms. nnd EVENTS lriJIScrcd by Iba 
occurr~ncc or ccnain valucs rot pnniculnr llcms. , 

PANIZLS huve eishl ~hnrncler nomcs, nnd rcrcrcncca to 
lhcm by nnmc lmply rcfcrcnca to all or lhclr ltcrits. Thcre 
nrc IWO l)'JICI o( ¡ouncls, numeric Md ICXIUDI, Thc lypc of ' 
lhc rnnol d~lermlnc• lhc lypca or lhe duln hems ineludcd ¡~ 
thnl p¡¡nd. Ench pnncl cnn eontuiq' at mosl 30 hcms, nll ol 
which nre eilher Jl·bh nuullns decimal numbcrs, or ·charac-. 
lcr llrin~~ ni mu11 70 chumclcra In lenglh. A lllmplc puncl 
cnlry in lhc schcf1U! mlghl be. 

PANEL 1 hlsl , pa1icñ1 'u:i'&. hl.••ory,numcri~; 

RenlllnB frum len 111 rlshl, lhls b lhc nr;l puncl !PANEL 11, 
h• nnmc la "hlsl ", 11 conlnlns "rnllcnl ID &. hls1ory," 
nnll il• hcma ore oll numerlc. , 

ITHMS nl;l) havc clvhl ehnr'nclcr nnmcs whlch nrc uscd 
lo rcfcrcncc thc dala unocltucll whh nn hcm In a wldcl 
varicly ur clrcumslnncu. Aflllin. nn ítem moy either be 
numcric ur lcxlual. In nlldilion. lhcrc nrc pnns ur lhc h~ra 
<lc•crirtinn 1hat serve lo acreen. vnlilli•'lc, ond 'puuibly 
.ene''"~ lhe vuluc ossocla1od wllh lhal ilcm. For e~amplc: " 

ITEM 9 HT ,Hclshl ,lnchea .num.mnge,(55,80),no; 



• R~~~~lna l'rom len lo ri~ht, thl~ la lhe nlnth .llcm In tho 
«hcnm tiTiiM 111. 11• numo 11 "HT ",ha vuluca ruprc~nl 
hcl~hl In lnchca. ha vuhi~~ aro numoric nnll muatllo In the 
tMI\G S$ lo 80 lnch~a Jnclualve, und ha vnhic n~cd nol be 
r1•n•ldcrud connd~ntiul C"no"), "Hcl¡~hl" nnd "lnchca"nra 
purcly dcacriptlvc nnd du nol lmply 11111omutlc unlla check· 
lnp by thc ayRicm. 

Thc •cqucncc "num.runpa,C$$,80)" lllumutca ona optlon 
a•·ulh1bla rur ·dutu ~cr~~nln;. Olhtr opll•1n1 rur ltama In 
numorla punala n11: 

o dule,rnniJcCOIO~ IV76.12lSIV801 , 
lha ltcm vnlua la u dnt~ In tho Jndlcoled runue (1/311976 
lo 12/l.s/IYHO lnclu•lva). 

• lime,rKn¡¡c( 1300.1)~0) 
thc llcrn valuc la u time In tha lndlcated mnge (13:00 10 

· 13:30 lnclu&ivcl. 
• num,check(41,(7,10,6,SI 

lho llem vuluo la numcric und ono ot lhc llaled 4 
vuluca. 

¡o chur,codc(31,(yn ,no ·.unk ) 
lhe ltem vulue 1• extcmnlly one otlhe llaled) chomcler 
siringa ond 1• curricd lnlemnlly na ono lan lhon lhe 
ordlnnl p1nhlnn or the slrina In tha 1111 (l.e .. O, 1, or 2). 

" the dala 1ypc1 date, lime, und num may rcqulrc no 
valldatinl!, •·11·, num,nuna. 

Thc IUIUDI panel a and llama are o( lho torm: 

PANEL 2,dcmo ,dcmogmphlc dDID,IaKI; 
ITUM 20,namo ,patlcnl nume,talt(lOI: 

The ltcm "namo" will lhcn ba alloculcd JO chamclen In 
each occurrcnco ora "domo" panal. . 

EVENTS are time markcn malnlalned by lhe CLINFO 
ptototypc aystem lo ald the uur In tha rctrievnl or hla data. 
11 la common In clini~ul rneurch IQ re la la the response ora 
rntlent lo a proccduro by' rerercnclna aoma evcnla whlch 
marka the appllcatlon or thal proccdurc. For cxumple, 

· blood auaar lovela are menaurcd al regular lnlcrvala tillar 
lhe lnsaatlon or glucoac. Events provlde lhc meana ror 
dcullna wlth rclutlve time. A sample cvanlla: 

ilVENT 3 leal ,glucoac lnaut,giJic ,FIRST¡ 

Readlng rrom len to righl, lhla la thc thlrd evont' In 1ha 
sch~mu, ha name la "test," 11 rel.utc. 10 glucuae lnscatlon, 
end h record a lhc lime nt whlch the he m "sluc" Fl RST 
lnkca on 11 vulue. Tima la token hera lo maun a combiRDIIon 
t~r dote und Ilmo. 

Eventa may ba trl~scrcd by thc "FIRST," 
"LAST,""MAX," und "hiiN" vuluea or Ita suvornlns 
llem. In nd~ltlun, nn. ovcnt may t>c trisserc~ ul tho nnt or 
loal time the hem tukn on a punlculor valuo. 

Whcn the cllniclun Js sml•n~d whh hla dcMcriptlon or lho 
· d.11a he lnt~nda lo cullect, he compile• tha achcm11 (lha 

ovllam pruvldca uprruprintu rccllhuck uhoul errura In the 
~~·mpilatlun). He thun ruqucata thut disk apnea be allpe:uted 
OP uccummodute hia &lu~y. He uulsta the allocatlon bY, 

Dnta Muna¡¡emcnt ror Cllnlcal Rcsoiii'Ch 11$ 

aatlmutlna tha numbar or pu1lan11 he upccta to ln~ludo In 
hla study und nn appruKimnlc numhcr ur oceurrencaa ur 
cuch pnncl Cypo tor tha avcn¡¡e pnllunl. 

Ho la thcn rcDdy IP sturt anlerina putlcnta and lholr duta 
lnto the dutu buu. 

ENTER 

The mnln J'unctlon or the ENTER ui:tlvlly la co prPcesa 
data (cntcrcd lntcructlvcly) In tha llghlllf lhc dulu ACrc~nlng 
spoclncntluna cunlulnod In lha ~ehema. Tha dula thul urc 
oceoplod nro nol pua!ICid dlractly 1111he STU DV DATA nlo, 
but are recordad· In an UPOATE nle whuae contenta aro 
mcr¡¡ed whh thc STUOY DATA nla al somo convcnlcnl 
time, Thls buiT~rins or thc Input data ollowa a simple 
alrocturc rur the STUDY DATA nla, r~tluccalhc oxpuaurc 
or tha syslcm lo computar malrunctlona, and provldoa 11 
mcans or rcvlcwlns 1he Input dula bcrorc 11 la oclually 
recordcd In lho STUDY DATA file. · 
' Aaaln, a CLINFO dala basa lapallonl~ and tlmo·oricntcd. 
In ordcr lo cntor dala, a "conleal" mual be eatablluhed ror 
that dala. '111a1 la, tho data mual 

• Be long lo a pntlcnl alrcody In lho PATIENT nle. . 
o Have an auoclatcd date and tima or doy at whlch the 

data are auumcd 10 havo bcen aampled. 

· Anar a rontcxl has bean eaiabllahcd (by lnlcructlvo 
promptu and rosponaas) lhe ciJnfcJDn may lhen anler valuea 
ror llama b~ ellher ' • · , 

• Typlns the namo or nn llcm tollowod by Ita value .or 
• Typlns tha nanie ·or a panel, wharoupon lho ayllil!l 

prompll ror cach or tho llema In lhal panel. 

Tha co.ntnlatays In rorce ror all dota enterad subaequcnd)' 
unllllhe cllnlclun daalm lo chanse 11. Tho eonloal may be 
ch~ngcd al any lime by lyplns "palien!:," "dote:," or 
"time:'.' followod by lho corrcapondlna vlllue. . 

Aa oacb ·valuo (lncludl!l8 patlenl obbrovlatlons, dates, 
llmea, and panel and he m namu) la anlorcd, that valua ~. , 
checked ror roaaonublenoaa. Tho patlenl abbrevlallon mull . · 
bo In tho PATIENT nla¡ dulea ond llmu muat havé"lha 
correct rormat: puncl and llem RDmes musl ulll In lho 
acherna: tha vnluc roran .he m muat aallsf'y the crheria In tho 
acherna. lncorrccl valucs ~~re rcruaed and rc·pr•lmptcd (or 
by tha aystem. An ncep¡lon la the case oran r•ul-o(·runse 
numcric valuo whlch n1ay be torced u pon tho · ayatcni by 
enterlns the lnltlala or tho data ontorer. lneurrocl but 
renaonublo values thut havo beon acceptod by lhe •Y•tcm 
may ba corrcc19.d by re•typlng thom (porhapa uncr ""' 
eatabllahlns tho corroe! conlnl). · 

ENTER hu threo addlllonal runctlona: 

• Addlng pullcni nbbrovlutlonato tho PATIENT nla. 
o Rc1·irwlna dnta In the UPDATE nlo. 
• l:,.,., "'" ~~~~~ acrccnlns data rrom a workahecllnto lha 

UPDATE nla. . 
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A• on allcnulllvc 10 llcm·b~:llcm dala cnuy, an cnllro lwo- ' 
dimunAiOn.11 AITII~ (l.c., 8 "Wurkshccl") of dalA mD~ bo 
cntur~d. A wurk~hccllt o lwu-dimcnAioMI orruy or numcrlc 
t.nuic• cxtcnllcd In includc 8-chunaclcr l:&hcla ror lhc rowa · 
;111~ Culumnt al wcll Ul U work•hccl nomc, lillc, daiC of 
crcullon und dale or la11 ml\\lincullon. A workahccl la 
'tllfCI! i'ly lhc A)~McRI 1\~ Q file Wilh lhc 1Rn1C hDinC DI lhDI of 
thr. w,~rbhccl. W~tr~hhcul~ pmvillc thc dalu urGanizatlon 
«•¡uircd loy the ANALYZWOISPLAY ucliviliea. Thc row 
:11111 culumn lahcla con he u~~ed 10 rcfcrcnce pnllonl5, 
r~lnllvc limu, und ilcma. Thc1o lol'lcla ara Ulclllo dlrccllho 
daln cnlry procc••· Dolo cnlry vio workahccll provldcl lho 
r:.cilhy f<~r cnlcrins "dcrivcd" dMa (l.c .. dala produccd as 
thc ruull or lhc analyal• or raw dlltu) lnlo lile STl,IDY 
l)A T A lile. 11 ul•o provldoa annlhcr dala enlry routo lhal 
11\BY he mnrt "'"v•nicnl In 10me clrcumsloncu. 
. Al lndicoted itbove. lhe cllnldnn cun Jnlcl'llcllvcly revlew 

the cnn1cn1s of 1he UPDATB m~ nnd cdlllt lo thc ex1cn1 or 
d~lulina hi1H:kA Of dala, 

Whon he 11 •uti•licd lhal lhc dala ore eorreel, lhc 
cllnlelun can rcqu~hl thDI lhe UPDATE n1o be muraed wllh 
lhe d~lo ulr~ady in lhc STUDY DATA lile. Thc nawly 
cnlcred dala urc urpanizcd ouiumntically lnlo panels, lhoso 
pur. :ls are markcd ,..ilh the lntcrnul palio ni IJcntiner, lhe 
f>ancl numher. lhe dale ~nd limo or sumple. the duto"und 
lime or dala cnlry. and lhe lniliols or lhe dota é:ntercr, and 
1he rct.ulu ore mcr&ed by date and time or samplc. Thc 
n1crse pmc:cu chocks ror ululnalnRioncuor pancla whh 
lho sume dale unJ time u• lhusc boina mtrsed und ror hcm 
vnlucs prcviuu,ly onlcrcd in lho•o lnHiancea. 

Tho invcsli~ulur 1• nuw in a put.hlon lo' rclrievc his dula 
rrum lhc STUDY I>ATA file nnd 10 fornuu 11 in u varlely or 
wnya:·inlo wurkshoell. ati a display ullhc lcrminol •. or DI a 
tllc lo be p•.sc.S lo an cxtcmúlly ¡¡cncratcd nppliculions 
puckus< ISuch a nle la a "communlcollon" lile in CLINFO 
tcrminui"'IY .). • 

RETRIBVB 

The dolo In lhc STUDY DATA n1e may be vlcwed u 
y¡¡luc. MMto:ialcd whh puln11 in o lhrco dimenslunal lpAco. 
Fi~urc l illusln•lcs ·lhnl apuce. Thc u'c' nre label9d "PA· 
TIENT". "TIME.'' nnd "ITEM" lo rcnecllhe pummclen 
lhal uni~ucl¡• idontiry u dala vulue. 

Thc lhrcc dim~n~iunnl •ruco 1• ~pur~~ely populoted whh 
datu puint•, c•r~chdly lf lhc TIME oda is lukcn lo rcprc· 
tW:nl "~'ulule l!al~a und limos; ~hlrc"vcr, nol nll dala uro 
Cl>llccted uhuut.ull¡1111i~nh rur ull ur lhC CÍapcclcd limos, 

11 iN lhc in1cn1 ••C lh~ IUlTIUiiVI! aclivh~ 10 lll~ntlry a 
(>11111111 hli~~ uf lhU·dUID hpUCe umllo utiNin<CI part ur·thal 
llicc lnh> • lll'n·dirn~n•l .. nol rorm li.c., a ·Wurk~hccl). Se· 
lcclin; .n Nlicc "' illu>lml~d In Fi~ure 2 rnulls In whnl wu 
rcf~rrcd lo· ut..»·c u• D li.,w,hccl fur ttial palien!. A slieo 

. tmrullcllo lhc I'ATIIiNT·ITEM piune pruducu un nrmy or · 
llcma ror 11 ,mur "r pulicnlllll u purliculur limo. Thnl llino . 
ntuy he. uilhcr·un ab~ululc du1c unll lime, ur il.cnn he D lime 
rcl:tllvc 1u un cvcnt' tc.a •• lwo huun aCtcr ylucn~~e ín~ct· 
llun). Fln11lly, u slicc purullello lhc PATIENT·TIMI! piune . 
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Plauro 2-A lhrnodlmtnolonal rtprtMnllllun olallmHritnltd dolo nle. 1·1 

,, • panel "' ...... r .. paiiOnl p 11 dmo T 

rnuhs In a workshecl conlninina tho lime hillory or 1 

pDniCI\fUr hem for a group or pnlienll (again eilher DbtoiUIC 
or relnllve lime). 1 

Tho cliniciun consiNcla hla relriovul roqu011 inlcractlvcly 
undcr lhe control or lhe acherna. In jlllrllcular, eoded he m• 
le.¡., au may be cilhor "malo" or "remole", bul k 
encoded os eilher O or 11 are rererrcd lo In terma or lhc 
ealcrnal rorm ("mole." "femala"l whilc lho syllem dull 
wilh 1hem aa numerlc values tO or 1). The valuea ·or itcm• 
play a role Ir the clinlelan wlshes lo r.calricl lhe p:inels bellll 
re1rieve4 by spccirylna condhlons lhal lhc vuluea mu" 
sallsfy.' · · · · 

Whcn he compleletlhe apecincntion. lhe sy11em aurnr• 
lhc oppropriole parll of.lhc STUDY DATA me and pro
ducea a work1hecl wllh lho row1 and .columna appropriately 
laboled. · 

The relricvals diacuued abo ve are limhcd 10 n~meric lot 
codcdl ilems. Howcver, lealunlpanela may be Mric\·,..S 

· und dlsployed al lhe terminal or pu.-~d In lhcir cnlircJy 10 1 
·cummunication filo. This facilily allowa lhe clinician h> 
rev~cw hls nolos uboul a pnticnl or lo puu dcmoumrhio: 
dala 10 a BASIC prosrum lhol, r .. r caample, produce• 
mailina lisiS. 

Fur thosc rctrievnl• In which a 11•1 or p:•llcnl obhrc\·la· 
· liontlluppropriola (o.g., a ¡IJce pnrullcltu lhc PATII!NT• 

ITEM piune), lho invc•tigulor n1uy provide lhDI lisl b) 
alvina the Mmc ora SUDSI!.T. 

SUPSBTS . . 
A1 mcnll.,ned above, subacla are nln cunt~inins r~tknl 

uhhrevlatlons and numerle keya. The nlu havo 1he ,u,nc 
IINCIUIO U lhc PA'fii!NT lila, 



• 
Subscll are crculcd In a vnrlcly or waya:. 

o By lisllns pullcnl ~bhrcvlullona. 
o Br 1hc U5uul 5cl ''pcrnlluna . (o.¡., lnlcraecllon and 

unlon) amun11 uilllns •uh•oll. · 
o Dr rcqulrln¡t lhul n pa1icn1'1 dnlu In lhc STUDY DATA 

lile aalisfr u •el e>f cundilluns. . . 
• By rcquirin¡t lhnl a rallen!'~ du1n In a wurkshccl (c.s ... 

lhc valucs in n ruw luhclcd wilh lhc pulicnl's ubbreviu
liunl ~allify a acl ur cundiliuns. 

Thc sola or con.lilion• mcnll.>ncd in lhc luall"'" mcmhcn 
e>t thc nbo\'C li~l u re malle up ur ll~li ur cilhcr cm\lunclluna 
or diljunclions (hui nol hulhl uf rnn~c rc~lricli,m¡ on 1hc 
valucs or hcms. A aumplc ~el or condiliuna ia: 

Ir 30 :s acc :s 65 
und ir l ~O :s syslol :s 140 
and if su .. malo 

'1'110 Jnlllino iiiUIIIUICI lhC UIC or R Codcd flcm whlch lakn 
Dft onc Df a ICI of di;crclc valuea, 

In nddlllon 10 lhc cundlllona placcd on hcm vnlun, tho 
. limo al whlch a snmplc wua lakcn can piar a parl In the 

· ·Hicclion. For c~umple, 1hc above condhlona mlsht be 
requircd lO hold in lhc lhfrd huur a(lcr lhc lnscllion of 

. ah¡cose. 
In any case, lhc usu111 resull ora relrieval ualns ehher a 

aubacl or all or lhc PATIENT Ole lt a workahatt, 

ANAI.YZEIDISPLAY 
. ' 

Thc CLINFO approach lo dala anulyai1 isto abslruet the 
, dealred dala from thc STUDY DATA me (whleh ean eauae 

vcry lnlcnslve acccnlna or lhc disk .alora¡;e) lnto a work• 
ahcel whll:h n11 lnlo lhc user'a workins spnee In mnln 
memory. Thc work•hcct can lhcn be manipulaled effi· 
clenlly, cspcclally sincc ha contcniS nccd nol be n·ab
llractcd from lhe STUDY DATA Ole each lime a new 
queallon la askcd or lhoac eon1en11. 

A aample ~ork•hccl has lhc formal llluslralcd In Flsuro 
~ . 

WOMKSHEI!T CUNICAL 
TITLB Oioioal Cbara<tnhoin or Dlabcolc Pllolcnll 
CRIIATED U/17m ~IODIFIED 12117m 
1 OPROWS 7 
1 OPCOLS 4 

ROWSICOLS 2 1 4 
LABBLB .,. .... tlkll Wl ••• dlob ...... n mala 100 12 , .... , 24 ltmllo 98 11 
huol n mala 98 " 4cuo4 )4 mala ,. 20 ,. ... , 21 mala \l6 ' ..... 6 2l mala ,, ... , 21 le mala 99 10 

(Noor: , •• lndlcaoco mlowna niYn) 

FIJVft J.-A IAmplo _.. ...... 
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A worbhcel eoon hold ooppro~ltNolcly llOO cnlrlct oond lis 
dimensiona cnn vury wllhln lhul rc•lriellon. In lhc eu•o 
""""•· 'lhc row, luhcla nre 'putlcnl· uhhrcvl.nllunK oond lhc 
column lnhcla are hcm numca, Th.:oc Inhala oond lhc cun: 
tcnll ur lhc wurk•hcul w"uld urdlnurilr be suppllcd hy lhc 
rctrlcvnl pruccu. In nddilion. Fi»urc 1 indlc,alcs un' INPUT 
fnchity lhool uliuws lhc dirccl.crculiun ar wnrkshccla, lhc 
hohclling or lhclr rows nnd eolumns. und lh•• ~nlry uf d:lln 
lnlo thos..: rows nnd '<oiumna. Thi• rn~ilil¡' ullowa lh~ 

.lnvosllgalor lo UIIC CLINFO's nmolysla und oJi,pluy (culurca 
lndcpcndcntly of lhc S1'UDY DATA nlc. · · 

CI.JNFO mulmooln• a "nrrcnl" \l'urkahccl su lhul lhc 
lamo worklhccl cnn he uscd in a varlcly or tliunl~na 
wllhllullhc uscr rc•pccl(rlns 11 nalhc wurkshccl or lnlcrcKI. 
Most or lhc "'ork•hccl unulyai• und displur funcllons apply 
10 1hc curren! work1hcc1. Thc muln work•hccl mnnipulnllon 
racllillcs are: 

o Sclcct a workshcel as lhc curren! onc by typlns Ita 
na me. Ir lhcre la no workahcel by lhnl no me, e reate 
onc as spcclncd by lha u~~er. 

• Disploy a workahccl al lhc lcnnlnal (acc Flsurc 3), 
• Labcl workshccl rows or columna • 
' Enlcr dala hilo o .wcirkshccl by row or by column or by . 

individual ccll, 
o Discard (deslroy) a workshccl • 
• Son a workshccl hy rows or ce>lumna. 
• Edil a workshcol by oddlns. dclollns, or movlns row1 
· or columna. 
o Copy a sub-array ora workshecl, whh labcla, lnlo lhc 

aamc or anolher workahcet. 
o Prinl a workshccl on thc aystcm prlnler . 
• Display a lisl or alllhc workahecll.ln lhis lludy •. 

Workshcels crcalcd by lhc rclrieval procesa or by dircct 
means can be uacd by 1~ analysla facilities. In scnc1111, lhc 

. analyscs can be mndc 10 apply ID au.b-ar111y1 wilhla lhc 
body or a workahecl. The rcaultt or somc analysca niay be 
11orcd In workshccta lo mlnlrn)zc 1111nscrip11on and lo rnakc 
lhoÍc resulta nvalluhlc ror funhcr 111181yals. . · 

Thc CLINFO anulyals raclllllct lnc:lude: . 

• bescrlpllve Slul.lstic:a (meona, llandard devlallona, · 
cte.). 

• T Tcat, 
• Chl Squarc Test. 
• Linear Rcsrcuion (simple and mulllplc). 
• Analyals of Varlanca, 
• Crasa Taba. · ' 
• Scnllcr Plull and Bar Chlirll, 
o Hillosrnms. . 
• Frcqucncy Dislrlbullona. · 
• Normalllr Test, 
• Non·paramctrlc Pnlrcd Tests, 

In additlon, apcelul colculallons mny be pcrformcd on a 
workshccl, and lhc ruull or 1heae c:alculntiuna are atorad ia 
lho wo:irkshecl. This rucllhy rcplaccl In P.Dn lhc. riccd rur 
apccial purposc compulcr prosrummlns. Thcsc calculullon• 

. ' 

........... '' ... ""' 
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" Oonanlle valuot In 1 row cor columnl u the reaull or 
ovulunllns a tlntle aiJObn&lc:·llke exproKalon lnvolvlna 
other luwa 1111' culumna) 111 vyli@lea. 

• Oencn•to trulh vul1101 (0, 1) un lho 1111ne buala. 
• Pltrfurm •roclul culculutluna auch aa cumulatlve aum, 

limo dllroNncea, etc. 

SUMMARY 

Tha fur~..,lng diK~IIAIIun doon nOI dncrlbo lho propenlea 
and ruclllllat ••f the CLINFO pro&ulype In thclr onllrely, 
The lnlcnt la nllhcr 111 uutllne tho~~e propcnles and l'llcllllloa 
and to cmphuai'l tho Ideo or u pei'IOnul, lnte¡rultd, hlshly 
lnlcruclive lfRIOrn'pluccd In lhe hunda or pcraonnal whoae 
prlmury lntereal la 10 1110 the ayatam as a tool. 

Atlaual une CLINPO proiOI)'IIC hui boan In dolly use by 
madicul Pfrlllnnelaince Jnnuury or IY76. Tho uc~cplunca of 
lhl t)'Kicm •ocm~ tu bCI ¡ood und 11 la balna uaed In 
productl~a wuy•. Murcnvar 11 la bolng uacd pononally by 
llénlur medlcul •tulr, thol la, lha rotcurch atulr for whlch 11 
wus dcslsnod. 

Our e ~perle neo 10 dule lndlcutca thnl modarn dula base 
IO!Chnh¡un te.g. lhe SCHHMAI. whan uprened In tha 
u•or'a "'"" lcrndn;~ILII!)', uro rendlly undcntllllll, acceptad, 
und uaud by thu~o.e pcr~unnal, Tho uaa uf terma auch u 

· "PATIHNT", "PANEL", and "WORKSHEBT" and tho 
timo orlentutiun of the STUDY DATA nro uro nol aecldan• 
tul. '!'hay ph1y 1111 lmJILII1unl n•la In mnklns 1ho compuler 
IICicniiRI'& lc~hnh¡un undtntunduhld by nnd u1uru1 lo lhe 
~:llnicul re~~enrchcr, 

Anolhcr pul ni 11( lnlcreal lllhc Ulllhy of 1w11 dlallnct dula 
structUrel, lho STUDY DATA nlo (unLII'- naaoclulcd nloa) 
and w11rk1hecb, Tho STUDY DATA nlt ucll u a pool o( 
dula 'WhLIIIG CLIIIICIIII Cllll be Uhiii'IICiod U lid UrlllllllOLIIIIIO D 
furm mLII'II ~ullublo flll' vltwlng und unulyllns (l.o .. a worko 
lbeetl. In lllllllilun, WUriLMbetll aarvo lo 1111re dulu and 10 
communlcalo lh~m batwocn alfplln tho analyala proooaa. 
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A· methodology for multi-criteria 
information system dcsign* 

b.•· JOHN s,. CllANOLF.R und THOMAS O. DtiLUTIS 
Tlw ()J.;,, SuJtt Unh·nsil)· 
('olumbua, Ollio 

.~IISTRACT 

lllc desi¡m dllemm:o f:oced by lhc de~l¡¡ner lslo wllsfy a ICI 
tJ( <onnictln¡¡ Uher dCrJii&nds nnd reKOIYC D ICI Of CDRniCIÍIIIJ 
,.,Jurcc rcqulrcmcnl• coucurrcnlly. In ll;hl or ihe CDifto 
rlc\ily of modem •Y•Iem>, il 1• UKSUmcd lhal good l)'lleaa 
•l<>Í~n nced only pruJuce 5Uii•fuCIIIry p.:rfarmiiRCC for l!olh 
.:ril<rin. Currcnl nalualivc lcchnique•, huwcvcr. conc
""lc un cilhcr lhe u>or crilcrion ar the syslem crlterion 
"'~'<~"' of lhe lillal de si¡n problcm, bul nol bol h. A melhodo 
•''•'BY has bcen d<vclupcd lhut cslablishes a formal liaison 
¡,:1~·cen lhc cvalualion of U5cr goal S OS a fUnCiion of I)'~ICIII 
;o.:uvhy and lhe cvalualion or resourcc utilizallon u a 

. f~nction or user demand, lhereby creu1ins a dcsign/evalua
u~n process lhal encoml"'sses bolh crileriá. Thc mclhadol. 
''~l' cmploys thrcc staaes In an ilcl"lllive mnnner lo produce 
a "sulisfaclory" dc•isn. The IPSS simulator modela 111111 
mcasurcs sy51cm activily, muhiple goal prll¡¡rummins evaJ. 
uates bolh uscr and 1ystcm guals, and heurislk procedum 

. dclcrmine dcsign mudifkalillns lo IQlprove performance. A 
functional deocriplion of lhe methodoloi!Y and an e~amplc 
uf hs use wiU be presenled. 

INTRODUCTJON 

In March of 1973. ACM and NOS sponoorcd a Workshop0 ; 

"" computer performance ·cvnluuliori~ One or lhc mqJor 
rc>ulls Of lhlll Workshop W'" U CORIICRSUA lhul lhere have 
':<•n lwo oc:p:orale :opproache• lo lhe cvuluulion or lnforma
llon syolcma pcrfurm:once-<>ne which fuc:uKCs on lhe clllfto 

. r~tor &)'SICm domuin and lhc olhcr "'hD~ ullcnllon la' 
d!fccted ul the upplicutiun •Y•tcm luscr) dum .. ln. Eu~h have 
lhclr own ¡:oalo nnd 'mcusure•: lhe eumpurcr IYKiem dumaln 
n••u•ures ure bu•~d on reoourcc queucins und utillu•lion 
\lullodea und .the UliCr dom .. ln · ls evuluutcd throu¡¡h lhc 
r<:rfurmancc of re que-red serviee•. Mca•urcs such u ·• 

lhmu~:hpul und rcopan•e lime nre comllllln rur lhc WIICI:o 
Thc Work•hup ul•o cuncludcd lhul uny pcrfurrJiilncc unal)•· . 
aca "ahould rccuunlzc hoth lhe co•la oro cumputcr ln•t~IIJ• 
llon und lhc nccda or uocn ror acrvlce." 

Thc complc~lly of ihc deal¡¡n problcm for m•>llcm "'"" 
pulcr huscd lnfonnutlon ayatcma luli lncrellllcd lisnirlcanll)' · 
ovcr 111 prcdcceuon duo 'o: 

a. lhc ICrYiclns of un cxpunding mngc of UliC< lit u..
whh cu.Tc.pondlns · divei'IIC pcrfnrmunce "'"~' ¡jJ1J 
resourcc rcqulremenls, und · 

b. thc dynum'c und unpredlcrublc bo:hn•·iur or tht s)·o~cm 
as a runtliun of dcsl¡¡n declolono und 101111 mi~ • 

Thua, h ls quite po••lblc lo lmprovc the pcrfurmuncc •'f tht 
s)'•lem whh rc•pccl lo onc or more usen allhc npcnN ,.¡ · 
Dlhcn. Llkcwioc. toccausc syatem resoun:cs are uiiCd 1-)• 
dlll'erenl uoero, lmpNvins tho pcr1ormainc:e chnructerllli.:• 
or Onci or more rc•nurcca ror lhc bcncRI or •pc..iflc Uotfl 
may have nn ovcrull delrimenlnl eii'CCI ón pcr1ormunce. Thc 
problcm prciÍcnlcd to the dcol¡¡ner la lo configure a ar11cm . · '' 
whlc:b aallsncs thc u ser crllerlon ~hRc uchlevlns I)'Jttm. 
resoun:e reluted pcrfurmuncc crltcnu. .: 

A 'computer bl•oc:d infonnudon .pNCCI'alns ayotcm.can hr 
~wcd as a aymhlotlc: I'Chlllonshlp bctwccn lhc syt~flll:• 
1111n and Ita hunlwure, aoftwure lUid dulll resourm. I.Jo.., . 
ally, lhc aystcm ,..m perfonn ''optlmallf' whcn h u.:hle<t> 

( ' Thl1 '!WOJ<b lo '¡rin1 <~d ~·ilh 1\'< ouppon ~ 'l1w Nad,_,;, 5c1c.,. 
Fooondallun, Ouat No. 51575'21114. r r-e -, 

111 USCr orientcd ohj.'Ctlvn whhhi a' ínJnlmum COIII IYIIIftn, 
However. ortlmnl aolutlons ore acldom uc:hl~vcd "hcn 
sy•lems nre cPmplu,lll ~e!lned or conllln&lncd C..r .ZCIIlklR- •• 
oulaidc lhc ~nniNI uf thc dcalll"cr, und thus, lhc dhi&MJ, 
usually scnlcs for a aadsfuctorily bchavlna ayst~m. H••rr · 
fuUy, syllcmatic proo:cdurq¡. llfll, e¡np¡¡¡yo¡ll!l ~~~~e~··· , 
tem conlisun<~luns "·hkh con~umntly m~l. !he uacr !'!!IC-":' . 
dvcs while ubtninin9 cm~lcnl utlllzution uf 111 rc11011r.'H. 
Curre ni cvoluativc tc~hnolu¡les focu• on only onc •'fÍicri<>ft. · 
In lhe •Y•tcm dCill~n cquullon. ehhcr lhc uocr or. tht 
l)'flcm's re~oun:e · P¡lrfonnun,cc. Thq ¡Ubl!i!Y ·,P limul!# . 
ou•ly u•ccrtuin lhe ÍmJI'ICI of rc•oun:e p.:rfOrrJiiiRCC.OII.UII¡If · 
soul• ur vice vor"" 1• not nmdily u~hlevuhlc thruu¡¡b tbN '· . 
mclhlldolu;ICI. Thc purp~~~~: or thl• pupcr 1• 111 dci..'fl~· a' 
melhadlllnsy which c•tuhli>hc• u furma•llhdsun t>.:t"·"jjff¡é•: : 
evoluutiun of u .. r 8"'~" os u funciion · or oy•tcm t-.:11;\~:¡.;,· 

·~ lblt waa cww la • w-rin tJl Workthupl •panW'I~Td jointlr by AC'M ... 
. ,._liS lo namlnc" tbc moajur iuun involvina computen. Pt-rC~Xmancr c•Miuao 
~ w.·u dMJW'll as Lhc lupic ol thia W~thup bcc:auy ,l[ il• Wanifir.:•• 
tmp;.c~ oa compu&et u..aac. A 'UDUMIJ ol tht cuD~:Iu.J.,., .¡,._..,. la 
kdncc.cc 1. 

19$ 
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896 Nu1ional Compulcr.Confcrcnce, 1m 

und 1hc nnulyol• or rcsourcc pcrformunce 111 a runcllon or 
uliCr ncllvlty. 

u..,r nricnlcd nnaly~~ea wilh nhjcclive funcliono huocd oa 
response lime. lhrou¡¡hpul, nn~ co.a. hnve hccn (und 11111 
conlinuin¡t In he) rcpurtcd in 1he lilcmlure. Mo•l rrc
<¡ocnlly. unulyiic nppmuchc• use qucucin¡¡ mooclo n• lhcir 
hasis 1 Rdcrcnccs 2-4 ore rcprcscnlalive of lhis lypc ot 
unalpis). Doe lo lhe ncccs•ily lo mninlain lrocloblo 
mn.Jcls, nwny simplincalions urc requircd ror a modcl'a 
.. nulylical sululinn. Simulnliqn m•><lcls hove also bccn ap
plicd lo u>cr nricnlcd unalysis."' Unfo¡1unnlcly; lhese 
mndcl• yield only uvcra~e andlur aggrc¡¡alc mensures of 
•)'Sicm responsé. As a rc•ull ur lhcsc simplificallons, lhc 
analy••• prmluccd by bolh or lhc' appronchcs fallln many 
ca\Ci tu _idcntiry the relationship betwecn users and re
suurcc>. Thcrcfore, lhcy are suspcct whcn uscd lo pre~ict 
lhc impacl on syslcm pcrformnnces or mudifyin¡¡ lhc cur· 
rcmt environmcnt. 

Allcrn;olivcly, pcñnrmunce unnlysc> Clln he rnadc from 
1hc syslcm'• stnndpuinl, lre;olin¡¡ lhe user und hi• gouls in 
1hc n¡;grc¡:ale. Thc mosl conimon appro;~eh i• u •ubsyslem 
>lu<ly ... ·hcre u pnrliculur pnrt. ur lhc informalion oyslcnt' 

· cumple• is isulnlc<l, wilh lhe suhsyslcm userl•l rcpreoenled 
hy u stuch.,slic l'•ncnuor, holh unnlylic :(nd simulntlve. Tbo 
must cmph;osizcd nrcns or resc;orch hns bccn lhc UO subo 
•Y•Icm•-•• ;.nd CPU ulilizntion."-" Tbc pruhlcm whh lhis 
lcvcl of cvalualiun is lhnl, ulthou~h. providin¡¡ vuluuhle loc:lll 
inluilivc in·i~ht. lhcse rnudcls rurcly rclnle lo thc ultillUIIO 
infurm;otilln 'Y'Icm uliCr, und, thcrefore, do nol provldc 
rc:dislk in·i~hl into ~lohul pcrfurm:oncc. 

F.•aminooliuns uf cumplclc systcms liuve 1~so hcen made, 
E•haus&ive har.Jwarc/suflwnre mcusureflicnl• huvc bccn 
:onalyzed hy Gunznlcs und Canlrell"·" while slmulnlion 
moc.Jels. indulling nn nggrc~utc UM:r compOnent, havc bcen 
~uill hy Rec•·cs an<l Pooch, Nuriand, und Lum.11- 11 Al· 
thnut:.h rc:-ull!o. .. ,r the cvuluatiuns inclucJe rcsource utiliza
tiun swth.tK:' and user ori~ntcd mc;1surcs KUCh us respon·se 
time, thcrc ¡, lilllc uticmpl in lhcse, mudcl• lo relnle 
pou1icuhlr r-:!\ourcc usage to thc dfon on usc:r g.oul uttain· 
mcnt. tTwn e'ccplions :ore Lin.dsay's study or thc 
KRONOS •l'>lcm" und Hall'• ~utu base invc•tigalions."') 
llul. frum pnoctkal cxpcricncc it L' cviJcnl lhul lhcrc ix 
indc:~LI u rch1ti,,nship hctwc:cn u~.:r uonhl nnd NM>Un:c 
uso&¡:.c. In fm:l. lluz.cn~ 1 hm' rcc.:ntly proruscf.l sume rundu· · 
mcnt;~l la~·"' r,,r t:umputcr pc:ñurmanc,c: which relutc re· 
Suur¡.:c m:tivil)' tu ~luhul systcm/uM:r. mtllSUrclli auch 1!~. 

n .. "'~"'"~ tim~ nnd thruu~hpul . . 
11 is •a"umt:.J that lhc uhjccti\'e or ~uud systcm "dc:dsn i• 

tu ~¡11isry h~'lh rcrf~o,rmancc rchatcl.l critcria. Howcvcr. in 
li¡:hl .. r lhc cumplc\ily uf muJcm syslcms, niany dcsi~n 
LICci'\iUn'\ h:n..J tu he ·mmJc Withnut rrupc:r SUflfJUr1iVC CVÍ• 
Jcncc un pcñurmancc. Thc cru~ uf thc pruMcm b 10 
cst;¡hJi•h u c;ouo;;ol rd:~tinnship hctwccn uscr ~<lalnllainmcnl 
•am.l 111yst~m r~,,mrce ~.\f\\:mliturc,., Thc mcthudolugy lo he 
t.H-.cus~d ha" h.:cn dc"i!!n..:LI to C!~~ltahlhh such •• lio1i~,n und . 
will h.: "'h''"" n In itlh.IW (¡tr lhc Ct.lJICCIÍUR U( hcrchl(urc h:.ard 
h• ''htt~in cvaluativc inrurm;.Hiun. Thc m~thodulugy mcax· 
uros thc impacl uf individuul uscr classc• nn iritcm:ol J)'Jicm 
pcrfurn~oncc an.l idcntilics •yslcm hulllcnccks which lnhihll 
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lbc llltuinmcnl of UIICt go¡ala. 'fhls IR UC:bicved by muj~j.¡j. 
lng rc•ource u1ilizn1ion · •lutl~tlca on 11 UIICÍ' cl1111lra51í; Thl'a 
mclhoduk>gy prcliCnll un evuluutlvo fnuncwork v.·llich: la 
cupuhlc uf elimim<lin¡¡ muny OC lhc numcrous aunN!Iisrac- · 
1ury dcsi~ns hy dirc:~tins lhc dc•illncr lo lhc.mo11 llllvnnl~ 
11eou• """'· Thi• mclhudolu¡¡y !. un ltcrullve oM wilh c11cl! 
il~ruliun invnlvins thrcc xcpurulc hui lnlq¡ruled •lu¡¡cs, 
Fl¡urc 1 llluslrule• lhc ucllvltlc• rur un ilerullun. BricOy'lhc 
re•pun•il•ililic• fur eneh liiu¡¡c •hown In lh!. rq;urc aro: 

S111j:r 1: Sysl~m E•·llllltlllmt .. 
Tbi• .. II~C Í> rc•pnnsihlc for CVI~UIIIÍIIJ,l lhc bchavior o( O 

.• .,..·drk lnf<>rm:oll\ln •Y•Icm m..'llcl. lt dnes Ibis hy u•!!UCIIIJr 
iniJ thc hnrdwnre, ... rtwurc und dutu uctivillcs hclon¡¡iiiJ,l lo 
u •rccinc d~•l¡:n with lhc syslem's uscr ac1ivlliC11. 1'hl! 
IIUlpul• of Slugc 1 are po:rfl'fiiiiiRCO stnli~lic• for th9':;;. 
"ourcc• in lhc II¡IIJI'qUIIo: und for tho:ir hchaviur v.lth lllftPI;Ct: 
... ldenlilicd UIICI'll , .... u .... ,. Tu po:rfonn lhl• runo:llun; .• bo 
IPSS Simulntor 1• cmpluyc!d.t 

t IPSS ¡, .-"'f'«l..l par,_...c dic'!'C ncal •lmulo&l« w.'IPc clcwk.,mcal .U 
"oaoluo.1cd •illl lhc '"I'P"' ..r lhc Nllll.oaal S.icuco F_...!oA. Clr.llll No. 
~H·~:O . 
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,lldll" 1: Uur Grxrl Eml111lllrm 

511"1' 2 haalwo purJ,.,aea:The RBIIa lll oscerluhi whclhof 
1111 u"'r I!OIIII 1111: hl:lng ~llher over or un.Wr nchlevcd. The 
... ~,ond I'Ur¡tU>C Js hl d~l~rmJnc lht ''hl:ll" Wl of I!UideiJno:l 
1,,, ;oll•rinp lh~ "'"'''"' •Y•I•m c•tnR~umllun 'In unlcr lo 
o•N:~in lhC u•cr ~•tnl• wllh 'm.Jnim.um. r<nnhy f,tr cllhcr under 
•• u•cr '"'hlcwmcnl. Mulllplc ~11ul ¡tl'll~rum.m.ln~ ls UMCd fur 
lh" purpu•c. A• .... ill l>c sc~n. "h~sl" l• a funcliun uf lhc 
·"'i~n•d rcnuh)' co.:fficl~nl• In lhc ~uul pru~rn~mln~ uJ>. 
,.. ... ; •• runcllun. 

Slil(lC 3 hu• 1wo funclluns. Thc RBI ls iu nscerluln 
~h<lhcr or nullhc currcnl dcsl~n·o r<rfomnuncc .la aallsf;Íc: 
lllr)' wllh •·••re•• lo lt.tlh lhc ·uoer crilcriu und lhc »)'olcm. 
,·ritcriu. lf lhc dcslgn IK nol onllofnchlry, lhcn lhls ala¡¡e'a 
wcllnd 110111 i• lo dcRne 11 ncw •Y•Icm. bnscd upan lhc 
'urrcnl dcKI(ln,' prillr ullcnUJona. und llic fCKUIII of lhe 
Slagc 1 nnd · Stn~c 2 unulyt~eK. H~u;iollc · pruccdurea uro 
'urrcnlly cm.pl<~yed fur SIIIJ!C ). 

The focua nf lhis pupcr ls on lhe Slu¡e 2 furm.ululiun und 
i~> f•trm.nl llulsun hl SlllfiC l. Thc pup~r ulsu idcnlinco lhc 
uniquc reulurco uf IPSS whkh pcrm.il lhls m.ulll·a~ugc m.ulll· 

Uatra 

F \ 

, ," , 

·:· .. ' 

crilfriD mclhaduhtpy lo too PCblovcd. The pupcr nlncludQa 
wllh a. dlocu•Kiun uf lhcr u ... uf lhct 5111¡111 1 und Sla;c 2 
rc»ulla In lhct SIIISI l bturl•llcw. '. . . 

EVALUATIVE RI!QUIR"MiiNTS 

Fur lh~ """'"""" .. r lhla m.oÍihuwluiiY• un lnfotrn\lllllln · 
KYKicm. i• YiCIO'•od 11~ lhv KUM u( IJ• u..:~ und lhtlr ll•tld~. 'und 
lhc •Y•Icm.'• ..:rvk ... nnd lhvlr KU!t.tnlinulv n~ll\·111• .. • Thi• 
1• lllu•lnllcol in Fi¡~ure 2. U·l• u•.urno.-d lhnl lhc ·•Y•I~m·• 
unnl)'lll cun hlvnllfy unol ~I110Kify lito •1·•1cm'• u..in "'"'"'fll· : 
lns '" 1holr Mlrvlcv rcqu,,.l ~h11l111.1criKII~• nnd ~~~~~~rdlns "'· .· 
1hc pc'r1'urm.nncc ~~~n•lmlnl• lmflltM!d upun lht •Y•Ivm ll.c ••. 
goul•l wh~n hum•rins lhclr IClfU• .. I•. 11 i• nlhl! llliKUmvol lhul .·:· 
1hc unnly•l cnn ldcnlify lh\lq lnrurmutlun •l'•lvm 11\.'llvllleli . 
,..hil:h un: crilltul lo •Y•Ivm po~rl'urmuncc. OllYIIIUKiy, lhc. · 
com.pl"ll)' ur lb~ pNblcin la ln~rcu...:ol •ubl<lnnllnlly whcn a . 
ayalcm llllppurl• dlvcl'liC uhtln ur pl'llvldca u 10ldc IP\!Cirum 
ur KCrYI~ea, · Wholhcr ur nol lhct •Y•I~m bl c11m.plci ur 
1lm.plo, lhc crilcriu fur id•'lllil'ylftll 1)'111Vm.·U.:IIvlllo111 tolkllllol 
l>c buocd upun lhc KCni!llivlly uf lhc IYKIIm.:l Pllrl'urmun..'f 
wilh n:gurd lo chnnsc• In lheir bchuviur. · 

lnflll'llllllkln •:r•lcm KCrYiccK un: vlc10'Cd ua totlns u 1101rics 
uf dl•lin.:l ycl lnlercunn.:clcd u~llvllleo ,..hl~h ilre lnvllkcd 
durins lhe pi'IICVKKIRB or 11 Klrcum. of UliCf ICQUCIIIM fur lhe 
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.. 
acrvlcc. At~nln. Pit~uri 2 Jllualrulca lhfA ·vkw or· a ayalcm. 
Moal llkcly, ayatem uetlvltlca urc UIII!I'CIIIIIIona or onc or 
mura ln11lillunnl ~umpulcr •Y•tcm runclluna thul parfurm 
lhc rulluwlnstnoka: 

1. requc•t Ouh) ach~dullns, 
l. ln•k mnnu~cment, 
). rc•uurcc nllocutlun, 
4. •e"undury atun•ll• 1/0procuKin¡,.nnd 
5. nppll~ullun proco••ln;; 

Thc ~huicc or whnt cnnsthutc• un nctlvhy 1• pmt of the 1111 
uf p~rfurmnn<c-~vnluntiun, hu,.·cvcr, n nccc•"'•ry cundhloa 
for thcir •clcctlun 1• thnl lhcy he mcn•unohlc nnd thntlhcac 
men•uremcnlh dlhtln¡¡ul•h thc acrvlcc mica ror acpnrulc 
CfiiK.CS Of h)'.<ICm NCI'YÍCCK, fl 1• nfoo n••um~d lhnl lhC role 
of pcñoronanct measurcmcnl la lo determine thc curren! 
procc .. in¡: rule for lhc jlh nctivlty wilh rcspecl lo Jhc llh 
scrvlcc. 

Fi~ure J ls u •chcmntlc óf thc functlunnl compooillon o( 

Arrtval· of a 
.Requost al tho Act1V1ty 

for Sqt·vtce Type 1 

+ 

ayaltm uctlviÍI1111. Ench la vlcwcd os an ln~M~ulll queuClng · 
a)'atem cnntnlnlns ona ur mote prlurlty qucUCI ond one or · · 
mora ldcntlcul ~~erval'l. Addltlonally, Iba parfonnn~ · 
mauaurc li>r the ucllvlly In proco,.lns a rcqueallm lalhél 
aum uf ht.•th thc queua poñul'lllllncc und scrvlca l'llnelloni. tt 

: lhe ucll•·ll)·. Thruushout lhla pnpcr, tho vnrlnbla it~ll k 
cmplo)•cd tu ldcntlfy thla pcrformnnca uf octlvlly A1,.whh· 
rcopccl lO Scrvlcc 51• 11 ls DIIUmcd IU he tho &YCI'IIf'l cf' 
pcrfurmnnca for oll lhc e~ccutl~ ot At for S,', .. AlÍO 
u .. uclutcd whh cnch ucdvll)' A1 la lhe pcrfurmonct foáot 14 · 
whlch l• lnlcrprctcd Ul lhe IICIIIIDS ructor lo ba llllplled lo 
thc R~ll lo 1Jh1Uln lhc levcl of pcrformunca for lhi. jlh 
ncdvhy whlch minimizas lhc ¡1oul prul!fllmmlns olllcctlvc 
funciiL>n. ·h •huuld he nuted lht!tlhc prublcm or lden~fylng 
D "SL>Ud" lcvcl uf pcrformlliiCO for uctfvhlca,J.e., dclcrmffto 
lns lhc appn•priatc vnluca ot lh~ R~l)'a 1• compoundcd by 
thc mulliplc uoc of thc ucdvhy by dlffcrcnt and posslblv 
cannicllns .ervlcco. Thcrcforc. lhe mudlncullon or an ~· 

.tivhy'• proccsilns rnte lo ochlcvc onc sunl may ba counlcro 
productivo lo lhc anainmenl of onolhcr aoal. 11 lB on !hll 
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Queue 11 

1 1 
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· r<>S>ibility ur multiplc <unOictinc intcmcti<lns and ~uals th:ll 
• lhis mcthuduiLl¡¡y is rocu,cd. . . 

n>KMUL,ÚION OF THE STAGF. l EVALUATIVE 
I'ROCEI>URE 

Slasc l b hoa,cd ~'" <~n cv;~hmtivt: prrn:cdur.: commnnly 
,·allod multirl~ ~'"'' prupammin¡¡ tMGP). Tho prLlcodur• 
w;1S. lirsl formulalct.l by Ch;¡rncs Hm.l C,hlpcrJ in 1%1 to 
,,,lvc linCOir phl,b!fOtmmin~ Jlhlhlcm~ th;¡( h;uJ cunnktin~ 

utiH•Irainls. ljifi!:a dcvd,•rcd lhc: tlclails nf the pn.Kcdurc 
"'ilhin 1hc fram •. :wurl ,,f malth:maiÍC'otl pl'll~r.tmmin,b!. Thi!<! 
h.'""'hnique ha:\ h¡,;cn u:-.cJ h.l sol\'c pr..\bl.cms in the ••r~oas uf 
.. lr,,lc¡:ic manÚ1!t:m..:nl planninl! '\UI."h :as nccounting r.on
"'ll,u advc:rtisin¡;·mcilia plannins (Ch:lrncs anJ. Cuopcr.4

), 

o1nd rc:sourcc uJI,lc~•tiun. ~.i Thc t.'mphl)'mcnt of gt:aal pru
¡.:r~•mmin¡; in conjun~lion with infornmtion S)'l'lotcm pcñurm-
;.;ncc cv;.1luation b .a new UhC of thc proc~dure. · 

There nr.:= thrcc rcasons for chlkl:-.in¡;. muhiplc ~oo•l.pro
~mmmin¡:. for u-.c in this sta¡;e ~f the mcthodolo¡;y. Fina. 
1his oppro;,ch c;.ut cvaluat.: lineítr •md ordinal muhiple go¡¡J 
~iiUíltions, both 1Jf which urc inhcr.:nt 10 informatiun sYii· 
t~ms evnluation. Fur t:\¡lmplc. one user ch1s~ m:.1y pay 
twicc us much fur its ·Jo~crvict:, and, th!!rdurc, s;.,tisf;action of 
ib &oals may be worth l\1.-icc as much us orhcrs: u linear 
rdation. On thc other hand, certain users, such as a critica! 
ratienl monituring applicatíon, m;~y h;~Ye íncompardble 
importance relalive to other classes: an ordin:1l rclution. 
Sccond, 'mulliple !!O"I progmmming produce,· n •uluiion 
1h"t not only cv;~lu .. t<> the total &Oill situati<ln, hut ai>o 
evaJu¡¡fc> cach goal. indiYidu;~lly. Onc or the purp<lses or 
this mcthodology is to dctormin•:the critica! u>er classcs 
:and associatcd ;activiti.cs. Third, MGP derives lhc "hcst" 
de•icn undcr thc civcn coal conslmints. Other dcsicn ap
proache~ ~uch as "·d¡;hling, scquen1h1l climin;.1tion, und 
!<.p;llbl pro~imity/tl :tre bascd on selc:cting lhe '"bcst'' 
dc>isn rrom a finilc set or ¡¡lfem¡¡tivcs. The purposc or the 
ovcr•ll mcthoduiogy, huwevcr, is to dt>i¡¡n nn appr<lprinle 
systcm to ~ati~ry the usc:r and resource conMntints. Thc 
>landard rurmul .. tion ora muhiplc coa! procmmm\nc prob
lcm is: : · • 

(A]'Minimi~~ 
Subjccl tu 
whcre 

P·D 
A-X+D=G 

A ~a m¡¡trix or tcchnul<lgicul cocfficicnts 
Which C:IR be thoughf or u• thc I';IICS al 
which thc ith scrvice uses the j1h re· 
sourcc 

X =thc arn1y of rcsulti!'G sysh:m n:suurce 
nllocation lcvcl• 

G=thc urr.ay of ~c=rvice I:!Uals 
D~lho arr•y ur discrcp;mcie> rrom thcsc 

conl• 
P~the urr•y or pcnahics as>UChltCd with 

lhe discrcpancics in O 

.1nd whrre lhe ohjcclivc functiun is to minimizc lhc producl 

·, 

or th• dis<ecp;anci ... and lhclr """ociatcd """"ltics. The o • 

5olutiun 1\J •• mUitiplc FOOII rn,~rummirq; rnllll~m r~pfCtiCRlll .. 
lhc hcst ..... r l<:vcl• rur thc. rc'<!Ura! ail<><alimt YCCI<Ir X .. 
such thnt the uhjectiv• runctimi is minimiz•d. Th• rcmuin· . 
der uf this 1\cclion tlist:us,\!s lht: Sf'i."Cir&&: Curmuh,tion r-.,r lhe 
Stn¡;•· 2 ci>mponcnt ur thc mc.thudLllu¡;y. . . . 

Fi~un: 4 illustmt•'ti th• rcl¡¡ti.,nship h.:lwcen MGI'. lhe 
infurmatiun systcm uctivitics, ;mLJ it5 "ervicing o( uscr 
roqucsts. Thc scn·idn!! ur u rcquc.t typo: 1 is u scqurncc ur 
;Jclivilic .... A,. A., •.•. ~ A •• (ou:h ;~ssun'k:'d to be mc¡¡sum
bk by R,lil. In ¡¡cncr.•l. th• mc:~sun: cnn he a runcti<>n 
MIR,till of lhc •crvicc time. h•>wcwr, jusi R,lil will he 
~mph1rcJ in lh~ fnlluwin~ 4.1iscu,siun.. . 

Tho poñurmanco. <>r thc inrurnu&tiun •Y•t•m rur s~rvl'ic 
I)'P.: i is &i""" by the r<latiun · 

• 
T Ji}• }': !RJi)) · (1) 

••• 
wh.crc T ,.,~i) is the uvcragc systcm response time lo scrvice 
rcqucsts or t¡·pc l. A.sumin¡¡ thal the po:ñ<>rmance &<lal ror 
the scr\·icc i• T .{i), lhcn the di..:repancy ho:lween pcñorm· 

. unce und ¡:ual iti givcn by ' 

D(i)=T Jil-T Ji) •. (2) 

The objectivc ur MGP is lo dclermine ncw péñurmunce 
leYels rur cach uctivity in such u m;mner IJ¡¡•f lhc w•lchtcd 
di-.rcpancy. P·O. is mínimizcd tho("'rully h> zeru). l.elllng 
p, be a scalinc¡ractor tu be applicd tu thc jth uclivil)', then 
the ncw pcñormance leve! ror the acli\'ity is RJil{J1• lncor
por•ting thc p,•s into cquation (1) n:>ults in lhe rollowing 
••prcssion ror lhc discrcpimcies: 

o 

D(i)•T.{i)- }': (RJi)·{J1). (3) ,.. . 

Observe thal buth positive und nc¡¡;uivc di.crepancies ArC 

possihlc, und, lhen:rure, the rormulation of lhc user goul 
evaluatíon ns a MGP problcm ho:cumt~~:* 

[B) Minimize 
s.t. 
whcrc 

P0•·0•+P0-·o
R·p+D•-o•aG 

.• 

R is a matrix o( servil:c rntes • 
{J is the arr•y or scalins fuctors 

o•·Js lhe arrdy of user cuaJa 
.. o• and o- .,. the urr•y• .. r. n:spcc:tlvely, lhc posi· . 

live and nc¡;ativc dis.:repunc;les rrom lhc · .. 
u .. r cuals 

p+ and P" ure the arr•y• or pcno~tics ussociul•-d wilb 
lhc corrcsponJing posilivc und negalivc: 
di:~tcn;pUncic5. 

• 

Thc r<>rrnul:~tion serves IWO purpoSC!<: h. CYafuales gplll 
achievcmcnl and pruduc.'Sthc {J1'•· By· •ellin¡¡ lhc V'dluc~ O{. 
the {J's lo rcn~cl only lhc currcnt cunligur.liun (l.c., p,-.tj, .· 

\ .·,·4 ; 

t T'he (umpldl' ~YO&Iiua apptO&t'l in • ,nviuut papcr ttr' ~ aut~ · .. 
prCt.C'ntcd al lht Aanuo.J Conf'C'MK'c o( tbc CUmputrt Mc~urcmcal Orvup..·: 
N~wcmM. 1~16.4 ' · 

•· 
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laformattoa sratam 
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ActlYICJ 3 

.J 

\ 
\ 
. 1 

\ 
\ 

~eua 

1 Quoue 
Time 1 • 

. -

1 

\ 
aener 

1 1 
1 1 

\/ Servu 

'1 1 Tl .. 

• 

1 

1 
1 

1 
1• Act1~1tr TSmel lsUl. ,, 

ltrvlco 
~=Gapltto 

• 

~1 1 

~::=--==-~·~~=j~~~--------~7 
l~a,.<ll,l 1 

1 
1 

1 

Coal toe Sorvtco 1 tc(i) ~ 
, 

Phcrepancy P(l) 

1 
1 

1 
• ~EatlmAted • 

E1U111aUd Sarvice 1'1aa T5(1) • E ilJ(1) 8J . Piacrepanc7 n(t)* 

1 
tottmate4 for 1 

~~. ----------~--~ 
(Baeed oa ~aluaa for 1) 

1 
Acc1v1tJ Tbel 

1
1 

. aJU)aJ. 

a '• aod D(t)'a aro tho outputD of·Coal 'rogram OpLt•laatloa Probl .. 
J . 

Fiaurc 4-Rcbaion:.hip hcawcca aood prcs:nunniin; wwt inr~rm-.aioca .,. .. cm. cb;anact"!fzaüoa .. 

lhc cvalualion of lhc · •yslcm's allainoncnl of lhe u ser goals 
is accl>mplished. 

Expcrimenls wilh formuhllion (Bf pruduccd vulid; bul 
impraclical' scl>.l>f p·s. Thc M,GP prublcm as slalcd allowed 
fur lhc: possihilily of Mllutions whcre u PJ could ·cquoal o. 
clearl)' un um•cccpl<.lhlé )l.ilu:uiun. In onJcr tu inhihit this 
lyp~ uf soiUiion. limils wcrc plac<d on lhc ran~c o( possihle 
p, valucs. This "'"' accumplish,'\1 wilh lh~ following scl uf. 
ou.JJítiun~1l constro1Ínls: 

whcrc 

p,+ ,., ·-¡¡, • =L, 

p, ....... --~.•oH, 

0<L1sl 

1 sH1 

(4) 

(S) 

L. is u:o.~J "' rcstrict lhc allcrnativc possihililics fur the ca~e 
lh:al p,< 1 whilc H1 is u sed fur lhu...: Cii'CS lhal p,> l. In 
¡;,cncr.&l, thc ~~.:1 uf;all plt!\Íiive t.lb.crcpancics.ror L1"s, tp. 1•, 

1'•'• ... , ,...,')=M• omc.l likcwisc for H~v1 •, ..,,•, •••• 

o•1')cN'. 1M· ;.nJ N· h;ovc simili~rd~finiliun~.l. 

· ... 
These conslruinl• are reOecled In lhe objecllve 1\Jocllon 

in a m;mncr differenl lhan previoüs 'onslmints; lnsl~ad or 
minimizing bulh discrepuncic:s, only one is mlnimized •. In 
lhe e use of L, only ¡¿1- is includcci. llince. if ¡¿1- ls ~riven lo 
zcro, lhcn R11ilP1-¡¿1'cL1• implyill¡J lhal R~i)¡91>L,, lhc 
dcsired cundilion. Simil;orly, for H1 only •1' ls in thc 
ohj~clivc 'funclion hccausc mlnlmizing •1' rnuhs in 
Rfti)p,<H.. . .. .:_.. ' 

Thcsc uddcd conslr.1inl< alsu havc D phy•ical lnlcrprela
lion ri:li•livc lo 'lhc cvalualiori or:tllcf>)'ilcnl. No uclivlty 
can he climinalcd from a syslcm· (i.c., ¡11=0) •iÍll:c L¡ must 
be ircal<r lhan O. In ~~ncml. ho\\;cver, L1 rcpresen11·1hc 
lmvcr hound on lhc dc¡¡rec of n:duclion fc:lllihlc for. lhe 
currcnt. rolle uf us01p.~ Jur om Hctivhy. For -:x•amplc. Li•.l$ 
implics 1 h;ol lhc usa~e m le for uclivily j can be niadc; .. lll 
mm•l, fuur times fnstcr. hcinu r.:ducC'd tu:!~~ uf hs. ~uri'cfill 
Me ... Simil;uily; -·~ 1 reprcscnlo 'lhe· upp¡:r l><•und ·un: lhc 
dq:r\!e lu "hil:h un :ac1ivi1y1t rule .. -nn M incn:as~t.l (hlú~ed 
d.uwn). 11 musl he cmph¡¡sizcd lhal lhcsc limil• are only 
i-uul!h cslint<~IC!r.~ nut · cxacl vulues. 

In ordcr 111 reduce 1hc numhcr ur uhcmilliv~s une shuuhl 
minimizc lhc numhcr or m<>dili~alions indi<:.ol•'tl p¡:r cvalua-
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1¡,,n ilcmtlon. Sincc mudilicati.ms nrc chamctcrizcd hy thc 
r;,><.luctian of (11'• not cqu.,lt•J:I, u >ccond¡•ry ohjcctivc of 
St:>¡tc 2 i• lo pruJu.:c :" fcw ¡J,/-1 >ulutiuns u• pussihlc. 
Thi•l• uccompl.i>hoJ t>y indudin~ lhc con>lminl cqua1ion 

p,+•,-- •• ·~· 
. "'hHt minimizin¡: huth ,,. ami ft 

(6) 

c,,n:-lnaints ur tl.i:-. l)'pt: proviLI~ 11 dcf~tull valul! of 1 for the 
.ru~¡Hiplc t:üai f'h't;ramminu. proc..:llurc5 in 1he cusC' where un 
. u:tivity is nt:itht.:r clili,c.all)· indficicnl ur c:-.cc:\sivc. tNot~: 
u,·. e,• ..... c1•)=E•.) 

As n (I,!~Uh or th~!\C ;uJdl.'d con~tr,aints. lhc OiCIU;II furmu
lation or thc MGP pruhlcm uscd in Stngc 2 is givcn in 
fllrmululiun ICI hdow: 

ICJ Minimizc Po'·D'+Po -·o-+ Pw -·M"+Px'' · 
N•+P,'·E'+P,-·E-

a.t. R·P+D"-0' QG 
jl+M"-M+aL 
P+N--N•mH 
P+E--E·~J 

whcre 
R is lhc. mnlrix or scrvlcc·rulcs 
p is lhe arra y. or .c .. iinu r .. ctors 

G, L, H, und 1 are thc nrmys of ¡toals for lhc 
u•cr crilcria nnd thc rc5pectivc fJ 
con!-itrninlli 

D*, M*, N* und E:i i.lrc the urmys or po,;hivc nnd 
ncr.ativc discrcpancics from lhc 
rc>pcclivc go;ds 

Po•, Pw •, P.", nnd P.• u re lhc urmys of pcmollics ror 
lhe associaled discrepnncics. 

Thc solulion vuriublc• ror lhc MGP pru~lem urc lhc fJ's. 
Thcy idcntify lhosc uctivilics lhat musl be ullercd in ordcr 
lo improvc user hased or syslcm h;¡seiJ pcoíurmanec. lf 1hc 

. value for n fJ,m 1 lhcn lhc scrvice chunoctcristics of .{¡ctivily j 
wcrc 11dequulc lo •ntisfy ull lhe user's critcria. Ir 11 p1<: 1, 
lhis implics th;al lhc currenl ""rvlcc ra1e or :oclivity" J is · 
insufficicnl lu mcet thc •Y•km"• nccds. Thc ncw scrvlcc 
ralc fur lhc uctivity shuuld be Rk)c(jl1)"(R~:)). lf o p1> 1 
lhcn .lhe currcnl service note or uctivity J is ruslcr lhun 
ncce5tw:,ry ami thcr~ c»-hots lhc poh~ihilily o( c:xCC$1 cupac· 
lty. Thc ncw unil rule >hould be Rk)c(,B1)o(Kk)). 
Asr.umin~ thal nn· nctivily fullow,.. th~ ch:~rm:lcrizo.&lion in 

Fí¡;u~ ), then lhc an;¡Jysl has thrcc .. vcnucs or uclion when 
a P1f'l. Fírsl, he cun ;analyze lhe qucuc disp;olchilis dlsci· 
plin~ in ordcr lo incrcasc queuc lhruu~hpul tor possibly 
rcplacc it with 11 slmpler onc if p,> 1), Sceond, he c;IÍ'I ullcr 
lhc .crvicc rale chunt~lcrbliC5 of lhe scrvcni, e.g., Jilowcr 
hardware de vices. And lhird, he can incrc;.,c tdccrcasc) lhe ·' 
dCJ;fCC Q( paralfclism nmung ~crv~o:r~, for C).Oimph:. hy udd .. 
In¡; tremovin¡;) 11 •econd ch;mud, conlroller, cte. ·· 

LIAISON WITH STAGE 1 

Thc critica! ra,·tors in thc Sta~c 2 cvaluatiun nre thc 
valucs for lhc R,li)'s nccded by lhe MGP fumtulation. 

. 
Th~se vnlu~• urc eulcululcd in Stu~c 1 and are lhc llall•liettl. 
mensure pmduccd vis-a-vi• thc simulatlun. 1'hc spo:cinc · .. 
modcl lo he cvalualcd i• lhc rcsull uf' lhc hcuri<lic: p~c· 
dure• ·cunslitutin~ Sta~c l. Thc li;•ison i• ·ro..:<~ upon lhc 
nssumplinn thnl un infunruoliun sys1cm can he vicwed Ull u 
cullcctiun n( rcsuurCt nll&tc01linn uml lask rimnaj!cnwnl 
uctivhh:s anc.l us..:r oli..:nt..:LI ,.cn'i..:~~. Thi" vicw is tiUJlPLln~o.td 
hy lhc lil<rulurc. c.~ .. Madnkk" ami 7.un:hcr ~~~·1 Rnn· 
didl." IPSS ul>u vicw• lh~ muddin¡t uf' un lnfu11nutlun. 
!lyslcm in u ~imilar nwnn.:r. tanLI thu~t. fat.:ilitntcs th~: .d.:.vcl· 
upmcnl uf thc funrud li;Üsa>n "ith thc MGP u...:r cvuluutlun • 

Thc vic"· 1>f lhc systcm l;akcn in St;a¡tc 2 tas illuslnat•'ll in 
. Fí¡¡urc ~~ h;IS nn nnnlu¡t in II'SS. h• 11!ai.k mud~lin~ concepl 

is lhlll ur 11 scrvicc liS shuwn in fi¡tU"-' ~. Thc >ervié:C ¡, .' 
clus•ilicd in 1 PSS bs ;¡ pruc.'lluml [;odlily uml 1• cupnblc o( 
rcprcscnlin¡t :my infnrmaliun s¡•stcm ndvity indudin; 'r~ 
qucsl uuh) schcdulin¡¡. liask nmna~cmcnl. resourcc ullocu
lion, sccundnry >lompc 110 pro.: • .,.sinll und npplicnlion 
sonwnrc. Sincc scrviccs urc ullucnmblc facilitic• in IPSS 
lhcy havc """o.:i;alci wilh lhcm Nlh ~ucucin11 und Ulillzn
lion stutisties. Fuo1hcr~~~r~rc, scrvlcc hchiavior cun be predi
cnlcd on lhc qu;mlity und chametcriKtic!Í of olhcr IPSS 
hurdwnrc nnd softwnrc facilities. Thcrcfore, lhe slnllstlcs 
uasocinled wllh •crvlcc f;uiilltl ... hnvc lhc npprupriatc alruc
lnre lO scrvicc u• lhc R,'s ncodcd in Slu¡¡c l. . 

To complete lhc rurmal.liaisún h.:1wccn thc two slngca n 
sccond rcu\ure is cmploycd. This ;. thc Tu•k fncillly. 
Thruu~h i!• u~e. lhc •crvicc fudlily •lnli•lk• cun he 1iuto, 
m;alically go~rc~¡:.tcd lnlo •crvl.:e •falislic.• 1>) u..:r. In lhla 
manncr, the siUtistlc. R~i). rcquircd l>y Slalll! 2.1• cu,lcctcd. 
Thu,, lhc Stngc 2 u~~en~ tindc~cd 1>)' 1) und lhc uctlvlllca 
(indcxcd hy j) u re, rc•po:ctivcly, un IPSS mudcl'• Tllllk ond ,. 
Scrvicc f:ocilitics. An· R~i) ls lhc su m o( qucucing nnd· ~ · 
utiliinlion sl;lli•tics ¡¡¡11hcrcd ror s~rvicc 1 whcn cxccutlna. · 
Tus k j. 

Stngc 1 musl nl•o he udnplivc 111 modcl chungcs dlclnléd 
vla Sln¡¡c 3. A¡¡ain, lhc IPSS moocl synthcsis philosophy 
und l:an~uasc eon•trucls pcrmit thc dcsircd udaptivcncu. 
This is pos•lblc fur rca•on• hlO dctailcd lo di~euu In lhis 
papcr. A cumplctc dc,.,ripti•>n uf IPSS 1• uvuihoblc in tho 
documenl tltlcci "Thc lnf.,•malilln l'(oc.c .. lns Sy•lcm Sim
ulalor (IPSS): Uingun¡¡c S¡·ntu\ nnd Scrmantle~."•·arieOy, 
howcvcÍ', pu .. ihlc mudilicutiuns lo un uisling l>nd uccul
lng modcl wilhoul rcquirins complete rcrurmulatlon includc 
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cl::msc• lo: 

1. timin¡: und spaCe char;u:tc:ristics n~liOCiolltd with ~· 
ondary .slura,;t: homJw¡¡rc und 1llOrtlt:C media, 

l. 1he sccnndary "h)(Oil!C 110 confit:uralion, 
.\. u ser u'otl!C pattcrns and ,.crvice rcquircmcnts, · 
-1. file ur~unizution mclhod" nnd spacc manag,emcnl poli": 

cíe~. 
'1. lhe qucuCing ..tbciplines ns~;ociat~d with juh 5Chcdul

in[!. rcsourcc ;¡IIIJC<~Iion ;\nd lu)\k miln<l(:(ffitnl, nnd 
m..:mory· m;¡na}:!cm~nl pulicic:s. 

li·.SS Mtpplics lhc Slit~c 1 proi:os~in~ wilh" c"pohilily of 
hdng s.:lf·m.laplive wilh r~spect to St;ll!C 3 oulputs. Cur· 
'rcrarly, lhl! mcthudology .:mploy~ modclcr ussistnncc in 
S¡::~c J. FuiUrc rcscarch will he tlireclcd ni provitlinG more 

. t-.Ot-~histic:alcd h~:uri~tics for Sltt(:C· :1 in onl~.:r to provi.de 11 

""IY scJf.conl;~incd ilcralivc mclhodolo~y for lhc mulliplc 
{;iitcria cvo•luo1tion uf information syttlemfi. 

STAGE 3 ANALYSIS 

Thc. fun"lions uf Slot~c 3 of lhc mclhodulogy nrc lo 
J..:&ermin.: \\h •. :thfo.'r thc currcnt configumtiun is ft.l.llisrnctory 
nnd to rurmul;1h' a ncw modcl in lie:hl uf lh..: J;¡ta providcd 
frorn St;¡~..: 1 anJ Sta¡;e 2. Fi{ture 6 shows lhc inrorm;uion 
now lO Slot~e J. Ncw modcls rcnccl lhe performance gonls 

,., ......... . 
Du•
,...,IIMIS 
llru1h• .. 

(c.) C~orrn& ltod .. 
lptclllcnlaas 

af.halh lhc u .. r und lhc l)'lllcm. Hcuri•lics uslns Su1iicr,'. 
land's• tlclinilion of a hcurislic áro employcd in Sia¡c ), · 

Thc pro~lcms cnc\lunlcrcd 11fC complu und un\1!\IC. 
1urcd. Dclcrmining if lhc cumnt dcoign is IICCCJIIi&tolr 
rcquirc> " mi•lurc of o~jcclivc und <uhjeclive rcasonin¡t. ·11 · 
would he n mrc •ilualian lf ull lhc u•cr goals nnd·ilt•lcm 
coñ~lr.lints wcre S<ltisfiCd simu1lnneuus1y. GcnC~.lnY~ an .. 
cxlrcm~l)' widc spcclrom of ucceptublc pcrforrn.,ncc lc~cl\: 
;md ;tlkrn;~livc dcsi~n~ are polliblc, ul each ilcro~Üon, lo·· 
salisfy h<llh uscr ;~nd syslcm crilcrin. TIUdc·offs win dL>mi· 
natc lhc dcdsion procc~scs. Muny ructon cffcclins suim\llc 
'uc>i~ns moty nol he inclutlcd in lhe formulalions 11Rd Pfl>cc- . 
dures of 1hc firsl two slollCS. For examplc, lhcrc · may 1-oc. 
c•lcmal ¡>olilicul, or¡:unizllllonal or cconomic cDn•ldcrol' · 
lions lhnl are nol dlrcclly rclolcd la lhc performance uf thc 
s~>~cm. hui m;oy he u m;üor fuclor In lhc final dcc:islon, 1ñc 
mclhodoiO¡;y docs a.sumc, howcvcr, lhul the hcuri•lic 
pr<>cctlurcs havc ucccss lo lhis cxlerna¡'crileria. /,. 

Whcn h h<~s hccn dclcrmincd · lhal anolhcr ilcnoliDIÍ 1~ · 
dcsimhle. il is n-.umcd lhal tbc heurislics will eiiÍminc 
currtinl and paSI designs. Whatcver lhc hcurisllc;.tmrloyctl, 
idc<~IIY ils ohjectivc L• lo produce a scqucncé of mO<jcl• 
whuse p, char.oclcrislics (for ull fJ"s) bcbnvc·-¡;s foUowa.. . 

., 

/ 
Thc cmphasis·Óf lhc curren! rcscnrch is lo provldc lnslghl 

inlo ,lhc dcc.isi~n proccss for improvins thc pcrfDrmimcc or 
inform<~li!'rí sySicms: Si.,&C 3 is this declsion proccss, IJ is 
uided hy inpul from four sourccs wilhin thc mclhodolm; · 
Thcsé' suurcco urc: lu) 1hc SlaB• ~ outp\IJS, spccirlcai.IY',thé'. · 
fJt'Ó idcnlificd 10 improvc u•cr and syslcm goal pcifo..m: . 
<Jncc, (h) sysl"m hehavior slulislic:o from Slugc 1, (e) lhc 
cu1Tcn1 modcl. <~nd Id) hi.loÍicul.dam from prior ileratiDas.-
11 should he emphaslzod lhal ntlhisjunclurc In lhc dcvclopo 
menl of lhe mclhodoloGY no form:ll h~urislic proccdurcs 
havc hecn implcm~Oicd. 11 i• onc of lhc pull'O'CI of lhis 
rcsoorch. huwevcr. ID invcslilUIIC lhc uppropria1enci1 IIRd 
succcss uf various heurisllc dccision rules. RuiCll ot lhumb · 
su eh as lhusc proposed by Buzcn11 ore 1'\'SSiblc avcnucsto. 
be invcoligalcd. · 

AN EXAMPLE ' .. · 

In ordcr ID vulldulc lhc proccdures dcvclopcd ~In l~is · 
mclhooolo~y und lhc li:üson 1..:1\\•ccn Slullc lund Slllgc·~;:a'::· 

. lcsl cm•e w;ts devel•ipcd. This c~nmplc was rnodclcd IIJÍd : 
cxcculcd in IPSS .lo ·suÜsfy-lbe .. SI<Jgc-1 requlrcrtiii~.is;'' 

• A hturi"ic t. ••a &liJrCiplin~d lrial·and-cnor J'IIUCC"I. ••• , aa c..rrrÑfii 
Mtc~·c,..¡, e im&n"""'mcnt. \lo'b.:rr v.-C: m:.;:··kiim In• ..-.,tb •uc~ arad bihue 
¡uW "'-hcrc lbc crilcrioa r,,. ~u~Cttil iUhl failu.rc- m:•)' YQI)' •itb v.hal •e havc 
prc"iuu•l)' k~·· Cp. 11): Rdcrrncc .,. . · • ·. 
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Sevcrnl itcrations were nprlicd, dcmonstratin}i thc ev•dua
!l"e c.,pahililics of thc mclhndolngy. Thc following is a 
.:oM:Iiplion of lhc prohlcm, lhc corrc•pondin¡: rnodel and 
&l-.;. fe~ oh~ o( 1he firsl hhl Ílcmtiona. 

·n.l.! c~unlplc is u mul.lcl oran on-linc th:u.·uml.!nt fl!ll'h!val 
syst(JO. Thcrc ;uc thrcc filc:s ussociatcd with lht: sy:it.:stl; an 
aull.<"'llilic indcx (Am. n systcm docurncnl idcnlilicati<HI 
fik (i DI. nnd lhc documcnl file itsclf C DOC). · Thcy aro 
•lrucoumlly relmed •uch lhat un cnlry in the An· fiic puints 
co '"'" or more enlries in the ID file und cach ID fil• cnny 
in lllrn !. os.ocialed with only· one DOC cnlry. 

'i'h: model ls designed so thut u unique. ncti•ily is 
11•:;oci:otcd wilh lhe utcusing of cnch lile: Aclivity 1 with 
thc AfT file, Activity 1 with thé ID lile und Activity 3 wilh 
lh< DOC file. Ench uctivity perforrns sirnilur funclions: 
oblitining nnd rclcasing dcviccs, reading rcconls~ pc:ri'orm-· 
inu l/0 tcchniques, bul to diffcrent liJes. 

1t is u.ISumed thal the sys1em supports thrcc user classes, 
t:Jch with a diffcrcnl dcrnand on 1he relriov¡¡l syslcm and 
euch cli:lr.lctcrized by a dirf~rent combimttion or activilies. 
Thc pu1pose o( thc lirsl uscr class, USER,. is h> relrieve a 
doco:m~nl· for • particular author, thus Ulilizinc all lhrcc 
nctivities. Tho>C in the second u ser clnss, USER,, want lO 

dott:nninc the existcnccJnon-exlstence of on enlry in lhc 
a¡•sl,·rn for a &iven author, nnd lherefore, need 10 use only 
Activity l. The linal user class, USER,, already hns the 
aololocss of thc ID cnlry nnd Wlmts lo rclrievc thc associated 
Dol: cntry rcquirinc only Aclivity 2 nnd Activity 3'. 

In order lo complete lhc formuh•lion of lhe pcrform:on<e 
évtsh•mion problcm for thi1 mcthodol,.,gy, ussumplions con· 
ceu'oinc lhe performance of the system .werc · madc. A 
•ummary or these a.sumplions for lhe user coals and fJ 
constnlints nnd the pennhie!lo ••ssociated with thé corre· 
5pumling discrcpancies in uccordance 10 the roquircmcnls 
qf f11r.nula1ion (C] is shown helow. 

Oa( 150.0, 100,0, 400.0) . 

L=( .2, .2, ',2) 

Ha( $.0, $.0, $.0) 

la( 1.0, 1.0, . 1.0) 

Po•=(IOOO.O, 10.0, 1000.0) 

P0 "a( 1.0, 0.0, 0.0) 

rM •1:0-pll- .. P, • •Pa; ... =( J. O, 1.0, 1.0) 

·n,.: •nodcl conslructed in li'SS assumcd a •imple config-
. ~ruti. .. , uf or.~ processur and one h;mk of 1 UM ~3 1~ 1ype 

rfi1·, .1 ücccu·dcviccs. Und4:r a givcn lu;uJing twhich is nora 
~ ·•••lr J!l..hlc variahlc in Ibis mclhodLliLJG)') thc rcsulling 
pc•fu: w;1nce sl:tlisrics. lhc vulucs of matrix R, are ¡huwn 
be)I)W. 

. 

. . 

•' 

Q1())m 0.0 Q,( ))a 0.0 Q,j ))a 11,4 
-S,( 1)•37.2 S,CI) .. 37.1 5,¡11• ~ 

R1(1)•37.2' R,(Jl•W R,jJlai02.J 

Q1(2)a)2,2 Q,(J)a 0.0 Q,jl)'" 8.9 
S,(l)=~ 5,(3)=39.1 5,())a 93,5 
R,(2)=48.S R,())a)9.J R~3)=10i:4 

. This pc•f.,rrnance lnf•>rmatiun, cuuplcd wlth lhc poul 
ói$SU01ptiun~ •. 'WiiS inpul tu Sin~.: l. nu: cvuluutlun or the 

· :urrL•nt cnnfit!Unlliun's. pcñurrrnmcc with ret'r-:ct IIJ thc ICI 
of u'cr's ~uab is shown in Tuhlc J. 1t lndlcnce• thul lhe , 
g••als uf "'"r classcs 2 und 3 wcrc •utisficd with a aood ' 
rn;~rt:in nf :;lack, cwhich is nol pcnlllizcd in lhi• n•iritple) 
whik thc ~mol of the !irse user cla"' wus nol sucislicd (ovcr
achic\'em~nl irnplying nun-snlisfuclinnl. 
· In lhe sccund ph:t"" of Sin¡;.: 2. thc fl'• are nllowed lo be 

manipulatcd unlil they sulisfy Che uscr goal con•lnrlnts and 
Lc~t 'uflk" lhe sys1cm, ¡uidelinc constrainls. The rcsull la 
lhe id:·m,,;,.,,,i.,n of lhese uctivitics whose pcrformunce can 
be, UIIU , ... 'J lO be, impróved wilh rcspecl lo onc or both or 
lhc critcri;,, The v.Jues for lht/f• '" culculalcd werc 

fJ1a,74 

The.sc are inl~rpreted us indic:tlin& lhat hl•th Aclh•ity 1 und 
Aclivily 2 \'ere· udequate lo mect thc uso:r dcman.J, put 10 
lhern. Aclivity ), huwever, wus fuund lo he insufficient 10 
satbfy lhc rcquirernents of user clantll 1 and ·3. Tho . 
mudilícntiun indicaled is lo reduce the prcsenl rute or UIIIBC 

fur Aclivity 3 hy ut leasl ''• in order to IIIIIÍsfy lhe user · 
COa!>, in particular, lhc linit User C)uHS goal,. . ,. 

The dct<rminatilln or whelher lO ccu•c the dcslgn loop by ' 
acccptint: this pc¡furmancc orto conlinue by modiryina: thc . 
c>isting mudcl is madc in Stugc 3. Ciivcn lhe sluled goall ·. 
penalty structure. it wu.~ nssumed lhut lhe over-uchievc

'menl of USER, &oal wus ul un unucccplul>le levcl nnd the 
dcsi&n process must continue 11' pos.ible. By uumining the · 
queueing and •crvicc lime stutislics fur the fit"51 lteratlon, 
one ·can elimin;•te sorne uf the mrxlilication posKibilltln. 
The rc•ult of Stace 3 analysis wus ¡¡ dccision tu rcplnce 1he 1 

IBM 2314 lype dcvice with u raster onc, i.e .. an IBM 3330 
type devicc. 

Tite oricin:tl modd of lhis ex:~mple •Y•tcm wa5 dynaml
cally ultcrcJ lo rcncct lhi• modiliclltion. Under the same 
Joadinc as todore, the folluwing poeño=•n~c •lali~tics 111erc 
accumularcd. 

Q,(l)~ 0.0 Q,(l)• 0.4 Q,jl)• 3.8 
S 1(1)aiJ.~ 5,(11=11.3 5,(1)•17.6 
R,(ll=W R.<ll=ill R,Cil=ID 

Q,m= 3.8 · Q,(3)o .0.0 Q.C3)• 0.0 
S1(2)a IJ.J 5,(J)a 12.0 5,(3)•29. 1 

. •' 

R,(2)= 14.9 R,(Jl•if.O R,j))a'29J ,.•, . .. ·.: . 

¡ . 
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Stage ~ unalysis showed lhal .now 'nn lhrce u~~er class· 
~oals wcrc •ntlsficd (i.c .. nol over-nchlcvcdl. Thc cnlcula
lion oC lile {J's, howevcr, in~itatcd lhul while Acllvlllcs 1 
nnd 2 wcrc ~lillndcqunlc (J,I,•{J1•1.0), Actlvily l now hod 
the poo.ibility oC cxce.a capacity' C{J1•4.0). Ahhough a 
•lowcr und · prot>ahly lcss expcnsive de vice Cor Actlvlly 3 
Wlluld be mure ;¡pprupriutc, wc had Cound In lhc firsl 
ilcmtiun thal .u,h n dcvice was nol nt>lc lo .:tlisCy all lhc 
U!\Cr 1:oal~. Th.:rdurc, in fulure itemlions, Sta¡;c '3 proce. 
~···· h .. d hl examine more •ubllc mclhods or lmprovln¡ 
pcñornum,e. 

CONCLUSION 

Modero inform:tlion syslcm•. do nol uisl ns enlllles unto 
lhcmselvcs, but musl intcrnct wllh Jhclr cnvironmcnl, J.c., 
lhcir uscrs. Thc luading und mix oC lhe uscl'll effecl the 
pcñormnnce oC the system rcsources ond likcwlse, lhe 
scrvicc characteristics or thc sy•tcm resourcc• cffccl thc 
snti.Caction oC, uscr goals. In ordcr lo dcsl¡¡n such iy•lems, 
onc must satisCy o lar¡¡e sct oC uscrs demunding a conOicting 
set or performance ¡¡ouls whllc opcnlllnu wilhln efficlcncy 
und minimum cusr confitrtlints. Thua, pcrform:mc:c evnlua· 
liun or infurmalion systcms ls 11 multiplc criterio problcm. 
Ctmcurrcntly Mllisfyin¡¡ both oC these seiS oC criterio is thc 
goal of this mcthndnlogy. Currcnl nvuilat>lc tcchniqucs, 
ho"cvcr, only nddrc'• une sidc oC thc prut.lcm, cithcr lhc 
user ur thc systcm. Thc mcthodology dcscribcd in this 
p:•per c$lilblbhcs a iurmalliuison hctwccn the evuluation oC 
uscr goals as" runction oC •Yslc,m hchuvior und thc unnlysis 
oC systcm resuurcc pcrCormnncc u• u Cunction, oC u•cr 
dumund, lherchy, f;¡cilitulinll mulli·critcriu evuluatlon. . 

Thc mcthodulusy is itcmtivc, comprising lhrcc scparale 
hut intccnued slages. Thc firsl •tuce modcls nnd cvnluutcs 
•ystem hchaviur. Thc particular lcchniquc cmploycd in thc 
fir•t slilllC is 1 PSS nnd h is nt>lc to collccl thc nccc•sary 
sluli.tic, RJi). Thc sccond' stn¡¡e cv:tluulcs lhc uscr based 
c:ritcriil ""d pruvidcs cva1u;•livc insi~hl into peñormancc 
impruvcmcnt. Solution or the MGP furmulution In !C] 
pruduccs u sct uf P'•· thc v;¡riuhlc• oC Stuge 2. which 
indic:•tc indficicndc• unlllor cxccsscs in lhc curren! modcl. 
Ami finully. the third stupc hcuri,ticully dcrcr·mines thc 
curren! m.ldcl'• ncccptuhilily und nccd Cur mudificntlons. 

Thc cvahlillivc pr~ccdurcs dcvcl,>pcd Cur this mcrhodoi
"IIY hu ve hccn •h••wn ID hc v:•lid in pmcticc. Funhermore. 
lhis mcthud•>lucy r'rnvidc• un cxccllent h;.-ls Cor. cuntinucd 

. rc"c¡ai'ch into t~_rcol!\. such ns: 

u. invcstigatiun into thc cuusal n:latiunshipl4 hctwccn 
, uscr tkn~;~nJ ;md syslcm· ucJivity, 

h .. scnsi1h·i1y omalysis uf lhcs~ r~l01tiunship", 
C:. ÍRVt:sli~wlhtn iniU ~uitahJc hcmisliCS rur ~lUl!C ,\, \.'ilhcr 

h:stinB c,i,linlt h~mislicK ur dcvclopmcnt uf ncw, 
onc~. und 

t.f. lh!\'C'hlf'I01COI uf hculisiÍC/mu.Jinctltion nJics lO cJose 
lhc dcsi~n loop inlu un uutnmatic sclf·mudifying proc• 
CSI~ 
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• Applications of SPARCOM data base concepts 
to a crimc combnting cnvironmcnt* 

by RON ,\SIIANY 
r1"''"u' J. m"AI'""''"''m·lt r •. ,.,,., 
YorL1u~ n Hti¡hu. N.:w Yurk 

AIJSTRACT 

In lhia pnp:r only ccnuln upccl• nf u puw~rrul Dulu Bu•~ 
Syalcm cnllcd SPt\RCOM, na r~ncclcd hy aume npl'li~u· 
tlona In a crima·combnllng envlrunmcnl nro pica~nt~d. 
SPARCOM atnnda fnr Spnne Anuclnllw R41ullonal Cun· 
noctlon Malrl~. ll la a mathod lhnl waa dcvclul'td fur tha 
Dnalyaia,lntcrprclnllun, orpunlznll<ln, ~h .. •IOcnllon, upllutc,· 
ftnd 11ruc1urc uf •tor~~ ~uln 111 wcll n• rur lhc acarch un~ 
rclricval of lnr.umutiun from lurp~ ~11111 'bu•c (LDBI •Y•· 
tema. Thc unlquc uppruuch uf thl• •l'•lcm 1• th~ convcrolon 
of dala In lo lursc •pnr~c blnnry m u trices lhal en ubica une 111 
apply aophlallculcd ~pune mnlrix tcchnlqucs lo pcrrnrm 
dnlabaae opcmll<~n•. Thc opcn1llnnR uro pcrrormcd·on lhe 
matrices aa thou»h thc cnllre mulrh wcrc prcacnl, bul¡trcut 
amounla of alomuc •puco are anvcd, nnd nccullon lime la 
aianlncuntly rc~u(cd by thc 11orn~e nnd manipulnllon ••f lhc 

.. nonzcro vqlucs <~nly. A~dilionnl rcduction In storn~c re· 
c¡ulremcnla and In exccullun lime la achlcvc~ by SPAR· 
COM'a·Jntrinslc nurmnliZIIll<~n procesa thnl ull~vinln tho 
aravc prublcm of dula rc~un.Jnncy, couacd by inulll·vnluc 
allrlbutu. ' · 

INTRODUCTION 

Al lhc curren! alnlc·of·thc·on, Dula Bnn •Y•I~nll are -1111 
lurscly lhc rc~ull uf lnucnluua cu-unl Ílnd unen bclnl•'li 
allcntlun tu hun111n factura, usen~' nccda, syalcm co'n011uru· 
alons nnd pro~rummin~ prubl~mi. Th~ mcthudo u&ed In lhc 
dcvclopmcnl nnd ~~•lvn of such ay•tcms urc csienliully 
trinl·nnd·crrur. No cvl~cncc li tu 11.: fuund In th~ tcchni~lll 
ltcrnture, ~~•crihlnB exisllns •Y•I~m•, lo lndlcntc thnl lh~ 
dev~lopm~nl wn• buscd on a •ound sclcnllnc f<~un~111iun ur 
on wclf c.tabli•hcd cnplnccrin; ~lsclplinci. Ocncn1lly 
•~uklns, no unlfyln~ cune~ pi. s•noml thcnry, ur cummun 
ay•tcmotlc oppruach lo us yct cvid~nl In wurk in thc ncl~ of 

•tlY• ~Mork rrpt•'oC'nh UpflliC'ulhln• U(W'Imt ~''~<pll,lnVt~li#OtiN Al ~no( 
.. fC'IICWCh. uronal in lho ditlo4:nu.!kln by R. A•h;any, SI'AH("O.it: A 
.,.,~u Alllltl.J AuH&'IIIII~ .... Rrlt~llu,.lll Apf'l'lltJI'h IU l>ttwlfll&· ndiiJ Sttii4'1M,.. 
,., utiJ n.,,., R•'lrirl'tll, \Uhmlual &o lhll' F~ully tl( t.ht rul)'hr,hnlt: ln~r~lhulr 
rl Nrw YCllk In pnMiul (ulfinmc:nl uf lht rC''Iuirrmmll (« lht d~tp.:t ol 
""'1or ..t l'llikl"'ffhf tf.kl<lri<•l l!n;Jn .. rinal J•111 IVlt. 

dntn b:10c lcchnulupy, Onc uf lhc m:uur ~un1rihutln9 fl\cl<'~ · 
lo lh~ haphnznr.J uppo·un•·h 1• lhc luc~ ••f .Jbtin~ll•IR· liuf\nll 
thc <ltvclupmcnl phasco. bei\IWn l'hr•lculund I•'IJkul cun· 
•ldcrutlun•. 

Bcfurc cpntcml'hillnu thc dcvclupm~nl und d~•l11n uf 11ny 
•Y•lcm. on nppn•pliulv cunc~plunl fnun~wurk mu•l be 
e•lnhll•hc~. Tu unll··~n~ un~ cummunl~ulc 'lhc cun(~J'IIM 
ur •uch n frumcwurk ccnnln 'dcnnlll••n• mu•t he I'U•tulat~li. 
Snmc ur thc . .J~nniliuns IW prccl•~ un.J hu~ e hccn •'>111¡,; 
ll•hcd un ri~nn111• nmlh•'mutlcnl ruun~allun~. <ithcro ur~ nr u· 
~~ncric nnlurc un~ •1111 nlli~n hnvc h~cn v•lahliKh~<l 111 
pruvldc u (Ummun hn•v uf r~rcNn~c. In tho ncw fi~lli ur 
dillll ~IIKC"\~chnulu~y, lhCrC 1~ nn Cl iJ~n~f ur 1111 C~l~tln¡¡ 
cammonly 1yrcc~ num~ntluturc. Mun¡· t;·rm1.lntm<lucclf In 
thls ·pnpcr nrq n~w. 111hcn~ w~re mi••JlMI 1'1\>m lflrf~rcnt 
•nurccs. 

BASIC CONCiiPTS ANO I>EI'INITIONS · 
' , 

Thc disÚul cumpulcr cnnnnt dcul with phy•ical utijcctoi, ..'..: 
o~ll~nll~ru~uca, ~vcnt• ur nh•tmcl conccpiK dln:ctly; A dutu · 
mUdcl ur thc phy,lcnl wurl~ ur ur thc ubatrucl cnn~cpiK 
whlch cnn be cn•lly nmnl~ul;¡t,'<l mu•t be cunKtructc<l Rn~l, 
Thc D11111 M11J&'/ IDMI 1• thc lnr.~rmntlun contenl uf thc 

· ,dntn bnKc 111 11 IK vi,O..·c•l hy thc uKOnJ. Fur uamplc. 11 

Rcsulur D111a Oruanizutlun IRD<ll In un ui'I'Íiy form 111 

lllualmlcd by lh~ crinlinul nt~ In Figure 1, 11 'an acccpl•'<i 
rorm or rcpre•cnllnlt ~ntu: thcrcfurc. 11 1• 11 llulu mudcl. 

A collccllun urjlrucc .. uhlc ~11111 frum whlch un cnlerflril!l' 
cnn licrivc lnfurmuliun 1• cullcli 11 011111 B<lrc', A l"<•lic~ . 
dcpnrtmcnl, o .liu•pilul. n cuun uf Ju•tic<. ·u univc.-.hy. '¡ 
bunk or ilny luiuc·•cul~ n~minl•lnotlvc, •d~nllnc. t~chnlcul, 
(ÓmmcrcÍIII ur ulh<r I)'P~ uf up.:n1tlun 1• cullvli un /:'111~,. · . 
prl .... An hc'm uf ln1cr.,.1 ti• nn ~ni<I'Jiri'c uh.•ut whl~h ~ulu· .. 
are rccurd~íl ur cuonpul~~ ls cnllc~ un l:"n(/1.1', . · ... ' 

In nny ~iv~n cntcrprisc, lhcrc muy v~l•l <lifrcrcnll)'fl<."- ur 
cnlhic• •. IÍ criminul, u ~~~~ctivc, u hullvl"• •l¡¡rn~turc. u ~11r. u 
Orcarm{ a e rime, u ..,..nruli, u r~I'U"· etc.· Entltic~·:·iirj: . 
i~cntili~od vlu lhcir ullribut .... An Allrlhul~ 1• '·a" •ri.íc'lljc . 
clnu of lnfurmutlun uhuutun cnllty; cuch ~nlhy hua nt:luuot" · 
onc1ÍIIIrihutc. n.·cnull<l or thclr "'l<lc und frcqucnt u•,{si::.:.ia · · 
number or nnrlhutes ha ve hccn slvcn numc~ atich n•:'.:~l!é: • .... ' 

' .•. 



~MU Nallunal Cumpul~r Conf•n:ncc, 1977 

fiD H/\1'11:: CRIME AHN 

1 .John Murder ]\ 

2 Claude Rape. B 
Arm. Rob.· 

.J Robert ·Hijack o 

q Nancy llomicide A 

5 Ingmar Rape. o 
·z.surder 

6 Roberto z.lurder A 
\ 

7 lolarcel Kidnap, e 
Hijnck 

8 · Johanna· Orug Push E 
Arm. Rob. 

9 Jurgen Kidnap. B 
llomicide 

10 Tom Orug Push e 
Arm. Rob. . 

•(crimc Location) 

Salal)·. Cul11r, Scx. Wd!!hl. ele. Thcrc ls.a cl<:~r dislineliun 
~1\\'l.,•cn lh~ .~llriblllc- N111111' ;,md Allrihlllc' Valut. An cntily 
no1m!o!'d ,.,, h;tJoo an otl1rihulc namcd colar, lhc valuc: uf lhc 
ullrlhuh: is Mm·. Thc un.lcrcd pair A w·i~ul~· Vo1Jue is callcd 
n Prop,•rty. .-\ cnlh:cliun uf cntilics llcst:rihcd hy !<iÍmilar 
unribult..·s ¡, c;tlkJ an l:.'lllif.\'-Srt. lf i1n ;.lllrihule nssumcs a 
uni4uc \'alu&: for ca'"·h cnlily in an cnlily scl. Íl is cotllcll un 
l•l•·•lli/yill¡:-,\mil•llh'. An cnlily may h:1vc •cvcml idcnlify
in~ allrihulcs; c.~ .. Full .Name, Sud:ol Sccuri¡y Numhcr, 
Empluycc Numhcr. Prisun•r Numhcr, ele. Thc valucs uf 

LOCNrim~· SEX !:):ES Lt,tlGUMiE 
' 

Octroit: ~1 nlue EnqliSh 

N.Y.C. .. M . Grecn English· 
Frcnch • 
Gcrman -

Houston M Haz el English 
Gcrman 

.Chicacjo F Blue English 
Gcrman 

.. 

Oetroit M Blue English 
Russian 
S1~cdi.sh 

Chicago M Black English 
Italian 
Soanish · 

_. 

N.Y.C. M Green French 
German 
Spanish 

L.A. F-
' 

Green Engli:sh· 
French 
Soanish 

Oetroit M Blue English· 
Gcrman .:• .. ' 

Russian 

L.A, M Haz el English 
. Frcnch 
Swcdish 

iJcnlif)'in~ allrihul•.. nrc cuiiC-1 J.J.•miflrn. Allribulcs·. 
whnsc valucs can he cukuhll•-d :ore call.-.1 V/rtrtal Allrl·· 

. ¡,,.,,.,, su eh ·n• Al,lc; suhlr:aclin¡; frum lhc currenl.ycar ... t,IIJ: :i,. 
. ycar or hinh lhc "~· v;¡luc 1< dclcrmin..-d. . ·.~:.:' 

1 n lhc rc"ul:or dala •ir¡:anizalion ur lhc erimi~~:~l: li.le;' 
illus1m1cll in Fi¡!urc 1 • .incb ruw in lhc :omay hclongs lo ·a 
•rc<irac. cnlily, 1-:,.t:,, ••• ,1:.' •• E:~ch eulumn hclongs 10. a 
spccifie' :atlrihulc; A1.A1 •••• ,A,, Each clcmcnl of. lhe: 
:orr•y is asSu.:inlcll wilh n •pceilic cnlily E, and a spccifiC 
:~llrihulc A, :mil representa a spccilie valuc v. sclrc1cd from .. 
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~ linllc sct or vulue• rcrtnininG to ullrihute 111• Thc •ct or 
•·:~luu penuinln~ to nnrihutc A, 1~ cullc~ thc Dumuin D,. 
The dumuin ur nllrihutc KCX Cllni:IÍRM unly IWO clcmcnll 
1M,F); thc domuin or nurihute cycs (mcnnins cyc color) 
~<lntnlns live clcmcnls (bluck, hlue. hruwn, grccn. hnzcll; 
¡he domuin "r ullrihulc lunpuu~c i• much lur¡¡cr. h cun1uln1 
all I:IR¡lUUGC~ •pukcn in the wuriJ. A ~istlncliun ~huul~ he 
.nu~c hetwccn sin~le·vnluc nllrih"tcs un~ mulll·vuluc ullri· 
h"ICI. An cnlily cun pus~•·· unly UIIC clcmcnl rram thc 
,;,,muln ur U ,\/n¡¡/o'•I'U/111' llllrihuiC, hui il C:IR pOOMC•K ane ur 
mure elcmenh rr111n !he Jumuin ur U I/IU/1/•I'U/IIo' Ullrihutc, 
!lu und cyc• urc •inslc·vnluc unrihulcK: lunpuuuc ls u 
mulll-vnluc HIII'Íhulc. Thc multi-vnluc ullrihuiCII cuu•c •~ri· 

. """ rrublcm• in .umc cxi•tln~ nppruachc• rur •curchlng un~ 
lttrievinp duta•·• but~ they cuu.c nu prublcm whniMucvcr In 
::>PAII.COM. 

The or~ered triple (E,.A1, \ 1 ul rcprescnts un r/rmo•ltlury 
dula /1~111 which is· thc mínimum umuunt ur dula rcqulred 
f.::r menninsrul inrurmuliun. Thc unlcreJ pnir (A1, V u) ¡cp· 
rcscnts the pruperly Pu. Conscquently, !he ordered pair 
(E1,P0 ) rcprcsenl5 nn clemcntury dala ilcm. Let's Ulustiute 
the mcanin~ or the mínimum umuunl ol' dula requlrcd ror 
n1cnnlngful inrormution; 1hc entily J<>hn by ilself doca nol . 
represen! mcunin~rul inrmmnli•>n. lhc prupeny Eyes Dlue 
dacs nut represen! b)' ilsclr mcnningful inrormulion, hui lhe 
triple John Eycs Uluc is mcuningful nnd pr~cisc. 11 is un 
clementnry dula item. The elcmcntnry dota ltem (E1.A 1.Vul 
ls ~lso known as !he Mum of inrurmalion bccau•e il cannol 
he funhcr dccomposcd wilhout lusinc ils mcssngc. 

MULTI·DIMENSIONAL Ali'RIBUTE·SPACE MODEL 

An enlily cun be representcd os o poinl In a mulli· 
dimensional Euclidean .spnce by a vector. The six·luple 
E,(John,23,,,10,180,M,Biue) is u vector rcprcscnlins a 
pointln a six-dim~nsional spncc nnd iL cun be interprctcd as 
1 pcnon pos.cssiny the propenies Nome·John, Asc·23, 
Height·''IO', Wei~hi·I~O. Sex-M, Eycs-Color-Biue. 

The notlons or puinl, line, un~ piune from thc rumlllar 
thrce·dimensional ~pace mny be scnerulized to hlgher di· 
111cnsionnl spaces, ond extended gcomctric inlerprelutlons 
ot algebr~ic relatiunships moy be given. Starling wilh a 
lhrec·dimcnsiun:•l spnce, an enlity sct consistinu of "m" 
rn1ilics can be envisioned as a se1 of points wilh corre· 
aponding coordina1C5 dcscribcd by .. scl of ordcred triples 
E,(V,..V,..V.J whcrc /•1,2, •.. ,m. The valucH V11 ,V11 ,V.,, 
llfC sclcclcd from !he respective domnins or nnributes 
¡l1..A1.A,. For exnmplc, !he onributcs Agc, Hciyhl, Weight 
ran represen! !he res(lcclivc urtho~onal.uxc• A, 11, IV. TI1c' 
llnt oetnnt ur thc spacc is buunJoJ by !he thrc~ urlhoyunul 
ph~ncs; Ace·Hci~hl, Agc-Wcicht: unJ lieicht·Weichl or 
¡ll/, A IV, IIIV, rc•pcctivcly. Thc uiplcs 

Eulo.O.O); E.(I,O,O); E.,lO.I,O); E •. (O,O,I) 

wrrcsenl lhe Ori}li•• und Un/1 points, rcspcclivcly. To 
11prcscnt !he Dforcmontioncd propcnies uf thc fir•t four 
,.tilics frum a specific set, thc rulluwing rour triples are 

1 

necdcdt 

SPARCOM Dula Due Con~epll ~KI 

E1(23.~.10,180); i..'~)~,$.11,170); 
t'1(l7,6.0l,l10); t'~ IV.~.Il4.130) .·. . . . 

F.nch tuplc rcprc•cniR D vee1ur fn•m lhc i1ripin lO n 1pcci."~ 
P••int In •pace. Ench puinl cnn he pr<~Jcctc~ ''" un)' uf thc 
thrcc urlhugunul plnncK. Thc 3-tuplcs 

E ,(2).~.10.01: l:',m,O,ISO); t' ,t0.$.10;180) 

represen! the ¡>ro)•••·tlmt ur thc Onol rulnl un lhe MI, Á IV, 
un~ //IV pluncK, rc•rcctlvcly. Thcy niKU rcprc•cnt thc 
pro)o'l'tlmt ur uny, puinh< thul muy he f11und nlunp lhc 
tchpCCIÍVe pcrpcn~iculur lincK thn•uph lhC poiniK Of rniJcC• 
tlon. Clcnrty, uny cnlily wilh rrupcrticK Apc n und Hcl~ht 
5'10' rcpordlc•• ur lis Wclpht will he prujccted oilthc •ame 
point on the AH piune, thc di•eu .. lon 1• simllur. for thc 
olhcr pilnes. Much in the Knmc munncr thc luples 

E1(23,0,0); E,t0,5.10,0): k.',t0;0,180) · , 

·, 

represen! the prujcctlun or thc lirst rulnt on the A, H, ond 
IV oxcs, respcctivcly; Thcy DlKO rcrrcKeolthc projectiun or 
ony puinl& 1hnt muy h<'fllund on the respective planesthat 
nrc pcrpcndiculur tu thc respective nxcs nnd lntersecl lhcm 
al thc pointl or. projcctiun. ACiuully, thc triple E ,(0;0,180) • 
rcprcsents a plnnc puntllcl IU the MI rlunc (perpendicular 
10 !he IV axis) und inlcrKeclins thc IV U\Í5 al 180. The lriplc 
E,(23,0,180l rcprcsent• o line pur.&llelt•• thc H uxls (pcrpcn· 
dicular to t~e JI W piune) und lnt.:n<•-.:lins Lhc .11 \V plone al 
the polnt ~j,IBO). 

QUERIES ANO SEARCHINO HYPERPLANES 

Followlng the sume linc of n:11soning, 11 may be sald thlll 
In a lhree-dimcnsionnl spnce, a ·)·luple Q(V1,V,,V,) can be·. 
intcrprcted as o Qurf)' (un intc/'I'OliDiion, a questlon) ad· 
drcsscd tu the ·dutu mudcl. Thc rcqucsl of lhe qucry ,11 lO 1 

search all entilics rcpreseniCd by the points lhat coincide 
whh the poinl spcellicd by tho coordinates or the query 
Vector Q. Thls ls dclincd "' the Stttrrii/Jtg l'ulnt Q(liey. 
Ench or the l·luplc~ (/(0, V1, V,); Ql V1,0, V,.); Q!V1, V1,0) 
reprcsents a qucry vcctur lhot rcqucsts the search or oll 
cnlilics represcnted by lhc poínll Lhat thelr pro)tc/luJtl 
ha ve !he coordinnlcs 1 V,, V,.); (V,, V,.); t V,, VJ on the onhoa· 
onal plnn••· 

Obviuusly, in thc mulli·dlmcnolonal F.uelidean space; lhc · 
enLilies and qucrics urc rcpreocnl~ by arJ••rtJ N·tuplcs. 
The livc 1uplc Ql\'1, V,, v,, V,. V11 rcprcKCnts a •carching 
poinl qucry in u livc dimcn•iunulunribule spucc. The tuplcs 
QtV .. v,.o.v •. v.l und QlV,.0,\'1 ,0,\',.) rcprc~acnl acurchlna ,,,. 
lincs und seurchlns. piune qucric•, N~pcctively, whllc lhq 

' tu pies Q(V,.O, V1,0,0) an~ (/(0, '',.0;0,0) rcprclienl l·Oat und 
~-Oal So•tlfl'iiiiiJI /lypl'f¡>lunr· querics· rcspcctively. · ' 

From lhis diKCu .. iun, it ~huuld he ob•iuu• th:it the Jcarch 
ls bnscd on the contcnt uf the cntitici;"ri•ther· ihi•n on thcir 
addresscs, nnd thal lhc cnlitics ·thal qualify· un: dctcnnined 
by thc nssocinliun thnt cxlsll bctwecn the propcnics 
conlalned by thc enlitics and thosc spceiliccl by the.queries. 
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Thc qucry vccton must hnvé thc Aomc dlmcnlionullly as 
thc cntity vccton hcurchcd by thcm. As11llccti11n of i qucry 
vccturh i• cullcd u Qllc'"' Sc•t und is rcprClicntcd by 'nn ( xn 
Q11rry Mtllrl.r. Qllc'"' Cc111rpl.·.r/t,l' Dt'llrc'r IQC.'D) is dcnncd 
u' thc numbcr uf non-zcru clcmcnts .. pccilicd in thc qucry 
vector. Thc QCO •huuhl nul he cunfÚ..:J with thc Rrc¡11~11 
Comp/c•.rit,1· Dc•11ru (RCDI which is dctermincd hy thc type 
und nu"'hcr uf prupcrtit:~. upcrnlnrs ami urerution$ re· 
quircJ tu gel u cumple te response. Thc R<.'D will he dcnned 
in llnuthcr •cction whcn thc mcunins uf type or opcrnturs 
und typc or npcralionA will be hellcr undcr>tond. To 
illu>trutc thc mc;min~ uf QCD; thc cntlty ,i:t dcr.ned by thc 
ullrihutc>, Ase; Hcit~ht; Wcighl ·¡, interrogutcd by the 
fullowin¡¡ thrce requcsts: 

(].(21.0;0)--ldcntify ull criminat. nf ngc 21. 
Q,(3S,S.II ;'0)-l<lcntify all criminal• of ase 3SAND Hcight 
5.11. 
Q,(27,6.0J,210)-Idcntify ull criminuls of age 27 AND 
Hcight 6.02 ANV Wcighl 210. 
Q, is u .vimpl~ """>' QCO•I nnd lt rcqulrcsthe scurch or 
only une domnin. 
(}1 is n com¡>le\ qucry QC0a2 nnd 11 requires thc seurch 
of two domain,, rctricvins two suhseiA und rctricvins lhc. 
suhsrl that rc•ull• from thc illtrr.!l'rtimr of thc prcviously 
rctJicvcd two subset•. 
Q, ls u complex qucry QC0=3, thc same as for Q1, but 
with thrcc domains. · 

lf the ;.'''"''' is to ldentify ull crimi~uls of ngc 21, tmd 
retrieve the na mes of ull criminals who·livc In the samc · 
~itics '" thu"" uf thc identincd criminul~. c111d spcnk Spnn· 
lsh, lhc rcqucst indccd st:orl~ with u simple query ovcr onc 
dum:oin. but, imhcdJcd in thc rcqucsturc complcx qucries 
that rcquirc ihc scllrch or uddilion:ll entity sets ovcr diiTcr· 
cnt d<lmuins: ohviuusly, thc RCO should rcnectthe ricces· 
sary intcmctions. · 

Another ·type or qucry known by the nnmc of .Rtrnll' 
Qm•t)' S¡>ccir.es a nongc or VIIIUCS OVC( a dom:oin rnthcr lhDn 
nne specir.c v:oluc. For cxumple, the requést lo idcntlry oll 
criminals hctwecn thc use of 21 und 24, whcn thc ncc ls u 
lli•erctc l)'pe ullrihute wlth u domuin or po•ilivc lnte&cr 
numhcn in incrcmc:nls nr anc: ycur. lhc qucry hns un 
(,¡<.'0•4, hccau•c in this DM. the rcquest has to he farmu· 
lutcd "" "idcntify 1111 criminals uf IIIIC JI OR 2J OR 23 VR 
:!4'•. In this Jaw mt><lcl, lf thcre is a numherr of ORs. in thc 
rc.¡ucst, wh;ll a¡>pcar. io he nnc qucry hus uctuully Jo be 
·~·it intu c¡a(r+ 1) qucrics. Thc rnur 3-tuplcs reprcsenling 

. lhc uhc:wc m..:ntinncd r.:quc51 are 
1 

Q,t21.0.0J: Q,m;O,O): {!,<2J.O.O); Q ;(24,0,0) 

und fnur suhscts rcprcsentin~ thc p<oints fuund on thc four 
p:onollel planes will he rctricved. Thc suhsclohtaincd by thc 
rmi<111 uf thc rctricved suh,cts will represen! thc rcqucsted 
;1nswcr. 

A ,.jmilar ,._,ilunlhln will uc\.'ur wh.:n thc rcqucsl dCills with 
u multi·l'"'"•' ullríl'luh:. Fúr c-.;,mplc_, ussumin¡; that the 
~ntity sct hclun¡!s tu u 4·0 lfuur.dimcnsional)· ;tllributc• 
i¡>itce, and thc rc.¡ucst is tu identify Óll criminuls who spcnk 

Ensllsh AND Prench, thc qucry wlll hove lo be aplit lnlo 
IWO 4-tuplel . 

(} ,10.0.0, Enslis~) und (1,10.0,0,Prcnchl 

hut thc •uhsct rcprcsenting thc rcsult wlll be ohuilncd b)' · 
the lmrrlrl'li<ln or thc 111'0 subsell. . . . .. ' .· . 

1t ls ·lo he empha.•ized thnl the tiNO opci'Btofl as· 
opposc<l lo thc OR operatun do nol rcqulrc the splitling or 
·thc qucry cxccpl whcn o multl·vuluc nurihulc is lnvolveit . 
Thc rcqucst to identify all criml1111ls who ore males AND· . 
h:ove hlue cycs AND spcuk · Enslish AND Oermnn od, · 
drcsscd to a 3·0 cntlty'~~et will he sutisr.cd by. ~plilllna thc: 
qucry into two 3-tuplcs: i.c., (} 11M.Biue,Enclish) and 
Q,tM.Bhoc.Ocrmnn). The Aplitls couscd by thc AND or tho 
muhi·valuc anribute and the unswer is obtalned by thc 
intcroection of the two respective subsets. · 

SEARCH OIFFICULTIES IN THE ROO MOOI!L 

In the ROO model wherc numcric ond olphanumcrlc 
values uppenr In thc somc orny il ls vcry dlmcult. to . 
pcr1'orm o seurch slmply by comporlns lhe correepondlna 
clcmcnts of the cntlty vccton and query' vccton. The 
senrch proccss con be greutly rocilitoted by encodins all 
alphanumeric vnlues into purc numcrlc villucs. Por. cxom· 
pie, Jhc valucs of thc crime otlributc can be cncoded so thal· 
Murder a l. Rupe .. 2, Homicidc • 3, nnd 10 ·on: the 
values of the cycs-color uuributc con he encoded so that 
Black•l, Blue•2,. Brown•J, Oreen··4, and in thc samc 

. manncr for :~11 nllributcs with ulphnnumcric valun.. · 
/'"sume that cnch entlty nnd cnch query, rcprcsentcd by 

num~ric vcctol'5 nnly, are structured into an mxn malrix 
callcd E und into an ( xn matrix callcd Q, rc»pcctlvély,' and 
thut the n. ollrihutc• are slnRI'"•~•I11r ullributes on/y, .. Tó · 
pcr1'orm a "'"'"'' becomce a simple tnsk. lt rcquires 'dci~·: ·,·· 
minina whcth~r thc number or ldentical clemcnts. whcn . 
compuring corre•ponding elcmcnts oran cntlty vectór and.a 
'query wctor, is cquul to the number or non·zcro elcmcnll 
•rccilicd in thc qucry vcctur. 1/ thr ansll'n ú /H>sillt•c, 11 
indicutc• thalthe respective cnllly le rcprclóentcd by a polnt 
found on thc •curching hypcrplnne; Algchralcnll)', ir E•[rul 
und Q•[r.,] urc th~ twu matrices, and denotlns thc i:ompo~ 
ison of idcnticul ele111cn11 lru•r.,l• 1 and non-klcntlcal 
clcmcnts ltu"r.,) .. o, thc uhovc cundltlon.IJ mct i( und onl)' . 
u~ . . 

• ! ('u•c¡.,)•r• wh~rccr.•n-z• ond r0sn .,.. . ....... . 

=• heing thc lo tul numher or zcro elcmcnts apecilicd In th~ t 
qucry vector. · , . . . ... ~· 

The 1111nl ~~u~h proccu cnn thcrcfore be pcr1'ormcd by a · 
Gt•llrrttll:c•cllmwr Pmdurl (01P) hctwecn mutriccs·.E ·llriil',' 
(}. Th~ Gil' pcrmits thc u•c uf nny d,1'11dir ore Mor hctwccn 
currespunding clcmcnts of two matrices wherc thc only 
nccc"tary cundition is, us u•uul: thutthc two m;atrices must 
he t'<lllfntmM/Jir lthc numhcf or culumiii of'thc len mntrix 
mu•l be equ;ol lo thc numhcr af row• olthc ri¡:hl mnlrix). 
Two umong muny ticcc¡>tnhlc OIP rorms (in the APL . . 



lan~uáge) are: 

A+.XB; nnd A+,aB 

Thc firsl form ;, lhe ~nown m111rh rr•>ducl, lhc l:~sl furm i& 
thc une used tu r.:rfL,rm the s..:om:h dcscrihcd uhove. 

By ''¡x>M·muhiplying·: (using thc GIP+.a) the cntily 
m:tlrix E by. th..: 1mnspos~ of thc qu.:f)' m:1trh (! a rc\ponsc 

. mntrix R or 111 X 1 dimensiuns is obtaincd. Den<~ling l>y {}' 
lhc lrnnsposc oro. 

• 
R=E+.=Qr r¡1rflll I b'uAqJk) ~nd r,t:Sit ,., 

whcrc /= 1.:!. , , . . m )•1.2 . .. , .n ka 1.2 • ... . 1. Thc 
point roprescnting cntily 1 is found on thc scnrchins h¡·pcr· 
plano ddined by qucry vector k irr r,.•r •. Clonrly. •\•eh 
column or lhe R · m<llri~ C•>nl:~ins lhe nnswer to thc rcspcc· 
live t queries. lf r,, <r. thc indicntinn i• Üm1 entity 1 has 
only '" idenlicill prop011ies with those spccificd in thc 
qucry vector k. Accurding 10 the uscr's nceds entilies can 
be relricved for any '•• vnlue. 

MULTI·DIMENSIONAL PROPERTY·SPACE MODEL 

To illustratc thc strcngth ur the model dcvclnped nnd 
ilcscribed in this !iot:clion. n 5pccific c:u¡e musa be nnai)'Zcd 
lirst. In thc sectiun thnl dc•crihes qucrics nnd scnrching 
hypcrplancs in the ROO modcl, thc Rango Qucry was 
discusscd .. This is onc lypc of qucry that.is mosl rrcquenlly 
uscd in searching criminal files. A wilncss mny dcscrihe a 
criminal in lhc fulluwing tcrms: Agc betwcen 18 lll 24, 
llcight bctwccn S.07 lo S.ll. Wcight bctwecn 170 10 190, 
M ale, Caucasian. The rangos spccified for the A~c. Hclghl 
and Wcighl ullribulcs indica!~ thullhcrc is n ccnnin Dr¡¡ru 
of Uncrrlllinty (DOU). Assumc that 11&~ is slored in incre
mcniS or onc ycar, lhc hcishl in incremenls or onc inch und 
the wcight in incremcnts ur 10 lbs .. and lhc DOU ror each 
amibutc is dcfincd as lhc numher ur nonzcro valucs withln 
lhc respective >pcdfied rnnscs minus one. (Thc minus onc 
Comes lO indiculc lhal al lcasl OOC vnJuc has lO be alwnys 
spccificd.) 

In lhc givcn cxilmplc, thc DOUs nrc 6, 4 and l, rcspec· 
tivcly. As cxplained rrcviously, cach mngc causes thc 
qucry lo be split. In this panicular case, thc qucry has a 
QCD=7+S+l= IS; thcoretically, al lcasl 15 qucries urc 
nccdcd lo rctricvc ·lhe sct or criminuls lhat qualify. The 
tollowins process has lo be invokcd: (1) Structuring a 5-D 
subschcma or allri~ulc> Ase. llci~ht. Wcight, Sex. Racc; 
(2) Formulatins thrce 5-tuplcs (0.0,170.M.Cnuc.) (0.0, 
ISO,M,Cuuc.) (O,O,IW.M.Cauc.); lll Rctrieving u subsel of 
tnlilics oblnincd rrum lhc union or lhc lhrec previnusly 
rctricvcd >ubsets; (4) Scarching the retricvcd subscl by fivc · · 
J-tuples of lhc furm lO.V,.O.O.O) wherc V1=5.07, 
,,08, ••• ,S.II; (S) Retrievins u sul"el of cntilics ubtuincd 
trom lhc uniun or lhc fivc previuuslr r<tricved subscls; (6) 
Scurching thc lasl rclrievcd sul>scl b)' scvcn 5-luplcs of lhc 

·form (V1,0,0,0,0) wh<rc V,= IH.I9, •.• ,24; (7) Obl<lining 
lite subscl of entitics that represen! thc ;mswer, rrum thc 
lnidn or lhc se ven prcviously rclricvcd suhscls. 

• • 
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Thc samc rcsull c;m 1>.: ohtui111.'11 hy rormuhtti~~¡~ lOS S.. 
luplcs querics (¡¡='Íl<,X)= 10,) u( lhc furm (V,,V,,V •• M, 
Cnuc.) uhl;•ined (l'om lhc Cunc,i;m pn>ducl 'V, X V,x V1 
whcrc V,{IH.I9,. ••• 24); v, .. I,,07.S.08 .... ..5.11) nnd 
V1 =1170,180.1\Xl), The fimtl •uh..:l thnl rcprcscnts lhc. 
unswcr is uhtuined frum thc uniun uf lhC lOS prcVÍI)Usly 
rclricvcLI suhscts. · 

D.:spil~ lhe use of CllnlpUICI>I wherc lhc Union, iniCF'SCC• 
tinn unJ all othcr uf":mlit.1nJC can h.= cu~ily performcd on 
lar~· numt>.:r ur ..... lhe uppr·~•ch jusi dcscribed' fur. 
hnn<llin~ une rcqucsl uppcurÍIIu 1>.: '""' c.>mplicmcd. mure 
so when muny similar rcqu.-.ls havc lo toe snti•ficd ovcr u 
•hon periud uf lime. Thc •ulution 111 this problem, lO 
pruhlems previuu•IY d.-.crito....J und lo uddilionul slringcnl · · 
rcqnlrcmenls ls fuund In lhc muhl·dimcnsiunnl prupcny. 
spacc m•>del. rcprcscntcd hy 1hc extended binary vcclors 
and thc hinary conn~ctiun matrices. 

' 1 

THE BINAR Y CONNECTION MATRIX , 

· An n-D allributc·•~ace i:ontninlng A,.A, .. •• -"• an ~ 
bulcs. wilh lhcir domuins or dislincl clcme:r~ . 
D,,D, •. ~ . ,D, of c;~rdinalily J,.J, .. •• ,d,. respccdy~ly, 
can be trnnsrorm.:~ intu nn N-dimensional rropcrty 'pace 
wherc N= Ir., J1 rcrr•"SCnts thc numbcr or di•tincl ¡/ropcr· 
lies r,,p,;, ... . P., ncc~ssary lo map any ptinl fronyíhc n-D 
allribule-spacc. inlo thc N-D propcM)'·Kpace. Obvlously N 
is largor· than n, nnd lo reprCliCOt a puinl ¡r( a muhl· 
dimensional Euclidcan spucc rcquircs many ¡n'orc coordi· 
nalc axes, lhus lar¡;cr vcctors. In lhc propcny spacc, 
huwcvcr. only two distinct poinls cxisl ~tach axis; uro . 
and unr, and each cuordinutc uxls rcp 

1 
en la a .. spcc:inc · 

propcny. ¡ 
An cnlily lhal is dcscribcd in lhc auributc·sptice by 11 . 

single-valuc auributcs; i.c .. by 1111 n-l~plc. is dcscn'bcd In: 
lhc prupcny spacc hy u hinury N·t\if>le whh n unr valucs 
and N-11 zcro vnluc•. Thc ""' vu!Gcs are inscncd in lhc 
positions rcprcscnting lhc applicublc propcnics. Siitcc lhc 
carJinul numhcr of nllril>ulc S¿x is lwo (M ,F) and lhe 
cardinal numbcr of nuribÓic Eycs~olor is fivc 
(Biack,Riuc,llruwn,Gr.-cn.HuÍcl)lhc cntily wilh propcnics 1 

(M ,Biuc); i.c .. Se x-M und E)•es·Biu.: is reprcscnlcd by lhc. 
7-luplc El 1,0,0.1.0,0.0). Tht l-tuplc is lnmsformcd inl<¡ a 7· 
luplc wilh '"'" nonzcru é'lcmcnll, nnd if lhc single valuc 
allrihut.s wouhl hnv~ respective cardilllll numt>.:rs. say, 
J,a 10 und J 1c 1~ the ~-luplc from lhc atirihulc·spacc would 
be lmnsf,>rmcd inlo u ~~-1uple in lhc propcny·•pacc. again 
a binnry vector with ,..,., nunzcro valuci ttUt 20 zero wlues. 
Thc•c veclors of lhc prupcny·spucc Óre callcd E.rrrnJ••J 
Bilwry V<'rl<>rs (F.O V) nnd thcy =. usually vcry spiii'IC. 

A scl or m entiti .. wiU 1>.: dcscrihcd by ·a mxN binary 
mutrix callcd lhc Billul')' C'unnr•·tj,m Alurrlx (BCMI. bc· 
cau•c its nonuro clemenls indicatc thc conncclion lhal 
cxi•t• bclw<cn i:al:h eniily und hs rc•pectlvc upplicahL: 
prup.'rlics. il 1• mure •pccirteully cullcd thc Blnm-y I'TI•prrty 
Mutri.< tiiPM). Onc imP<>rtnnl f~uture nf EBV is lhntsin¡;lc
valuc auril>utcs nnd muhi-vuluc aurihulcs are rcprcsc:ntcd 
by onc and thc samc vector sulvins lhc scrious rcdundancy 
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problcm dc•crll>ed prc:viouKiy, Thc 6-D ouribulc·•pocc (lhc 
nnmc·alliibulc IK cunsldcred a unique WcnliOér) or lhc 
ctiminul lile rrum Fi~urc l. i• lmn•rormcd inlo 32-D prop
cny-spncc us illuslrnted in Fipurc 2. Thc currcspundin¡¡ 
UPM is illu•lmlc" In Fi~urc ), Ohviou•ly, In lhla mulrix 
numcric un" ulphanumcric vuluc• urc n:prc•cntcd In lhc 
'ame mnnn\!r. lh~re i!i no n~cc.J rur spccial cncoc.Jing as in 
11•• ROO mudcl sincc lhc nunzcru hil pusiliun implies lhc 
valuc:. 

Thc mnii'Íx is vcry •paroc nnd lhl• 1> anulhcr udvnnlngc 
hocnusc lhc nppJiculiun u( MlphiAIÍCIIIC" 5pllr .. mulr!X lcCh• 
niquco nm unly provldcs lhc cupnbilily lo snvc in olornnc 
rcquircmcniR ioilly lhc nonzcro clcmcnl• are •torcd) bul il 
provi.Jcs lhc mc~ns lO pcñurm Vcry cfficicnl opcruiiORS on 
lhc mnlncc• (only lhc nunzero clcmcnl5 ure opcralcd un) as 
indlculc.J in Rdcrcncc• 4 lhrou¡:h 7. · 

Among ulhcr udvantncc• lhc blnnry matrices cnnblc one lo 
y se Buul,•t~il Al¡.:t·hro n11!orithma tU 5Lllvc dula hn~c' prob
lcms (:.ce Rdcr.nccs 8 nnd 9), lo climlnulc lhc difficuiiiCA 
U( lhc nlngc•qucry. lO ~nlhcr filllliKiiCUI duiR, lO determine 

CUIMES hllM T'iPE 

ti' . . 
.g L: .e ..1 

Cl ... Ul o 
'U n. ..... :1 11! 

1< ... n .. Y, DI 
Cl u rJ u ·g 'O ..... r: 

Cl .~ u ... 11 'U e· ::1 IJ ... 

lhe rclotlonshlpa nmon¡: all cnlily poln ond oll propcr1)' 
J>llln, lo ... urc privnoy ond acc:urfl)' ond mon)' moro, . 

Juol k>.•klnp 111 lhe binnry mocnx O( Fipurc Z, onc CBII . 
se: un lhe row• und ••• lhe upplic.blc prupcnlcs or each and .. 
cvcry entily, bul acunnlns lhe columna cnublcs ono lo· .. 
determine ull cnlilics thal hove a spcclfic propcny. Thls ~ :. · 
lhc mo.a impununl reulurc ur lhc/1111)' /m'l'rlt'd fllt>, whcrc 
rur cach und cvery propcny. alill or cnlltleo puuc••ins lho 
prupcny is mainluincd. Thercforc, lhc JICM In lhe prop-: 
cny-•pnce r<prcocnlo bolh a dirccl me nnd o rully lnvcncd 
file ni lhc samc lime. which ls o very slgniOcanl rcaturc, io 
be rully 1akcn udvontnge or In lhis·lnvcatlgodon. 

SEARCHING THE PROPERTY-SPACE 

Thc scorch In lhia modella pcñonned much In lhc sariic 
mnnncr as 1hc seorch In tho ullribule-apncc modcl. Thc 
qucry voclor musl hove lhe 111me dlmen•lonnllly as lho 
entily vector, il lndicolca lhe coordlnales or lhe pr'qjccllon 

LOCATJOUS SI::X E'iE COLOR LMGUI\GES 

Qj ¡; .... o 
GJ Jo( ... o ... ¡; u 1< ?: .t: e e .t:.t: 

U··-< o r: o ., .t: e o:~ o:l 111 ~, . 
111 o "a: )o ... .Y, 

Cl ~ 
¡; .... ... u a:: ... . ... ·~ 

u 1< Ul .r. u ~ Cl .... e " e~ ... ,, :J Ul ) 111 d ::1 o N o Cl ... r: L1 _, .Cl 
.r. .... .... ... 1< rJ e .. Cl "' :l ::. ·o , ... ,, 1< Cl o o GJ .. c.) 

::: :-..: :.:: e::: o ~; A D e o ¡¡ u Cl :e ~ z ~ J.l F "' al.::l e= Col too "' "'" 111111 

ID Hhi'.E - - f- - f- -
1 2 3 4 ~ G 7 1 2 3 4 S 1 :! 3 4 S G 1 2 1 2 3 4 S 1 2 3 4 S 6 7 -

1 John 1 1 1 1 1 1 -
2 C1nude 1 . 1 1 ,.!. 1 1 1 1 11 1- .• 

l Robcrt 1 1 1 1 11 l. il 
q Jlnnc·¡ · 11 1 l.!. 11 lt lt 11 - .- e- f-
S I nqr,.a r 11 11 11 11 11 l!. ! 1 lt . 11 1- ~ .1- :- -
6 Roberto 1 1 1 11 11 1 1 '1 

7 l·laré:el 1 1 .!. l 1 lt ll _l 1 

8 Johanna 1 el 1 1 11 '1 lt 11 1 

9 Juro en 1: 1 1 1 ,¡ ,¡ '1 1 

1 1 

.... 
lO TO:II 1 1' 1 ¡-- . 1' . 1 l 1 ll ·, 

l 2 3 4 5 6 7 8 9 o l 2 3 q S 6 7 8 9 o l 2 3 1¡ S 6 7 B S Oll 2 
lO 20 30 

•(Cri=e Lo~ation) 



1 O•CR 
10000001000001000010001001000000 
000100Í01000000010%0000101110000 
00001000001000100010000011010000 
01000001000010000C01001001010000 
1001000000100~000010001001000101 
100000l00001.1C0000101Ó0001001010 
00101000010000001010CC0100110010 
00000110000100010001000101100010 
011000001000010000100C1001010100 
000001100100C0010010000011100001 

point, on the hyporplonc defincd by ils nonz~ro vulues.' thut 
all cntity points mu•t hnvc'in order to quuliry. Dcnoting thc 
m><N cntity mntrix by E und the 1 ><N qucry matrix by Q, 
thc scarch pmccn is pcñormcd ngnin by a gcnemllzcd 
l,nner product tOIP) betwcen thc E•l•ul mntrix ond the 
transpose of the Qa(q,.) matrix numcd Q'. By post multl· 
plying E by Qr lhe m>< ( response matrix R•(r,.)ls ob
!alncd. This lime, however, a regulnr mnlrix mullipliculion 
ts peñormcd, becnuse lhe sc;arch critcrion requires doler· 
mining lhc number of corrcspunding nonzero elcmcnl• 
bctwecn lhe cntily vector nnd lhe qucry vector (i.e., the 
number or identical prope11ies specificd in thc two vectors) 
and, for binary vector¡ 

C'u><q.,a 1 ill' C"u• 1 and q.,•l; 

for othcr cases •u•q.,•O 

R~E+.><Q' 

• 
rlk·""}: 'uXqJt 

J•l 

whcre r,.:sr • 

• , •. I 9Jd 
J•l 

The numhor or nonzero values speeificd in a vector ls called 
lhe ll'ti¡:/t/ oft/lt •tcll>r, lhe \\'eighl Of VectOr Qr is .,., The . 
matrices In Figure 4 illustr:ate thc scnrching process. 

Thc Nt¡:llliun Qlll'f)' is anolhcr cfficicnt form of file 
searching. Rnthcr thnn spccif)•ing in lhe qucry thc prupcr· 
llc;s lhal an cntily mu>t havc, lhe "'" vulucs in the qucry 
lndicate the propcnics thal the cntilics mu•t nut have. For 
cxample, the hU<~cker doe• not •rcnk English, Frcnch und 
Oerman. By post "mulliplying" E by Q' using a OIP form 

R•E+.<Q" which ls .. 
• • 

r,.• I (eu<'!Jo) r,.:st• lt• I QJ<J .... .. .. 
Thr Rtm¡:r Qurf)'. lea anribute Age hove •ix distincl 

values; 20,21, ... ,lS ~nd nndbutc W~l&hl, fuur di•lincl 
v~)ues; 160.170,180,1ll0. In the propeny-space the 
A~e. Wci¡:ht 1111ributcs rur m cntities are r~prcscnted by m ,. 

10-D hinury veclors rcprc•~nllng lhc r~apccllvc propcny 
po•ition• 

P (20.21.22.23.24.2S.I60.170.1KO.IIIO) 
E1( 0. O, 1, O, O, O, O. l. O, O) 
Q,l o. l. l. 1, l. o. o. l. l. 1) 

The E, cnlily vectur r~pre-.:nt• o. crimln11l uf A¡¡c-22 ond 
Wci~ht-170. 1111 uthcr lm-1) cnlily vcchont loavc ,,., nlln• 
zcr'? \'ttlucs na t.liffcn:nl pusitkmK. Th"' (!1 lJU~ry \'.:.:hw· 
rcprcscnts thc non~· qucry fur thc ld~ntln.· .. tiun ur ull 
criminal• uf •·~· hctwccn 211u 24 und wciphl 170 tu 1110. lly 
P"'' muhiplyinu thc m x 10 cntií¡· mmrix 11¡· lhc lmn•Jk•:ic <>( 
thc Q, quory vcctur. un m>C l R 1 re>punso:, vcctur 1• ob-, r • tuoned. Thc clcmcnt• R11 : /a 1.2 .. , , Jll " lhc rcopun!l4: 
vector hu ve valuc• uf O, l. ur l. Clcur1y. only cntilicl 
auocint~d with R11 •2 qualify. thul R11 •2 is obvious. As 
sccn in lhis P'•nicular case, 'thc wcl~ht ur the qucry vector 
ls '•~7 und r,.:sl, lhe cuu•c ls selfcxplunalllry, . 

Thus, thls is thc simple nnd elcl,lllnl solution lo the 
. complicutcd runsc·qucry prublcm pu~tulutcd ut thc hcJin• 

ning of • rurmcr •eclion. lnslcud or 15 queries und the 
necCAsary set·opcmtlons •. Qr iil51cud oflhc 105 querics wilh 
thcir sct-<opcration, one und only onc query vector wllh a 
wei¡:hl '•Q 17 will produce u n,-,;pun•c vector with elcmenllÍ 
r,.s~. und 111! lhc cntitics wlth r,.•~ will quull(y, Thls ls 
illustr•tcd in Fiyure 5. whcre u number uf mnge-qucrics 
scarchcd simultimcously lhc cnlit)' <el. 

Tl~t Ofl·Qurry. In the ROO modcl lhe OR opcmtor 
always .cbuscs u splil of the query, In the BPM modcl 11 . . 

1 OJQ 
100000010000010000100C10Ó1000000 
OOOOl000001000lOOC1000001i010000 
1 o o 1ooo oc o 1 oc 1 co_cc 1 ooo 1 o o i ooo 101 
00000~1000010001C001000101100010 
00000110010000010010000011100001 

TK+t/Q 
TK 

6 7 $ 9 9 

RQ+CRt,IC~Q ·
RQ 

6 2· S 1 .2 
'2331¡1¡ 
2 7 3 1 3 
3 2 2 2 1 
S 3 · 9 1. 3 
3231i3 
1 3 1. 3-.3 
1 1 1 9· S 
lf3512 
2 3 3. 5 9 

f1sure .,:... Thoi<IIICiún¡ -cu. q""l' ooc1 ,.. .... ,. -~ 

• 

.. 

' 
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ARIISRB !S A Bli/A/11 MA'lRrl FnODUCID Bl 'lHE LANINA'llON 01 AOERO'lo llrJf,SlX AND RACI 
Q10 !S A BIOA/11 QU DIY NA TRI X,' THA'l CONTA!IIS FIV 1. RAII(J E QU D/113 : · . 
CIL ISA FU/ICTI0/1 TI/A'l' 1DE11'irF113 FJI'J'ITIES THA'l QUAL11'1 FROH 'lBE R13101o'SE NA'lRl~ 
'lH E L ü'T ARCUII UIT OF ClL COII'fA/,VS 'l/IR ES//OLD VALU 13 FOR TH E R 13l'Et:'ll'I.'E QU Dll ES 
COLrJf.://S 1· 32 11 E/11 13 UIT TH Eit.C m 18 711S. ·SO 1RS, . 
COLIJIWS 33·~1 REmESIJIT HEÍC/I'fS 60 /NC//,•,18 lUCB, ,, 
COWNIIS ~2·67 R.l:/IIESI:IT 1/UC/J'fS 100 LBS;-250 t.BS, 
COLUI:/IS 60·69 RL/11l'SW'l' TI/E :;á N A/10 F /IESN:C'l'I·VEL1 
COLIJU//S 70·73 R ¿·w /SIJIT /IAG't:a CAIJC, i tu/1AS, NLGio'O 0111111, 

10YA//IISIID[I~I) ' · 

~
oc o o 1 oooooooooooooooooóooooooooioooaooooo 1 ooooooo·ooooooooo 1oooooo~O!~ooo~ 
0000000000000000010000.~000000000 OOOOOOOOOOIOOOOOOb0000000100000000 0100 
000000000\0000000000000000000000 OOOOOOOCOOOOOI0000000000000001000 10000 
o1oooooooooooooooooooobooooooooo ooo1oc:~aooooooooooootoooooooooooo 1100 

1 0YQ10 • . . .. 

~
1111 11 oooooooooooooo.oooooooooo~oooor . : uoooooolooooooo1uooooool*ooi 0011111110000111100000000000000000001' :11111100 0000111111111000 o 100 
oooooaooooooooooooo.oaooooooooool1tltt: · · ·oooooooo 111111oooooooooo 1 ooo 

~::::::~~~::::::::::::=~~:~~== ::::::~i~::::::::: :::~~~~::::::::: : .:: 
RIO•AHIISIIBt,•~QIO . . 
RE'IO• ~ ~ ~ ~ ~GIL R!O 
J!tl0[¡12~] 

9 o o o o 
212172327 
~ 20 o o o 
o o o o o 
~ 20 23 o o 
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dcpond• no lhc Jllfl)l nf 1hd rc4u<sl. Tu ídcnlify ull criminnl• 
uf ucc 27, lícighl 5'10" ·u'nd hluc or grcen or huzel cyes 
re4uircs lhc fnrmululiun ¡of une QUCfY VCCIOI, uf weiuht 
t1 •~; lhe cntilies lhal 4~ulify huve un r,.aJ, Thc ""me 
IC4UCSI, onl)' lhÍs IÍmc f11r criminuls uf USe 27 Or 28 Uf 29, 
~·iJI r.:t~uirc ~lf:!aÍn UOC Q~Cry of lh~ SUQlC c.Jimcn~iunnlil)' 

• 1 . 
wnh 11 '• a 7 unll , .,a J. Acluully. lhcsc OR qucric~ IIN r~ngc 

11uorics. liul, if lhe re4uc:•t i• nue 27. heighl ~'IO"und bluc 
'" ~rccn e)•c•. or u¡!c 28,. hd&hl ~'10" nnd grccn .ur huzcl 

.eres. or 119c ~~. hd¡¡hl 'ilO" und hluior hazel cycs, threc 
Xf:p;,rati: ~u..:ri.:s are rcquJrc\1. . 

llcmllinl! ullrihulcs Apí:. Hcl¡;htund f.yc• Color by A, H 
und C. rcsp.:.:tivcly. und' u sin¡¡ swilchinc 1hcnry · notution, 
th.: ahp:.: n:,~UL"lloiS \.'Hn h"' furmuh1h:d u~ · 

(11 A,ii,IC,~C,~C,) j 
•A,II,C,t A,II,C,+A,II0C1-.J triple& 

121 IA,+A,+A,III,iC,+C~~c;l 
aA,II,C', + .t,II,C1 .j. .. , +A,II,c,-.y lriplcs 

tll A,ll,tC', t C',l+A,II11('1 +C',I+A,II11C1+C1) 

=A ,n,c, +.t,JJ,c,+ ... +,l,ll,c,-6 lriplcs 
·, 

Olwinu•l)'. ull cnlitk• lh;11 ·,.,'" ¡;., pn•jccled in un y uf thc 
lhrcc puints sfl"<ifioll hy lhc lripks uf lhc lir.l rcqucsl will 
qu:tlify fur lhc firsl, sccnnd und lhird roljucsl, ull lhc 
cnlilies lh:tl cun ho prujco1cd in uny uf lhc six polnll 
spocificd h)' 1hc lhio\l requcsl will quulif)' fnr lhÍ:. secnnoJ und 
thind rcljuesl' hui mll :tll cnlitics lh:ll quulify fnr lhc secund 
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1' 

requcsl w·ill qualify fur lhc lirst nnd third requc•ls. In the . 
properly·<pucc, m entitica can be repn:scntcd by a·.subo 
schemu lhul conluins ulllhc propenics spccilied in.thc thrce 
rcquesc. by 111, 1-D binary vcclon n:pn:scnlin¡¡ thc f.:s¡icéi · 
tivc propcny posilions us!IOClntcd with caeh entity, Each· 
und cvery cnlily cun huve· i mnximum or thn:c nllnzéro 
vulu~•. becuuse Ase, Helsht nnd Eycs Color are slnsleo 
vuluc unrlbutca. · · 

P(A,.A1.A1.u1.cd.c1.cJ 
f.1ll, U, U, , , U, fll 
Q,ll. o, o. '· l. 1, 1 ' 
C!,ll. 1, 1, 1, '· '· 1 . Q,o. o, o. 1, 1, 1, o¡ 
(!.10, 1, o. 1, o. 1,' 1 

(!;¡o, O, 1, 1, 1, O, 1 

.• ,¡ 

11 lo apparcnt, huwcvcr, lh:1t whilc th~ (!1 qucry vc.ctor 
d•lin•• thc lhrcc nccc.,.:try tripl~• und thc (.11 qucry v'cctot 
define• lhc ninc noccsowry lriplo:S. lu.dcnnc thc slx ni:ccs
sury lriplo• fur lhc lhinl requc•t thl'\.~ · sepumtc ·.qu·cri~,.,. . 
(!i,(.l; and (!;' h:•vc '"'he rurmulnt•'ll. Thia la requi~~(';fcí •·· 
•1rd<r lu cxcludc lhc thn:c undcnccoNd triplcw froll) ~~~·¡11"'.·,· · 

A,II,C, :A o!I,C,:A,II,'C', . ''·: ,>··'" 
A,ll1c 1;A,II,C1;.41111C1 

" A,II,C1;A,II1C,:A1111C1 

flO"ihlc lriplco. ,Thc rc•ponsc lll lhc third rcqucst ll !'bo 
l:1inod l>y lukinc lhc 11n/on o( thc lh,_,c •ub:ICIO rctricvcd ,b)'· 
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HUMAN·PACE IDI!NTII'ICATION (.li.C?i un~ (.1;. Olhm'c lhul cnllly 1::1 lhul po5acuca lho · 
prnj~ctlun A,II,C',. <¡ualifi~• for thc finl n~ ~~Ccond re• 
qUC5ll hui 1I111!S nut ~mtliry fur lhc thinl, lnfurmuiJy,il muy 
"" llltlcd th;ol thc numtoer uf ·~r;molc qucric• 111 he rurmu· 
l~tc~ l• cqual to the number nr m.:mhcn In thc lcfl·hand 
sidc of lhc cquat.iun. 

Hüman·fucc fo::aturc• or u htrllc p.•pulutlun cun ho: Klllr•-.1 
.In a cumput~r. Th.: prnhl.:m la hlllll' lll •tru.:turc lhe dn111 .., 
lhlll 11n cmd.:nl •cur.:h .:un he perfurmL-.J lll klentify hn 
ln~lvi~uul when a numtoer llf rcutun:IIIM •P.'l:.in.:~. ,, huw 11) . . . 

TH~ 1DUITIF1IlfS FROM RE10 ARE USED 111 TI/E FOLLOYINC 'J'ADLIS 

V1 
ID AC E 1/ E:ICIIT Y E:ICII'J' S EX 

2'1 
IDC[I¡) AGC[I¡) 1/EC[I¡ J YEC[I¡) SEI'G[I; J 

1+R.U0[1¡1) 

Vl 'J'ABL E '1'1 
1 D A CE. H E:I GH'J' Y EIGI/T S EX 

9 18 5,11 190 M 

Y10 
ID IIAJ.JEAGEi!EIGH'J' WEIGHT SEX RACE 

'1'1 o . 
. IDC[I;) NAIIC[I¡) AGC[I¡ J HEC[I¡ J WEti(I;) SEXG[I; JRACW(I;) 

. 1 . . 

I+RE10[2n 5) 

V10 'J'ABLE'J'10 
ID NAIIE AC E H EIGH'J' WEIGHT SEX RACE 

2 CLAUD E 3 5 5.11 170 14 CAUCASIAN. 
12 f.JARK 21¡ 5. 06 150 /( WP.ASIAN 
17 RUD1 2 S 6. 03 210 IJ CAUCASIAN 

·23 G i.RA LD 32 5. 06 160 M CAUCASIAN 
27 DONALD 26. 6. 011 220 11 WRASIAN·. 

I+R E:10[3n2 J 

V10 TABL E '110 
ID HAN E AG E H EIGHT 11 E:ICH'J' SEX RACE · 1¡ NANC1 19 S. Ql¡ 130 F CAUCASIAN 
20 JULIA 21¡ s. o 5 11¡ o. F ~AUCASIAN 

-
I+R El O[ S¡ 13 J .. 
V10 TABL E T10 

ID IIAJ.J E AGE H EIGI/7' W EIGIIT SEX RACE. 1¡ IIANC1 19 S, Olf 130. F CA UCASIAN 
20 JULIA 21¡ S. o 5 1110' . F. CAUCASIAN -
23 CIRALD '32 5, 06 >160 M CAUCASIAN 

fllurc 'B-a•lrioval llflcr '""'' quay ocordl 

1 

'·.· 

-- •·· 

'• 

,. 
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1 • ••• 

clu••lfy lnlllvhlunl• In lll•llncl CJOA•e• M Q f\¡ncllnn or lhelr 
fculurca. A few· rc•cnrchcra huve lnveMIIpnlcd lho probo 
Iom."·'( h urpcun.. hnwcvcr, lhnl mnro cfficlcnl mclhnda 
urc nccllcll In ;,hmin n qul~k nn•wer,. copcclnlly whcn mnny 
ditTcrcnl llc•criplioino uro In ht: cun•illcrcd almulluncnuoly. 

S1ru~1urinp 1hc dalu In n hinury prupcny-m:olrix fnnn, IU 

lllu,lrulcd in Fi¡;ure lo, und Fipure 7, pruvldcM !he melina for 
f•••l ld~nlin•minn nnd cln••incnllon. Thc luhlca are aclf· 
cxplunalnry. lhc ullrlhulc• cnn ht: permulcd In any ordcr ao 
lhul muny llitTcrcnl •uh·•~hcmu• cun ht: derivcd. lf a 
wiln~"' ll•••rihca 11 crimlnullhul hull hl• fucc covcred 1\'om 
1t.c nu•c lluwn, unl)' 1hc huir, cychmwo, cyc1, forehcnd and 
cur• urc nccJeJ in lhe •uh·"hcmn. A wilnc•• muy dcMcrihc 
n crimimll wi1huu1 hcin¡¡ nblc lo uo•i~n a •pccillc vulue lo 
euch und cver)' fc:olure: In ulhcr wurd1, fcnlurea mny he 
dcocrihc<.l wilh ditT~rcnl dc¡trccs of unccnnlnly (DOU). Por 
cxnmplc. llo•crihing lhc nooe. lhe wllncll muy aoy lhol he 
is nol •uro lf 1hc n•>~c·lcnpth •hould he cun•ldcred 111 1hnn 
nr mcdium unll Ir 1hc prnnle la .cnncnve. 11rulgh1, or 
•omewhcrc lnht:lwccn. ·In lhl• purtlculnr CnRc. thcac nllri• 
hules ~~o·lll he covcrcd by n rllnl/~"1"''>' ol 1he form (1,1,1.· 
0.0.1.1,1.0.0). 

The •lronpth ol lhe melhucl ls nol rc•lricled lo lhe· 
cnpnhilily of nppl¡•ing rnnse"''ucric• 10 each ond cvcry 
nllrihulc ul unce. •o u• h> uvcrcumc lhc unocrlnlnly probo 
lcm. A•sumc lhul •evcml wllneucs de.cribe lhc anme 

I;IUN HOUTH . 
~ Le 

. 

i· 

' criminal, or o number or· crimlnala, wllh diiTcrenl DOUa, · 
lhc prucc•• of lnlerropullnl lhe entlly aet wllh mnny qucrlea · · 
concurrcnlly. cnllcd a pnrullclacun:h, provldcathc ~pnbllo . 
hy 10 check n number of ollcmnllvn, aa llluall'l!led lir 
Figure 8. . 

Dlstlnrtl•·~ ¡.,,,,, ore cnally dlscovcrcd In lhla mciclcl by. 
·culculntlns n nsure of mcrit cullcd thc D•·11ru uf Dlsllnctlall . · 
(000). Anume thot on mxN mnlria A'•(rul conlalna lhe · 
dula of m human fucn, IOmt of thc N fcalunit Bll . 
auoclutcd wllh fewer luna lhan olhcra, lhesc are lhc mo11 
di•lincllvc fenlurca. The DOD for each and every propeny 
cun be culcululcd by dlvldlns tho column veclor welghla ot · 
1hc ¿· molrix by m, 

. 1 • 
DÓDII)•-I ,, 

m, •• 
The lower DODUI valuca lndlcalo thc most dlatlnctlve 
propcnlcs !',. ~~o·hlch are vcry lmponnnt lndlciitora lit deter
mlnlns lhc lcnlurea 111 be deacribed In a query lo acnhe 
moiÍI penlnent nnswer. · · . 

The humnn foce file conlnlna n slnslo·valuc allributn 
(eyea·openlng. e:vea·aeparation, eyea·color are lhrec dJs. 
1inc1 aurihulcs) und consldcrin¡ thntthc row vector wclahll . 
of 111i 11·iourihu1e enlhy aet 11 'S.f.,, r••"· thc delircc or 
unccnolnly rcRcCied by ench quory vcclor or a Q!"(q.,) . 
qucry mulrix lhnl lnlcrro¡¡atea'lhe E•lr.l entlly mo1rl1 Clllt ·. 

NO&I:O IJ\RS 

Cll1 Le ¡¡ lt rlii~}ii 

1~ 1ª 1! 
1.~ 1~ '~ 1; l.~ :_J !lil 

1~ 

11 1~ 1~ E lj. ~ ! 
t 

~ 
1~ 

lE 1~ 1~ ¡; ',: 1ª IJ 1 ~ 
;· . 

ID 
1 2 4. 5 1 2 3!4 5 1 ' 2 l 4 5.1 1 12 l 4 15 1 :2 3 1 2 ll 4 5 1 2 13 41511 213 1 12:3 4 5 11 lz ! 4'1 5 

1 1 1 '1 11 1 lt 11 1 
!' 

1 1 
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he dclcrmincd Ul (uiiOWI 

• 
OOU!k)•! q .. - Vtkl whcrc Vlk):sn 

J•l 

Thc \'lll v:.luc ls dclcrmiocd hy lhc numt>cr ur nllribulcs 
cuvcrcd hy 'lucry (!,. Thc lwu ddincd cocffidcnl• 000 
uml DIIU c:.n h~ cnlculnlcd in many wnyo •• illuslrotlcd in 
Fi~urc H. hui lhcy urc rcndily uhlulncd (n>m Slmilurily 
Mollric..:~. 

Tlu· t:mil>' Slmlluril,>' ,\/,,,¿, IHS) i• o symmclric mxm 
malri• uhHtlncd by l'"<l·mulliplylns lhc cnllly mulrix E by 
ih lmnspo~ . 

• 
ES•E+.xE"•Lrul><Lr,.) u,.•l: rur,. 

J•l 

whcre i"* 1,2 •... ,m¡ 1.•1,2, .•. ,m. 

Thc liJ1fh clcmcnl ur ES rcprcscnlllhc numt>cr ur common 
pn>pcnic• P•'"scssc.J hy lhc p:tlr ur cnlillc• E, nnd 1':1• Whcn 
i=J 1hc clcmcnlo 11.1) ur ES urc 1hc clcmcnl• ur lhc moin 
.Jin~unal. cach clcmcnl rcprc«nlins lhc numbcr or proper
lics •rccilicd in cn1ily 1:.·,. which 1• lhc wcishl or vcclur E,. 
Thc I/ JI clctilcnl• lndicalc lhc dc~rcc u( óimiluril)' bo:lwccn 
..:nlilicH 1::1 uml 1-:r . 

Tlll' p,,., ... ,., ... Simll11ri1.>' Mutrl.r IPSl is ohlulncd by pre
mullipl)•in~ lhc t: m:~lrix by il• lnm•pusc f:.-T, 11 ls un N>< N 
•)rnnwlric m:~lri> PS•E'+.xt:. Thc 1/J)Ih clcmcnl or PS 
ICprc•COISihC numhcr o( cnlilics lh:tl poSSCSI lhc propcr• 
IÍC> 1', "'"' P,. Thc 1/.illh clcmcnl ur lhe m:tin di:tgunal 
r~.:rr.::o.~nls lh~! numh-.:r of cnlilics iiSMX!Ía1cd with propeny 
1',. Di\'idin~ lhc li.l) ckmcnls h1· m 1hc DO DIO is uhwiocd. 

Tl~o· {.IIU't:>' s; .. ,;¡,,;,,,. Mmrü (QSI is ohl:~incd hy po•lmui
IÍpi)'iO~ lhc 4ucry mnlrix (! h)' ils 1mnspuoc (}'. ir(! is 11n t 
x N malrix. QS is 11 symmclric 1 x t mulrix. Tbe liJ11h 
clcmcnl uf QS rcprcs~nls lh.: numh.:r ilf cumt114.m propcraies 
•pcc:ilicd in 4ucries (!, und (},. Thc (/.111h elemcnl or lhe 
main .Jia¡¡unal rcprcscnls lhc numhcr ur prupcnits spccilicd 
in <ju<ry (!,. lhis oumbcr was dclioc~. previously. u\ lhe 
'l"•'ry ••unpic•ily dc¡¡rtc QCD. Suhlntclins (rum .lhc ele· 
mcnl ur lh~ main .Jin~unal lhc VI/) vulue. ·which rcpresenls 
lhc numhcr ur allrihulc• cuvcrcd hy 4ucry (}1, lhc DOUtr) is 
uh1o1in..:d. 

Tho l'(il vah>c is cnllcd lhe Cm·o•ri1111 Cm:J]kf<or/1 ur qucry 
. (!, an.J a• s1a1cJ prcvi,>usly l'(l¡:s,, 1r 1hcrc urc IHtllrihulcs 

il ¡,.. l..n~•wn lho•t Nr::a'I.~ •• J, ¡,. ah..: dim.:nsiunality t.lf thc 
4111.!fY vc~hlr in lh.: pmp.:rly·sro•cc. Onc cnn. howevcr, 
~f'·df)' in :& (.! 1 41h!()' Vt:Ciur uf Llimi.!'O\ÍÚn;.IIJty N. rrup!nit:s 
p:notininl! lu Á ,(,lm;.ain~ tkSII}: i.c .. lhc lJUcry nn•,•r.s t.mly k 
eallrihuh:h. lht..•n:f,m: \'tnat. 

Thc• (}uc•ry··Propc·rt.\' Simil11rily M111ri.\· tCJPS) is un Nx N. 
~)·mnh:lric malri., ,~hlo1in.:J h)' prc·nmllirl)·inlf lht: CJ nmlriX 
hy Íls lntn•pus.: (.1'. Thc tiJ1 clcmcnl u( QPS indic:ucs lhc 
numhcr ur <jucric• in m:llri• (!in whkh prupcnics p,:,;)íiJ P1 
un: ,;p.:.:ificd. lhi~ Í!i u J•,ir·U.w¡.:c··Frc·c¡m•m·y lmlit:,;,,, 
tPUFil hcc:tusc il indic:tlcs hu"· rr<qucolly p:tirs ur prupcr· 
lics '"" spcdlicd in qucri¿s, ·n,c li.il clcmcnl .. r QPS 
inJic:U~h lh~ numhcr ur c.¡ucric" in malrix Q in whkh 
prupcny P, is spccilic.J. il is callcd 1he Usac~ Frc<jucocy 

lndical.or IUFI). Tbc UFI ;la 1 vcry lmportnnl rnclur .,., 
dclcrminin11 lhc hcsl'llmlcg)' rur JIDmliC alhx:ullon •. ' 

Onc or lhc mo•l imponunl nspcc:ls or this nuociallve 
npprooch is ha J¡rcul Oexihilily in Ll•Ric·11/ Rrrmlflgllrnlton: 
J.c .. lhc cupnhilily lo "cul and pu•lc" nllribul~ or prupcr

. lic• u• o runcliun or 1hc timc-vaiinblc o¡ucriei. As illusirated 
in Fi¡¡urc 1 by lhc malriccs FOR; CHii; CHI;·MOW¡ MOL; 
NOL: NOP. ele .. \IOC cnn cunccnU,tle on lhe rorchclid, 
chccks. chin. moulh's widlh. mouth's Up ovcrlap. nosc'1 
lcnslh. nosc's prunlc. respcc:dvely, or any comblnalion 
lhcrcur. lo crea1e ncw subschellllll or AgRrrgaUI. Ir 1 

, whncn rccolla lhal a criminal has a long nosc nnd curly 
huir. lhc scarch con be pedormed ovcr allributea hair
lcxlurc nnd nosc-lcnglh, or over any spccl~ . propo:rtlei. 
The ncxibilily or lhis npprooch cnables one lo creole , 
a~srcca1cs or propcrtics lhal bclons lo dlffcrcnl ollribuiCI. 
Onc can 11lso creale osgregalca or ·lhe mosl disílncllvc 
fculurcs slorcd In a ·me, ror examplc, 1he len prupcrtlcs • 
wilh lhe luwcsl OOD valués as illuslrnlcd in Figure 9.· · 

Ir lhe iolcrocclion or lhe IICI or criminula lhul po55CIS lhe 
mo•l dislinclive properties wilh lhc sel or criminuls re· 
lricvcd by lhe scnn:h over lhe propcrllcs speclned by lhe 
wi1ncu i~ nnl emply. the lnlcnugnlor muy ask lhe whness 
lu lry nnd rccall ir lhc criminal did nol ha ve ony or lhe mosl 
difilinclivc rcalurca. . . 

CONCLUSIONS 

Only n rcw bosic conecpls or SPARCOM have bccn prc· 
~~entcd in lhis puper. Muny olhcr concepll and nl¡oiithms 
huve ul•o hccn lmplcmcnlcd and lcslcd. Thc APL ls uscd 
hcrc mcrely as o 1oul1o cxplain lhe cunccpiS. The slrc'nslh 

. o( lhc mclhud nnd lhc emcicncy or lhe I)'Siem havc becn 
clcnrly demon•lnllcd in an Asscmblcr Language implemcn· 
1a1iun whcn a Dula Base or 100,000 enlilics vs. · 6,.000 
P<>lcnlinl prupenics was scnn:hcd concurrcatly by $0 com
plcx qucrics. ( Euch qucry conluincd ovcr JO · differcnl 
prupcnics rrom a sCI or 6,.000 P<>lenlinl propcrtlcs.) On a 
•Y•Icm ~60 Mud 8' nll cnlhics lhal qunlilied wcrc rctrieved 
wilhio 60 •ccunds. A dclllilcd de&Criplion o( SPARCOM's 
cunccpl> can he ruund in Rercn:nccs, 7 and 12. 
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GO Systcm-Design and implcri1cntation 
of an output gcnerator* · 

hy ROLAN O R. RON ATO un~ KENNI!TH C. VANO 
Tht' c;,.,,ll•' U'mllin,¡,•l•'" e,.•,.¡,,.,.Jt, 
Wa•hin,lun, 1),(", 

ADSTRACT 

l'hla ~~~~er eone~m• a eunec~lunl model rur u scnel'lll 
~fl>lllt oulpul ucn~ruhlr und ha hnplcmcn1111iun. Thc Ocn• 
enued Oulpul (00) S)'•lem la bl1sc~ on lwu m1yor crilcriu: 
e 11 uier orlcnled 11nd 121 CA3Y nmlnlcnnncc. IIK gnul IK lo 
pmduce 1nll11red uu1pu1 In un unumhl~unus, eumcrn·reu~y 
rurm. Bo•lcully. lhc. ')'•Iom 11 cnmpriKcd oru dcrivcd lile. u 
d~~Criplllr lile un~ un inlcrracc mu~ule which in1c~ru1n 1hc 
1•11•1iles accurdins. 111 c~lcmally •upplicd >pcdliculiunA. 
l~ri,·cd dula urc U•uull¡• mimcric reoull1 ouch us pcrccnl· 
•F"· IOibla; KUhlulal•. ele. Descrip111n nrc ~clined MI 

ulphunumoric luhcl• "hu~c roncllun ia lu clcarly i~cn1ify 
lk:rivcd dula. Clu>hiliL'Uiion or dlrrcrcnl ly'pc• ur culcolulcd 
und lubcl liln nrc di•cua.od wilh uccuinpunyins c•umploa 
and illua11111iun5. 

BACKOROUND 

In a aocicly where ··nmpulcr ou1pu1 is hcins widdy usod fur 
~u¡incss un~ scicnlilic rcp.~rlin¡¡, lhis rncdium hu• b~come 
un incrcasin¡:ly ucccplcd vchiclc for human communiculion. 
A rcvicw'of compulcr ou1po1 durins lhe pnsl lwo u~eudes 
lndiculca lhal lhcro i• u 1rcnu 1owurL1 mure complu furlrull• 
lin¡:. Thc chunce i> mu•lly uue 10 un expunuinB und mure 
\'uricd usership; i.c .. us 1ho con•umcr llceumc more sophis· 
ti\.'ulcd. 1he demom&.l rur cuz..lum·U&ilured ur evcn coamcrt~· 
reully ou1pu1 incrcu•cu. For lhc mu~l pan, lhe DP cummu· 
nhy rcsponllcd lo lhc•c llcmu'nds by dcvclopins a compil~r 
~pproach ID producin~ ~lali<~,icul lublc•. Thc. Rcp..in Pro
'"'m Ccncralur IRPG) by JBM unll Tahlc ProLiudn~ L:m· · 
JUu~e (TPL)'by lhc Rurcau ••f i.:1bur Slali>lic• are c~a01plc• 
.r·s)'ilcms lhal worc •rc.:ilicully "••i~ncd lo uccununoLI:IIc 
1 V4ricl)' of UUipul ui>pla)'l, 

1 

01\'TRODUCTION 
1 
1 

.\. m;Uur pr11blcm in lhc prnlluclion uf cumpulcr OUifiUI 
'rwulv.:li lhc maniruh1tiun uf illl'Jhhnum~ric th:!licriphlrs,i.c., 

\ 

·. ;\rl'otr•IIYn ot l~lo ,. .. ,.., .,., '"l'f'•ntd 1.h¡ On,nl IS·HOt•t.lll·2lOIV.0) 
;H!ftt &he N;,tkl~ ln..aitlllr 111 M~nt,&J ltC'~hJ'I;. U. S. Puttli~,· llc01hh SC'n·N:c. 
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fuhcla who~~e 111lc runellun 1• hl cfcurty hlcnllfy llulu '•lfllllll• 
lcd OUipUI. Al Op(IL>II<lll 11> CUIL'UhllinnK, lahcl1 ,ure nlll 
rcudlly' lfcrivcd rrum ul~nrilhmlc nu>Lfcl•. Al lhe Riomo:lri~ · 
l.aboNIOry. Thc a •• ,,~~ Wu•hln~lnn Univcndl)'. we re
vicwe~ lhe prohlem• ""'uciul.'ll wllh 11Uipu1 rurmullln¡ 11nd 
~ame lo lhc rolluwins cunclu•lon•: 

( 1) Labcling rcquiru uiCnKive um11Unl• ur ledlou• ,.,.,. 
mnnlns crron. Con..:qu~nlly, lllbclin¡ lcnd• lu be 

. IJIIlfMC unll ullllrcvialcll. 
e2l, Rcvl•ion ur OUI(IUI rnrmul• ¡, L'<jll:lll)' IL'IIinus. 
(3) Gcncrul pu1J11>..: pro~nom1, in '"""' h> nuoinl:~ln 1hcir 

scncralhy, lcnll lo rc•un 111 »cncri.· '"""''·e.¡. % or 
S. However, lhcre urc m11n¡• in•lancc• •·hcre such 
scneric lubel• lfo nol .urncc. · 

(4) Whcn unamlll»uous luNiinp l• lcL¡uircll. lhe program· 
mcr rcsons lu "une •hui" pru~rummin~ cunii~linc ur 
rcpelilive ~nleululi11n IOj¡iC :1nd uniquc ulphunumcrie 
formuiS; J.c., lhc pro~r:ommcr iK fllfCC~ lO "re·invcnl 
lhc .whccl" tulcuialion~<·i..: NCUU>C uf labcling lpt• 
dlics .. 

In ordeno reduce lhc•c pruhlcm• unll providc nuibilhy 
in B•ncnuins uu1pu1, "'' huve llovclopc~ a •Y•Icm b¡¡ocd on 
1wo mnjur erilcria: 

e 1) U1cr oricniN-UIICfl •hnulu h.: uhlc IU •pecify nOI 
only numcric11l r~KUII• llul "'"' lhc lcrminlllu¡¡y lo be 
cmployclf 11nll lhc pu•ilh>ninB anll ur.Jorina or lheir 
OUipul. 

(2) F.usy mllinlcnancc-ulilit:oliun and mulnlcn.oncc d 
ihc •yshim •huui.J N a.:compli•h~~ mu•lly by lr.JincLI 
lcchnicians. 

Thc fullo~<·ing ><~liunK "'"'~ril>c lhc oJ.:,i¡:n, bu•ic COI)o 
ccplt., impl.:m~:nluliun. untJ .:.\ó.lmph: uutpul rrum uur ')'"" 
le m. 

Df!SIQN 

Oiven lhct u._,vo-m.:nti~•n.:tJ ,·ria~riu. "'"' tJ.:"·i~.:d tu lrc:MI 
&hnhoiJ dulu nntJ 1h~o•lr u~t..,..:J,IItt:., .,.,.,_'"liph~r• ue ·._.putulo 
cnlilics, J.c., ¡'nJ.:P.,·nU~o•nll)··~t:Jh.'l"óii~.J Cit...-,.. 

1 
1 

' 
/ 
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.... ~. ,.,,..., .................... ,_, ..... ,., .... ....... 
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fiMllllt . ............. 
••llttiUIM ...... 

""'"' 1-Dttlp ol an .oulput aencnaaor 

Dcrivcd dolo nre vlewcd na calculated ruulla auch Al 
pcrccnlasca, h>lnls, •uhtutnls, ele. Deacripturt oro dcOncd 
oa th"'" ulphnnumcric lnbcls necdcd 10 idcntlfy .resulta. 
1\tcrscd oulpul i• uchievcd vlu on lntcñacc module whlch 
acccsscs both thc resulta and descriptor nlcs aa shown In 
Físurc l. · 

Thls deslgn hns thc followlna udvuntagca: 

(l) General purpuse cnlculotlon pr\lsrnma con be writtcn 
indcpcndcnt ur rurmnttins constntlnta. . 

(2) Thc dc,criptur Ole con be mudilied nnd mulntoined u 
o scparnlc cnlily. 

(3) The intcñace module provldcs ncxibllity In thc. at· 

nan$cment or nnal oulput, t.J, connsuratlon or Out• 
' pul cun be tollored 10 the Individual uscr wlthoul 

cxtenslvc repru¡rnmmlnJ. 

BASIC CONCEPTS • 

Thc purpOIC of tht foflowlng dl•cuuion fl lo explore 
conccpta that will ylcld rcsulu und dcocriptors wlth 10m1 
de arce or ¡cncr~~llty und • mlnlmum ore !Ton. 

Al vlewcd hcre, oll outpul can be sub.Jivld~d In lo a acrica 
'or componen! pana. 
· Fisurc 2 rcpre•enla thc conccptl lnvolvcd In thc 00 
sy•tcm,· rrom thc most clcmentary lo lhc mosl complcx and 
thclr intcrrclatiomhip. Startína al the lop or thc se hematíe, 
TOTAL OUTPUT ls madc up ur PAOE IMAOES. and onc 
or more TABLE!S) con•tiluto a PAOE IMAGE. TADLES,\ 
In tum,'are dcrivcd from RESULT CLASSES and LA DEL 
TYPES. l'inally, rc•uha and lobcla dte. composed or clc· 
mcnls, l.e., • sinÍic cnlculution or un olphanumcric word. 

A pase imagc is dcnncd ns an outpul unil whosc conlcnl 
forma 11 lugical wholc wilhin the total outpul. Althoush thc 
dimcnsions of a pagc lmagc are thcorctically unlimilcd, an 
acluol pagc ima¡¡c Introduces ceruin cunstrainu; c.a., ma· 

TOTAL 
OUTPUT 

MTRIX TYPE A 

RESUL T ClASSES VECTOR 1---'----t-TY_P_E_H--i lABEL T'fPES 
TYPE S 

DATUH 
TYPE O 

. ' 

R!SULT !LEHENT lABEl !LE:HENT 



... 

chinc Umit~tlons, such os nnile numbcr o1 print poshluu, 
-tcnd to innu~nce the r~~e slzc. . . · 

1 A tnhlc ii dclincd u o mcr~ed di•play or ruulla and its 
dcscriplon or lubcla (whenever a ~in~lc tuble is lnvulvo:d, 
¡he r;•s• lmuBe ls thc tublol. All resuils can be dlvldcd lnto 
thrce claues: a d~tum (1 x 1), u vector (1 xN), ond a motrix 
(/\'X N), Durripton nrc dividcd'lntu f••ur typcs: Allnlpha· 
nun1rric (TYPE A), Bcudcrs cTYPE Hl. Stubs (TYPE S) 
ond Othcrs (TY PE 0), 

( 1) A.ll ulph~numcric ITYPE Al labcla ronsisl o( onc or 
more lines or puro ulphnnumeric outpul. As upposcd 
to TYPES· H ond S, lheir posilion is minimolly 
corrclated with the rcsult clnucs: i.e., the form··and 
alignm~nl or TYI'E A is not dctermincd by derivcd 
outpul. TYPE A is communiy used rar tnblc dcscrip-
tion, (ooiOUICI, CIC, , 

(2) Heoders (TYPE Hl nre delincd aa lobcls thut describe 
columnur rC5UIII. Thc posilion or TYPE H clcmenll 
ls a runction ur the rurmot olthe result motrix and 
vector. 

(l} Stubs (TYPE SI ore labels thut define resulll row· 
wisc and ore •imil~r 10 TYPE H in thatthe location ol 
TYPE S clcmcnls is dclcrmincd by resulta. 

(4} Othcr (TYPE 0) labcls describe dala plus spcciaJ. 
churai:tcrs thal ore not nccessarily usoclutcd wilh 
rcsulls clcmcnts. 

Rr~ults drjlllltloni . . 
The mcaning o( the thrce resull clanes is ·commoDiy 

known. Howevcr, lhe dclinitions Ílpply to out pul require
menls as opposed to thc calculatcd resulls formal • . 
Tob/rs ond pa¡:r lmollt 

U•unlly, !he mosl convcnient typc or OUipUI involves lhe 
juxtnpilsilion o( related d:~lu on a •in¡:le physiclll pa~e. This 
savcs paGing back und ronh, tran.cribing, or cuuin¡ ond 
pa11ing. In nddition to conveniencc, intcrn:lalcdncu ond 
machine limilations, acsthotks may be o m:üor dcterm.iner 
or lhe ·pace image, e.g., ncut und unclunered outpur. 

From lhe above, il !>.:comes apparenl thal •pecificalion.or 
pa¡:e imu¡:cs is a functiun o( lhe num~r. rodundancy, 
symmctry, cxlcnl and varicly or pa¡:e clements. For exnm
ple, whcn lhc samc pa~e ima~e can be rcpeated acruss 
many physicul pace• (rcJundancy)~ thc co.Vhcncfil ratio is 
rnh~nccd .. ~imilarly, whcn labcl nnd re•uh clcmcnt• are 
evenly •paced, symmclric:~l tables ure produccd nnd the 

llhlonlng nr tho luhlo lo almpllno.r. u.uully, the mool 
.:oslly" tablcs lo speclfy are u series of non-redundunt 

usymmctricafl;¡beJs and· rcsults. 

'": .. . . 
00 Systcm 

IMPLEM ENTATION 

An cxpcrimenlnl ntodcl ol 00 (Ocnerotc Outpul) Systcm 
has bcen dcvclupcll nnd lmplcmentcd at thc Biamctric 
U.bomlury lo test tho conccpl• prcviuu•IY · de•cribcd. 
Throu~houl lhe dC\·ol.tpmenllll pha•e, wc ha ve desi~nell 

· numcruus utilizable runctions und implcnu:nted 3 ¡uincipul 
modules ond 9 IUb-mudUICI, ICI'Yinll key funcliuns, (Ut lhC 
00 Syslcm. All pro~r.tms urc wrillen In FOil fRAN ond 
PUl for an IBM l7Wil5-lh,K-0SIVSI Sy11em. 

Thc followina reprc•cnl the modules lhut have bcen 
in•plcmonlcd fur the 00 Sy•t~m: 

(1} OOMAIN (lnlerfuce M11ln Modulci-This module 
· acccpt1 input pummclcrs, rcfcrs tu apprupriate re· 

aull Mnd lahcl files. und Cllmbincs opprupri:ue sub
modul.. rur nexible output. h• nexibilhy can be 
obserYod frum the en•uins cumples. 

(2) OOCLAR (Interface aub-modulci-To clear thc 
area, buffer, in which the resulls und labcl1 will be 
mersed. . 

(l) OOREST (lnterf~cc sub-module)-To restare a JlóiBC 
ima~e for rcpetiliou• use olthc IWIIC P•&• im~e 
wilh differential resulls. . 

(4) OOORED (lntcrfuce sub-modulel-uscd aa input 
runction for ~eneraliun or sr~ph di•rlays. 

l'l OOORPD (lnlcrfuce sub-mudulcl-used in col\lune· 
tion with OOORED lo senenllc and plut dala for 
di•playa. 

(6) OODATM (Interface sub-moduic)-to transfer da
tum resuhs lo outpul buffer • 

. (7) OOVECT (Interface .ub-module)-lo transfcr vcc
. tor rcsulls lo oulpul huffer. 

• • 1 

' ' 1 
1 • 
' 

(8) OOMATX (Interface •ub-moduleHo lfllnsfcr ma
. trix resulls to outpul buffer • 

(9) OOUPDT (Interface sub-mudulel-uscd .u updatc/· 
modlfy funclion (or previously-crcatcd Jlól&e ima¡:CJ, . 

..,..,n 

.. .. 

........ 

"""' 
. 1101 AKII 

II.(II.CAI. , ..... 

' ' • 1 

1 '"':' ,, .. ....... 

TABLE l-l'lt,¡al-

..,1W11Cod - .... IMII Ul 

• ••A6at• 

.. ... 
""' Ual. 

IIIGI.UCt• 
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TAILIII-IoiiiPd piíp l~~~qo aod lalol!f 
' 

1 PSYCHIATRIC RATING SCALE • ANXIETY 
., ' ' 

(TYPE A) 

1 

PRETREATMENT 
1 

• 1 

/ 
NOT KILD KOD• SEV• NOT POST 
PRSNT ERA TE·. ERE ASCRT XOTAL 

,NOT P~SNT o 14 JI 4 o 1 29. --- 1 

' ' 
p / 

1 
o KILD 2 22 JI .o 36 
S ---
T ~TRJX 

T 
R HODEAATE o 
E 
A 
T 

SEVERE o 

· NOT ASCRT o o 

PRETREAT, 
TOTAL 1 18 

TOTAL N • 

NO CHANGE • 

DATU/1 

(10) GOPRNT Clnl~rf'liCe sut>-mudulc)-prinll ihc 
mcr¡!cd ••ulpul which resides in lhc buffer la uscr
•rci:ilicd rurmal •. 

. (11) 'GOPAGE ILiohcl Gcncr~lor MOI!ulc)-ro c:rcalc 
"""" l>irccrory cunsrllulcd ur 1'1180 lmu~ei lullorcd 

. ru u•cr·•pcdlicd oulpul, 
(12) GOST,\U (General PUipuoc Culculaliun Ml>llulc)

M uhiw;oys cru~•·labuholiun und computulions o( 11, 

2 16 20 

1 

2 1 7 JI 
.. ---

o o ---. 

f 
1 ~VECTOR$ 38 38 2 

N - "TASCRT~ 
IHPROVED ·~ ·. W.ORSENED -~ 

DATUH DATUH 

IX. 'k, nnd rr conducred (inclusive ol row ~. 
calumn %, rabie %, cu,;,uholivc row ~. cumulalive 

· culumn % ror " and ~n. Thc rcsulls are .W.:u· 
mcnlcd and •lor-'11 un lcmp..or~ disk lile (rc•uh lile) 
10 hc urilizcd by lho OOMAIN • 

Durin11 lhe devclopmcnlnl and dcsi¡:n ph;osc o( lhc GO 
S)'olcm, wc alsu cnvisioncd a •rin-ofT rrom Ibis cunccpl~ 

1 
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. . 00 S~alem UJ · 

TABUIIII-Prtqt~tarr Toblt ... 
....... , ...... u. .. .. ... 1 

-.a 1• •• w , • .,. Nlantu • a ,,_. • taatcllt,_ 

··- loW;II ....... ~·· 1~ ...... 111M t\1, ..... lol1 , 

..,. ...... 
..... K ... .. ... .' ... ... " 111 11 . ... ... ~. .. 111 11 .. .. u " ... 
IN..UI. ... ... ... ... '" 1 .. 11 .. .. -· .. ... .... .. 111 11 .,,. 11 1111 ... 

TABLIIV-ftlc~ Tibio • ... 
• .. MIIHI .. fWII M lit ... 1 

......... tiiiUt ....... 111 ..... ·• "1.&111111 ...... ~ ... ~~~· .......... ... ......... .... ,,_ 
"":,:::2' .... ··" n.u ••• .. ... 1.11 .... ••• ..... .... .... ..... ..... .... ••• IM ... . 

••w• .... . .., ..... .... .. .. .... .. .. • •• ....... ., ... .,,., ..... n.11 ..... .. •·1!1 . ... ... ... 
• ' 

TAIUI Y lnm....,. Tibio (ldaooJIIc Ap¡oiJclllloaj' 

BLOOD DISTRIBUTIDN STUDY • X IREAKDO\IN . MCE ,1 1 
.. ' 

i 
/ 

(REG ION) JACKSON• TUCSON !<ANSAS DALLAS BALTI• KEKPHIS PHI LA• TOTAL / . (INPUT) VILLE CITY . KOIIE DELPHIA 
.IIHOLE BLOOD 

• ... 
COLLECTED•fACILITYI ,,, o. o. 162. 532 •. 624, 1)22. 65,9./ 

(X IIHOLE BLOOD) lt. 71t o:o . o.o 5.18 21.71 lt7o)8 IJ,8J ll.ltJ 
' 

RECEIVEDJ 1 
1 

IIITHIN REGION 1208. 7]1. 2li25. 2510. 1772. liOJ, 8060 •. 26592. 
(X RE.CEIV·IIB) 95.Jit 81¡,61 96.69 8/¡,57 92.)4 58.15 97.89 92.11 
(X IIHOLE BLOOD) 90.83 81t,61 96.69 80.19 72.)0 )0.60 84.)/¡ 75.08 . 

1 (% RECEIV•IIB+RC) 57.52 lio.59 57;25 66,71¡ 65.)6 li5.38 86.2) ,67.98 
(% TOTAL 1 NPUT) 

"'· 77 
J7.8S 57.01 59.li9 li2.79 2).21 66.55/53.05 

OUTSIPE REGION 59 •. fll, 8), 1¡58. 11¡7, . 290. 17li. 2278. 
.(% RECEIV·IIB) 4.66 15.39 J,lf 15,1¡3 7.66 41.8S- 2.11. . 7.89 

. (% IIHOLE BLOOD) 1¡,1¡1¡ 15.39 ),)1 14.6J 6.00 22.02 1.8z' 6,1¡J 
• f% RECEIV·IIB+RC) 2.81 7.38 1..,6 12,18 5,1¡2 )2,66 1.86 5.82 

(% TOTAL 1 NPUT) 2 ,/¡) 6,80 1.95 10.86 J,SS 16.71 1 ,1;1¡ /¡,SI¡ 
TOTAL RECEIVED 1267. . 864, 2508. 2968. 1919. 693. 8234. 28870 • 

(% IIHOLE BLOOO) 95.26 100.00 1oo.oo gl¡.82 78.29 52.62 86.17 81.51· 
(% RECE IV·IIB+RC) 60.33 1¡7.97 59.21 78.92 70.79 78,QI¡ 88.09 7J,80 
(X TOTAL 1 NPUT) 52.20 /;1¡,15 58.96 70,35 ~¡&,JI¡ • 39.92 ;67.99 57.59 

' ··' 
TOTAL IIHOLE BLOOD 18JO, . 861¡. asoa. 11¡5 J, . IJ17/ !1556, J51tlg, 

(% TOTAL 1 NPUT) 54.80 1;1¡,15 58.96 -.59.19 75.86 78.90 70.66 
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GEOROI WASHINGTON UNIVIRSJTY • • BIOHETRIC LAI 

.• T A 1 L 1 O F CON T 1 N T 1 

STIIDYa · IHVESTJGATORt Tlnlt ······•······························•·•·•·····• 
• 

OUTPUT OESCRIPTIDN PAQI 

NA.RAATI VE SUHMRY , , ,, , , , , , , , , , , , , , , , , , • • • • • • • •:• • • •• • • • • • • • ••• • •••••••••• 1 

DATA· 1 NVENTORY •.,,,.,,,,,,,,.,,,, •,, •• •. •. • • • • • • • • • • • • • • • • • • • • • • •••••••••• ) 

APDI • SECTIOH (DEHOGRAPHIC DATA) 
APDI • ADULT PERSONAL DATA INVENTORY (FDRH 45) DATA LISTINQ,.., •••••••••••• 7 \ 
APDI • ADULT PERSONAL DATA INVENTORY (FORH 45) FRE(lUEN~.Y DISTRIBU 

PTR • SECTION (DEHOGRAPHIC DATA) 

• 1 •••••••••• lO ._ 

PTR PATIEHT TERHINATION RECORD (FORH .)2) DATA LISTIHQ,.,.,,. .. 
/ 

)5 •••••••••••• 

PTR • PATIENT TERHINATION RECORD (FORH 32) FRE(lUENCY DISTRIBUTION ' )7-· . • •••••••••• 

CG 1 • SECTI ON (EFF 1 CACY DATA) 1 1 54 

1 

CGI • CLINitAL GLOBAL IHPRESSIONS (FORH 28) CATA LI~TING,,,,,;,, 

' CGI .• CLINICAL .GLOBAL IHPRESSIONS (FOI\M 28) HEANS ¡ STANDARD DEVI 
/ 

CGI/IIGI • GLOBAL IHPRESSIONS (CLINICAL ANO NURSE$ • FOI\MS 28 ANO/ 
1 ' ¡ SELECTION CRITERIA FOR NEXT AVACOV ANALYSIS ,,,,,,,,,,,,,,,,,,.~ 

' . 
• . ' . ' í 

LISTING OF RECOROS INCLUOED IN THE FOLL~IHG ANALYSIS ••••••;••• 

ANALYSIS OF VARJAHCE (REPEATED HEASURES) ••••••••••••••••••••••• ' ' 1 
SELECTION CRITERIA FOR NEXT AVACOV ANALVSIS """'"""l'·"" 
LISTING OF RECORD$ IHCLUOED IN THE FOLLOWING ANALYSIS •••••••••• ' 1 
ANALVSIS OF VARIAHCE (REPEATED HEASURES) ••••••••••••••••••••••• 

1 .••• 
'.! .. 

••••••••••• 

••••••••••• 56-

••••••••••• SS 

••••••• 1 ••• 61¡ 
' 

••••••••••• 65 

........ ~ .. 66 

••••••••••• 67 

••••••••••• 68 

•••••••••• 69 

. ~ . 1 ' • 
whl(h cuuhl cnhuncc ahc do~eúmenlullun nccc.t' ur 1hc drvs 
sludic• dut:l II'C pn>CCM\, J.c:, lhc Jm¡>fcmcnlalfun e>( 11 I>.>Ok 
•l'Kicm. Thc lh>l>k Sy,lcm ~~~:urchc' lhc cun>¡>l~l~d uulpul 
lile• rm· 11 ¡tiwn sluo.l¡• """ lhcn ur¡¡:.nllc• lh~ uui¡>UI In "'"'k 
r.u·m wilh " t:>hlc ur cunl~n••· ur¡tunizcd und flól¡tinuled 
uul¡>ut, und u ley tcrminuh>¡:y lndcx. . ' 

F.XAMI'I.E OUTPUT 

Wh~n th.: uut¡>ul r.:~ulrc• rurmulullon ur tymmctriclll 
luhk•. u ¡>a¡!C ima¡!c,,>n lh~ prinlcr papcr (IIft be cnvisiuncd 

111 a nctd uf IJ2X66 malrix~ and any numbcr o( aub-Oclda 
cun he ,:,,n~lrvclcd wllhln lhc ncld. Tablc lahowalbc uppcr 
len ~uádn>nl nr u Pnmculmcn11Posllrc3lnacnt cron-aahub· 
liun•,Í>:t~c lma¡tc. Sincc lhc uut¡>ul rcqulrcsjuxl"fiOIÍllon ol 
r.>ur¡idcnlk:tl luhlca. only thla tublc b ¡cncrulcd and thcn 
rcnéctc.t onlo thrcc othcr qu.,druntl ror lhc complete fl'lSC 
¡nJ,¡tc. Thrcc 1ypc1 ur lubci!H, S, und 0) are ldcnlilicd in 
thls luhlc. 
i Tnhlo 11 oh11wa culculutod ro•ulla rrom OOST ¡.a b.:illl 

,ÍIIti'Jcd wllh tho toblf pro.tucod abovo. Ono typc oii~NI 
· IAI und all thrcc cluuca ot rcaulla are idcnlincd In thil 
tublc. 
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TAILI Yll-liii>JHI All Tablt CPMII 101 

ITUDYI . INVEITIIIATOAI TITLII ···••••••-'••••••••••• 
··········································---~······· 

'' 
APDI • ADULT PERSONAL DATA INVINTOAY (FOAH.~S) 

GROUP 1 
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356 Nulionlll Compulcr Confcrcnco, 1m 
•' 

TuhlaK 111 nnd IV llluolrulo lhc lullorfn¡ uhlUipUIIICCOrd• 
ln11 lo u•cr •rcciriCuliuna. p.,, lhi• uppllcullon, OOSTAB 
ncc~plcd a IWo-wuy CNIK•Iuhullllion or Drujl by Dunallon 
142 >< 141 da•l11n. rc•ulla jlcncrulcd uncf •lorcd In dcalp 
ordcr; l.c .. 14 clcmcnla l~rcqucnay, pcrcanl, cumuluiiYI · 
perca ni, ele.) uro •lurc.d h•llclhor (or cnch ccll or lhc dcal¡n. 
Huwcvcr. lhc uocr wun1cd lhci dula di•plnycd ua acparull 
111hlca lfroqucnc)' luble, pcrccnl .tublc. cumululivc pcrcenl 
luhle. cte.). Hcr1, only ona Pllllc lmn~ wua crculcd and 
rcsult• wcro diotrihuted aclcclivcly lo ·lhc llpproprilltc IDblu 
fllr oulput. 

Tublc V ohowa aummurica lhul are rrcquanlly usad In 
hoth lndu•try und •cicnce, l.e., percenluscs, •ubtoluls, und 
IOIMis, 

Tublea VI, VIl, und VIII are lllualialc:d lo ahow aome 

/ 

/ 

cxlruclcd muloriDia l'rom onc 111 aur complclcly documcnlc:d 
atudlca, ,,....,, 10, ... arrow markc:d, hu becn aclcctcd lo 
dcmonaii'IIIO pa¡c rcrcrcnce Cllpilbllil)' llllhla bouk ayalcm), 

CONCLUSJON • 
Buatd on our cxperfenct wllh lhl 00 !'lyalcm, WO nrmly 
bcllcve lhal our uppl'llliCh b a viable onc. Wc canllnuc .lo 
dcvclup more ¡ancral alsorflhma rur lhc lnlcrl'ucc exccullvc 
monilor, 10 thal 11 will accommadulc more nexlblc oulpul. 
Ducrlplora und rc•ulla ntca are ¡encl'lllcd acp;~ru1cly and · 
are mulnluincd by lmlnc:d lechnlcluna. Our nra~ ¡cncrallzcd 
compulullunul module (00ST AB) provea lhal olhcr mod· 
uJci aun be rcndily lncorporuacd lnlo lhc 00 Syalcm •. 

·' 
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8'6 Nuliunul Cumpul~r Cunfercn~o. 1977 

uml lmruca wi1h r~hpcCI lo 111her parcela uf lnformullon./. 
. Thi• laucr ruinl 1• r;onlculw1y al~nln"'nlln lhul 11 fumlah~l . 
~ h;"i' ro~r ¡he •Ynihc•i• uf >cp¡¡r;¡l~ purccl• uf lnfurmuli.on 
ll.al '"" all 1 clalcu 1~ lhc •ame uhjccl, c¡>nccpi, oboe ..V"· 

/· liun¡¡., ele, . . ,-
IV<><>J•' 1knn~• u •cmunllc nclwurk lo he un ullcmpl lo 

cumh111c inll> a •ln~lc mcch;.ni•m h~ih lhc uhlllly iu llore 
fa"""' ~nuwfcJ~c anu lhc uhlliiy lo maucl uuóclalivo 
"''lllfll.'~o'liun"' , .. ·hi.,;h r~nUI.'r c-:r1uln · p¡¡rC'cls of inrúrmntlon 
u~\:c,,ihl.: fro111 \:11.'11llln nlht:rlli. ·Murcovcr h~ huJic:~''c• lhrca 
cnlcriu which "'"'' he >:oll•ncd by ~ nulullun uacd for 

' • 1 
~.~nu,nllc: r~o· p1 CM!III uuun: 

1 
l. Lu~i<HI OIUC4Ua~y. Thc nalulion mU•I rruvldo an CX• 

a~l. r~,rmul unJ unumhi¡:uuus rcprcllicnlutlon 9f uny 
rao1icular inlcoprclalion ihal may be l;ivcn lo u' oen· 
h:ncc. 

2. 1'hc1c nn~>l l>c un al~urilhm fur lrun~luilng un lnlllul 
!11\!0h:nc~ intu lhi) nulullon. 

l. Thcoc "'"'' he ;.luurilhm• cupublc ur U bina lhc oemun· 
lic ''"'"'"nluliun in orucr lo perform nccdcd infcr· 
ene~:" ~uuJ JcUucliuns. · 

Th..: inflll'lll:lti~.,n hw•t: ¡J~Iilii .. ·¡J in th'e ~ub:.~:qucnt di&CUI• 
>i~>n ~<·ilf h~ 'huwn 1u •alisfy 1ha ~cnnhlon of u ocmanlía 
nclwork. 1\ <¡ucry lan~un~c will be dc•cribcd whlch, in 
~uoyun,·¡iun 11 ilh lhc ínfurmullon hnio, wlll be ohown. lo 
lollli•fY. lhc ihrcc rcquircnocnli O( Rllllltlun~ for iCmurylia 
rcpr~o:l'lol!ntnthm. 

FI:;ATUkhS lll' THiliNFOHMATION UASI! 

A sp~'llic Jc•i~n unu lmplcmenlulion of ihc lnformulion 
¡,,,.. i• uc.-·rihcu In 1 lalcr •c~li~n; thl• ~••iun unJ lmplc· 
mCJIWIÍI>n ¡, ll>I\CU in p;orJ UpUn ,lhe iucu O( 11 ll<IWOrk da tu 
busc aJI'UIIO.'CU in lhc ('00,\SYI. DUTO kcporl or 19111 

unu .u~jccl h> c.\lcn•iun• un~' mudlncullon• ~>ullined In 
Hcfc«ncc h. 'fñc 1crno infurnr;Úiun hule, r~lhar ihun d;ota·· 
ha•c.'is U•CU '" cmph;¡sjze h• lncurpurulion or IWO fundu· 
nl\l'nlioll (-.'oUur~" \\ h h:h IJu n~)a¡ Up('t:ur In lhd scnc:nll dula 
hfiJttl: n1¡10iiltl.'llh.:nl 111'-'n&llHt. 11\dh (~aiUrC:M \!l,OCCm WU)'I o( 
pur~t.·rnin¡: ,lat¡¡ th.ll com Clln\1.:)' infurmutiun not "umm~nly 
t•.:oth:.J In ah..: 4tui~"" nf LJ¡¡t.a hu~ munuucm~nl, hui or vuluc 
h> dc.:i•i••n m .• ~cr•; lhc)' furnish mclhi)IJ• fur, inlro~ucln¡¡ 
'"."' nu\..:1 J..if,J, uf ..:unt~:\llntU llu1u •tructurc». 

In ulo.~n in¡l lhc rwurc .. lun frum linear Mruc1urc1 lO 
Ir~'-''• tu ""'hrurL~. w.: n~llc: Jnt.:l'l:tl~~o..:t.l (a~:ilily fvr relulln.r u 
llal~un with ''''!'"'r iJHta: th.:r~:, ¡,. un ln~:r.:u~.:~ capaciiY for 

. '".:¡;if) in¡:. tht· ~~o'&111h:~l uf 11 &Jarum In h:rm• or iJula hll'UC• 

lur..:a. 'l'lu1u~1 lh.:•·e i"' lilllc: cuntc~l inh~r~nl In lin.:ur -'Jóll" 
~lrUClUI.:"', lht.• tJo¡f¡¡ l:liOI.O:nl uf ~h)UpJt. O( hUth. ~lfUCIUfC» 
m.l)' he u .. cJ 1u rL·pr..:~.:nr In.·.:,, 1'hi" b..:cumt:• Ctlmplc:x .nnd · 
\.'Ullll~r"'lllt: ;1.' ah..: lh:l.' tu h.: rcprc,~ntc!J ''u"", in -.izc. 
Simil;trl)·. rhnu~h il ¡,., P'-'"'"'ihl.:' h• 1wi"1 tr.:c :.lru.;tun.:Jt hJ lhc 
"'"L. ,.r h:pn: ... lo"nlin¡t 1,u~11 L'' !o:Llmplt:~ nt:l·4·urk~~t by u,fna: 
CHII.:..:riun:\ ,,r tr~t:·liLc ~rnu.:aunn •• lhi,. CiU1nLU l>c: ·ucc.;om .. 
pli ... :u.:J iu :1 (;,~,·ih:, ;-¡fro•i&:hlfurwiarll m;enn.:r •. Thi• unal~o~J¡:y 
111·1)' 1..: """'i,llcu ll·iih rc,pccl lu lh~ lw• fcolurc» bcln¡ 

/ 

/ 

· lnlroduccd IQ.Ihla acctlon. Thul b, ihcy e~~n. In aomc acnM, 
be rcprc~enlcd wilhin nctwork IJ;olu 01ruc1urc•. hui •uch an 
upproach leuda 10 ccnwin uaymnoclriCI 1whh rc•pccl lo 
procc••in¡;l und uifncullic• 11~in lo iho•c cncuunlcrcll whcn 
rcprc><nlin& lrce~ In lincur olruCiuna. Sin~c lhc IWO rca· 
lur~• urc nol lnhcrcnl In lhc cummon nulion uf u nclwork 
dala ~u,c, wc ln1roducc ihe inform;oli.•n b••• '" • n>ccha· 
ni>m which encompu><'- hoih ~<'hile 11flowins ~11 nctworll 
e up:o hilhlca, 

Tha firll fculurc In vol ve• thc lnlrouuelion or lhc conccpl 
uf rc•olulion lcvcl• wilhln 1hc mcchuni•on fur inrorm•nlon 
or~aniz;,!lun. A 1implc cxantplc of lhla 1• da$Cribc~ by 
Wlnocmd.' Con•i~cr dula nbuul ""'" in whi~h >pccific 
wci~hl> unJ culun uro rclul<d llin~cul lO cuch cur; on M 
hi~her fcvtf of rt>ufuliun, we muy wunl lO >OmahOW iiOrt 
lnfurmalion u~oul whal lhc. propcnics of cun urc.•So on 
onc lcvcl Q( ra•olulion we ·urc inlciC>Ied In •pccinc allrl· 
buie> of •pecinc CUfl Mnd On Unulhtr lcvcl we •re COn· , 
cerned wilh prupcnic» uf curs. TI•u• 1wo di•lincllvc chnruc• 
lcri.llca of lhc informulion b;"c urc link• whlch lnlc¡nllc 
individuullnfornm'tion pnrccla on u ¡;lvcn lcvcl or rc.ululion 
inlu u sln~lc r.clwork >1rua1ure und •ccondly, 1hc inlc~r~· 
liun or infurm;ollon of vuryin¡; lc><l• oC ruolu1lon ln1o & 

•in,lc >lruclurc. We 1i:nn 1hc furmcr chamcleri•lic "hori· 
zontul irlii:J:inllion'' und lhc lüiiCr "'wcni,tll inlcgmlion." So 
hurizonlnl rcfcrl 10 linku¡;c or cnlillc. un lhc '"me lcvcl: 
whcrcpo Venicuf dcnolel linku¡:C umong uifTcrcnl leve fa vi~ 
lnfurmullon parcelo lhul punlcipalc in ~olh lcvcla (lhou~h 
·lhc 0111urc of punicipullon 1• difTcrcnl on co~ch leven. A 
suhscqucnl 5CCiion of lhll papcr dc,cribe• bOih un imple• 
mcnluliun nnd lhc lmplkullon• or lhi• fe¡¡lure. 

Thc 'ccond OUI•Iunuin¡: (culurc or lhc infurmmiun ba>e 
lnvolvn h• ubili¡y ID h;~ndlc ihc inlc¡:rulion of pro~rum1 
lnlo Íl> luslcal llruclurc. Nol only don lhla pcrmil lhc 
lin~n~c o( u dalum whh u prosrum lhul U>CI 11; llullows ihc 
con;¡rucllun of nclwork• lln hu1h lhc hurizonlw ar.u. venl· 
cul •cnoc) o( pru~rum~. Thl1 cnp,¡cfly hus lwo primury 
cfTc<l». Fil'lil, il providu lhc bu1i1 .for mude!. fu1 mul.1tlun. 
Sccunu, il fuml•hcs u more comprchcn•i~c mccl"•nism for 
••mamic rcprcscnlllllon. 

Thc U>pCCI Uf maucl formulall~n invoiVCI lhc ueilon uf 
. ref;¡linc ccnuin muuulco ln10 11 uc•ircll conr.sunoliun. Thíi 
nc:~cuiluh:K U knuwJ.:CJ¡:c U( Whil:h C'Htfi~Urdliun~ iln: m.:"i.ln• 
ln~ful unu whi~h urc n111. Such ~nuwlc~,c i• >1orc~ in lhc 
inrormllliun ba"c·,· JiiC:tn¡&ntic:. n.:aw,trk. Thia ••prrut&ch hoa' 

'nuoch in <<>mmun with lhc no¡i,>n uf •lru .. urcu pn>Br.•m· 
min~. Pro~r.m~> llcvi>cd uccur~inB lu lhc tcncl• uf .aruc· · 
tun:\1 _prv¡:rt•mminu! ur.: r&:u~ily um~.·n.-1,1~: hJ ~Iom¡;.: wilhin 
1hc infurnlJiiun hu>c; lnucc~ 1hcrc 1• ui>U lhc u~ilhy lu •lur< 
ult.:rnutlYc m~ou.fulc• (.: • ., •• ull\l'rnoalh·-: fun~:liLJnal fLJrm~) (tJt 

rl.'ríurmin¡,: il J'IUrliculi•r rul¡: within lhc cvnlCA.I uf .:ifh¡:f 
ulhcr 'nuxJuh:•.ur u hi~hcr r.:Jo.uluti,,n h:"cl. Thc ;t~~••nt;ll!'-'' 
o( ,.II'UCIUn:tJ flnl¡!lilnlnlÍRJ: in lt:rOt\ uf m<~inl;liOi&hilily ._,mJ 
C:~lt:U~ihilit)'' i&rC ilhO ilp!'larenl in lh.: ~ltui\!'J;)' Uf inh,•¡:ralin.: 
phl.,:n•m nwUuJ~,. inhJ ah.: h'¡:k>~l "'"":tur.: uf"" inf\1rm.a· 
11\>n h;.:-.c. Th>~l ¡,, il ¡,. flUMoihlll." l\1 ;u.JtJ. ICp,,u.:c ur Li~ld~ .A 

m&•Jul¡: in 11\c !'IOiffit: momn.:r lh;el ''"~ \4:ouhJ w.Jd, r&:pl,,ct: 1.1t 

Jt:l..:lc t.~.n occu•rcncc u( U;Jia. 
11 ¡, u•cful al lhi• junelurc lo puinl UUI M lll•lincliun 



.tofll\'cCn pro~rum modulurlay und rlro¡jmm rnulual11n. Tht 
l~ca uf rcoululliln r.:~cl u bu,,..,. un~or lhc numo uf lo valor 
•~•INellon. DUk•IN1 indl~uloalhul·flich lcvolufu ayalcm'a 
..,o .. ·urc hlorur~hy ~unslllulc» un uh•lnacl .ro•uuru whlch 
,...nlclruiCa in lho nul hl»hor lovclun~ whl~h hua unlluble 
11, il a he rc•ourcca orluwcr lcvcl». Sil ", , • ul onc le~cllhc 
rr••~rummln» umoun11 111 munlpululllln of lh~ ub•lruCI re• 
"'urcu IUPP••nc~ by lhc nc~l luwcr lcvcluf lhc hicrurchy. 
Thu prn¡rum~ 111 lhul luvol manlpuluiO ul'llln&cllon.-lhc 
"~'lrUcliOnl Of lhc ruuurco, ll'hlllfV~I 11 muy be-un~ kl 
1hc .ame lime parlicipulo in »cncnulna u hluher lcvcl of 
uh•ln&cdun foil lhc nul lovol ur 1hc hlcn11~hy 10 munipu• 
~11c.''" Funhcrmure, Mlllcr un~ Lln~umu11J n»»cillhal M 
" •• , hl¡hly m11dulur lmplcmcnlullun la onc In ll'hich opa• 
cific funcllona urc pcrfurmc~ by •pccific niudulu l•nd 
nuwhcrc clac): un !he olhcr hund, a ays1cm whlch prcacrvu 
u hlcl'llrchy or ab•lruel rc•uurc:cs would uppcar hl rcquirc · 
modulurlly ua a minimum, and pcrhupa u »rcul dcul moro 
'•IIUCiurc' ."" Such a •lrUCIIirc ia crrccllvcly lrculcd by lhl 
Jnfurmalfon b1111 (CUIUrl Of IC>UIUIIOn iCVCil Whi~h uJiowa 
lhc arrun¡cmcnl of prosmm rcauurcu lnlo lcvcls of ub
slm~llon. 

The lccond errc~l or allowlna lho lnlcarallon or pro
plllml lnlo lhe slruc1urc or lhc info¡¡mulion bullO! lo lht more 
~"mprchen•lve semilnli~ rcpr~oenlullon lhul is pcrmlned. 
Much lileruluro ubou1 ••munli~ nc&worka la conccmcd wilh 
ahc nc&work rcprc•cnlalion of En»lioh acniCncu ae.s .. aeo 
Rcfercncu ' und 11). These ocnlencea consial of pullcma 
or verbs and argumcnu. The lyplcul dccl>lon makcr who 
qucricslhc lnformulion bii&e ICQUCIIIIhc UCCUIIon Of oomc 
modeltl.c., opcllllors, verbal ualna ccnuln dulu(l.e., oper• 
unds, argumcnl') 111 lnpulo. Thc uouul dula bou IIIUCIUrtl 
hundle lnformulion uboul ura;umcnla only: lhc meunlngful 
ore Mor conle~l• In whic.h ouch urgumcnu muy uppeur la 
nol rc:prc~enlcd in Slan~ur~ lypés of ~ulu bue llruCiuru. A 
more dclailcd di•cuuion and pm~llcul upplkullon or lhia 
fc;uurc or rcprc•cnaing pro»mmo In un inf,llmariun busc la 
prcscniCd In Kefcr•ncc ri. TI10 rcmulnder or lhis p:~per 
rucuocs on dcluils and c~amplcs or lhc ruoÍulion levcl 
real un: and on lhc u¡ilily or 1hc infurmiuion buoc ua ¡¡ dnico 
for scmunlic rcpreoenlation. 

ltEQUIREM,ENTS FOR A DECISION SUPPORT 
SYSTEM 

· Rccall 1hu1, In lhio pupcr, wc uro princlpully concomed 
"'hh lhc lnformullun buse from lhe KIUndpcinl O( hs conlri• 
bullen lo .lhc rculi~olion of a scncr~l dcciaion suppun 
syli'lem. Ahhoush lherc urc ocven.l fucclo lnvolvcd in 
rcachins dccblons, wc inve01i~a1~ lhrcc In panicular: lnfor· 
mallan ucccu, muucl furmululiun, und un:olysis. Thc cffi· 
cucy of u dcci•lun •uppun •Y•Icm muy be evulualcd in 
lcrms of lla ncai~ilily, fucllily, .CUpC, limclincu un~ COSI in ' 
•upronlng lhc.c alucc fuccla. 

Wilh rc•pccl ro infurmulion · ucccu lhcrc mu•l be a 
:ncchani•m fur lhc o)>ICmUIÍC, lnlogmlcd IIOrii~C of all 
;>cnincnl informaliun. Thc lnformaliun h••• ou1Jinc~ uhovc 
>ruvldcs juol •uch • m~chunl>m, lhruugh b,llh hurizunrul 

und vcnlcul lnlc,rullun u~ lhi'\IUP h• "'JIIICII)' lu n:lull 
opcl'llhln whh ~uch ulhcr un~ 1\'ilh III'¡IUmcnl•. 01\•cn •u~h 
u 11uru,e mcchanl•m lherc mu•l ~u lcchnl~uo f<~r lnlcr"'" · 
aullna lun~ mo~if¡·ln»l 11 lhul cun 1111 u ... '\1 hy~ ~ccl•io•n 
mukcn who urc nul ~·•mrulcr u pena ur rru»runamcn .. Th~ 
qucry J¡¡n~Uli»C fur uc~umpll.hin; 1hi• l• rrc.cnlcJ lulcr. 

Thc .. ~und fuccl 11·hich muol 1111 ••rpurlc~ h 1hc u.:livily 
ur m11~cl fur'mulaliun. Thi• raccl rcrcr• ho11h hl ""'~~~· lh.rl 
uro aub,~qucnlly ·U•c~ rur pui¡lu...:• uf un;dr•l• un~ 11.1 
'mu~cl• In lhc ••n•c uf plan• lu 1111 in~rlcmcnlcJ. Thi• i• u 
~ru~lal llhp.l~l fur rc•ulvinU Uft>lnl~IUI\'~ pruhlcm• unu flll 
•upponln~ 1he c~rlurulury u•p.:cl• ur Jccl•l<~n muklnu. In 
ahun, lhc ~.cl.lun hUpp\ln •Y•I<m mu•l ha ve u cuinpuncnl 
fur lhc sencn&llon un~ cvuluullun uf ull~muli~•· rur ll~hicv• 
lnu • alulcd uoul. A• ulrcu~r lnJiculc~. thc infurm;~tl<~n bu•c 
conuibule. lo auch un end. 

Tho dcci>IOn •UppiiM I)'JICm mUO! ulhO provlde for lhc 
aelivlly or unulr•is: l.o .. thc nulna "' ~u111 wilh modela nnd 
mu~cla whh dulu, thcrcby ro.uhlnu In •Cimt clpcclulion, 
be llera or knowlcduc. lmpli~ll In· lhc vcry · nu1urc or 1he 
plunnlna UCIIvhy 11 · lhc dynumlc quulhy of lht ln1Cr1•ct 
bclween moJel und dalu: ror oven lhou~h a collcCiion of 

· dula mu~ he cumpar.~lvcly •lnhlc uver aomc lime pcriod,, ;' 
~ah lhe prublcm• un~ lhc mn~cl• "'"~ fur pruhlcm aolvlnJ / 
muy be ·.ubjccl 10 frequcnl ul1cr~1iun. ~u1ico 1ha1 u ·modell 
opcru1ca on ·u p¡¡niculur ouh•cl oh~ cnllrc collccaiun o( 
opcrund• uvuiluhlc, und 11 n:qul~• u ~cn..Jn conn~uru1iÚn 
or lhls dulu ua lnpal. Wc coniCnd lhul.lhc·lcdluu•, ~~~m~r·' 
sorne lusk or ln1crfudna dulu und modcl• fur purpo1t1 or 
unalyala ahould be •u•omull~ullr hundlcd by thc, deciÍ.Ion 
supporl ayalcm In rc•punlt 10 tha commund• of •/ non
proummmln¡ u~er. Tho mclhod f<~r uccompll.hlna thls la 
dlscuucd In aubacqucnl scc1111na. · . / 

1 
1 ' 

FORMALIZATION OFTHE INFORMATION BASE . 1 . 
Wc now prucnl u rormul dcscri¡lliun or whua is meunl by·· 

thc aerm "inform;uion huKC." Wc define a record occllr
n:nce lo he n unlqucly luho:lcd u~rc;uiC ar du1~ tl.c., 11rina · · 
of symbol•). Whcrc /' l• a he "" uf puKi1ivc lnlece", lct X 1 

be lhc 111 or lul~els uuuclalcd whh a rinilo' 111 or n:cord 
occurrcncu, such lhul ·X 0Cl'. A record 1íypc, uniquclr 
dcnolcd hy lhc hrbi:lp,, muy~ dcS<:ril>c~ by o runclion r, •• 
follows, DclincRoUIIhe ICI ofull r,:X0-{9,1) hUCh lhul: 

' 1 

(1) VzeX •Lfl•{l lfllia'!flhcar~lubcledp, 
-

0
' 

1 0 Olh~IWI>C i 
12) V zeX0 , t r,!.r)s 1 / 

/ 
1 

./ ll) · Vr,eR •• I r,Lf,)>O whi:rc xi•(ll,) 
. ' ' 1 . •( 

f 

Propeny 111. JIUitl lhal '• defines lhc culleclion or llEXo ol / . 
lhc lypc lubclcd p,,: Propcny (2) inoJicuaca lhat cuch • ex. / 
c•n hclons lo ul mosr onc p1, Propcny tll •lulco lh•l euch ,, i 
is non·lrivial. \, / 

Ucforc ~dinin; X0 fur t>O, wc nulc lhall'0 •(p,) is 1~. 
acl or ull hohelo uuociulcd wllh lhc clcmcnu of N •. liincc'x. 

¡ 

/ 
/ 

1 

/ 
' 

1 
.' 
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'is finlle, we cun dcline lhcae lubtla •.u eh lhal PtCI", 
· P.nx,•G; runhcrmore wc can define .cuch of lheac aell of 
· lnbcls •uch chal le has no elcmenla in common wlth AnY.. 
other P •• Define: 

X, •lp,eP,I:J~eX;: r,(.r),.O)UX. 

x, .. ¡p,eP, 1 :~xeX, ~r.tr),.o)ux, 

· . X,, .. ¡p,EP,,., I:JxeX:1·•1: r1(.r),.O)UX,,_, 

JI follows (rom thc ~efinition o( X, und H thAI there mual 
uist M K ouch chal x. ~x .. ,- . .. ; thcn leC x-x •. Ob
serve chut X is the se e or htbell or ull record occurrcncn 
wichin an lnformmion baoe; lhe>e labcl• :ore uniquc identl• . 
liers, chcrcby ••rvinu u» informucion bu•c keys. All occur· 
ronceo or a rocord c}·pc ~enoco~ by che lubtl p cun be 
delcrmlncd by JUCCCSSÍVe uppliCIIIiona Of lhe funclion r lO 
che sel X. The ma~nlcude "' K lndlcalu che levela or 
rc.~lucion inhcrenc in che lnformucion buoc. Tho rc~tdor will 
noci~e chut P is alwny• u •ubsel or X; ir lt werc noc uesired 
lo lrcul ull record cypea 3s record occurrenec1, onc could . 
define X•X,.,. Therc are ltdvuntuues lo dclinins x-x., 
••pcciully for purpo••• of ullcrins Che louical ocruccure of un 
information base uf¡cr il has h•cn londcd. Thio will be 
cluboruccu in • ouh><qucnt scction. 

Concinuin~. wc now formally define l~c informaclon·•el 
(in-oec). Thio con .cruce, us lmplcmcntcd In ·che informntion 
biiSe, ls drulln in pare• from che .... , .. ldcu or che CODA· 
'YL OUTG lh·porc,' hcn¿c che cerrn "in-oct." 11 is impor· 

.unl lO uifkro:niÍale lhio from Che (:uniliur notiun U( U 
m:othcmuci~:ol '"'· Lec (.11•\•EX 1 r1Lr),.O/. Jr u fun~cion 
US>I!CliiiC• CIICh ckmenl O( Íl• uomaln WÍih no more lhbn 
one •lcmcric of h• rnnGe il i> saiu en be a runccional rclution. 
Then e"ch fuuccional rclalion/:(.11-(.>1 uniquely dclinu nn 
ln·•<l of which che rccoru typo r, is su id e o be che own<r und 
Che recoru cypc r1 1• c:ollcd.lh< mcmbcr. le i• impun11n1 lo 
mukc •cveml oh•etvucion• uhouc che ln-w:IJ of •n lnrorma· 
llon bnu. le i• pcrmi>•lhlc. und aomctimes u•cful/to ullow · 
/•J. Sccond, un ln·••t muy be •••d .co u .. ociucc record 
lypc• ofdiiTercntlcvcl.ufrcaulucion. Thlrd,the acl Forln· 
••11 or un inrurmalion h••• "'"'1 he curcfully dcnncd 10 
chut ic• elcmcnc• are con>l>tenc; e.¡ .. onc •hould e.nrcl•e 
CIIUiion in di:linln~ hulh ft :(!,-(}¡ Unu /,:()0-fJ¡ Ul 

ele mene• of 1-', l'inull)' lf!,: (!1-(}1 nnu/, :(},:..(.1,, chen wc 
·::on rorm che cumposicc ln·•el/,•f,:(},-CJ. uclin•·d by 

(foof,)(A). fo(f,l.t)) V.r eQ,. 

hi• " ··•melimcs ""'iruhlc rmm che •lundpolnt or ncceu 
'fidt:nt.:)': il uiM• Hlluw~ U!ii hl ulh.u.:h h(h!chd sf¡:nincuncc or 
';minb! hl ccrt:tin &ruup!i l)( htll. · · 
mi: fnrcr,ttin~ joo¡ il r\•rmal cl..:s~rip&Jun ur lhc m;&j,lr rcu· 
" ur ihc inft>tm.ui.>n hu, •. h uccuunl• ror h¡>lh the 
iznnlal inlct:r••riun (vi a in·~ch) un~ \'crlical inlt:l!faliun 
: rc"oluliun lcvl!hJ o( inf,umathm into u "in,glc mt.:cha
n. 1 n ordcr 10 illu•lralc cite UhC uf re•ulucion lcv•l•, we 
;~· llur uhova lúrmuli,n•!• 10 lho ttruhhtm '"'1'0 Wln~•un1.6'J 
'iii"IIM:'IIIlna; lnr~trmatlun ut,nut curt~o. lnlhf... pruhlcm C'Ufl 

, . 1u he Llc.)cdhc~l in ll.'rna: of culor uml wciJ.;hl~ in :u.hliliun 

/ 
/ . / 

wo would llke lo denote Chal color and wclahl nrc prope,.. 
cica. Suppo~ we hnve record occurrcncu u• ahown .. ' la • 
FJ¡ure la; chcoc urc idenclfied by lhe re•pcccive ~tbc.li in 
x,. The aec R, ls al•o 1hown; by in•pcction wc se~ ~,hal R, 
••tiAfics che nceucd condiciona as ~ven ul che bc¡¡mnin¡ ol 
chi• accclon. Thc funcllon r1 determines whcthcr .cír .nol AA 
elcmcnc of X, la of the cype culor. Slmllurly r, i• .. nu<><:iatcd 
whh che t)·pc wcl~hc unll r, la auoclateu wich che type car, 
In our implcmcnlalion each '• define• (und la, de!incd by) 1 
link e~ lill or occurrcnce• or lea cypc. Oivcn,1X., R,, an~ P1 

wc upply che rule ror dclining X, to obmin .che re~uli shown 

1 

in FiBurc lb, R, b ul~o aivcn und cleariy 1acbncs che 
neccuury condiclon• ror les dennicion •. Ap~llculion oC r, ,lo 
elcmenl• or X, cun bo used co dcccrmine whoch ele menes are 
vehiclo propcnlca. f'iaure le ¡:ivca ch,c X, chal rollow~ rrorn 
che ucfinhion. Jf wc tuke R1 •G. che~ X•X,. 

The occurrcncc• 111111 ihelr "vcrticul" relation1 whh euch· , . 
ochcr ure dia~rummcu In Fiaurc 2,1Aiso dcpicccd are cwo In· 
aecs:Ji •ndf,. Usina che dcnnicionl uro,. Q,. anda. ¡lven 
in Fl¡¡ure l,/1 :(}rr>Qo •nd J,:Q,-(J,. The arrowa in che 
dia¡ntm polnc from che owner¡of Che ln-•cl co Che mcmbcr; 
i.e .. cnch urrow poln¡¡ in the' direcclon oppo&lle lo.chuc In 
che nocucion of ics corre•pon'ding runccional rclaclon. Usina 
che forrnuli•m• introduccdi hcre lt i1 a simple milller lo 
repre•enc an exccnueu P.r'oblcm includina ocher kinds of 
vehiclc•.'~ more propcnjés. subcluulficntiona of pro~nit~ 
(c.¡., l'lruclural, funclional, etc.) und even propcn•e.s of 
propcinlcs, / 

/ 
An ln/ormullon bcu/fur n•ulu qowllt)' munu¡,¡ttrltlll 

/ 
More dctailcd dl•cuuion1 or thc wuter qu~licy manu¡e· 

mene problem muy be C.iund In Rcferences 14 und U. Thc 
objccclvc of che/ exumple presentcd in this scccion la lo 
demon•tr-~c~. chi applicabilil)' of che lnformucion base DI a 

•• 
~¡, .,{ a,a.~.J.tS,l4,a,,,u) 

1 

"~ { '1} ., .. 1& .. 1 ,, • {ll} 
11 1 • • •ao "M" r, • 1.4 oU.MN 

•• 
z. • { a,a.•,,,l,,l.6,a.t.u."} 

•• 

/ 
1 
' 



-

1 

1 
1 

1 

f 
r 

f.! 

/1 

(] 

1 

1 
1 
1 

o 

--~~---------~-

Deslgn nnll lmplcmcmalion ot un lnfo1 "'"'iun u .. ,. fur Occi•lon Mukcn 8S!I_ • ... 
(»;) ....... -

.... 
... ¡ ... ,.,,.11•) 
c.· r. ti,,,,., '•l 
o,•(•u 1 .,~J/o) 

Fi¡:urc l-<krurrc:-nc:c:" in cw intonn111iun b.a•e 

dcvicc for Cllplurinr. lho ••rnanlfcs u•cd lo suppon rnrcllcal 
llcci>íun prublorns. ,<,1 lhi• poinl, wc presume lhru lhc 
r<udtr l~:ts u >uflicicul r:onccp1 of wh:u nn informallon base 
OOI:.il, lO Oiovilllo lhc llC<'Ii fur CUmpJcle form;¡fj;¡ic de<crip. 
lion. So f~r lhc >al,,·~( econorny, lhc folln11·in" c.\an1ple b 
prc•cnlcd •n a lcss formal manncr '"'"1 lhc P'<>iuu• une. h 
"''"be usoc' lo de piel ccnilin irnrlcl!,cullllion"/ dcluils fc.g,, 
''"'.C""C<> in which ll.c informaliun h••• ;, 'P<cioed ~nd Willa Which i1 is UliliZ<~J. 

Considcr lhe rccuru lYpe POL.LUTE.R, displaycd in 
. Fi~urc Ja. 7ñis ••~··~ale ot du1u ilem lypc, rcwc>enl¡ 

• 

1 ""' 

""D 
'""" ..... .. 

•• 

u •• 

r-------------~---------------------------, -
[JI<Uin, rt]'~""' 0~, .. ... 

'• t.u.l • 1 • : 
¡= . 

-

mca.ure1 o( IYr><:• ot pollulcr uc1ivily for u ¡ivcn dulc. ·So 
occurrcnccs ot lhi, rccor~ 1~pc corro.•po¡¡J lo

1 

mca•urc. 
monla lukcn on vuriou, ~alea. In Oflkr lO buihl u· •cmanllc 
nclwork, 1<•c mu,¡ indic¡¡lc how lhi; cunccp1 o( POLLUT. 
El{ lil• imo lhc '"'"•rn ot knuwk.J~c conccmin¡: II'Oicr 
qu¡¡Ji¡y "'''""G•mcm. A ruliultr ¡. rrup,•rly th;,r;,c¡criz,·d Ul 
hcing u ¡>roren y or u nvcr rc;1ch. Olhcr propcrlic• ot 1 ,. 
rcach · incluJc rcuch. p;";•mclcr., ''"''Jwalcr, ino·h·rncnruf 
now, unJ lrcuimcn¡ pf;tn, .So U rcuch i• Chill'liCI"tizcd/in 
lcrma ot lhc•e pt upcnic• ''" fullt.>ws: u rcitch ¡, u J•t.Jrtir,n ot 
u rivcr In ~<·Jai:h ccn¡¡in Wiilcr 411iilil~ p;u••mclcri "'• 
rcl;llivcly lnvMi,uu: "hich h¡¡, no nu•rc lh¡¡n <loe' lpuin¡. 
sourcc) pnl/u~er, une inc.-cn,.·m,;, nuw '" une héudwaaer: 
und which mu,¡ ~'"''"'" lrc:umcm "'''""· lñis Nul~ be rcprc•cnlc~ in lhc infurmwliun h"'" hy occurrcncco uf lhc 
REACH Pf{OPEI{l'Y record l¡•pc di>plityc.Í in Fi~urc Jb. 
Howcvcr, Ob>crvc lh¡¡¡ ···•h occun cncc uf lhc dillll ilcm . 
NAME lc.g., "POLL.UTL::R," "HEAOÍYATEK," "PA• 
f{AMETER, .. CIC.);. uf so lhc lubcl "'"record l)'pc Whfch ia 
ilscl( an a¡:grocmc of ircm l)'pcs uiÍ.J "'hich nUJy hu~c 
numcroua occurrcncc •. So, for inM!mcc, "POLLUTER" 
dcnolcs un occun·cncc of MEACI-JifoMOPEKTY: bu¡ Íl ..l$0 
dcnolcs a rcc;uu IJ'pc lshown ,-in Fi~ure 3~). Thc lilmc 
tircum•luncc h,,¡.¡, fur lhc Ulh~r rcach prupcni ... lhou~h 
lhcir record r¡·pe, are nu1 .<kpi.·lcu herc, Thc rcsuflanl lo~ical llrut~urc i• illu,lralclf in Fi~ttrc .le; u· record l)'pe 

cnclu>ed by unu1hcr r<cora'lypc in.Jic:uca lhurrhe cnclu>ed 
record l)'pc ¡, "''" un ~currcncc uf lhc cnclo•inu record lypc, ' 

We conlinuc lho u~mplc by uuminlng ccncrul Wolcr 
qualily modcling ch .. ,;ltlcri•lics. In ordcr ro •imul:orc w;urr 
qu:olily wc nce<J informalion :ohou¡ lhc follo~<·inc: Che rivera 
lnvolvcd, lhc rcuch~. ~<·hich urc in cu••h rivcr, cu,·~ r,·ach's 
Pf01"Cr1ÍCl, junCiiun>, pipio~ pJ¡¡n>, an.J OloldcJ p,¡r, :O.'Ier¡, 
This ls shówn in lhc >~ruc1urc ot Fi~urc 4, ' ·, ·. ,, Che 
record l)'pc CM e has l~·o ilcm !)·pes: C'H.-\k ,: .·.'.-tis
rlc) und IMPT(u mc:L<orc oflhc rcl:uivc impun;or., · ·: rach 
churHclctislic). Fivc occurrcnccs ot GMC ""' shown: 
RIVER, REACH,J UNCTION,MODELund PIPE PLAN, 
Ccnerul Modcling Char:•clctislic is nullhc only propcny ot 
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ARSTRACT 

This paper describes a mulll·lcvcl pruc:edurc for desl¡, or 
lile orgnnizntion• .. Ncccumy dcacriptlon of lhc ll~plic 1ion 
syslcms is discuucd and a dcsign proccdure outloncd.:l'h• 
mnin lcvcb or lhc dcsisn proccdurc are: 

1 

• normolization of messnses, 
• synthesis or J losicul modcl or thc file or~anizali.l. . 
o making a. "bc•t pouiblc"':physical realiution r lhe 

lo¡;ical modcl using • panicular OBMS. 

!'he final solulion is cvaluntcd lhrough a pcrronancc 
anniyala. 

INTROOUCTION 

The dcsign of )argo dula basca lnvolvca a widc IIBC O( 
problema, from thc application system spccilicatio lO the 
choice or hardware. Thc woril reponed hcre ia r·trictcd 
primarily lO the problcm of dcsigning a "bcll poli' e" file 
orgnnillllion given the npplicatiun ay5tcma r~1rlev 11 :qulrt
mcnh, and ¡¡lven a panicular dulubasc 11111nugem Jtlyslcm 
(DBMS) for thc implcmenlulion. A .muhi·lcvcl Rp¡ )8th lo 
lhe design of file ura;onÍZJIIÍons ls proposcd, 

U1ina a muiiHevel uppruach 10 the dcsian of fl oraonl· 
&allana thc followlns advanlagcs can be 11Chleved· 

• lmnsparency or lhe dcsign proccdure, 
• climinmion or non-crrcctivc solutlons atan e; Y atage, 
o hordwurclsuflwarc selcction can be postpon<.Untilthe 

appropriatc dc>ign lcvcl ia rcached. 

The mulll-level dcsi¡;n proceduro thal ia pro¡ <!d he re 
conslsll or . 

• specificolion or thci 'lnformllliun proccuin¡; . blcm, 
• tran•furm .. tion or thc •rccificd infurm~liur rvcturea 

lnto il loBical mude) of the Olc ursunlzutlun. 
o modificatiun of thc lugical modcl to fit 1 articular 

DUMS, 

• physlcul lmplcmcnlulion or lho modlncd modcl u sin¡ a 
pnrtl~ular DI!MS, · 

o evuluullon or lhc final aolutlun usln¡ a pcrfortnAnce 
analysla. 

'!'he various lcvela or lhe dcslgn prucedure are dea~rlbed 
wlth respe~t to the de~ialuna which havc lo be mude on 
uch leve!, the ncccssnry specllicull<tna olthc applicatlon 
problcm, and thc DBMS spccilications • 

THE INFORMATION SYSTEM SPECJFICATIONS· 

We almll conccnlrate on 11iA1 p1111 or thc lnlorm&lion 
syalem spe~llicallona thil are relevant '¡g dalll base desl¡n •. 
Thc apeclficulions must model lhÍit pan or lhe real world 
whlch wc· nrc ln!crc•tc~ in, thc ó!Uec:t ayllem. Thc ot¡)cCI 
aystem consista ora finlle·numbcir of oiUecta. An ub.J«r la a 
uniqué part o( the real worid. 11 il aomethlna · wo -are 
inlerealcd In. aomelhlna we 1011n1 lnflll'mnlion aboul. Ob. .. · 
Jecta muy be concrete 111 wcll u ubalriiCI ontllln, llko . '· 
persona, cnterpriaca, onlcra ele. Two kinda or feaJura o1 
in ol¡jccl ore O( lnlcrell: lhe propenJCI of lhe ol¡jeell Ud 
lhe relallonahlpa belween lhc olijecu. · 

Ol¡jccll o( a ayslem CIUI be parthJuii'Cd lnto-. 
claa~a. An ohJccl cluaa definn a acl ul objecu whlch, ror 
our purposc, are auppuscd 10 liavc 10 many comDIQft 
propenlca and rclation•hips lhal we ual¡n une eommon · 
lype or l~cnlificr lo cuch uhj~cl in the acl. . 

Rclallonohips hctwecn ohjcc:ta can be deacrlbed lo y roiu· . 
ditrcrenl lypca or binary rcl~liuna: . . . 

1: 1 011,..,o-unr ult<tlllll de.crlbn a relatlonahlp' belwccn 
an objccl or onc ciiiAI unol an otücct ullhc 1111110 DI' a 
dltrercnl ubj~ct clun. 

1: n un<"lo-11111/IJ' rrl<~tlun d~acribea a reb•tlunlllúp ~ · 
twccn onc objcct or une objcct clan and many . 
objcctauf thc somc ora ~i/T~n:ntubjcct claaa. · · · · · 

DI) IIIU/11'111-UIIr "'/t/1111/f la lh,Jn•ene ollhO )ID NlAtloo 
describO<! above. 

.. n: n manl'l<i,·mdny "'''"'"" cxiall lf bolh lhc relatlon and 
llalnvcrse are 1: n rclulC\1, 

1 •. 
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The dirfercnl rcnlurc• uf an objccl are llluslrnlcd In Figure 
l. The fi~Urc •hnwo how olVtCII are ' relnlcd lO Ulhtr 
ohjccl•. und h1111' IJcnliricr·llcmo nnd pro¡>erty·hcms ore 
anuchcd 111 nbjc~••· Thc ubjccl dc•~rip1i11n la lllul!rulcd 
whh an unmplc in Fiuure 2. The unmple sh11w1 &hui a 
cuslomcr muy hu ve o numbcr or orden. The cuslomer la 
idcnlirlcd by "cu•lomcr no." und de•crihcd by lhe propcrty 
hcms "numc" unJ "ndJrcss." One order l• ldcnlified by 
"ordcr no" nnll hns lhc prupeny llcms "lolnl sum" and 
··onJcr spec." 

In 'un lnfurmn1inn proce••in¡¡ oyolcm. lnrormullon ubcul 
rcul wnriJ 11hjcc1o urc o111red in pcnruanenl mea In a DDMS. 
lnrnrmulinn ubuul uhjcclo la uchun~cd hcJwecn. dirfcrcnl 
pano or lhc inrnrmullun prnc:c••ln¡¡ •Y•Iem by uchanslna 
me""''ll"" uhnul 1hu"" nl>jcclo hclwcon pmceasca. A con
•·enicnl wny nr •pcc:lryins '1hi• lnrormuliun now may be 

Cuuptnlr Np, 

Addrna 

oblalncd ualns &ha principia ot hlcnarchlc:al syslcma Plli1l• 
llonln¡¡. This will lcod lo 1 lcvcl·hy·levcl moro dei.Dilcd 
opccincollun or lhc nppllcollon oyolcm, whcra lhaJcnnlllll ' 
elemcnls "'ill be •ubproccs-.• nnd llll!lcul nk:a. . 

Wa ohull lllullrulc our pNpullll for 1 muhl·levcl n1 .. 
·dcoi¡¡n proccdure by • casa, "·hich wlll be 1 slmpliOcd· 

. modcl or a worchóuac (Figure 3). Tha syolem hondlcs 
· cu•Jomen' orden for i;oods, 11 conlrols quonlhy In slock, 

ond il produce. rcfill orden for lhe vcnd1111. .. 
. Supposc lhal n runhcr delailins or lhc ORDER MANo 

AGEM ENT syolem resul11 In Jhe subsyolem IINclure ot 
Figura •· The lu¡:icnl mes "STOCK FILE" and "CUS. 
TOMER FILE" reprcocnl pcrmilncnl lnrormnllon, whlla 
ihe lo¡¡icul files "ORDERS." "ORDER ACCEPTED," 
"ORDER RllFUSED" and "ORDER REOISTERI!D" 
rcpre.enl m•••"~" cachonao bctwccn proecuca. · 

The clcmenll or lhe lo¡lcal Olea can be dcscribed br 
menase Jypcs. 

lf We IUppOK lhDI OnO Cllllomor moy ¡lve ICYirlll OrdCI1, \ 
and lhnl one order may conslsl ot a number ot ordcrilnca, 
lhe CUSTOMER FILE olcmcnls QD be spcclncd by !he • menuac lypc: 

MTCCUSTOMER FILE): 
rullumrr nu, cuslumer name, cuslomer address, 
(order no, lulnl prica, 

(ordcr linc: no, anlcla no, llrtlcla nama, · 
· lline price, numbcr ordered)) 
\ . . ' 

whcra ldcnllfien are underllned and bl'llckell ( ) represen& 
rcpcullng sroups, · · 

Eüch or lhe pcrmuncnl mes MYI lO be spcclned In Jhls 
way. Thc pcrmnncnl files are lhe bula for lha deslan .of lht 

..... -· • 
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-o orsnnlzullon. Thercforc, one hnslo ducribc lho oc1lvl1y 
91 .. cen lhcm and lho inrormullon ay11om proccuaa. Thla 

cun be dunc wllh apeclall yp.:a or proccuaa, collcd rrtrlr~•a/ 
proctisu. l!•ch lnformnllon aya1cm procou tnuy conlain 1 
numbcr ur rclrieval proceuea. 

Each or 1ha rctrievol piocauaa muat be one or tho 
followlna tour file operullona: 

READ, 

UPDATB, 

<VIliTB, 

'RLETB, 

lho · rctrieval procesa reada, elamcnl(l) 
l'rom 1 permuncnt nro. 
tho rctricval proceu chanaaa ono or more 
propon y terma or an ele me ni or 1 pcrlliQo . 
nant nro. . 
tho rctricYMI proccu atorea ncw el .. 
mcnt(a) lnto 1 pcrmoncnt nlo. 
tho rctriovul proceu removoa oloment(l) 
from 1 pormunonl me. 

A rclrlcval proccu mual havo cxacll)' apcclncd acarch 
va.' Thc tlpccled rcaull mual oliO be apcclncd. Thla 

. :Qfllcollon muy be 1 deacrlpilun ur whlch pana· or lho 
.nuncnl Ole ahull be n:ud, or 11 muy be a deacripllon or. 
'IICUUBC(I) Whlch lh~IJ bc IIUred, 
.o aymm or l"laurc 4 con•lm or 1wo aubayslc.ma, 

,JER Clii!CK und RllOISTR,\TION. 1ñQ aubay,lcm 
lER CIHlCK hun~lca oulcn rróm. lhe cuslomers. 
n un ordcr urrlvea, lhe CUSTOMER FILE 1• checked 
: rr lhe cu•lomcr la ulrcnlly' icaialcrcd. rr nol. aomc 

.,, hallO N lukcn, for lnMunce, lo rcfuac lhC order, Or 
· 1lucc a cualumcr numbcr fur lhll CUIIomcr. Dcfore 

Dulan ot JÍIIo 01J11nl1111luna 

1ho ordcr can be occcrlcd, un ordlll' nurnllolr lwa 111 bo 
pro~uccd, und lho quunlldoa In lllll:k ur lhll ll'dCincd 
anlcloa lwvs 111 hr chockod. Thla auhtly•lom wlll lhoNfllro 
conuiln 1wu rclriovul ~~~IConca, uno t11r ,ho:,kln» lhll cu ... 
1umcr nJQ, und linO fur chockln¡ lho: 1111i:k nr.r, Tlw ko)'l AI'O . 
donolc~ l>y K ( • kay) unll 1ho UJICCied rttull hy O 1 •oul• 
pul), · 

SI: Check cu01um~r-n1a 
OfiCntllnn: KllAD 
K: -<u-lumor numo 
0: · -<U•Iumcr no. 

S2: Chc'k at~~<:k·nl~ 
Opcrullon: 'RUAD 
K: -anlclc no. 
O: -quunlhy 

Tha ayalam REOISTRATION 1101'01 ncw ordara and · 
po11lblo naw cualomars. Tho rr¡¡laiNiion or now ordara Clll 
bo Jllualnllad 11 MIIIWII ·, 

S3: Ordar rcsla1NIIun 
Opcntllon: WRITE 

K: -<ualomcr no. 
-arder no. 

0: -ardor no,·· 
· -lotnl plica 

-ardcr·llno no. 1 
-anr,ro nu. 
-anlcle nu1o10 
-lino prico 
-numbcr ordered. 

· ror each 
ordcr•llno 

lf all lho· retricvul proccnoa dcnncd by the appllcadon 
syalcm are dncribcd In lhla way, lhen lho uppllcallon 
proaNml caa be conaldcrcd 10 conalal of rotrioval pro
cenes worklna 1oward1 a cenlral dala balo conlalnlna PI"' 
·mana ni nrea (FI¡uro S), Throuah tho apoclncallon of lho ·. 
appllcallun problcm, wo ha ve nuw dcvelopcd 1 bula ror lhe 
dnlan or. nnl lo¡l,ul modal of lho nle oraanlzatloll. 
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512 Nuliunul Cumpurar Confercnce, 11177 

DESIGNINO A LOOICAL DATA DAS~ MODEL 

A Joplcul model nf lhc Ole o,.Pnlz;¡tlun must utlsfy the· 
followlng rcquiremcnrs: . 

• Ir musl he cntir,•ly b:a•cd upnn thc infurm.11ion analysls 
(i.c., rhc a priuri knowlcdgc o( rhc U¡>J>IÍ<ulion pro!>- . 
le m). 

• 11 musl •ali•fY lhc rcqulrcmcntl apcdlicd In thc lnfor· 
maliun analysiA, i.c .. lhc rc'lui~em~nla of inform:1tion 
•trucrure :ond lhc rcquircmcnls 11frcrrlcval. 

• Ir must invol>c u "hc11 punible" lndcpcndence be-' 
rwcen rhc dc>ipncd dUla srrucrurcs und the specilicd 
upplicaliun prugmms. 

•· 11 musl be eusy 10 rcullzc uslng uny 1"'11icular DBMS. 

Thc dcsign of rhc logicnl mod'el la done In lhree slcps: 

(1) Dccumposirion ofthc riÍc~s:~gclypcs. 
(l) Synrhcais of lhc dccompo1cd mcsló'SCI inlo a mod~l 

which .ali~lics lhc informution rcquircmcnls and ti· 
nully · 

(3) A mudilicalion of thc model-ln ordcr lo salisfy lhe 
rclricvul rcquircmcnts. 

The Llccompus;rion proccdure ls similar to ihe normaliza· 
rion pruccdur.· rrnposcd by Codd, 1 which resulls in an 
clt:mcnlary me: :ooyMcm.• The normuliuuion of mcuage 
typcs i• a rhrc•·•l•l' pruccdurc: 

l. F.limin;llion uf repcuting gmups, hicrnrchical slruc• 
tures. nr nclwork hlruclurcs, 

2. Elimim11ion uf non·full dcpcndcnce on rhe prlmary 
kcy, 

3. F.liminarion or lrunsitlve dcpendencc bcr.wccn lhe 
propcrly lcrms. 

The dccnmpndlion will he lllu•rrurcd wilh' un examplc. Thc 
pcrm:oncnrlilc CUSTOMER FILE, wa• dc.cribcd carlier In 
lhc following wuy: 

M le: rll.ttomt'r m1, CU!itnmcr nnmc, cu11omcr acJdrcu. 
(ordcr nu, lul:al price. (nrdcrline no, 
unicle no, unitlc namc, linc pricc, 
numllcr urolcrcd)) 

In rhi• cusc u rcrc;olin~ ~ruup Js •uhLudinalc lo anolher 
r~rc:orin~ ¡:mup, 11n.J lhc lir•l slcji ls ILI eliminare lhe lim 
rcpcatin¡¡ ~ruup. Tho m~s.:og~ lypc ls lhcrcfurc •plil in lo lhe 
mc~sagc lyrcs: 

MI,: 
MI,: 

·, 
c•tu-tollu'r no, CUJrihtm&:r nume. cu~h1mcr 1uJJress 
C'll.f/01111'1 nu, onh•r 1111, hHuJ f\ríC:c, (urJ..:rfinc no. 

unidc no, 'unicle n<1me, line prh.:c. 
numhcr urdorcd) 

fho Llo•erfrttlun ur un unh:r la nnly \J!.:"p~nllt:nl un .. ,,nJat 
··u," nnl ·''c~:~sh.tmcr no." Thc me,.s:•~c l)'pc ~11 is lherc• 

fore splir lnto: 

rultumrr no. 11rd'' 110 
·ordu nn, rolal price, (order11ne no. artlcle no,11111• .' 

ele name,line priCc; number ordcrcd) 

An cllminnrion of rhc last rcpcoting group rcsulls In: • 
' 

M 1111: urJn no. rolal prlco 
M 1,,.: urJc•r no, unlrrlin' no, a nicle no, articlc namc, . 

liac pricc, numhcr ordercd 

In me• ... Be M r ... rherc ,, a lnutlllivc dcpendencc betWCCII 
the pro¡>erly tcrms. "articlc IUIII'Ic"ls dependen! 011 "artlcle ·· 
no," not thc idcnliOcr of thc me111111C. Thc nicsJage lype la' 
rhcrcfore splil into: 

M 1m1! nrda no, onltrlln' no, artlclc no, Une prlcc, numo: 
ber ordcrcd 

M 1..,.: arlldt no, attielc namc 

U>in~ lhis kind or'normulizurion proccdurc, lhc .musa¡e 
IYpc M:, hu• bccn dccomposcd lnlo thc five mcsJage rypcs 
MI,, MI.,, MI .. ,, Mlm1 and MI_. Thc dccomposition 
was cntirely ba•ed upon spccilicatioa of the appllcation 
systeona rcquircmenls, J.c .. infurmarion aboul objects and 
mcuuce·lypcs. Normalizarion i• a rcve..Wblc proccss. lbat 
mcuns rhior rhe <>riginul mcssugc lypcs can be rcconstrucred, 
un~ lhercfore nu informarion has bcen Josi. 

In lhc e~:implc of Ficurc· 3, lhc syslem eontains, In 
uddilion Jo rhe CUSTOMER FILE. also thc pcrmancntliles 
STOCK . FILE ;ond SUPPLIER. FILE. Supposc thal lht. 
pcrm;onenl lile STOCK FILE contDins mcss:~;es which 
describe rhc v;uious uniclcs in llock, and lhal cach article 
may hnve •evcnd sub•liluting anides and severa! suppliers. 
A Pll"iblc docomposirion mi¡ht be: · 

.M2,·: . ut/klt no, artielc n:unC,. quantlly, price 
M2,: arlidt no,.nrticl~ no 

. M2,: urticl• no, supplltt 110 

Supposc: thc SUPPLIER FILE contalns mcnn¡ea whlch 
dcocril>e lhc vuri11us •urrlicrs and rhar onc •uppllcr may 
dclivcr scvcml uniclcs. Th:ataupplicr may abo have scwcrJI 
rclill ordcrs rcgislcrcd. A pouiblc dccnmpoiilion mi;ht be: 

,Ml,: supplia ""· supplicr namc, suppllcr addn:as 
Ml1: "'Í'Piic•r nu, tlrtirlt> no 
MJ,: supplic•r no, r.ji/1 orJc., 110 

Ml,: rc:fi/1 urJ.r ""• number w~nled •. anlclc no 

Sorne ur lhc mcuugc rypca are biÁAry rclarions whkb 
rcprc•cril rchorlun•hlpa helwcen ohjccts. For caample: 

·M 1111 : rtulom.·r nu. urJ,•t n••· r~f'rc,.cnla a bin;U')' 'r.:lt~ti'ta 
h.:twccn lhc uhj~~l• uf lhc ohj.:cl cla.'"'' CUSTOMER ~nd 
OKDER. Cllh<r me•"'•~•• may dcséribe ¡>n>pcnici ol an 
(lhjccl, ror lt.\OimpiC· MJ,: C'Ullfltlll"t lfU, CUKlumcÍ' nurnc. 

· cu"aumur 1uJJrC!'ia. . " . · 
Ea:ominins lh< mcssn~c typc•, onc may d~lermlnc !he 

•. 
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r~larlon•hip• hcrwccn rhc vurloua mcuagca. Thls wlll be 
lllusrrnrc~ wirh uumpl~s: . · 

(1) Thc OlCUII~C lypc 
M 1111: t',,,.,,,., m•. drJtr m•. . 
de•cril>cs un 1 : n rclarionahlp bclwccn mcsliiiJCI ldcn· 
lifie~ by ··cu.romcr no" und mcuo~&;• ldcnlifi.:d by 
••ordcr no." 

(2) In lhc no<5t•1B< lypc 
Ml 4: ,,:fi/1 .-rdt'r tw. numhcr wunt~\.1. llrtlclc no. 
rh~ •ccondoory kcy. "unlclc no."' u u.cd u• a propcny 
rcrm. Thls indica tes an: 1 rclariun•hip bcrwcen me .. 
•u&cs ddincd by "rcfill urd~r no" and "unide no."' 

1'hc rcsull or ;uch un exumlnation is Jlluslralcd In 
Figure 6. O no m ay 'observe lhur lhcrc are bulh u 1: n 
rclalionship and a n: 1 rclaliun•hlp bclwccn "nniclc no" 
and "supplicr no:; This implica lhe uJ.rencc ora n:n 
relation~hip. 

Thc Josicul modcl may be rcprcscnlcd In a convcnlenl 
way, .uslrog a dulu struclurc diugrum. The dala •lruclure 
di.o¡;rnrn ha• two bn•ic elcmcnrs: boxea und arrow•. Euch 
b..x rcpresenrs a el••• or rccnrds (or u file) und cuch urrow 
rc¡>rcscnr. n mcaningf•d r<larionship bclwccn record•. Such 
a dingrJm may cu•ily be drnwn using lhc normalized 

'mcssólgc IYpc>. Mc»usc lypcs mny be rcprcscnred aa 
box:.i, ¡¡nd a 1 ~~• ii!IO&IÍ\JJtship is nn urrow hclwecn buAcs. _.. 
n: n rcluliunship is rcprt>cnrcd •• u eouplina (ora relalional 
file) bcl ween boxcs. 

A dala 51ruelurc diugr•m. buscd upon lhe normnlized 
mena~e lypc'i or thc pcrmunenl file• CUSTOMER FILE. 
STOCK FILE unu SUI'PLJF.R FILE is shpwn In Fi¡ure 7. 
This is a Jogical model which s:olisfics lhe requiremcnrs ot 
lhc information structure. 

o 
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Thc nnl step of lhe dcsi1111 · pr01:cdure u aimcd al 
snri•fyin¡¡ lhe rclrkvul rcquircmcnll. Supposc lhul bulh 
"customcr no" und "cusrumo:r numo" III'C u~ as keys by .. 
diffcrenl rclrieval proceso.:.. und lhul lhe response lime 
requiremenls exeludc a acquendod pro.·euina uf lhe CUS· 
TOMER FILE. A modlneuliun o( lhc dala slruclure dia- · 
srum is lhcn ncec .. otry (Fi8Urt 81. 

A scarch file c\onsi•lina uf "cuslomer Mme" ia cslnb. 
liahed and 1: n·relarcd lo lhe eu•lomor lile; Usually, lhc 

. rclrievnl rcquiremcnr. muy he ~<~oti•ficd e•lahlishin& scnn:h 
files in a way similar 111 lhe one illu~lrutcd in Fiaure 8. 

SuppoJC runher cxaminulit.lns ot lbc relricval ProcCIICI 
show lhal lhe ilems "a nicle no .. " "unlcle Ntmc," "suP, 
plicr no" nnd "supplicr numc" are relricvul kcys. Ncc ... 
sary modific:oliuns ur lhc I~>~JiCal modcl muy rcsullln a data 

: llruelurc dhoGrum as •ht.~wn In Fi¡¡urc 9. 
A losienl modcl hu• ~t.lW hccn llcvclupcd In lhrce dcsi¡n 

lleps. The finl ll<p, uccompo•iliun of mtl!lll8CI, 'WU basecf 
on messa¡¡c dcscripri,>n :ond llhjccr dc•criplion. The synlhe· 
IÍI of lhc dccompo""u menases 'WIIS blliCd Upon rclalioD-

"'" ..... ~ 
C..tiM* • ~ liWml ..._ .... 
C..tlDifWf - : Cu UQt'IWI' N..,.. ) 
Cwuotrw Adátnt 

' 

AawftWI! l\loqMir--. 
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Mhi¡oK hclwccn ohjc~IM." llnd lht' IC1Uhfng mudiiJ WQI mlldl• 
n~~. u•ln»lnfnrnonllun nhuullh~ rclrl.cvnl pruc"cuclund lhe 
•••roun•c lime rcquircm~n11. 'D!uli. u. lu¡l~ul m•IC.Icl nr thc 
Ole ur¡uonluotl•m hua hccn dcvclllpc~. -.·hhout m;okln¡ nny 
~ccl<iun• nhuul uny punl~ulur DBMS. Thc cnllrc ~calgn 
prucc•• i• re-.rolhlc. Thua, lhc origlnullnr,,rmuliun a1ruc· 
lurc cun he rc~un•lru~l•~. und lho rcqulremcnla alYlud In 
1h~ lnfurmullun unuly•i• la lhcrcfurc 11111ancd. . ' 

FITTINO OF TH.I! LOOICAL·MOOEL TOA PHYSICAL 
MODEL . 

1 • ' . 
The nu1 Mlc¡o In lhc dc•l¡ul rmccdu111 1• lu Klccl 1 

panl~ulur DIIMS, und m•l\lify lhc lu~kul n1111M In urdcr lo, 
jlivc u "hc.•l "'"'lhlc'' ¡ohy•kul •ulullun. In lhla rup.:r lhe 
dTunM -.·111 ¡orimuoily he dovulc~ h> llRTO·Iikc · DUMS. 
•ufl .. ·urc ¡oruduclM, hui mn•luf lhc pruhlcma will ncvcnhc
lc•• he nr u »•ncrul ~haru~lcr. 

Thc uvnllulllc DllMS mu¡• huvo ccnuln rc•lricllllnl, llko: 

• lho DUMS ~~·~• nul ulluw ni:l,.·urk·•lruclurca, u~(Y 
1 rt:o•atruc:l u r.:a. 

o lhc DUMS ullu"'" ~lrccl ucccu lu unly u llmhed 
numhcr uf hionorchkullcvela, 

• thc 011 MS alluw• unly u ccnuln numhcr uf hlcnon:hlcul 
leve la 

a co•nihlnnliun• uf lho rcKlri~tlnn• m.:nllunool uhuvc. 

Thcreful'\l, lhc nrot mudlncull.on or thc h>¡l~ul moolcl 1• lo 
. . 

1111iar)¡ lhc DDMS n:auicllonl. ·sub11hu1lona ot 11111. 11)' 
lnvcnod li111 will uauully aolvo lhcu problema, 

Tho noxl alep la 10 rruako ccnaln o¡ijualmcnla ot ·lh, 
luBic:•l moolclln _ordor tg; 

........ miza the numbcr or block." ...... 
• • •umb.c thc duta volume, • 
• •·.- ·•óonlze· lhc ln1n1port of dala bc110een memory and 

ti•~ ol~la.Oica. '. 

Unfor1UIIIIlcly. lhcae ro~lon nre conOiclln¡, and an OpcJ"'o 

tion whi~h tukca all" lhc fuclon In lo conaldcnuion mu11 be 
carde~ oul. Onc muy ul10 nullce thullhc lcu complu 1 Oli 
nr~aniulllon la, lhe mon: it limpllnea auch opcntllonl u 
lnhinll•'"din¡, rcorBUnizatiun •nd repon ¡cncrallna, 

The lu¡¡lcul oriodel deacribca lhe record dcalan aild lho 
chuico or nccc<a pulha. Any odjuumonl uf lhe loalc1l rnOdol 
mual 1hcrcfun: clther modlty lhe record dulan . or ·lho 
chuleo or ucccu palha. A modinc•llon or lhc record dulan 
whlch hue lo au1l1fy lho lnformnllon 11ruc1ure requlrcmen11 
mual be a chol~e balwecn alorina. or dupllcolo dalA ll1m 
VUIUCI <>r lhc UIC o( refcn:ncea, The modfnCDliOn Of lhl· 
DCCCII pOlhl fA "choice bclwecn lhe UIC Of 11111 Or lnvencd 
llala. Durlicalc ltorins uf dula .wlll be llluatralcd 11 1hown 
In Flaurc 10. 

Thc pr .. cnl verslon or lhe lo¡lcal model dctcrihcl lht 
cua1omcra •• lllu•lnlled In Fl¡urc IO<ul. Suppou many 
rclricv~l ~roccuca nro frcqucnlly ualna "cuatomer no'; 11 
kcy und .,·uat lnfurmnllun nboul "cua1on1.r na me," Such a 
11tuntlon wlll rcsull In a lor¡c number or accciiCI rrom lht 
mcinher rc'ord• lo lhe ownor record1. An ahcmallv1 
vcr•lun uf lhe rccurd luyoul i1 lllualralcll In Figure lll(b), 
Thc hcm "cu•l•Jmcr nnmc" la llorcd In bolh 1he owncr 
reconla nnd lhc mcmbcr recorila. Suéh a aolullon wlll ruull 
In a dccrcnsc in the numbcr or ucceaac1, an lncre.uc In tho 
nte Ílze. und •n lncrcasc In lhc dala n:ud and wril .. n, In· 
arder hl Ond lhe hcll IOiullon OIIC MI lO ClllmtiiC lho 
dtci'l:osc In ncceu 0011i VtrsUI lhe lncn:lllt o( lnpul/oulpUI 

: nnd alomac coa11. 
. Cun•cqucnlly, al 'lhl1lcv'l or lht dcalgn procc.rure, lhtrt 

h n nccll fur an unnly•l• loul whlch may he uacd In moklnJ 
•uch utimnlta. The nnulyela 11101 mu11 •nllafy lht ronowlna 

. lo! 

-
Cullo"''t c.......; 
N•mt N..,. 

. 

Cwtloti'Wf No. c. ... _ ... 
Cwllonwr Addr ... C..uo""' N.lmt 

Cuuo"*Adl*• 



1' 
1. 

'' 1' 
1: 
1 

¡l 

1.' 
1 

'¡¡ 

: i 

. 
¡ 

' '\ 1 
/ 

• 11 muat be pnulbl' tu pcrl'orm an unul~ala wlthoul 
mnklns nny d~ciRiunauoout phyalcul rcullzntlon. 

• tho nnnly•la nlUII ho huAud un a dtacriptlon ur lho 
lo~lcul mudul und thu r~triuvul rrucu~ea, 

. t lhC nnlllyai• mUMI (UI'Ill Q bulla fur muklng dculaiORI uf 
thc l)'pc mcntlunctJ ubuvc. 

Th~ l~clcnl me>d~l doM~rlbca lho nla OI'BIInitnlhm. :1nd lht 
rclrl~vnl proco .. c• d~•c¡·ihc 1ho uc1lvlly uu:dn•l thc nro 
lll~lln(tutlan •. C'nMUIILI"nli)', il la I'IIUihio IU dcacriht lh' 
uclivlty 11clwtcn lhu difrcrcnl rccurd typua und lhc uctlvily 
bclwccn rucurlla wilhln thc anmc rocurll t)'pc. 11 wlll be 
ahown luter thut auch n deacriplion la u•uful In muklna 
'docl~iun• aboulloulcul rntructurlna or ubout phyalcu.l real(. 
&Ation. . 

A pun or thu ortlur munngemont ay-tom dc . .crlbed In tho 
provloua acctlona la ahown In FIBure 11, Suppolt tho 

1 fuliowlns ratrlavul f'lroceu OAilll: 

S 1: Reud arder 
0f'ICrullon: READ 

·K: -ordcr no 
O: -ordcr no 

-lotnl prico 
-ordcrllnc no 
-anlclo no 
-anlcto· namc 
-Une prlco ) 

ror tiiCh 
orderlino 

Tho procesa uaca "ordcr no." 111 key, and Ita acceu palh la 
llluatruttd with a duucd tina In Fisura 1 t. nn•• may obacNe 
thal thc proccas resulta In trunahlona ~~~ ,.:n thc record 

Ordora 

Ordorllnot 

• 

---~-.;. 811 Roed Ordtr 

Arilolot 

Sl1 Rud Order 

K 1 • Ordor No, 
O 1 • Order No. 

• \ Total Prlce 

• Attlclo No, For Each 
• 'Ordorllne No, } 

• Lino Prlca . Ordorllne 
• Numbor Ordorad . 

1 
Pt,•rr 11-ln•otrallon o( lh• .,.,., po~ oto rllrltVII pruc11a 

O.:afan 111 FU~ Or~ani&AIIIuna ..1 1 S 

•' 
l)'f'ICI ORDBRS und ClRDHRLINHS nnd hctwocn ORI>HR• 
LINES nnd ARTit:I.~S. 1'11CMI trunoltiuna uro CÍIII~d re• 
trlcvula or lhc nrat klnd. An urdcr wlll uauully cunoiol ''' 
m111a thun ano urllcrllno, und tlk:ro will he ll•un•ltlune 
hclwccn the rccorll• In thc recurll IY!'III ORDHRLINI~S. 
Thcoc ln•naltlon" un: cullcd n:trl~vnlo ur th~ 1111~11nd klllll. 
SuppoKc thc uvcn,~c numhor ur 11rllcrlln~a rcr orll~r lo 
aoven. Tha rctrlcvul pi\ICuAI Si tlk:n wlll n:•ull· In u1111· 
rctrlcvol o( thc n,.t klnll l~~:tw~cn u..:r nnd ORDhMll, th~ 
llln1c hctwccn Oltot:RS un.t llRI>IiMI.INiiS, •1• lclrluvulo 
o( lh~ ~ccond ~lnd ll'hhin 1hc tw••rll el;'"• ORDI\RLINI!S. 
""" línally hCVCn rulri~vul• ur lhc nnu klnd bclw~cn OR·· 
DI:RLINES und ARTlt'LES, 

In arder tu deocnh.: thc u~tlvily In 1hc du111 ttnac, une luiJ 
lO know lhc frcqucnct ... or lho rctrlcvnl PI\I~CUOI, ullllthl 
acauarlna ructul'll whlch uro u rc•uh ut tn•nMilluno hctwcon 
tha dlrrcrcnt rccurd 1>'~•· A trunoht.•n rrum an. ownor 
''"ord typo to a mcmh.:r record t~po roaulto In u ICIIIlcrlna 
fuclor equ11l 1u tho .vat~~ac numh.:r ur mcmhor rvcurda per 
owncr record. 11 ahuuld be ubvluua thnl trunaltlonl l'rum 
uacr lo • recurd typc und lrun•hiuna·rrum u mcmbar rvcord 
type to on owncr rccorll typc rc•uil In u ICullcrlna I'Actor 
cquul tu onc . 

Thc uctlvhy In thc dula buo muy be rcpn:Acnted la 1 
matriA (lec l'i¡¡urc 121: 

(...,}, /•0, f, ... , n undJ• 1 ,2,•••,n 

whore 

a .... la thc number or record I)'I'CI 
la lhc numbcr or n:trlo•·ull or the nnt klnd 
from uacr tu rccorlltypc nu.J. 
1•1 ,2,···.11,)• 1 ,2,•·•.11 and I+J la the numbcr 
or rclricvula ur lho ""' klnd rrom rvcord lfpe 
no. /to record typc no.J. . . ; . · 
la the num.bar or n:lricvMII ot tha aacond klnd 
wfthln record l)'po no. J. . . 
1 . ' ' ,. 

I "•· J•IJ, ... ,. le lho tola! numbar o1 ,..· ... . 
trievMie or nccord typc no. J. ' 

Suppoao lhc rctriovul prucc .. S 1 la lnhiulcd 100 llmn 1 
day. The uumplo de.c:ribcd In Fi¡un: 11, then reauhaln thi 
rctricvlll mutriA ahuwn in Fisure 13.· · 

The bchuvior or thc n:trluvul PI\>CIIUCa wlll be deACribcd 
wlth 1 rcw more uumpln, Fi¡¡ure 14 ahowa the lojjlcaJ 
modol dollsnod In un curllcr ae~:1iun. Tho numbcra wl•hln tha 
boua aro thc numh~" ut tho •rucin~ recurll typca ,,nd tha · 
numhcn un thc urruw• urc thc acullorina ru~tun fiH trunal· 
tlona rrom un uwn~r n:curd to lh~ mcmb.:r rccunfa. The 
ACCCII I'Uih., u( (uur rctricvui priiCC'IOCI uro lfruwn llll.dOIIillt .. ,, 
linea. Thc rc1rlcvul pr,~ecu SI hu• h.:cn ll~acrlb.:d ourllcr;:.; 
and 1 dc•cnpliun 'o( thc r.:mulnlna pruccnca ahuwa la , · 
Fi~urc 14, muy be •• ruuuwa; . 

52: ' Rcnd ruatumcr nnmc 
Op¡:rullun: 'MEAD 

K: -cua.tumt:r no 
O: · -cualumcr noma 
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syslcm lhnl f• u•cd, In uddilfun, ll f1 ncccsh..iy lo Clllmalc 
1h~ ~olumc uf lnl~mal huu•ckc~pln¡t dulll In th~ file. Thus, 
1he file m•Y be dc•cribcd by lh~ folkl,.·lns parumclcn: 

o numbcr uf rccords 
O fCCOI J ~iZC 
o block •izc 
o lmad Jk:rCcnl 
O 5(lt u( OVCI'fhl\V .. U(CU 

" voltim~ uf ht.IU.,\!kc.:pina dut.u 

l:Ja•cLI ()n thi~. d..-~<o~,:rirdon, unt muy estimule thc uvcrug.c 
rclr•~VMI h.:n~th ln.lt.'tll\Urc.J in bh.h.:k nccciUr.Ci). Huw thilt cun 
be done (or lh.: mo ... t com.non u~cd ~luru¡:c ltructurc:¡¡ i¡ 
dc~tcrjbcd in Rdt:h:ncc 3. ElilÍmouc: .. oJ' thc avcr .. ¡;c UIC or 
mcmo,Y nnd CPU for cach rc1rlcvul proccss mu•l al•o be 
madc. The relri.cvnl' prucc55es urc dc•cribcJ wllh thc fol· 
luwing p•rnmcten: 

o (rcquencics 
8 UiC o( mcmury 
o use of CPU 
o rcllicvo.IILnGihl 

11 X - X TI n ti' ropera ... 

X -?S., 
• • X' ~ 

IX ~ 
Lbt,m,¡U\1 >< 

T2 

~ • ,¡ _.. 

1--- ' • IX 
IX IX 

ha \ 

,.~,..,u 17-Mullllla& ancf inwcrttd' liu 

·L.'.· 
.519 

'· . 

·The pnrumclcr• mcnliuncd ubuve are u..:d u• parametenln 
lhc uccounain¡¡ ruulinc uf u p¡1nkulur m¡¡chino syalo:m, and 
a prlcc n\ay be cuu1pu1cd. 

11 i1 ahcn p¡~>•ihio lo udjusl lhc lile purumcacn, f&ll' 
txomple lhc block •it.c. und iO<>k ut huw thcoc mlju•I91Cnla 
lonul.!ncC lhc IUIUI prü:e. Thul. u mininliLatlun ur thc (l,)al 

funclion rnuy he U un~ in un ilcr:11ivc w;¡y. 
Scnrchin~ in lhc mulli·idonlifi~r ~··e m~uns lhal lu¡¡lcul 

conjunction~ ~IWL'\!'n &hl.! ,.crar.&lc iJcntifit.:r il~·tna twv.: to 
be done. The mu!-.1 cun1mlm wuy-. l\1 im(')lt:m.:nl co.r\iunc· 
1fons ur( r,1uhilisl!t nr invcrtc:J li!~olli. 

F1~urc i7(u) illu>lmlcs a noullili•l. TI und T:! are 1crm1 
which ore p;am of t:>c idcnliOcr. A muhili•l cunsisls uf ke~· 

Maln Filo 

• 

l•i Multlllu 

• 

1 

t T2 

\ 
' ... 

M~ In Filo. TI 

\. 
1 

1 
1 

Lino li•~· ' 

(b) lnverttd Lln. 

fi&urc 11-M~Lili.C ~d inYcncdlial In 1 d,¡t1 1tn.nwrw d~ · 
:.: 

,· 

., 
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Opcrational software for restructuring 
nctwo•k databascs* 

b)' UONALD 1'.. SI\',,RTWOUT. MAilK E. DEPPE and JAMES P. FRY 
71.,· Unjl'•''lit.r ,,¡ \fiolu'¡.:,¡lf, 

A•an All><tt. Mi~lu~n 

AllSlRACT 

A hi~h-lcvel "ucccu p'llh"" opproach 10 dal:~b:~so ro•lruc· 
1Urinl! is dcscrihcd t~nll cnntrastcd with lh.: ''elcmr.:nlmy 
,.¡"tt:rillion&•• ;.appruach t:akcn by mc.lM rt:!itructurinG 5)':\ll:ms. 
\\'ilh thc clemcntury opcralions appruu~.:h. rcstruc1urin¡;: i1 
\·ic:wciJ a'i a 4\CqlJ~nce uf basic or ••primilive" opcr.-tiuns 
"hi"h mowipuhtte u source dutabasc in ordcr 10 con ven it 
inhl ;.¡1.11!!~1 J.,litbu:oc. In thc acccu pnth 01ppro~ch. n:struc
ruung i~ !rll!:en ¡¡~ 1hc procc:ss of ~u:cc:~sinl! a hudy of 
tnf,,rr.~:.l;un rcpn:~~.·m.:J by thc source cJ¡II¡¡, ;md cunstruct· 
aug thc l;argct d:alah;•:-.~ t\.'prcsencation Of ahe samc infurrna· 
ti11n. \\'hile thc dementar)· opcnuiom, itppruach is U!iicful for 
fl'\lructuring J,!c:r<tt~,;h¡,;;,J U¡,¡tabascs. it Uo~~ not ¡:cncruliu 
''di for nctwork!.. The uccess path npproach is bcller· 
~uilt•d lo the cornplcA !.lructurcs possiblc in netv..ork dula
hot\C~. 

The uccess palh :~pp•o-•ch pcrmils lho spccificnlíon ot 
~.:omplcx rcSir"ucturin{! lran,formatíons in tcrms of npplica
tiun-oriL"IIICd cun~.:&:pl~ )Uch t~s ncCe!.!t !.lratcgic• and !.Cicc
tiun crileria. A rh.>n·ph>cc-dural Nctwork Mc)tructurin!: Lan
~u.,¡:c (NRLl ha>cd on lhi> upproach i• pro>cnlcd. und an 
c.-\~tmplc uf it~ U)l!' in n:~tructuring is ¡:iv.:n. The architcc
luro of un NKL·drivcn Rc>lruclurcr for nc1work ~alabases 
is do.cribe~. · 

INTRODUCTION 

·Duo lo lho f;,cl 111.11 lhe dalubase desi8n procesa is essen
lially ;,n opaque •n.' un imponnnl lool ncedod by a 
U.llah;lsc AI.Jministro..tor is a ccncr.¡Jizcd rcor¡!anization fa
'ility. \\'ilh JliUch a fo•cility th~ dc!r~i¡;ncr can otdapl u.i~ting 
IJ.uahase structurc tu "'·on(IJrm to ncw inform:ation ur proc· 
c.•uine rcquircmcrU!\. For cAamplc, o ncw cntity or rc.:li.ilion· 
\hip COIJIJ o .. .- ~ .. h..h:U 10 th...- d;¡f;¡b;&!\C' ~tructurc tu ~atillf)' a 
ncv. in(~olrnl.ltiun r~o.·~¡¡jrcrm:nc. ora nc:w iiCCt:ss piilh could 
b.c adJcd to \.lli,(y a ¡Hocc"in¡; rcquircmcnt. 

Ahliuoth ~,11m: tcur¿;.•ni.t•niun ,d,~.·m\.'.\ cxist in datah~~c 
nlt.Jn;.¡_¡;C'nu:nt ~)'~IL'111::.. IJ;cy \leal primarily with lh~ ph)'llÍc:.al 

• Suppr.'lll"l.l o: \\ ·.\'M\.'C'S AUr Oir~rtur.dt O....ftn~ Cummurtic.!lk!at 
A~rn~·r Cvro!l .. d N.>. OC: .• '\·I¡.0.7.Y..'-~ 

.organiz:~tion nf d:lla. c.~ .. P'-'ñurmin¡! ~uh.t~ ~o·ull\!tlion. · 
ch;w¡:ing thc hloddn~ fon:hlf!\ •• ,ntJ h' ~~m.: ~\h:nt. mLkfify· 
ing thc :u.:t,:t:ssinl! mc¡;h;.mi,.¡,m. Tu ,,ur kn,I\\Jt:,l¡!.t: n .. ,.,cncr· 
olizcd n:nr¡;:.tnizution.fou:ilit)' .:\bh in ~m)· t.lat.a~a\C managc· 
mcnl A)'~lem and. in (\iiMil:ulur~ W( ;m: un~ware o( a 
reslruclurin~ f:~dlily whi<h wuuiJ pruviJc lhc c:~rahilily lO 
ch;m¡;e thc lo{!ical atruclurc ur lht: J~¡~,,h,a"~· 

499 

ln the curre ni itulc ,,r rhc: urt. ahc rcur,aniz;tli''" fucilhy 
ha5 devclupcd (.lO))' within lhc .cunt.:\C uf n n:ata Tr-Jn!.la
tor.1_. As des.crihcd in R~ftr~o•nt.'L~ ~ ant.f 6. a O.tlu Tr..tn)la· 
tor is a ¡:..:n(ruliZ!!Ú ~,•ftwun: K)'Slcm lh.tl il\."l.'lo!fll" all input a 
5ource Uatab;tlie. úucripri,,ns of lht.• .,,Hu...:c: tinpuU. lar¡c:l 
{out pul) \loatub;ISC!i and lhe milppin~ ~'l\\t:Cn th~ suurce and 
t;•rgcl logical structurcs. h!o! outpul i!'o th~o• rcur¡wni.l"•d lar¡tet 
datilbase produced uu1oma1kally hy 1h~ ~,·ncr:•liud sol\· 
ware from thc input ~osrripliun. Thc o.\C<Uiiun ot lhe · 
lrnnslator invokes threc: m;\.iur muúuJc,.-Rt:ildcr. Re!(truc .. 
lurer, and Wrilcr. While lhc funcli<•n uf lh~ Rcador end 
Wrilcr modules cun. be cl;~ssiliod prim;uil)• a. physicol 
rcoq;anizutiun or ufurmullilllf, lhc primar)' pufl\4J\C u( thc 
Rostruclurer module is lo lut:kally rourpnizc lhc d;~labuse 
or rcstructure it.' Bi"'s und Fry' dc,.:nh.:d lhc phy,ical 
rcformallins carabililic• uf 1hc Rc:~~or ;mJ Wrücr 1hruu~h ·. 
lhe logical rcstruclurin~ coral>ililic• which wcrc <mbodied 
in severa! pro1o1ype •mplcm,•nlali•>n,. In lhi' rarcr "'• 
focus on lhe dcvclopment uf n ~cncr.Jiiz"·U rntructurina 
CnpabiJity for lhc: nctworJ... duu uf h1¡;ical !\[nJCIUftl. 

Whatls r~:strut·turlnt'! 

The purposc·of rcuructurinu is 1•> lr:•n•f••nn lhc lugkal 
~lnJClUrC O( U daJ;,th;t:otC Ín n.•!o!(HlO!IoC hJ rir,:w infll(lltlliun 01" 

proccssing requir..:mcnts. Na\·;,•thc: ••nU fry• úc:vdupc:LI a 
catcl!orizatinn of n:~tru"·1u1in~ ,lf\Cfi&li,,n~ fur 1h~ hi,r.aH:hi· 
cal cl~an o( llt}':i~.:al :-lrU1o.'ll.m.•llo. Thrcc fun .. bm .. ·nto..l l,~icnJ 
'trut:turc m,n.Jificulion!'l ""·,:n: ú...-nn~J-N~anUn~. Rdaliun. 
anU Comhinin~-whi~o.·h "'¡;oft: rt.·fin~u in lo '~"·..:r.1l I~Jwc:r 

lcvc-1 rc~lrut:lurin¡; upcmtiuns. Fi~un: 1 dlu:\~r:•lt:~ a fcw "' 
thcsc hi.:n1r~hical rc!lotru~..·Huin&, ~1p¡,:n11ion:ot. Tht: ril't p.art. 
Fit:urc la d"·rkt~ a hh:ro.~r~o·hk~•l r¡,:huiun,hip "'"'""1:: PRESI· 
DENTS. Sf'OUSES and CIJILDREN. Thc uppcrmu>t 001 

'· 
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PRESlllENTS 

n:uue 

ot;¡u'u~-CI•¡J.Jren Marriod·To 

MERC~ 

PRESIDENTS 

~· ... ___, 

Monlod·To 

SPOUSES 
SPOUSES · 

H .. .orrsprln¡ 

SPOUSE-CIIJLIJREN SONS DAUGHTERS 

CIIILDREN 

.,. ru"'t KJ: 

or record tn>c.•' PRESIDENTS.• cont;oin• tho numes of 
lh~ prcsidt:nt)l ur rh..: Unilc:d Sto•h:s. Thc fiCCOnd lcvcl record 
lyf>\'. SI'OUSES. ¡, rd;otcu tu PllESIDENTS throush tho 
ser IYJ'l'!' ··M;u·ri-:d h•'' ~md cun1~1in)\ lh~ names o! ull 1hc 
'filHJ.,l!S fnr -::1 ... h pr\!siJ~nt. Thus. lhc M:l is a unc-lu-many 
mappin¡! ''Ycr 1\\ '' r.:-..::,1rd l)'flt:\. In a "imitar fm¡hion, lhc 
.Jhinl. kvd r,.,.,.,,¡ l~f'C. Cllli.DREN. is rclated lo 
SPOUSES anJ ..:,,nl<&ins lhc n>amcs nf lhc chilc.lrcn born tu 
c;u:h SJ'OUSE. 

Ont: rt..:stru..:uu inl! urcro11ion i!\ partitifmin¡: in which 1he 
tk."t,:urrcnc~" ur •• n..·c,•rJ l}'pc ;m: di\:iJcd intu two or more 
t.fi,lincr r.:cllu.l 1) IX"" h~,, ... J up,•n lhc v;~luc of une or mure 
c.J;¡ta itcmJ\, Th,, ll(ll."f;llion Í!'t illlhlnllcc.l by thc ~·lurcc nnd 
1;1r¡:..:-1 h•gi&:o.tl !1111 Lh.:lun .. • ,,f Fi(!Ur\! 1 whcrc: thc !I.UUrct: r..-conJ 

•• \\'r: r •• u.l~ lhc l..:tm.n·~·~) t>f ourc..• 
f fuf .. mu•c t:t'fnf'l"·ac U..:•..:npti.IA .,( 1bc P,c"h.Jcncial Dala~'-C ~e Rder· 
cn!:c 10. 

Jype CHILDREN has beon p;¡rtitioncd inlo two r..:•or\1 
l~pcs. SONS und DAUGHTERS. ba><d on thc ~ata il<m 
"'!'<CX."" N.uic¡: that t~ cfat¡¡ ih:m ··sex·· has bc:cn clinUnah.·~ 
in thc loa::,kul !l.tructur~ uf Fi¡::urc l. ,_incC" lhis infom1oa1iun ¡, 
nuw rcprc'"ntc~ b~ thc lar¡;cl l•>¡;ical structurc. Th.: ~ual 
rc:;tructuring. OI'Cralion uf panilh.lnin¡: is mt"r¡:ing. Ttk.• 
mc-rt!ing opc:rution CllO)olid;,ues occun. nce1 frum '"" , .. 
murt: rccorc.l l)'p\!:. inlu-. sin~l~ rccoñJ l)pc. oftcn adJin~ .a 
cJ;,Ua Ítem IU Che f~ConJ typc lO prC~Cf\'t: information prt:\'1• 
uusly r~rm:~c=ntcd by thc lu~ic&.~l struc:turc. MC'r!!int Í'

illustn•lcd by thc 1ource to~ical :.truc1urc and tlk: t;~r~"'' 
ft¡¡;:j~¡¡J SlfUCIUI'C' uf Fisurc l. Wh~rc lhC l'ICCUrn:nCC' n( lh<'. 
two r.·cord t~pc•. SONS and DAUGHTERS, h;¡vc t-.:rn 
mcr~<d into a >in¡;lc rccurd l~pe. ClliLDREN. Nutc.th.ol 
lhe lt:rms ••• ,,urce'" nnd ••ual}!..:l•• are rd~1li\lc anJ tJ~~·nJ. 
on lhc .Jircclit10 of lhc fC)lfU,Iuring lr.m~fürmaliun. C~1 n"4'· 

4UCOII)'. Fi!!Un! 1 TCf1TC~Cnts lhc tiUUTCC: h1¡:icuJs.lnu.:IUf\.' (,'f 

lhc p;or1itioning c•ample. an~ the l;orgct datahose f,t< th< 



1.1¡:iug C'.\.tn1plc. Nuticc thc ítem l)'pc ••~ex•• h;:as bccn 
~ 1,. • ·-• 10 contuin th~ inrormollion rr~viou¡ly rcrm:~~ocntcd 
,n UCU ' 1 r L- r' 1 

• -1nticaJiu by th.: ~ .. •urce ltlCIC•I &lruc:turc u .-.~u ~o: • ~~ • . . . . or 
• lh··r (,lrm "'r r~shuc.:lurinu, 1nvc.llvcs lhc .t·ompuurml 
nhO ~ , · 1 • 
l\too or mc.1rc hiero.n.·hiL'ótl lr.:vcl~ 1010 one •.. Th1s examp e 15 
jfluSir•f~d hy lhe S<>UrCt Und lar~CI lugical Slnl~~urc or . 

' 
.. •ur< 1 \\'hcrc lhc l~<·u >ourcc rccunfs. s.I'OUSES a~ o¡: . d 

CI!ILDRfN. havc bocn compr~s"'d inlu a sin~le rccor 
ll'l"'· SPOUSE·Cilii.DREN. On lhc. rcc.ud uccu~rc~ce 
t~·\•c.•l, 1his upcr•lliun wuuh.l be ucctlmphsht:d by n:phc:Umg 
IIIL' ¡1!\:,UCiah.·d SPO us ~ rcC'urd ll\:C'Urr~~cc ror cv~ry 
<.tilLO h:cord O\.'Cun·~o:ncc. Thc \Jual upcrauon. ••.rpunsmrt 

i ... paml::.. ,,n;: 1\."vd of hicro1rchy int~1 _lwu or m.or~ by 
fo1cannn¡: uul sch:c:tcJ üat .. iacms. Thl!á prc.x:cdurc &S 1IIU5· 
1r:Md. in Fi¡•.urc 1 "hcrc u,·. SPOUSE-CHI LDREN record 
typc h:..s bl!\:0 faclon:d iJ¡hJ two levels. 

Ahliou.:h a compl<lc ca1e~uriza1ion or such opemlions 
hóts bccu estabJishctJ for thc hicrarchic:al class of struc:
turc~.' rcsln:cturing oper.1tions are not nct.ll'ly as easy to 
cl•~s,.ify iu thc: n-.:twork class of lo¡:icul structurc¡ duc 
prim•1rily lO tJ,c \'•tricfy und CompJCXÍIY o( lht SINCIU~CS 
invoh·,J'. For ..:x.amplc. •m impor1anlnl!ln-urk ·rcslructunng 
upCrilliun, dumxil,¡: '"'" implrmt•JIIllfiuu uf llltlll)'·lo-muuy 
rddtia,.l·hip ¡. is illu~tma.:d by thc r.:slructuring tran ... form of 
Fip11c '2. Th~ sourre lovicotl ~tructurc rcprescnts informa
tion on ,:..tud~.:ms. thc:ir class stanJing. all courscs taken by 
each ~tutJcnl, and alu: final grade. rcccivcd in cach cuursc. 
The tar~:c:c logicaJ. ~lructurc n:prcscnts exaclly lhc so1me 
informoilinn c"c'-'PI ahal ll•c :association bc:tween studcnas, 
cours~.·. ímd gro1dl"s h ;u.:hicved using a LINK recor4 l)'pc. 
1ñis C"'"'"~PI~· ¡, rypk;aJ of the rcslrucluring opcratiuns 
which ,;"'Y be po!.Cd in a nclwork cnvironmeOI, lho!.C 
which invulvc scvc:r;.1l tL·c·urd ;¡nd sd typcs. 

Auulhcr e••rn¡;lc, which mighl cnhance processing, 
\l'ould be lhe uc/Jitio~n oif int/,·.rillll uts tiT f<'<'urd typn. This 
cuuld be achicvcd by mi~wling lhe dala ilcm "class" lo lhc 
rccu1d lypc C:LASS·STANDING, which would •erve lo 
sc&mcnl the ~t"udcnh intu cml.luacc. undcr¡:rndualc. ~pecioal. 
rorci¡;n cxch::angc. ele. (Figu~c l). Noaicc: lhatthi~ opcratiun 
is acluafly expansiun pcñormcd on a hicrarchical.substruc· 
lure of lhe largct SlfUCiur.: or Figure J. namcly lhe single 
record lypc: STUDENTS. 

i 
lrtU'\11 '--"".1 ,Ul .• 'ltl 

\T/ .... 

• 
~01 

CLASS.ST ANiliNC 

STUDlNTS COURSES 

Yel anolher imponanl nclworl< l'l:lilroclurin~ ~apabilily is 
lhe abilily o( 1he re•lrocluring rr•>e""• lu cXImcl no1·only 
data which exists explicitly in tbc Stlurcc dawbas~. but Wso 
ahal which cxisls implicitly. i.e •• th~ inft.lrmation which may 
be inferred from 1he oc1ual sourcc dala. An cxamplc or lhe 
diffl!rencc bct1.1.·ecn implicir mW ~.\plidl_ infurm.¡¡¡,,n i~ ~C· 
scribed in lhe hypolhclical rcs1ru.:1urin~ lr .. nsf,lfm uf Fog· 
ure 4. 

The ·exnmple deocribcs' a •ource dalah:Lo;e conlaining lwo 
record lypes, PERSONS an~ LINK. llw PERSONS record 
lype con1ains >name and •ex ilem IYI"-"· whil~ lhe LINK 
record rype ·. con~ains no data hui pru\·hJ.:s rclaliunship 
inrormulion in cunjunclion ll'ilh !iCIS PAkENTS und CHIL
DREN. The la'l!<l· slruciUre ulso cunlains lhe PEJ;.SONS 

· record l)'pc, and cons1ruc1iun of r:or~ol PERSONS rccords 
involves the cxtr.tctiOn of Llal¡t cxpli~.·illy rcsidcnl in lhe 
s.:>urce file PERSCNS rcc,•rd 11'1"'· In cunlniSl. lillBCI 
record. lypes PARENTS ;md GRANOFATHERS d<>. nu1 
correspond dircclly lo any suurce file rc.:,>rd lype; lhcy 
conlain infurmalion which is reprcscnlc'd implicilly in lhe 
source file. Needlcss lo say, lhis 1r~n.Jurrn;11ion cannol be 
describcd by opcra1ions oa hier .. rchical súhslroclurcs. 

In the ncxt s.cction. wc revic:w lhc rr-:viuus work in 
dcvcloping hicrarchical rcslruclurin~ cap.ahilitj.:s lhrou;h 
\pccification of rlcmcnlary op.:r.11i~ms. Th~ third ,.C\:Iion 
comprises a di!<~CU!ision of thc al!ccs• p.¡lh .approoch ncccs· 
ury lo achievc a n~lw<>r\; rcslrwiUrin~ capahiliry, und lhe 
(ourth $CClion d.:scrihes a N.:rwurt RcstructurinJ: Lanl!ua¡:c 
bascd on lhis appmach. The implcmcntalion uf lhi: Ro·,lruc• 
turer is di~cus~cd in thc fiflh :\Cctiun und lhc: papcr con· 
eludes y..'ith our obscrvations on building and using r..·:atruc .. · 
turef5, 

3'HE ELEMENTARYOPERATIONS AI'PROAC~ 

An intercsting an.alo¡:y e~isb hctw.:cn rc:Mructuring sys
lcms and hiGh·lcvcl query syslcms. In racl. une c~n con
sidcr a qucry as ~ rcstrictcd rcslructuring tr.m~fP.>rrn;.ltion in 

. which !he lar~cl,!s no! D dal;.ba>C bul somc ulhcr furm d 
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. 1. 

Flparc .c-lmplkil dala eauxtiod .. 

informoalhln rcrr.::-.~nl:alion. F.:fficienl •. cnsy·lt~use quciy 
lan~U~I,¡!L'S (ltr lhL" hi~r;;tn:hict&J class of lul:kóll slruCIU~I 

h;av.: t'l..:.:n lluilr thn•ul!h lh.: use uf clcm..:nl:ary urcr.tllons 
anJ h;avc: h..· .. ·n in ... ,¡,..h:n&:c for ~''me limc.t• Thcsc systc:ms 
aiJ~)W :1 u,..Cr Id ~pcdfy 61 SCf.IUCRC~ dr ckmcnl;ary llp1!11llions 

''" hi.:r:.ar..:hi .. ·od ,,n,.,;wn:s whkh will acc:umplish his qucry. 
Su,;h lanl!U.&&:t.'"" ;m.· casy In lc;un •md u:-.e sin-.:c lh&.•y cmpluy 
a fe\\' ralhcr ~impl.: ~'f"~r~ui''""' ht pcñ,~rm musl t.{ucrics IU 
hicr;¡n:hi~;•l ,rui,:wrcli. 

Scn•ral '"'""';Ír~o.·h- L'ff,trb ha ve :•Jdrc:-.~ccJ lhe pruhlcm~ ·~,f 
n:stnh:llu-in¡: anJ rt:~lrut.·Jurin¡: l;ml!U<~C.C s~..-ific:•th•n frum 
1~ .:l.:mt.•nt~ll')' l.lfl\.'f,IIÍ••ns pHint uf \'Ícw. CONVERT. a 
hi¡!h·h .. ·,·,·l rr~tn,J.IIiun l;:m¡:u;¡,;_.::. pr,1vh.h:5 u ¡:..:n .. ~rollilcll ic
~llut.'Hirin¡: \.'.lp;•tlilily f••r hkro:lh:hit.·al ~lrut.'lurc~. Thl' ap.
prn;.h.:h is il~I\Cl.l upun lhC l'UOt.'Cfll ur a ''J;.&ftt form,. in 
ct~njun"·¡i,•n "ilh .. ~l"l u( rc~lructuring .runcliuns calli:d 
''(orm l1p.:roa1itms.'' Shushoai&i" lakc!6 .a 5Ímil;ar ••rprnach lo 

rc .. rucluring whercby D SCI of ''conv~rsion 1\Jnclions'' i> 
used to spccify rt!iiilrucruring opcrutions. 
. Jn the ch.•me:nt:ary up¡:rn1i,1ns approach. lbc- soun:c d;.ttil· 

b.a•~ is consid<rcd 10 be a collcclion o( dala in a <pccifte 
lu,kal slruclur~ ¡¡nd formal. whil< lho lafl!el dalnho"" i> 
vicw~tJ U!lii c:.;~nlinlly thc ~me: dat~. hui in a diffcr\-_f!l. 
lu1!ic•al slnu:lurc and' form:.r. Rc:structuring. lhc-n:fl)rc:. i~ 
cunsii.J.:.r\.'Ü 10 he 1hc prt.lt..'t:ss uf m;wipul.tlin& lhe sout:"-~
Ú;•I:a h,1 cunfllrm lt,) thc lt.tr{!d logic;ll srrucrurc: anJ corR"
~Jll.'nJins, form;al. Cun~cqu~o.·nrly. rc-strucluring. rc.s\!;1rrh u~ 
inl! lhis appru:u.:h IUmJi l0\4":JnJ lhe J(~t-'dopm\!01 or lo.u.·· 
k·vcl or "primitiv~" u~r .. rions which 1r.1n~form l.'iC'CUr· 
r~n~o.·ca of unt: lu¡zi~ul 11ructur.: In nn,,lhc:r. Orle! ad\'¡Jnfn¡:"' ,t( 
~uch un tlpprna..:h í;; lhal thc :~rchih:'t."lurc u( lhc rcs&nu:lur· 
in~ ~oft\-\'iJfC ~)'Sicm is ~r~;uly ~impJilít:J: il t.ll!'(;tuJI_!o 10 ~ s..·r 
,,( low·lcvd suhruulinc• whkh <orr<>pvnd Jirc.lly lo 1~ 
~lcmcntary ,,~r.Hions. Thu1, u rc)lrucrurin!! spcdfjC.JI¡,1n 



con>ÍSII o( a 5Cqucn<e of J>rimiliVCI 'Which moy, he diroclly 
convertci.J tu u scqucm:c o( suhnuninc cuila which pcrfotm 
tlu: uctual rcstnu.:luring. · Unfortunah:ly, the usc:r is nul 
•hicldcd rrom :.ny ;~srcciA o( lhe rc•tructurin~: he musl 
lh,lrOU&hl)' Undcr!tiÚnd lh~ runclion t.l( C:3CI\ OJ'~IÍUR in 
0 ,.Jor tu he ¡¡ble In u>c il. Cllnscqucnlly, lhe l;ongua¡c, 
ullhuuch hi¡:h-1cvcl. stifl rcquires thc u!lcr lo arcar rr.:struc· 
IUrÍng C!.~Cnliolll)' a~_. scquc:Ót:C ur IOW•ICVcl SICpS. 

Sevcr;~l o1her prllhkms ari•• whcn lhc clemcnlary "P"""'" 
aions ítppro:u:h h aprli~d to rcstru~:turin(: nctwork dolla· 
h<t~cs. In p:cn.:ml. r.:kmr.:ntary upcmlions oare \lcsi¡:n.:d to 
up¡..·r¡¡h: on srnall. lu¡:ico1l substrucaurcs culisistinl! oC onc or 
r~.~.·u n:co1d I)'(IC:!'. ;anJ a sel. lo produce a ncw, loi!ical 
suPstrucrun:. Duc lO the limÍIC'tJ numbcr or opcnHions 
which may be dcfincd, only a linitc number or aiJun:c 
'iUbstrucwrcs can he vulid c;mdidates rur rcstructuring:. The 
more compl .. 1hc Mruelure, lhc gn::~lcr lhe prob•bilily lhal 
it wjl) conwin !.Ub~tructures which are nol valid candidates 
(or lhc sol of av;,il:ohlc OP<'rali~>ns. Con•equenlly, lhc re· 
structuring Cólp;,abililic:s of eJemcntary OpcratÍOOS dCCfCUSC 
as the conlpl.:xity of lhc structure incrcnscs. fur this 
rcason, denu:nlary operations aic nol po•nicu1arly wctl· 
suhcd to dcscrihins reslrucluring rrnnsrormation upon com
plex nelwork logical Mruclurc~. In addilion.· a complex 
rcstructuring tr¡,¡nsfurmatiun tassuming that ir may .be: ~r
formcd by 1hc elcmcnlury operalionsl will roquirc 1hc 
'spccifi~o:alinn o( •• complcx scqucnce of clcmcnlary opcra
tions which is djffi,,:uh lo unnJyze n~d lo undcrstand. 

Anothcr class of rc!\lnkturing lransformiltions lhat is diffi
cull ro accornplish wilh clc:mentary opc:r.llions is the Cxlrac
'lion of implicil informolion. \\le ha ve roinlcd oul lhal such 
tr;jnsformations {as. in thc 'exiJmple uf Figure 4) cannol 
usuolly be Jescrihcd hy a sequcncc of opcrJiiuns on hierar
chic;¡l sub>lruclure>. Funhermorc, ollhoush lhcy may be 
dc~cribablc by !-.e4uL·nce~ of eh:mcntilry .oper.ltions on net .. 
work >ubwuclures. >U<h de•criplions are ¡;enerally long 
and complical.ed. Thcre i• also rcnson lo bclicve lhal, given 
lime, dcsigneB O( neiWOrk dalubasCS Wilf produce enough 
inlricale melhods o( slorin& infortruUion implicilly lO ex• 
huusl any sel of clcmcnlary opcraliuns. 

Followins our an;~lu~y. il has been f~>und lo be cxlremcly · 
dimcull lo generalize lhe clomenlary opcmlions or high
lc:vel query sys1cu1s lo network dulaba~es. 11 The ch:mcl\<' 
lary opcrations aprroach lo devclopin¡: a qucry sy•rcm Cor 
nFlwork dalabases 1enJ• lll be lcu pllwcñul ond much 
more cumbersome than its hicr.t.rchicat counterparts. la 
.general, lh~y 1uffcr from 1he samc problcms CÍicd ahove
limilcd allo~<·able in pul Ml'\lclures, ovcrly complex· spccili· 

··calions. amJ diftícullics with link rccords and othcr implicil 
inforrnation stor.asl!' tcchnique~. Thc hi~h·lc\·cl acccss p;.llb 
appro;ach lo fC!tlfUCIUt-ing g.JCW OUI of UIICmpiS lo d~vclop a 
rcslructuring :ur.ucgy more suiled to nclwork databases. 

THE ACCESS PA Hl AI'PROACH 

follo~·in~ thc currt:nt lrcnd (n host langu;:age dalabasc 
syslems which pruccH lhc OL"Iwork struclurc darabascs. we 
chu.e lhe hish·lcvcl "¡occcss p;uh" appro;och lo re51ructur· 

RcslruCluiin¡; Nelwork I>Jial¡nse• SO) 

lng. The aourcc dalilhaKC is viewcd •• u b<><ly of lnfori'IUI· 
li<>n, sume ,.r which i• rcpr=nl<'<l c'rlicilly hy"'lata, anJ 
somo of which i• rcrr<•<ntcd implidlly, te.,' may be 
in(errcd fmm lhe dala. SimiL1rly, lhc largel 'o.lalat-nl\C ia 
C't.lnsi&lcrc:d hJ C'unlain a suMcl uf infttrmJiittn rcprncnlt\1 

. by lhe sourcc; thi• .Jala is crca1cd fr,,m inf,Jrmalio~ p~ 
vided by lhc source ..Soll~. Excculin~ a fL"slruL·ruring: tmn._ 
formation,' lhen. i• simrly lhc rn><•'" uf .......... in& lhc 
source databa!-.c 1'1 ohHain thc inrornktli\.ln nl!.:dcJ ro crc¡¡tc 
thc targ.ct Oalotb•tsc. antl siUrin¡; il :u:L·urdin.c lo thc tar¡:.tl 
lugicnl srructurc:. Thcrl! íar~ num~n,us L"On!~ot"'UI:ncct o( lhis 
¡¡ppro:ach. fqr tlnl!'. n:s.:urch in n::\lru~tuling sp.:cilic.aliun 
lums.loward lhc dcvchtpm\!'nl ,,( rcstrut:turing spccificario~ 

. l•msung~.:s bascd on lhc ctm!.!cpts of accc~!li stnilc,ies und 
.. teclion crircria. Sincc lhis urca b closely rel;ucd lo query 
languil~e devcl~>pmcnl, ccn¡oin conccpls fmm pn:vious re· 
search in lhis area may be u1i1izcd. A !tc~ond consequc:nce 
of lhe 11CCCS5 palh uppmach i, 'manifesl in lhe DCIUaJ 
re>li'\ICluring al¡¡orilhm ~cvcl~>pmeni. Rc>INClurin& l<ch
nology lums toward lho ~~velupmenl of algurilhms whic:h 
dficicnlly and c.\tl.lu:..tivdy ~ccc~~ 1he !\Ourcc do1tahue and 
pcñorm le•l• upon lhe dala. (ullowin¡¡ tXIcmally lpccilic:d 
accrss .:trategies ••nd lc!iol (rilcrua. This is U r;¡dic:1t change 
from lhe clemcnlo1ry up~rati,1ns appn,:.ch \lo hich tends lO 
devclop low·tevcl suhruulin ... ~s. 

The mosl imponanl C\ln~cqu-:nce of"this approach is th.it 
it produces poweñul gcntr.Jii~e.J n~l"''r\;, rcsrructuring ~· 
pabililies. Since rcstructurin~ is vic\H"d a" nn orer.:llion 
which aC'cesses informaliun {luthcr than m.anipul:alc-s data). 
the approach is unaffc.:lcil hy lhc lu~i.:al 'lruclun: o( thc 
dalobasc. Thi1 indcpcndcnce (rom lhc logical SII'\IClUrc 
insures thal essenti;•IIY any u;uahase is a v•liu c;ondidatc for 
rcstrucluring, n:gardlcu .,r lhc comrlexily of lhe logical 
srructun: (hicrarchicill, n.:l~<'drk. ele.). Funh~rmorc, source 
'and lurgellogical structur~s n<cd nor.:vcn remotcly rcsefD<o·· · 
blc cach olher •ince thc lar¡:el is dcrived rrllm in(ollrullÍon 
provided by 1he s~>urcc r~lhcr than frllm lhc •Óurcc slruc· 
tu re ilsel(,: Also (unlike lhe elcmenlary opcreúona ap
proach), implicil infllrmalilln llliiY he: c•lrJ.:ted and n:slruc
tured as easily as ••rlicil inrormalion las In Figure 4). · 
Thus, explicil infllrmilliun may become implicil and vice 
versa. 

Finally, the syslem i• inhcr.:nlly simple, Auuming lhal 
thc uscr has sorne familiilrily wilh Li;<lah;,scs and appli<:a
lions. a reslrucluring spccificnliun lan.uage ba.~~icd On oppli-
cation·oricntcd conL·crt~e such us ~cess str.,Kc~IC"S and 
scl~clion crilcrin should he .:a:..ily undcrsh•OO. Furth-.:rmon:, 
sjnce ull reslruclurins opcr.ui,,ns art- cxprt:s!tC'd as il.r\)f'Ul.fl
lion iltcessing probl~ms. c,•nfusion does ntJ« signi(k.:anlly 
increase as lhe cumpfc.\ity Hf lhl! r~rruCturing lr..an~forrJ\ól-oo. 
lion increasc:t. An itl~urilhnl Jcsi~n.:d lo carry ool lhis 
proccss is a1s~ simpl.: ¡¡nd th~rdurc-. slrai~hlrnf\A·;¡rd an4 
depcndable. All rcslruclurin~ is pcñllrmcd in an iJcnlical 
icqu&:ncc o( siL•ps, r.:¡t:.~n.Sh:5~ of lhc p;anicul0.1r lran~forma-
lion: (l) cxhau,rively iiCC~u lhc ,;.>Urce ~ala uccordin& lo 
lh~ nc:C'ell t~clnculluna. (2) t~1tr c:iu1.n bu!\~:d un t.elcC'tioD 
crileria. un<!(.)) ~real.: l~rgcl rc~.:onJ Llecum:nccs cunl<.~ining 
lhe relevan! dala, Fur a mure comrk1e di\Cu-.ion ·or lhc 
lhcorclical (uundalions oC lhi~ appr".ch, S.: e R<fcrcricc 13. 
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NETWORK RESTRUCTURING LANGUAGE 

Arcliilt'clure 

Thc archilcclure uf the Nctwork Rcstructurins L1nguagc 
is bascd upon rhc high-levcl spccificatión of ncccss palhs. 
T'hc ·m;,¡jor componenls or ahe languap.e describe acccss 
~lr:th:(!ies ímd 5clcctiun crileria. Acccss stratcgies are de
!'.crihcd usinp. :tn ót~ccss pt~th ·slatcm~nt which !ipccilics· thc 
¡r;¡vcrsal schcnlC. n.:quircd lO obliiin dala for CUCh lnr~d 
record rype, Thc sdcction crilcria cstnblish'cs the 50UJ :•· 

1 :~nd, indircctly thc rnrgcl) data rcquiromcnl>. 11 woul.i . 
hcyond rhe seo pe of rhis papcr lo describe the NRL in·~, • 
<klail. A complete langu:.sc spccificalion may be foÚi>.· 
J(cfcrcncc 14. Howevcr, lhc majar points of lhc laru;u..\• . .
will be dcscribed. 

Thc NRL is csscntially a block-slruclurcd langunge in 
which c;och "hlock" contuins a sinr,le 11/r¡:~l r~rt~rd slnt~· 
IJI("nf. Thc:rc: is onc lt~rget. rCCard statCmcnl ror cae ti reCord 
rypc in lhe r:orr,cl d:otabase. This Slructure rcRects .lhe 
ucccss pillh :1ppro:och for lhc fuliowing renson: cach largel 
record typc is cunsidcred lo represen! a cenain quanliiy of 
infurmarion which may be ohraincd "from the sourl:e data· 
1-mse: consequcnlly, ea,ch targel record dcscriplion contains 
a he sp~cific~llions for the sourcc dat:~bnsc nc~cs!iiin{! scheme 
a< wcll "' lhc •clccrion crireria. The second level of 
'lrucrurc in·lhc NI(L is the 11/~¡¡rt ut llnl~mi-nl (si:e Figure 
5 for the NRL slruclure). Each tnr¡¡et record slatemenl 
includes une or more tar¡¡cl sel slntcments whkt. idcnlify · · 
lhc s.els of whi.:h the targel record typc is a mcmber. The 
lhird lcvcl uf N k l. struclure is lhe llt'C<'SS pnl/1 sltltrment. 
·n1c UCCC>S palh >lalcmcnl specifies exactly hOW lhe SOÚn:e 
locical struc1ur~ is to be lr.~vcrsed in ordc( to obtnin the 
inform;uiun ncf..·nsary lo create un occurrcncc of thc targct 
record lyp.:. Thcre may be inany individual acccss. palh 
•lalemcnts-onc ur more for each targel sel slalemenl
~incc th..: infurmaliun which cuntrihulc!i t.o lhe turgcl recOrd 
rypc may cume from scvcral diiTerenl soun:e record lypes. 

TARGET Rf.CORD STATF.Mili'O" 
TAKC,IIT SET ~TATI~MHNT 

At't'I;SS PATH ~TATI(MEI'tf 
. NEW TAHGET ITf.M s'TATF.Mf.NT 
SOUIH"t-: Nt-:CUKD STAl'EMUNT 

IIU>t C,/UAI.I~ll'ATION ''TATF.MENT 
ITEM ASSIGNMI(NT ''TATEMENT 

• 
• 

SOUKl"~ Kf.COKD STATEMENT 

• 
• 

Al'CESS rATII SfATEMF.NT 

• 
• 

TAHüH SH SfAT!iMilNT 
• 
• 

TAKCiE"'!" NECOKO STATEMt::NT 

• 
• 

There are lwo typcs ·or NRL slatemcnls atthe founh lcvet 
of structure: lhe n~11· 1n111~111~m ll<llml.nl,-·and lhe lourrr 

. rtC'IIrd ""'''mmt." Thcrc may be zcro or more ncw· largiet 
item statcmcnts for. cach acceso patb Slalemenl, Such ·a 
•Statcmcnl indicales ~ largcl hem which reccives a conslanl 
vulue each time a t~rr,et record occurrcnce il conslnrctcd 
using lhe specificd pccess path. Since o~cess paths indicatc 
struclurc in the source datnbasc. lhe new llcm .Sialcmenl.ls 
use fui "·hcn . .informulion represented >cmnnllcolly In the 
source srructurc is convencd lo actual data values In lhe' 
larl_!ct ~tructure. . . . 

The second NRL slalement al lhi: r~.nh level of struc." 
turc is the SUI/TC'~ UC"Ord IIUICin~ll/, The SOUn:e record·. 
stalcment identifies the sou~ rccord(s) on lhe occcss path : 
which will be uscd in lhc creation of a larscl rceotd 
occurrencc, lo obtain ilem values and/or lesl lhco ~u~c 
dala. There may be one or more source record slalements 
for ench nccess palh stalemenl since daia may be obtnincd 
or exnmintd from severdl .differenl sounie record lypcs, ' 
Funhermore, eueh source record type may be opllunally 
nssigned an .lndrx<"nllmb~r. The indcx numbcr ls used to · 
idenlify uniqucly a sorirce record wilhin an occcss padi 
which ··cycles" or '"loops" back on · ilself. such lhnl lhe 
samc soun:e record ly¡>c ~ppean more Iban. once. Finally. 

. there are IWO statcmenl lypes al lhe fi0h and final level of 
NRL ~lruclure; thcy are callcd the ltrm qllal(/irarioll stul ... 

m~nt. 'and the il~m nssiRimr~nl stnt~mrnt. Jlem qualifica. 
tion ~~~lemenls are used 10 eslablish lhe seleelion criterio 
uscd ·in l~sting lhe source dala. Consequenlly, one may 
specify a constan! valuc lo be compared againsl a source 
ilcm value which will determine whelher or nol a lilrr,et 
record occurrence is lo be crcatcd using lhe cum:nl sel of 
sourcc data. The item assignment slalement is usedaciually .. 
lo oblain lhe source ·itcm. values ond assign lhem lo lhe 
propcr lar¡¡el ilems. · 

11 should be notcd lhal lhe. NRL docs nol exptlcllly 
. describe the logical structure of cilher lhe source or largel 
database. Thc "Michigan Dala Trunslotor oiÍialns'o¡ipropri· 
ale deocriplions of lhe source· and · largcl dalilbascs lnde· 
pcndcnlly of th~ rcstruciUiing specilieallons. Thc N·RL 
thcrcforc. describes only the informullon relcvonl··lo thc 
DCIUnl tr.ln!\form:lliun frtim soun:e lO .largct, Dnd aslumcs 
lhat lhc logical struclurcs of. the ·dalabascs have bccn 
prcviously dcfined ond are ovaililble lo lhc Reslnrclurcr.: · 

.... · ... 
An NRL rcstTII<'IIIfin¡: ~.rumplt! 

The NRL exumplc has becn cho..:n lo illuolrute .the 
c¡¡p¡¡hiliry of thc hln¡,\uage lo specify rc•tructuring cap.ubili· 
lics which may not he rendily clnsslficd in lcrms uf hierar• 
chical slruclurcs or cl~mcnt..,Y o,.irulions. The uamplc 
ÍnV,liYc!\ thc cxtnu:linn uf impticil inr,trmulion from Q n~F 
Wllrk ••ructurc und is lakcn fn1m Figure 4. This examplc ls 
r<pniduccd in Figure 6 for cunvcnlcncc. n., NRL.requir.-..1 
lo oaccomplish lhc necessary 1r.1n~formulion fs docun1cnh.-.J. 
in Figure 7. The form uf lhc · NRL bus bo:en .simpliti•-.1 
sli¡;htly f<>r ch1ri1y. Thc: block stru~lure of lhe l;lngl!a,;.:.may 
be ·easily obscrv•-.1. Bc~ausc 1hcre nrc _lhree lat'G\'1 rc.:onl 
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I)'J!CS, therc nrc: thri!C lm].~t record stalcm~nts. Slillcment 
'11! hegins lhe N RL dos~ription for targct record 1ype 
PERSONS. Sincc PERSONS is 11 mombcr·or only one sel 
(frum the systc:n acccss lcvcl) thcrc· is only onc largel sel · 
statcmcnt ( #3). St:ltemcnt #4 specifies thc S<>urce nccess 

, path lO he u sed lO locale the datH OCCCS.UrY lO crcate lhC 
'tar¡:ct record l)'pc. ACCESS PATH=PEOPLE tPER.' 
SONS) descrihc> an accoss p;ith fmm thc sllurce SYSTEM 
nodc '¡¡long set PEOPI.E to. recorJ lypc PERSONS. SWte·. 
01cnt #5 i~ ah·e sourcc: record slatcmcnt to inJic;.Ite • thnt 
~.,urce record l}'pc.: ·PERSÜNS · i~ to be uscd lo obt.nin 
inCormation. Statcm&:nh #6 and IJ.7 nre i1cm nssignmcnl 
SIHlcmCnts which inJicatc that thc: vulues in source ítem 
trpcs "name'" and ··sex"' aro lo be ussicned to the largel 
it&:m l)'pes ''namc'' und .. séx. ,.. · 

11 NRL 
. 21 TAROET RECORD PERSONS 
3) TAROET SET PEOPLE' 

·ReKiruclurinc Nelwork Dalub;¡scs 50$ 

· The NRL dcscripliun ror the ~~Ccund reconl lype; 
ORANDFATHI:RS. hc¡¡in' with stulcmcril #8. Aa beMe. 
lhcrc is unly une lar¡¡cl scl st;ttcmcnl ( 1'1) ~ausc lhc 
record lype is a mcmber ur only onc ·scl tGRANDs·.:n. · ' 
Slóllcmcnls #10, # 11. and #12 sp..;,:iry tbc oourcc uccc•• 
palh lo he used 10 uhlólin lhc desireJ infunnalion; 'This 

. acccb stmtc&Y may be summariúd as fttllows. Thc I.JNK. ·. 
record typi: in lhc sourcc: rruldcls lhc rclótli<>n bel»·ccn ·. 
parcnts anJ·childrcn. Givcn a p:•nkular PE,RSONS rec.ird ... 
occurrcncc. onc may ucce .. all of hislhcr parc:nll hy uslns : 
thc sol lypcs PARENTS und CHJLDRF.N in cm¡jun.:llun 
with thc Ll N K rccurd lypc. Onc aimilar1y uhlaln• ··uiJ 
~r.tnJpnrcnts llf a pcrsun hy 3CL"1:Ssing aiJ p:m:nls O( p:!r• 
cnts. lñc acccs• puth sl:tlcmcnl on lines #lO. #11. und #12 
describes lhe csscncc ur lhis stmlegy: use sel PEOPLE 10 
lhc PERSONS recurd lype, lben 5Cl PARENTS to .lhe 
LINK record lypc, lhcn scl CHILDREN b.~ck lo lhe 
PERSONS record lype. lhen acl PARENTS hllck. lo lhe 
LINK record lypi:. und fiMIIy. sel CHILDREN tmck IU lhc 
PERSONS record lypc. Nulice lballhe suun:c recoRt,ly¡Íc 
PERSONS is used lhrcc limes in !he access pulh spccllica· 
lion: once as a person. once as a paren!. nnd once BS· a 
gnmdp:~rcnl. Consequcntly. lhe soun:e record aui1emcn1 
( # 13) must indicate which suurce group PERSONS li lo be 
us<d. Sincc the PERSONS record which represents:grnnd· 
parcnts is thc finh record on lhe accc•s pmh. JNDEX•5 
makes thc neccssary dislinclion. Stalemcril # 14 ls ·an iiem · 
qualificuliun statemcnl which ls uacd IU aclecl onl)i maJe 
grandparenls lo yiold grandfalbera, lhc desired tarset reC• 
ord lnronnalion. Statemenl # 15 assl¡ms ¡he value ·in lhe 

' sourcc item.lype ""Mme" lo lbe largel ileín 1ype "name." 
11 should be clcar llml ihe lllrgel record lype PARENTS 

:: 
41 • ACCESS PATH • PEOPLE tPF.R''''"H. 

. 

'1 SOURCE RECORD PF.RSUS•, · 
6) NAME • NAME 
7) SEX • SEX 

1) TAROET RF.CORDORANDFATHERS 
9) TARQ¡,"T SET ORANDS¡,"T 
10) ACCESS PATH • PEOPLE tPF.RSUNS). PARF.NTS CUNKI. 
11) CHILDREN IPF.RSONSI. PARENTS !LINK).' 
121 CIIILDREN tPF.RSONS). 
13) SOURCE RECORD PF.RSONS. INDEX • 5 
14) SEX QUALIFY IF • 'MALE" 
15) NAME • NAME 

16) 
171 
11) 
19) 
201 
21) 
221 

TAROETRF.CORDPARENTS 
TAROF.T SET PARS¡,'T 

ACCESS.PATH • PEOPLE CPUSONSI. PARENTS !LINK), 
CHILDRF.N CPERSONSI •. ' . 

SOURCE RECORD PERSONS, INDIDC • J 
NAM¡¡ • NAME 

.. SEX • SEX 
lll END NRL 

.. .· 
Fl¡u,. 7-NRL l~<lllloo 



S Oh N~oti..mal Cumputcr Cunfcrcncc, 19n 

¡,. ctcatcd in u manncr •imilar tu lhnl of GRANDPA· 
THEI<S. cxccpt tlmt the uccc.sins >tmtcsy l• •implcr nnd 
no t~dct.:tion critcrion i~ rctjuircd. 

CWERATIONAL SOFTWARE 

Ti11.!'rc ar~ b;tsic:úlly lw" tlppwou:hr:s to implr:mcniins che 
;¡.¡IJlth::\ uf •• dala tro&n!'lloahJr: ~~ncn1tivc amJ.inh:rprelivc. In 
dn: !!l.:'ncr.,ti .. ·~ ;¡pptt)ach co1t.:h muduh: ¡!r:ncr.alcA an objccl 

1,r,l1!r:iln which', wh~.:n cxcculed. pcñurms eh~ desircd func
lillU ~,;f lli.: Jata ai·:~n:-.l;uor. Thc mJv;mlill!C o( thh; npprom:h 
" that dlidcnt onachine cooe may be ~cncrulcd fur each 
.•ppli~.·:uiun or fun¡,;otion. This cfficicncy mny be= irrclcvnnl, 
ht;wcvcr. · ~incc ~r:111sfurm;11ions urc rnrc:ly exccutcd. more 
th;o~J unce. Thc uisadv:mw~e ur lhi• nrpro:teh is lhnl IWO 

pll<LSC/'Ó tcuJc L~..:ncratiOn und module cxecution) n~c rc
tjllif'cJ 10 univ.c M lhc final rcsult~ 
. Thc intcrpr<tivc :tppruach cunsi.rs of a lnblc-drivcn pro

l!'oun thal i~ ;,pplicablc lo.ull pP.llenliullnm:¡formations. Thc 
uisauvantage uf Ibis apprua.:h is lhe pUNSiblc inefficiency or 
u l!¡;n.:nal purpusc inlcrprclcr. Huwcver. thc: program ia 
c:o1~ia In ua.dl.!rstand and llebug. 

Owrall. !he ha sic dcsii_,n objcclivc uf lhc Michlsnn Dala 
Tr;¡n:\lalur ¡..., "' pruvic.Je.an opcrulinn:•l :tiOOwure systcm for. 
JE:mlln!'llfilling. l.:~tin¡;,, nnd validatin¡:. rcseurc:h reRuhi on 
¡:E:u¡;r;.&li::.~LI i.bta aro&n~lalof •• The primary Llcttign gufil for 
&he H.c:aruo:1urcr mi>Julc is lht: incorpom~ion of ge-ncrnl 
ndwnrl.: (c:.lrucliJrin¡;, coap:1bililic~. 11 Duc IU lhe proiOl)'p: 
n<•lurc of liJe- l.t. ... k, and to reduce lhc implcmcntution lim,: 
:•rul L'LLII;;n;:e 1lu: c>.pcrimcnl:ttion ¡md vuliúalion cfTort. lht· 
simple.,¡ auJ mu~1 ~lraichtfuÑ·;mJ nl,l!orithm wus seiecled. 
C\lll!\l.''l'h:nlly. lilllc cmphouds \\'n~ pln.:..:d on exec:ution 
<flicictocr. l:fli<:icncy d~vclopm~nl wus len lo ruaure ver· 
~iuns of lhi.! Michi¡;_O&n Dala Trnnslnl4lt. 

'l'lw ,J<.:isi<>n lo U« nn intcrnnl DBMS as nn implementa· 
1iun h>ltl was nwdc carly in the dc•ign proceu. la"renects 
thc "nL'~o.·J fur ail cnvirunml.!nt in which system tuhles nrc 
:-.h:II·L!J hy lransJutor mmluh:s, ilOLJ chun~-: U0Cn iri sizc Ond 
compiL'.\ii.Y· In aJJi&íL'!J· ttin~;c thc Mh:hip.an D:11n Tmn1dator 
wa ... J¡;v-.;l~~r¡;J in ;, rCl'ICi.tn.:h cnvirunmt.:nl. lh..: 1nllh: dcsi¡:na 
th...-m.'idv.:s "''ere l'iuhjc.:tlu chan11.:. Th~rcrurc. sOm.: &Jcsrec 
o( ..:cnlmli1011inn, inlcl!rity cunlrul. o¡nLJ &.l:alu lmJcpenllcnce 
for l<l)' ... tl.'m l;&hlcs wt~s clct~rly ncccs~ary. The tnanshstor uses 
. ·1/l/l.l/.1'." DIITG·IYI"-' DUMS dc,·clnr~d :tllhc Univcnily 
nf Mt<hi~an hr lh~ ISDOS l'rqjccl." All datal>nsc&, e•ccpl 
lh\! "-l'Un.:c omJ tart:cc. Llalah~,s~~. are ADUMS ll:llab~5C'1. 
Thor :u·c m:onipul;dcJ hy ADIIMS "vcrbs" which luke lhc 
fl•rm l)( M&hruulinc calh. · 

. '\uulhcr Jc!'li1!11 J~.:ci.-.ilHI h, provh.k 1!~nc:rality anc.J to cnsc 
lh.: f.:lllllJ·Ir.::..il}' u( 1h.: Hc:-.lru¡;lurcr'" imph:mt:ntntlon re· 
:o.uii.:J Íll lhc J-.·v,;}.,p.na:nt amJ u:w: ur un inlcrnal data 
(orm.=·'1•11 As !'IUiunJ:HilL'LI ..::&rli~r.lhc JtcuJcr muJulc in thc· 
~fi.:hig:10 Dala T.-:,u:,r;,h'r ;,~.:t;C!IISC!t thc liuun.:..: dollahase and 
..:unvats it iulu thc inli.!rnal formo11 callc-.1 lhc ,._nun:c Re· 

. 

struclurcr lnlcrnal Ponn-110urce RIF. In nddllion to ni:lln· 
lainin~ ahe lo¡ticnl slnlclun: o( th,c aoun:c d:tlabaao, thc RIF 
d:ttaha•c has nddiaional •Y•Iem uccesa oels lo every record 

. l)'pc which f:~cllilales faslocccss bylhc Rcstructurcr. 

R .. lrudun:r algorllbm · .... 

Thc ru'nction o( lhc Reslructurcr algurilhm la lo provido 
' nllrhe re•trucrurinll ca¡mbililies discusi.:cl in lhc nrsa purt or 
.lhis p:tpcr. Since ahc Rendcr nnd Wrhcr modules isolnle lho 
R~slructurer from lhe sourco nrid lnr¡¡cl dnlabuscs, ·lho 
Restrucaurcr nccd be lnilored unly lo handlc. RIP datnbases. 
The RcstruCiurer, thcn, ls eucnlinlly on ADBMS-'sXcinO 
datn trnnsl:tlur und is dirccacd by the contenta or the ·NRL 
uiblcs. The tiasic cycle o( lhe Rcstructurcr is divi4cd inlo 
fivc phases "" indicnred in Figure 8, 

During lhe fina ·phase, TnrBCI Control, lhc Reslruclurer\ 
determines lhc nexl .acp In ha aravenul of lhc IW'gcl lo¡¡ical. · 
·sarucaurc. Thal ls, a tnrset acllrecorcl pair ls sel~ctcd for · 
consarucaion, al•is a currenl access pnah to direct lhc 
conslrucrion· process. The puths lhat thc Restruclun:l'.takcs 
in lr;tvcrsing lhe· tar¡¡el datnbaac ore callcd "constructlon 
rarhs." Th<y nre defined implicilly by lhc TARGET SET 
nnd TARGET RECORD slnlemcnh supplh:d by abe uscr In 
his N RL specificaaion. · · 
. Dupns rhe SouR:c Acccsslng phllSC, the Restructurer 

INIT .' 

t 
TARGET CONT~OL 

t 
SO URCE ACCESSII\IG 

t 
QUALIFICATION 

* 
.. 
.. 

' CONSTRUCTiON 
'· 

• . .. 

.. 
LINKING. 



J<t<rmincs 1hc ncXI Sic¡> in ils lrnvcn<al of lhc: •ourcc RIF, 
;J' indico•lcd hy lhc¡ currcnl acccss path. In csscncc, un 
J"'""·css path. is :• conlinunus lisc'ur SL)Urcc rchalions which 
¡11 Ji.:atcs lhc loc:otiun in lhc souree' uf infurmaliun requircd 
·lt, crt:alc: a IUr&cl iristancc. . 

The purpose uf Suurcc Acccssin~ is 111 c:xhauslively 
, ,·:orch for c:vc:ry polcnli;ol largcl record occurrc:nc:e lhnl 
.:;.luid Oc crcutcd from lht: record& on lhc sourcé ucCC55 • 
rJlh. Whcn a ncw rccun.J ~~currcnce Í5 (&lund. thc Rc:,.truc
wra cr1tcrs lht: Qu:•lirico•tiun phasc. Jr nunc is found, th••• 
¡~. whcn thc oacccss p011h hoas becn cxhaustivcly cxamin~d. 
liu: l<r:!'lotructurcr relums lO lhc Targ:el Conlrnl rh:ase. 

11 is durio~.thc Qualificuliun phusc lhal.lhc Rcslruclurcr 
i11•rlc:m¡;nts lhc: u:>cr"s ··sclcclion criccri~. •• Thc sourcc 
ll· .. ·l•rd occurrcnc~·s on 1hc currcnt saun;c:nccess path. are 
h.'trieVcd :uuJ &111 sp.:dlic Íh:ms to. be qunlificd are tested 
·~ainsl lhe valucs . spc~ifi"d in lhe NRL. lf t1ll of lhe 
vecuncnces pass, tl1c Restructurcr cntcrs the Construction 
phase. Olhcrwise, lhe Kcslruelurcr relums lo lhe Sourcc 
Acce»ins phase to lind nnolhrr nccess pnth. · 

Doring lhc Conslruclion phase, sourcc record occur· 
rcuccs along lhc ·currenl ncccss path urc rctricvcd. D-.1ta 
irems are extracaed, convcrsions are pcñormcd on thcm Bs 
ncccssary, and lhcy are s1Üred · inlo ·a ncw lalllel record· 
occurrcnce. 

Thc Lin~ing pha'" is lhe mosl complex ·phase in lhc 
R«tructurer cycle. llasic:tlly, its job is lo· corinecl. lhe 
ncwly crcatcd targel record occurn:ncc on all appropriale 
""gel sois. This is no simple task becnuse: · · 

l. al hny given momenl, all polential p:.rcnl record 
occurn:nccs may not cxist. ,. 

2. 'u. record occurrencc may be incoffiplctc because it 
may obiain panial dala fium cach o( severa! accéss 
palhs. 

During Linking, 1he Reslruclurcr relies on user·specilicd 
primary kcy itcms for delcrmining whrlhcr lnslanccs are 
unique. Each lime a.largcl record occurrcncc is crca1cd, lhe 
Reslruclurcr mu•t check all lhe rccords in thc record 1ypc 
and compare: kcys ·wilh lhe ncwly crealed record. As may 

· be obvious, lhis is nol cfficicnl, bul is necessurj ¡;iven 1his 
¡>articular implcmcnlalion. U pon complclion of chis phase,. 
control is rc:IUmcd 10 1he Targcl Control phuse. 

R~strui:tur¿r implt>mt'ntaJion 

The Rcstruclurer wa.s wrillcn primarily in ANSI FOR· 
TRAN lo simplify cooing and maximizc pro~r.1m ·punabil
ity. Jo ¡¡ddition. sorne routincs \\ere: codcd .in .. asscniblcr 
l:tngu;•gc to p~rform spccialized runctions nu1 casily accom· 
plishcd in FORTRAIII. . 

Approxirnaldy ~000 lincs of FORTRAN codc wcr~ re• 
quircd lo implcmL·nl lhc pruhll)'fl\! Rcstru~tl•rcr. 11 mn in 
fA)~{ worc.Js tUl a JúJncy\\·cll HllOOO, :anc.J rc:quircd npproxi· 

•olcly 10.1.00 CPU .econds to conSirucl a t~rsel RIF 
d;¡l:tt"la"sc cunl;•ining :!~00 rccurd uccurrcnce~. un avcr.1g:c o( 
4 sccondslrccord. Unfonumllcly, lhe Ro~lruclurcr's execu-

Rcsllueturing N.:twurk Dut¡tbasc:s S07 

.li~n lime 1vns found lo he ¡>R>Jl<lrliun:tl !11 1hc oquarc of lhc 
nu01hcr of l:tr&cl recurd •..:curn:nccs, rind un uvcr.¡¡:e of 

. rsoo sccund..,rccord was prqjceí~.r fur ulur¡¡cl dulurosc of 
·ISO,OOO rccurd uccurrencc:s. 

SUMMARY, PRODLEMS. ANO CONCI.USIONS . . . 

Two apprunchcs lo lhe cnn>trucli•;n of rcslr\"lurin¡¡ Jan" 
{!Uil¡!cs und soflware for nctwort · d¡¡tahusCs hav_c b..:~.:O 
prescnlcd. Thc dcmcolury opcmlillns ¡¡pp·r.,itch, allhou¡:h 
cff~live whh hicr.archical d:nah¡tocs. ""•~ nul cxlcnd wdl ' 
lo nc.lwork dulaNtilcs. The iu.:.:ess pmh upprouch. In whiclt 
ull source s1ruc1urc• ure lre'llcd in lhc sume way, is 1)11li'C 

nnturolly sui1•.:.S lo cumples nclwork 1mnsfurmu1ions, an~ 
· ¡Íoweñul reslrueluring cnp¡¡hilille• un: 'Ubl:tincd. · ·. · 

A Nelwurk Rc•lrucluring umguu¡1.: (NRL)· bused on )he 
·high-lcvcl spcciliculion of acc • .Sa pulhs wus d~vclupcd~ h ii 
es~entially non-proecdun>l. and ils busic conmucts-access 
palhs and selc:ction crilcri~re f~iliur lo users of:nel·. 
work dalnbases. These fnclors hclp lO mukc il gcncmlly 
user·fricndly. . . · 

The archilcc1ure uf nn upcrnlionul NRL..Irivon Reslruc· 
lurer was discuued. The lnlcmul DBMS 'used ns nn lmplc· 
inenlalion 1ool proved vuluublc in lhe 'onsiruction Or 1he 

· Rcs1ruc1urer. lt nllows lasl·mlnule .J.:sign chunges lo he 
incorporatcd easiJy·und provldes 8 faciliry fur tunill8 inlér-
nal dlll8 man:~gemcnl.· · · 

Expcricnce wilh lhe Rcs1ruc1urer has rcvcnled IWO ""'ior 
problems. Firsl, us no1cd above, cxcculion efficicnry was 
nol a primory eunccm in its dcsign. 11 was expeclcd lhnllhe 
prololypc Rcs1ruc1urer would he al<>w bul pmcllcallo use, 
and lhnl c)liciency cnhancemcnls would be buíll inlo subSe· 
qucnl vcrsions. Unfonunnli:ly. cxccu1ion lime was prop(ir· · 
lion81 lo lhc square of thc numbcr of che lurgcl rccoti:l 
inslnnces. Thc corc of lhC pruhlem wai lhc aJ&orilhm' 
choscn for lhe Linkin11 phuse oC rcslrucluring, whic:h Jj:d 1o 
8 vcry lalllC (approximutely 3000. FORTRAN sllilcmcnls), 
very · slow Linkcr module. · ' 

Sccondly, nhhiiU!lh lhc conslrucllon of largcl ri:cord 
lnslnnces was casíly spcciOcd in lhe NRL, lhe means by 
which largcl se11 wc:rc cslablishcd WIIS :quite o¡Íaque. In 
facl, il n.quircd a us.:r writlng NRL dciiCriptions lo undcr
Siand ccrtuin fc:~lurcs of lhe Rcs1ruc1urer nl~orilhm. This · 
diJliculty cumpromiscdlhc NRL;sclaim to nlln·proccduml-
ily und uscr-fricndlin.:u. · · · 

8oth uf lhcst.' pruhlcms havc hccñ com:ct,•d in u sctond 
vcrsion of lhc NRL nnd lhc RcslruClun:r. Thc rosic NRL 
S(<UClUI'I: rcmains unchnn~cd aJthllUSh uc.'ccs• p:Uhs are no ·.:·: · 

"lonscr requirc.r lo he slricll~· lincar-lhey 'muy. be trcCo: .; .. · 
s1ruc1ured-and scls are explidlly cslahlishcd.in u way 1h:it .· · 
complolely hidc• lhc rcslructurins ulgorilhnf fn•m lhe uS.r. · 
Chans•• in lhc Rcs1ruc1urcr's. ul~orilhm und enhancemcnls · 
lo ADilMS, which mainlnins 1he •ource. und lari;cl dala-· 
bases in lh~ii' inlcm¡¡J furms; hove lu .. ·ered execuli<ID lime 
lo n .linear funcli•.•n uf lhe sizc of 1hc llt'l!Ót. d:~lahase (wilh 
wh:u appears lo be nn acceplablc slupc). The rcader is 
rcfcrrcd lo Rcfcrcncc 13 Cur lhcun:licul dcl¡tiJs · of · 1he 

. l 
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SOS Nalional Compulcr Cunrcrcncc, 11177. 

•ccon.J vcrsion. on.J lo Rcrcrcncc 18 for uangc-oricnlcd· 
dcluils. 

Wc rccl juslincd In cnncludinlllh:•l. u•inB lhc neceas pulh 
npproach. il i• pns•ihlc In huild prnclfcul. I!Cncml·purposc 
rc•lruclurin¡: srccinculion b.n~unpc• nnd rc$lrucluring soft• 
wurc fur nc1wurk d:11uhusc•. Howcvcr, sincc rc51nacluring 
involvcs lhc c~huu•livc 1rnvcrsal of lhc sourcc dalohasc
wilh MlffiO ur ull ur lhc KUUfCC <h>IU IICCCSKCd I{IIIR)' lfmel
as woll :as lho compiclc conslruCiiun uf n lursc\ dalubase, lt 
is an inhorcnlly slow pruccu. and •crious nncnliun musl be 
p:aid lO ~ rcslrUCIUring syslcm's c•cculfon emclcncy, 
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IHliROUlfCTIO~ 

IB11 
K, Ecnt . 

Cenero! rroducts Olvlolon 
Palo ,\lto, California 

The sioaplifyln¡ assWDptlons1 ftilq 
ontltlos •. nd relatlonshlps In d•t• 

don't always hold in.-r~a~~· ,· : 

' \ ' 

11 

A oaotaago to mapoaokors: hlgh~ays are not palntod red, 
· rlvors dan't hove county linos runnlng da~n tho •14<1.11, 

And you can' t seo c:oa.tour lines oa ·~ 1\ountain. 

j ,. 
fof,¡ so.me tima now my work ··has · concern~d tha represent:mtlon of 
lnlormatlari In camputora. The wark has·lnvolved such thlncs as Clle 
orf.tnl:ations, indexes, hierarc::hical strut~ures,, net"·ort structures,· 
ral'atlon•l·"odols, and ao an. ,\f~cr a ~hile lt dao'Tlod on · 11o.that 
thc:•• are all jusc maps, bclng paor ~~qp¡:ial · approdaaUons of 
sa~c real undorlylns terraln. 

rJelo structurcs glve us usoful ways to deal wlth l~for•atlon, but 
thct don't al~ays flt natdrally, and so .. otl~•• not at. all, Llkt 
dlffercnt.klnds -af mapa each klnd of atr~cturc has les atronstbs 
lnd \weaknessos, sarvlng dlfrerent purposu, 'and appeallns U dl'ffn·. 
~nt ~eople In dlfferent sltuatlons. Data structures•aro artl!lclal 
formallsms. Thcy ·differ from lnfor~>atlan in tho 111110' tenso that 

f. ra.U.ars don' t do se rl be the lan¡uogo .wo roally usa, and fa mal 
oglcal •ystems don't describe tho way w'e thlnk,, "Tho 111p b·.not 

tho torrltarr" [lloyakawa], · , /· . 

llhn ·lo that terrltory really llkeT llow can 1 ducrtbo . h ID you' 
Any doscrlptlon 1 glvo yau ls j~st anather map. 'auc ~• do nood somo 
~•nJU&ge (and 1 =••a nntural langu•ao) 'ln orde~ to.dlacua~ thla 
aubjoct, and to arliculato concopts, S~ch. constr~Ctl 11 "entltifl"o 
••cate¡orlea", "nomos"• "rtlottonships", ~nd ''attrJbuto•" •••• .to bt 
usoful. They glvo us Dt least one ""' to orsanl:o our porceptlons 
and dlscusslons of lnforutlon •. But ~• DCed to hayo_,lp mlnd ail 

1 undorst•ndlng o( the real naturo o('such co~str~cts .~. eapoclally 
. the dlfflcultlos lnvolved In tr~ln¡ ta )cf!~a or appli the• precia~· 
· ly. We should apprecloto that ·such ter•inolo¡y ,dou not repon 
. objoctlvo states of reallty¡''lristead, thaso ~·•=•·record our subjoc• 

tlvo porcoptlans. And such perccpttans aro dlfferont for dlfferoBC 
poaple and d1fferent purposu, ancl'~ll·f Clll varr ~~~b ,ti.ao.. . 

~. can nakc slmpllfrlng assumptlona when ve desiGn data atructurot 
and syst•••· But thero's not much uso ln foollng oursolvea about 
th• naturo of lnEormotlon, It leads to wiutod ofCon (ln lltkin¡ 
"<orroct" dcscrlptlona), and ncedless fault•.flil41n& ("you 4ucrlbod 
lt lncorrecclyl''). . . . · · 

.. 

·,. 

• 
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O( l~ Tarlous CG&Sl~tD Dppllca\le 
UCD. tUs papor axptons t.be caature 
ah_ips. 

to , .. ••CJ'lptla •f lal'on.m• 
or tWD: oatltln a!ll&! nle.Uoa• 

E~"'TJTIES 

•[Gtltiaa are a atDte o( atad. 
bD. wbat tbe pal t11101'ld wlev h.• 

• 1 
' 1 . 

!lo two peoplo •• ..,.. 
IHet.a.U.t .. J 

AD taforoatloa sysr.a f•·l·• data basa) ls a ~el ef o aaall. 
f1nJte suhset af tka raal ~orld. ~e erprct certala corrospoadoacos 
bot~~•• caasrructs laalde the lolor.matioa s,stea aad la ~• real 
vorld. ~. ezprct to ••we oae· record lo tbe caplo,.a flla IOr aaeb• 
persac ••rlore• br tha coapany. JC aa aaployee wvrks lo • cartal~ 
drpart•rnt. ~ ez~ct to (lod that depart-.at•s auahrr lo tkat 
aa;Jlor••" J record. 

So. ona of tbe first coacepta wc ba~c ls a correspoad~nce betw~ea 
t~tn,s tnalde &be tafor.aa~ioa ayste• aAd thiacs ia the real ~orll. 
Jdeallr. tbla would ~. a oae·to·oae corr~spoadcGcc. t.e •• we could 
ldrntlfr a sla¡le coastruct la the lnfo~tloa syate• wblch repre· 
~ente4 a aiaale ÍbiB& la lbc real worll. 

~•"re la troubJe already. la tbo ftrs~ place. lt"a DOI ao easy to 
pia do~~ ~hat construct la tha lnforaatiOD ayst.. vill do , .. 
rcpresentla¡. lt at¡ht b• a record (vb~te~er 1~1 .cans), ora part 
of cae. or sewerol o{ t~. or a catalot eatry, ora aubject.ID • 
data dlctloaarr. or •••. For aow lot•s just call lt a "rcpreltal&-. 
th·e"". ar.4 co•e b2ck to thu topic later. lb• other tt.alf of t\.a 
probha cooccras. U• thln¡s _,. vaet rcpreaoated l• tbe arstea. 

Al a'schooltearher •lrht sar. brforc •• start WTitlDt data dcscrip· 
tlons let"s pause a aia~t• aaJ aet our thou:hts la ordcr. lefore •• 
¡o cherctnc off 10 dcsi1a or use a data structure, let"s thlal about 
the iaforcattoa we vaat to represcat. Pa ~• haYa a werr clcar Idea 
of ~hat that lafo~tlan is li~c! Do wa ba•• a aoo4 arasp af tho 
aeaantlc problaas lawel~d! · 

lrCoalaz an cKpcTI la data ltructures 11 11'• beco.ta¡ aa ••r•rt la 
SCDtenCO ltruC\Ura aaj araaaar¡ 11°1 BOl O( ~ YIIU. f. ta. 
tbou¡hll you waat te aapreaa are •11 au4dlad. 

Tbe laforaatloft la ,.. •r•t•• la par1 ·or a coa.aalcatloe proc.aa 
anoa¡ prople. T•rre la a flow of Ideal froa alad to atad: thcra ara 
traaslatloas aloa¡ tbe ~•r. fr~ coacept co aat•r•l laaau•a•• te 

/ for.aJ laaau•a•• (coaatructa •• the áachJae .,., .. , ... bacl oaalD. 
Aa obser•er ol (or particlpaat la) a ccrtala procesa ~ecoanl\•• tkat 
a cartaia persoa has becoaa en~lo•~d by a cartala departaeat. Tbe 
obser~er causes that fact to be recorded. parbaps la a dat• base. 
vhara.aoa.Daa alaa caa latar tatarroaate that recor4ed fact to aat 
certala ldaaa ou~ of lt. Tba reaeablaace bet•eaa tha eatract .. 
Ideas aad tha , .... la tha orlalaal obsorrar•a atad depeada aot onl7 
oa 'tha accuracr wlth vbicll tlt.e •••••••• ara recordc4 and traasaU· 
&ad. lt ·alao 4apc~a bea•lly oa the partlclpaata• CDD2DA uadar· 
atandiDJ al tt.a aleacatarr refareacas to •a carta la paracm• • •a 
certaia 4apar~t· .... •ta eaplored ,,-. 

·.: JBI:;&: 

•Dat la -eac t•tar-t 
lhat appcars at first to be a 
at-s•rd qgrstloa. lt 1 1 -t. The 
aahl1alty aGd aJ~~taadia& are 
tall. 

trtvlal. lrrelevaat. lrr.waroat. 
qW"St.hra lllastrate• llaw . ONp!r 
iDJra.lce4. la t1111P ..,. - tltlo.k iu=d. 

Coasldcr tbose aood; old .orlbarse cbu base ·~t"ZD~:~plu. p,oru ad 
aratebousrs. ICe aons.allY an..e a coau:x.t b tdt..IQ aadt pan has a 
pan llWihcr aDd occ.rs b. yá;rious qD&Atlths at nrious vanhoas••· 
Xetice·tbat: warioas qVantlties·or onr tblQJ. ls lt DDO or D&nT! 
Ohviously. thc assuaptloa •ere ls th~t -part• ~•oa oae klad ol 
part • of vbid there U1' h• D&D.)"' physical iRStllllC•s.. (Tile SaJH 
&Rbi,aity sbows ap very ortea la natural au.re. ~ ve refcr· to tvo 
physical thia¡s as •thc sa=c tbia1• ~rD ~e ~aa •tbc ••~ lta4•.) 
lt ts • pcrfcctl7 valld aad asefal pciat of Ytc~ ia thc coatext of. 
C.J •• au laTea~OrT fiJe: ~• haTc oac rcprcsratatiYe (record) for 
cach lind of tbin&. ~DDd spc~l loosclr of alJ occarrcaccs of t•• 
thlnc as coJiectiYCIF bcia: one thia¡. (~e could alao.ap~ro.cb tbll 
by ••ria¡ t~t thc rcptcsca~atiwc ls aot ~•nt 10 corrcspoad to anr 
phyaical o~ject. hut to ••• ahstract .. Idea o( eac liad of ob¡ect. 
~netbclcss. va 4o ase &he tera •part~. ¡¡¡-aot ~klad of part•. 

~ coaslder aaother appllcatloa. a ~oalltr control appllcatloa. 
also dealiaz witb parts. Jn thls contrxt. •part• ~aas ca.r phrstcal 
ot>ject; eada pan is subject'cd to ccnaia. tnu. aud the test datl 
ls aaiataia.ed la a dato base separatelr for eacb part. Tb~r• ls aa
OD~ repnsa:zat•tiYa la th• la{o~atiDil srst~a hT 'each phyatcll 
object. aaay .of wbtcb ~1 baYr th~ saac part DCD~r. 

ID ordrr to lat•rrate the data b••~~ lor tho. IDWCBtOFT on4 qualiiT 
con~rol appllcatiOfts, the pcopl~ ia~ol•ed •••4 lo recoaai&e that 
there__arc ~~~ differeat DDllDnS o[ -tbir.¡• asaoctote4 •itk cbc 
concept of ... rart•, aatS tbe t..-o Yie .. ·s -n be T~COD.clle4. Th.er wlll 
lla,·e to WDrk out a conYcntton ~-h~reia th~ ia(ot:aetloa ayst~a caa 
d~a) with two ll•Js of rc~res~ntati•cs: one ataadlaa for a llad of 
pare. aaotbew •taadlaa far oa~ phJslcal obJect. 

1 hope yoa•rc cocvlnced aov that va ha..-e to JO to tbla dep~ to •••1 
wlth t•e baatc acaantlc problca1 of data 4escrtpatoa. 

We •re deaUaa wtcb a ~tural asibl¡ultr of vonl:. wbld. .,. •• ._.. ._i•r• reaolwc ta a tar¡ely o~toaa~tc ... aacoeacloaa vay. becauso 
.. Ud:lentaad tha coateat la vh.lch 'ltlle vvrds are bel•a uaed. klaea e 
data ftle ealata to aarv. Just oae appllcatloe. t••r• 11 la effect 
Jast oao coateat .... asera tapltcltlr aadcrwt ... t .. t cooteat• t••r 
autoaatlcally nsol.a aablpltlcs by laterpnttaa words •• approprl• 
ata for that coat•at. aut vbea files act latesrate4 tato a data 
.... aarwlaa aultlpla appllcatloas. t~At aablaaJtr-resolwlaa ~
a .. b lost. 11ae UOIIIIP-tloaa •pproprl&U to tbe COiltaat of oae 
eppUutloa .. ,. _, flt tM coataxta of otAer appllcaUoe.a. 

'n.,re ar~ a t .. ... ale coacapt• •• la.ave te .. al •tt• .. n: 
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Samen•ss. ~ca do we Ftt tvo thiacs ar. th~ saa.
1 

or th~ ,.~ 
thia¡! 1~ doca chaaz~ i•prct idratltrt 

wr perccl~ tk• thlaJ ro b:: 
Uow vell dcfl&ed arC' thrrt 

Tbuc cancepu liAd questiaas:are tl&btJy latertvlaect vlth ·oae: 
&Uiothc r. 

CensiJ~tr "'boot·~ IC u authar bas ttTlttca tvo kab
1 

a bibliograph· 
· ÍC d.Ua base •·lll b~•• h-o repnsea.tathes.. f{ a hndbtt libnry 

bas five clrculatia¡ copies of each. lt vil! ~·~ tra weprrscata
ti~es la lts files. Alter ve rc~o¡atzc tbc aabl¡aity ve rrr to 
carrfullr adopt a coa~eatiOQ usiur tbe vords "boa~· &Dd •copy- &ut 
1t h aQt aatural · IISGJC. !toultl yoa unch:rstalkl tbe qucstto; •naw 
aaay captes ara thcra la the libraryf• whea J rcallr vant to knov 
bow ~arPbrsicol books &ha librar, bas altoae~er! 

There are other coDnotatioas of_thc vard *bool~ that could luterÍcre 
witb tbe saootb Intc¡ratlOA of da~a bases. A ~ot• aay drnotc 
soactbiac vitb bard co•~rs. •• distlaaulsbcd froa chinas tu 1oft 
corcrs llke aanuats, pcrlodlcals, ~ce. TbUs a manual ••r be classl~
fi~d as • •book• la one llbrary but cot ln aaocber. 1 don•t alvars 
baw whother coa~_~l'eaca pracredla¡s·cCPtprlJ_e a ~ot-. · · 

A •book• AAJ denota ~oaetblnt bcund to¡ethe~ as oae physlcal ualt. 
Thus • sln¡lc Jan¡ ao~l aar ha prlated la evo physlcal parts 
(~ñen ve recOJDlze the aablJultr, ve soaeti~s trr co ••old tt br· 
~.rreeb.a t_o use tilo tera -.o¡~· la. a c.ortain WZJ"

1 
but .re &ro not 

a)va~s conslstent. Soaetlaes soYeral -volUDes• are bouad lato one 
&b}"SlC&l •boo.k•,.) lae IIOV bne U pbuSibJo perc.eptiODS: the· one 
ool vrltteQ by AA author •. the tvo ~oots la tho ttbrary•s tttri 

.ftlu (\"ol. 1 and \'ol. ll)t and ts.- ten books on t~ she1C of tito 
llbrarr vhtc.b hae .fl•a ccpt~a ~f ••~ryinru¡. 

lncidcntally, tbe con•erar SCDetlaes also happea., as .vhen sc•eral 
aonh are publhbad. al eme pbysical boot· (a.a •• colleCtd vorls). 

booh, 
ltetter 

DTfTtES Am IW.lTI<m<I!IPS 1~ ln-o>rnTJOll JI 

"u~ uuns a fbltr aa~~Hr of aPltn.TT sUn "caU&o.rl••• irltl• 
~~eh sL11l ~las treated as ene dls~reta thlnt, l.e., tt hat ~• 
nrr~snurlu. The atm~er u.d natun or thue stllU h nrr 
arhitrarr H.c: •• lb-coy do a.o.t ccrnspond to" r::atural, 1nululc. 
ho~J~ries ia the ?eal worlJ), and th~y A~~ llktl~ te ha t!ffrr~~ 
la diffrr~t data b~sc:s. lhu~. a •thin¡• hrre ls a y•rr arbitrar} 
sc¡:an.t part ilioae-.: oul o( a ccntlnw.u::;. . lbh appJ tes also to tbG: 
set oC subjects ia. a llbrerr file cr laforaarioa retrltYal srsttC 1 

to tho set oC disc~5et i~ a a~dtcal Gata b~se, to calare, etc. 

This cl&S5i(lcatioa problta cnderlles tbt rea.eral aebl¡ultr cf 
.vord~. Thc: srt oí CODCcpts ~ rrr to co~nicatr abeut ts 1~fi~1ta 

(and non-deucurroble in thr aost ata.d-bn¡tllDJ sease) 1 wherrss •t 
co~aaieate usiaa aa e5sentlalty flaitc set of vo~4s. (For thls 

_discusslOD, It suCCltes just ro thlnk about aouns.) Thu•, o ~~ri 
O~cs aot carrespond lO a siDJle coacrpt. but to a cluster of •ore or 

·1éss relate-d. conc~n. \'ery ofun. tbr uso o! a vord to denota t-a 
d1lfcreat ideas Ja tAis 'lustcr can 1et us lato trouble. 

1 case la poizrt • 1s th.- word -ven•. as. ~.-d- b the ·data fÚcs oC ea 
Dil coapaar. la t~ir ~~lo¡ical data .base. a ~11• la a sinale 
.bola dri1Je4 1D tbc 5urfacr o! tbe ea,..b. wh~ther or aot 1t p~oducaa 
oll. la tbe productiOD data base, a -wcll- la aae or acre boles 
,covrr~d br·ona pt~e ·of equip:cat, vbtch has tappt~ lato a pool of 
oll. The o11 ~T lt currently haYIDI troubtc 1ntearatln¡ tbeaa 
data bases tO aupport a aev appllcarlon: tho correlatloa of wcll 
productl•t~r wltb aeoloatcal characte~lttlcs. 

ll!lll IWIT TBIJICS JS ITf 

A slntle pbyilcal anit oftea functl~~~ la aeveral rolas, each of 
vblch 1s tu be represe~ted as a scp~rate tbiar la tke laforeattaa 
srstcm. Ccnsider a Oac. be5e aalmtalaiRJ statistics on deC~siYe 
phrs br a baseball teaa. bao, oa a po,lttoa. buts ad ou aa. Indbl· 
d~al haals. T~c data ba•e al&ht have rcpresratatl•cs for 3' ~hia.as: 
nlue positioaJ aad 15 pleyers. Vbea Joe _Sal eh, playlaa aecaad ba~ef 
aakcs a putout. ~ date about tvo thiDja ls ~diCI~a: che auabcr o 
putcuts by Joe Saltk, aDd tbe auaber of pucouts by a secoftd baseaau. 
~t buaan tirare •~aaJlaJ a&ar sc~oad base 11 Tepreaen~ed as·(~ 
il) tvo üiqs: .loe Salth aod ~e secood baseaaa. . 

Coaaider · ·t~wt questloe of •aaaesurn•. Suppose .loe svltches· . to · 
dr.orutop, ..... aakea &D.Otbr rtout.. Ol.s tbe .... tlllil¡ aakt thoso 
tvo putouut Tes .. .Joe S.S.lt aadc botb. Ro - oeo ... aada b-, the 
~U·~··--· '"• oUar by the ahortl!ltop • .- · 

tlbJ' ls tllat tu.aa (lJ'ilft perceh.._ aacS uwatñ u two tktaas, rat~ 
~ one or thrn er abaty·dabt! llot e:.,. IUIJ' aat•ral lav, bat .,. 
tho arbhruy •Klslo;:a oC aoae baaaa Mlqs • Nc.aasa tM parupc.loa . 
was usefDl te tllca:. aad cornspcmi!NI te ñe Uads of lafon.atlGD. 
&bef varo IAI&relhll la aabtal.alq ·ia tlae. ayatea. · 

lf the fUe OZL.l-, la.aal ftta a'bout:. ployol' paslt.to:U. tita th.e .... 
physlcal objact ..ali k traata4 as balar 4Ufeua.t thlnl• .. fl. 
diffenat tlaes •. .loe b a011etlaoa a aoccm4 b&sa.aa a.t soaetiaea a 

.abonstop. Tb.l.a pars.ica.lar flle 4oe:IA'1.- ....._ bow th.at .Joe. e.Usu. 
aad caa play ltotll po.s1Uo~-· · 

• 
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.\l•o· coul.!n ,.,o nhte-d 
tonl •·ho •orl ror tlu: 
hcr.t-(lts, racb o( thosa 
an .rr.plorrr, and once as 

prop1r (r.e:., '"'''"~"J a~td .:-1 r ... ratbrr •r:.J 
•••r coop::ltl)"• kl·r• coa•lilC't Jnr: De"!! leal 

reoplr h~1 to hr con•ld~r~J twlc~: oncr as 
• deprnl1rnt or 1ft raplo)'t't. 

·or •u~pose a pttJDG htld tvo jobJ wlth the coapany, on tvo d1ffereat 
shift~. Docs that si¡nlfy onc or rwo r•ployrrs! Shlppln¡ elerl 
Jahn Jcnts 1nd thlrd•tbl!t coaputer orerator Johft Joaos al¡ht be tho 
ur.e pruon.· Oou 1t aattert Soeetta.o1 • . 

lt ls plausible (bizarre, perhaps, but plausible) to vlev a c~rtain 
eaployce and a certain stockholder as two dl!(ereat thln¡s, betwccn 
which there bappens to e~l5t the relstionshlp tbat they are embOdled 
In the ume .Penon. There "OU)d then exut tvo represeautives ID 
the system, one for the ecp)oyee and one for the stockbolder. It'• 
perfectlr all rl¡ht, ao lona as usera undcrstond tbe taplicatlont ot 
thla convention (o.¡., deletln¡ one alaht not delate tbe other). 

. . J ' 
lransportatlo~ schodules and Yeblcl~s offcr other examples of 
anbi¡ulties, ln the uso Of·sucb teras as "fliJhl" and •plane" (ewea 
U .-e i¡nore the. other de_fin.itlon_s of .. plane"' huln¡ aotbin¡ to-do 
vith llr.inl ll&eh:~.nes). lihat dou· •catchina tbe saae plane ewerr 
Fridar" really aean7 Jt aar or mar-· not be tbe ••~• physlcal 
ahplone. Jut U a aechant·c h · sc'hedluled tO~seTYlce the nc.e plallo 
evcry Frld.ay, it had- better be tha uae pbyllcal .o_lrpla.ne. And 
another thln¡: lf t~o pa5sen¡ers board a plano· tO;etber in San 
franciaco, vlth ene holdinc a ttcklt to Nrw ·Tcd.: and. tbil othn a 
ilcket to Amaterd&m, aro they qn the aaae flJ¡htJ 

Cla&&l(lcatloa,.e.¡., of akllls, lmpacts the aotloa of •sameness• 11 
cuch 11 the notlon of "hov cany". The way ve partltlon sUlls 
detrrmlnea both hov aany dlfferant thln¡s we reco¡nl~e ·ln thla 
catrcory, and when.wa vill jud¡e two thlnas to be the sa.e. Canal• 
der • aroup of people who know hov to do such thinas as palnt sl¡na 
on doors, palnt portralts, palat bousea, draw bulldlna blueprl~ts, 
dra~ vlrin¡ diaaraas. etc. One clasaifler al¡ht jud~e that there lt 
Just ene sklll rrpretented.by all of these capabilltlea, naaelr 
:"artlsi"; and that ewerr person ln thla eroup had tbe aame aklll. 
Another classlfler alaht e la la tbere are evo akilla b~ naaely 
paintln¡·and dra~ln¡. then the slrn palater-Eas tbe sama ;klll aa 
the ponrolt pahur-, but not tbe bluep~la~ dravel'. ADd so oa. 

The aaae · J&lle cu be pla)"ed vlth colon. 1'\1'0 u4 tbln¡s aro tbe 
aame color. ~bat if one ls criasen and tbe otbor •carlet1 

ne perceptlwe. rudcrr vlll han naU:c.4 tbat tW'D Unda of ~hn aÜy" 
ques~lons havo been lnteraixed Ja thla aéctloa.· At llrst ·ve vare 
explorlna hov aaoy ilds of tbla¡e eoacthin1 al.1ht bll perulnd to 
be. But occaslooaliy •• vare tryint to ••t•r.aiae wbether v. vore· 
dealiAI wlt.b ona or senral tbiDsa of a ¡lYeD l.Ad. . (tf you caa•t 
apply tbat diatlnc~lOG to the precedin¡ diacu.elOD1 1 thea fleaae 
don •t bacou a· data ba .. adaiJlhtratol'.· J tear 79u.r data bu e lll1' 
vaU becomo. a llialtt'Wld=---of ·.a .. uuc trapa.) ·· 

' 

AAII tbCa ther.-•.a cUace. Even afte-r coaaeaaus Ua •••A reach .. oa 
vhat tb~naa are to be·raproaoato• la tke laforaatlOG ayatea 1 &be 

l:'1J•=act.ot ch:.nJr aust 
unJc-1''0 aud 11111 br: 
rrl~tr tu latroducc a 
torocd soaethlnJ iDto 

n 

"e con•ldr-r-c-4. fkv snr.:b chnre cae IMH'th IDt 
tbe "u•~ tblnr:•! At t.:hst polat · ll lt arpro· 
ft~ rerrt-srntatiYr, bf<2use chanae has trant• 
a nev and dHhrnt thtnc1 

The probleA lt one or idtntlfyl"& tr dlscoYerinf ao•e essrntlt1 
invarhnt characurhttr o! a thir.J, which tina t ltt Uentltr. 
That lnvarlant characterlstlc ls often bar4 to ldentlly, or aar not 
ex.lst at all. · 

~e· seca to hawe little dlfflculty vlth the concept or •one person• 
dcsp1te chaoaes in appearance, persoaalltr, capabilitles. and, above 
all, chcalcal coupo•ltlon (the proportiont and structure •• l.e., 
the cheaical foruulas •• Qay:not chan¡e auch, but the Individual 
atoms and aoleeules ore continu2ll7 bein¡ replaced... a¡aln lllus· 
tratinr en a~ablculty betveeA "aaae llnd" aod ••aae instance"). tibea 
ve spaak of the •••• persoa over a ~rtod of tiae, ~• certalnlr ara 
not rc!errln¡ to the same ensenhle of otous aod ~oleculea. ·~~at 
then is the "s&ae perion"7 Ke can anly appcal to aome va~ue lntul· 
tion about thC •ccntlnulty• of -~ JODethln& --.throu¡b rradual 
chan¡e. ·Tbe coDcept of ~saae person• la so faullior and obvlous 
tba~ it i5 absolutelr lrritatin¡ uot to be able to define lt. 
(Deflnittons ln teraa of •soul" and •splrtt• nay be the onlr trua 
and huoanistlc concepts, but, sianlflcantly, ve 4on't kDov bov to 
4eal vith thca ln a co=puter·based tnfcraattoa aystea.) lt la onlr 
vhen the notlon of •Fnscn" 11 pushed to scme 11mlt d.o ~· 'I'Ulhe 
hov -l11preclse tbe aotion la. Thls la tbD ba ls of acae le¡ol 
lssuea. 

· Nodern aedicbae h disuetlng our cone~pt of "person" · Y lo. trans· 
plantad and artificial llQbs and or¡oos. At one tlae people 
beUend the beart te be the sen· of the ea.otions;- ther a.l¡ht hne 
arjued that the reciplent ot a heart transPiani brcace the persOD 
vho tbe donor vas -- be bad merely takrn up rcsldence in a nev bodr. 
Ve are nore .. lU:elt to tale that post! ion· vlth respect to thc braln, 
rather tbln ·tbe heart •. A number of le¡al Jasues vill bave to be 
resolved vhen braln transplants be¡ln to be. perforaed (and the 
issues aay Jet ~ore .. complex lf just portlons of ·the brala are 
transplanted). ·~ ... 

la. aa S.nfonaltioa srstn aal~-talnln¡ ·d~t8 about .P•.~ple, we trlll hawe 
to decide vhicb: infonatloll ¡eu ·~aurchanced betveen tvo represen· 
tatt•••· Whicb lnforaatloa is to be'atsociated vltb the body, anl 
vblch vlth the braint A naaet A spouset ··~.Other relathaat How· U 
the ••dlcal hlstory waarranre•t. Who h&l vhlcb jobt SklllaJ finan•. 
ctal obUaatioast ·· '-. 

Slallar queatloas apply to oraaalaatlonJ, aucb .. ccDpaaJ••• depe~· 
au.u, -t.eau.· aoYenaeat aaeaclu,· ate. la 1t stUI .... tbe ••• 
coapaaj after dauaea 1• eaployeesf (Of courae.) MaaaJeaeDt1 _(Jes~l 
Ownerst (Naybe.). DuUdlnas. and lacllltles.' (Y .. a.) Locatlond 
(Probably.) KaaeJ (Probably). Prs~ipai busiaes~t (NaTbe.) · State 
and·countrr of lacórporatiDDt (Maybe~) Tbe aaavers &l'e sl¡alficaat 
'to·.tho baa.dli.a& of old contracu G.Dil oiher obUfatlcms.· tite 61eten1-
u~lcm .of ft1Plor.•• Ya.cati~ and retlraont Na• tu, at~.. • • 

Aa4 polltical bOuadarle•. A data base of populatloa atatlatlca auat 
haya aome-deflaitioa .of·-'at la aeaat by ludia, Pakittáa, ee~,, 
Cuchoslon~la, etc •• OYár. tlae •.. (There•a ~re Jnwolwed tlian a 
ch~n¡e of aaa.: the thtn¡a thcDsalvoa hawe beeD created •. 4aatroyed, 
ac-ra••• apllt 1 ~·:-panltloud 1 etc .. ). ~~- ·~o:-_• otbar data baae U 

. -. 
: . . · 
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·aar hawe to be understood that tvo reople bora at dlfr~~nt ti .. • la 
tho •••• tovn •l¡ht hare been born la dl(feTOftt ·COuntrles. 

A ~~ole -lpectrua o( concapts. Thtre lt the "one "book" contalnla& 
tht ldeat n:pnssed by an author, ":hlch 11 the •••• bool:: naarc!J~II 
or t.•hich hn¡ua¡e 1t il translated lnto. or how lt ,, tdlttd, 
abrld¡cd, condensed, reYlttd 1 etc. 

Thtn thne are .. edltlons". "'hlch dlffcr fro~a each othtT by so•t 
· arbltrary anount, due elther to chanacs ln the content or to tht 
conectlon of slanlflcant aaounu of error· •. On tbe other hand, sc•e 
cinor amount of di!ference (erroneout or dellberate) ts pe,.ltted 
bau:een nprhu of a slnrte editlon. .. 
A condensatlon or abrld¡earnt oay be ¡rosstr 
orl¡lnal, but for soae purposes·tt. ls treated 
book. · t '-

dlfferent (roa tbe 
.as belnJ tht •••• 

Thls topit ls ~oat painfully Ca•lltar to us In rclatloa to -ver· 
slons", a.¡., of. auth thln¡s as pro¡raas. Tbero la •o•e arbltrary 
thruhol_c! up to whicb ainor chan¡u can be Dada wlthout cnatln& •· 
ne~ verslon~ Tha ole! copy la c!iscarde~. there •~T or ••r not bt 1 
recofd of th .. ,aodUlcatlon, and the repnnntuln (e.¡., cataloJ 
entry) o{ tht old..,~opy.:now unes to repre_aent the JUI'III' copy. 

-, 
Beyond e certeln (e~b-itrary) polnt, we decide to kecp thc old end 
DOW COpin DI alfCcrcnt •'ers,Oft&o llo'e AOW enter a rltll&physJcal TCalll 
ln lo:bich ..... aanaae to acr¡e the .. conceptl of "one" and "'llany" • .·as ita 
the u.preulon "'tbese sevenl thln¡s ere dlffercnt veralons of tho 
une thln¡". · la aoae contcxts w• 'lle&D to refer to all voniona · 
CoiTecthdr (aa iD tht propcrtr: thll'·-h a Fortran co•pller), la 
aoae wo refer toa particular copy, and ln~aoDo ~· rofer to ona copy 

wblchaYol' ano happena lo be lho· "curnnt" Yers_iDn •. 
. . . ·'"--......_ 

··-.:... 
·,. .. 

l<II.\T'IS lTf 

t.'e havo so far b .. a focuaslÍla oa tbe·- que.utons oC .. oo.aeu• and 
"aaaenosa•. That la, &lwea tbat you and J ·are polnttn1 to soaa. 
coacoa polnt tG apace (or ve lhlnk ve aro) 1 and ve· botb percalYa 
aocethlna occuprtn1 tbat space (perhaps a huoaa Claure), hov aanr 
.. t.hb.¡a" ahoul4. that ba treatt4 as --la the ·lafonutlon ·ayneal Oaet 
Nany1 hrt of o larJel' lbl~Jf "Cr not a tblna u all_f. 

And: do Wa reAlly ··aree oa tho coaposltloo ead ~undary of the 
thlnat Nayba you vera polDtlas at a brl~t, aD4 1 vae polallDJ at a 
wau. . . . ' . 
Aftd: 'tr. va polnt .to thal aaaa polnt la. apace toaorrov (or thlat va 
are), wlU wa aana on vhotbn OT · not wa an polatl~a al tbt .... 
lblaa •• va'~td lodsyt 

Soae DI lhh foc.utl41 oa wbt tilo, thba ta •. J dcm'l aun tu 
propertloa, llka 11 ll aolld. or la ll ra.t;-or bow ouch· doaa lt 
~•lcb, but vhat 1• lt1 1 bad to uae tht phraaa -busaa flaure• aboYe 
bac~uaa 1 didn'l-rhlak Eou vould follov •r polat l{ 1 '•Pl ualnJ tba 
lndeHalU ,.·or4 "lhln& .... 1 had .lo _convey aoaa kbul ol tanflbla 
a&aAph~ •ut. that .,phrase · b jUI&·OD& posllblo peruptlon o tht 
".a.hlo1" vo ·polntllll to.- ...lou cdfiii&.:.Jaaw. .a&U h woa a aaaaal, or e 

·----- -· - -·-

i 
''·-.... 

n 

~ ...... '"'Or a 1 ou• object, or •- but drlnr, . or~rour lattler, or & 
•tocLiaold~r, ora cunoa~r.-or·.:;.. ·ad nauseua. 

1 IK'llJ l'tf~r to vhat a tblnr la ..... or at least· what lt 11 baerlhd 
to be ln tha lnfonutioa systea -· es lu "cateaor,.... (•rnclna vltll 
tlac. une~ In, e.a •• (Abrid)). Ltke rvnrtblnJ elsa, tbe trutD«Ilt 
or cate¡orlet requlres a nuabn af erbltrarr. dechlans ta be •ade. 

Thne ls no aat»fal· nt o( clte¡oTles. The set of cau¡orlfes lo be 
aalntelnecl la u lnfonaatlon srur• aust be apeclfld for that 
SJstea. Jn ont tyste• 1t ala:ht be enplo7en 1nd custo=ers, la 
another lt iúfht be naplorees and dependenu, or enrolle!! cor.puur 
users. or pla ntUb and defendants, and . ID an tnu¡rauc! data but 
lt ai,ht lnclude all or tbese. A JI Yen thlnJ (rcpresentatlTt) alJbl 
bel~n¡: to D&Df such catec,odes. 

Hot only are there dlffercnt klnds o( cateaorles, but cate¡orles ••1 
be delinecl at dllferent levds of ~~fineacnt. One appllcatloa. al¡bt 
percehe saYlaa:l accounn and Joan accounu es tt.·o caurorles, vlaUe 
anothcr percelYrl tbe sJa~le catecory of accounti, IK'lth •se•ln11" or 
•1oau"" belnQ a -proptrtJ oC ~tach account. In another can, _., !!llht· 
tiave arpllcatlons dealln¡: vltb fum.iturt or trud.s or aachlnes, 
~hile another deals wlth carital cqulpntal (asslcnln¡ tYerythinl a 
unique lnYentorr aumber) •. Thus. soae cateaorles are, bJ drflnltlon, 
subscts oC others. a2tlnR a acaber of ano· catecorr autoaatlcall7 a 
·aeaber of- aaother. So=t cateco.rhs o••rhp wlthout bala¡ subsns. 
For exacple, 'the catea:o1'}' of cus_toaen (or. of phlntllfs, in a h&al 
data base), •l¡bt toclude soAt peoplt, -~one- corporatlons · or other 
bustnesus, and so:~e aovenuaent e_¡;¡rnchs. · 

·Jt h often a utter of choice whnhu 1 plece of lnforaatlon· h to 
be trcated as a cau¡oey, an attrlbute·. or-a relatlonshlp .. Tbll 
corresponds to tb• equlY&lence betveea •tbat ta a parent"" (tbe 
entttles are pareats). ""that person has cbll~ren• (the eatltles are 
pcople, ~ltb the attribute of havln¡ chlldren) 1 and •that person 11 
the parent o( those chlldrea" (the entltlea art people ea~ chlldren, 
nlattd by pareau¡e) •. 

lt's oCten dlfflcalt to deler.lne vhether or not a thln¡ belonJS la 
o certaia cau¡ory. Alaoll all DOD·lriYlal cateaorles han fu.::y·_ 
bOUftd~rles. Tbat ts, we can alaost alvoya thlak. of so•• object 
wbose aeabeishlp la tha cateaorr ls debala~le. Tha usual treataeat 
of thl1 sltuatlon 11 elth~ to leave lt to tha arbllrary declsloa of 

·vtaoeYer 1s cateforhiDI the object, · or to utabllab a locallJ 
UD4orstood sel o rules ~hlcb probably don•t catch the rulel •••• 
for tha saae cateaort la aoaebody olse•s laforoatloa 171tea. Jutt 
•• an eu_111plo conddel' lhe ttaple aad .-,.u uadentood" cate¡orr of 
•eaployea••. Üoel tt la.ctude · part•UM emptoyeost Contnct eaptor· 
ees1 E•ploYeos. of subsUl&l'1 coapaalut Foner eaploynst autnd 
eaployeest E•Pl~yeol oa leaYe! On allltary leavaf. Soaeone •~o has 
just·occepted aa offerJ Slaned o ~oatract but aol·J.~l reporta-d for 
vork1- Not·only &O ~lbe ansvorl hawe to be decldod eccordlnl to bov 
th company .wantl to tro~r- tbo elata. but ptrbaps lhe quutloas can'.t. 
ewaa be ansvered conslstntlr vtthltl the CDJ~pany: · A person on lea ... 
a&J' aol be .aa oaploroe fDr~ payroU purposu, allbou¡h bt ll .Jor 
beaoflu purposea. ··tbeD tba n~tlons of cate¡ary ud prorertr baYI 

· ~o be ron:aabuul aaa~a, lO a1'rha,~t- a tal aoaaln¡lul to a l uter•• t 

~¡ aoother ... x:aaple,• co~sl_dar tila C~-teaory of •Can•, -an·.s doctde .U _:.. 
tlae (ollovblJ · ara b•cluda.St sutioa -vaaoa·•· aJcro .. busset, ordln.arr 
hues, pickup uv~~·· --ordlaary l~ka,.ao.~.~-r boaas. duna &a.u.aat~~· 

-~~.-. -
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raclaf carts, ~torcrcJea, •••• •~•t about a boa.·•·~• contrl~anc~ 
la ~-h eh 1 ahort pickup trud hd h hunr out ar the· trunk of a 
udan! Aft oU bua :can~rtetl to a aotor hoar! 

•A ·nore aausla¡ e&aapla lato l•a¡tae a continuu. or phra1ca1 
objccts bet ... ·ua ao•u· liYen chalr and uble, coanructed by lrttinc 
tbe chalr b'ac:k shrhak "'hUe hs seat upaads and ChtUas, ancl Hs 
h¡s hcoae bl¡:hn •. Than wlU be so~:~e stran¡e objecu la tbh 
cont1nuum whlch cannot clearly bo aaslJned to elther class" 
IGo¡uea). 

lhe editor 
tbe book, 

of a collection is feaerally li•tad •• the 
Dld be ••author" anrth DJ! -

"author• of 

Thr catc¡ory ~( a thin¡ (t.e., vhat it ls) al,ht be deteralncd br 
it1 posttioa, or envirancent, ar use 1 ratber than by ita intriaslc 
foro and coDpositioo. -la the aet of plattic lotters ey toa plars 
~-Jth. theie h an object ...-ntch atah.t be aa-•r.- or a •z•, drpendln& 
Oll ho~ bo holds it. Aaotbor one could be a -u• or aa •a•, and still 
another •laht ·bo ., .. , •p•, •4•, or·•q•. 1 nevar tnov vhether to 

, tell hl• that the •t" la a·"l"• •¡•, o.- .. , ... 
•. 

Does tho dlttlnctlon betvcen a bench. aDd a ~able depend on your 
bel¡ht1 

1 caa laa,tal tho-Jaae holtow aetal tube 
axJe, a laap polo, a clotbes ract, o aop 
rod, and ·bow _a&oy aorc cea you aaao1 A 
ai¡bt be deslaaatod a toat hook. 

belaa callad a pipe, ·an 
bandle, a ahover curtaln 
noil drlwea lato a vall 

lu.part, these obserwatloas· lllustrate the 
auishlnJ betveea the cate¡ory (etseacc) of a 
~hich i t ••Y be put (tU: rolas) •. 

dlfficulty of 
thin.& aad tho 

There are alaa iaterestln¡ quettioas ~avln¡ to do"wlth.fra,aentl of 
thin&s, and lAitatlons. ls lt atill a doout after you'Ye takea a. 
btte out of itf Did rou awer ~all o s~uff~d toy DA aniaalt 

Tbe fundaaental problca .... thU paper •·• la sdf tlescrlblna. .Just 
•• lt lt dlfflcalt to preclsaly partltlon e sabject tite personael 
dats loto neat cate¡orios, so also ls lt tllfficult to preclsely 
f•rtltioa a subjoct llka •tnforaatlon• lato neat c.tc¡otlos llke 

cate¡ories•1 ~entitlas", aa4 Mrelatlonthipa~. Ne•erthalesa, la 
both casos·, t's auch hardcr to 4aal vith the gabjecc if . va doa't 
attoapt soae 1~ partltloalaa. 

RfU.TIONSIIIPS 

A nlatlonshlp 11 ea. uaoclatt-. .-a& •neraJ dalq:a vltt..that 
ataoclatloa bartaf a ·parttcalar.ela•lflcaaca. for breYity, 1 vill 
refar to the tl¡a ficaaco of oa otsoclatlOa 01 lt• -Teaaoa• •. Tboro 
1• aa •••~clatloB.batweoa roa aad yoar car. for t~• reeaoa that you 
ova it. ·Tbere•a aa aaaoclatloa betveaa a teacbor aad a claal, · 
because.be teaeb•t 1&, _Tbere'J aa a1aoclatloa between a part aad a 
"arobouae, Jte.cou.sa the .pan la nore4 tlt.er•~ lluch of &ha data ta u 
lafo~tian a~taa la ~bout. eueb·ralatlOAablpe. 

&al•tlonahlps caa. be aaao41 . ·aa4 for nov ·"•' _vlll~Snn. the. Daae as 

EniTIES A.~n lttl\Tlcr.csllitS IS lSJ:Oit'L\Tl~ ·n· 

bela¡ a suu.wnt or the rus·on fur _tht auoclatloe (\."hld1 ••aas vo 
-"IIJ-sorwtl•t'• lnrent naau·•·blch ., ... to"hoh· pbruu, such as·•ts .. eu .. 
plort"'l·t.r•• •. \s u•ual, v-e han te be cndul to anld confusloa 
.._.h«rt _UnJs Dad ln!\l.:mces. t:e often ur th2t •e"'' .. h a r~la• 
tiouhip, l•ut lt h rully:. kinJ of rrlaticuhlr o( "'hlch thrn are 
a2ny in~tnnc~s: your ownersh¡p-Df your car, your O'lt.bership of your 
pcncil, soaeane else-'s o~o'llcrship of hh car. For now, q wltl 
&coerallr.u~~ the unqualifl~ lera ·r~lationshlp• to aeac a kind, 
aod add the ter. •instancc• lf th&t's what is aeaat. (So, to ba 
precise, our opedn& drC!nlticn ~ .. of a reh_tlonshlp lutance. A 
relationship tht.a becoae1 o collectloo oC sack ····~~lations ba~ln& 
tbe sacae reasoo.) ·-

Nou. that tbl!' rusoo h an taportant part. of tho 1-clationsblp: .J_uJt · 
ldentifyio¡ the pair of objcctJ involYed 11· ~otlenou¡b; seYoral 
diff~rent relatlooships can eais~ aaona the sa=o objocts. Thus, lf 
the saao persoo ts your brothrr, your ••na¡er, aod your toecher 1 . 
these are lnstaaces o( threo different relationsblps betw~en JOU· an4 
bla. 

WG bno 110 Car looled onlJ" at rr.latloat!atp lanancet laf'olwb, two 
tbln¡a. Ther CI:D alto bo oC hl&ber "de&ree•,· lf a·-cuut.a· auppller 
sbips ·a certala p~rt to a certaln varehou11, then that ls an 
laitaace of 1 relationship of.de¡ree three. Jf·that suppller aaea a 
crrtaia tTUcUa¡ c:oapanr t.o ship that part to that va.rehouu, thea 
we havc ·a fourtb. de¡ree relationshlr.. " '~ 

1fe ~lit dlttln¡vtsh betvrrn •de-¡rce• and a conftislaaly_ · tla.Uar 
notloa. tf a departatnt e~ploys Cour people, vo =i¡ht virv that &1 
en orsociatlon aaoaa five thin¡s. tf anothor department ecplors tva 
people, •·e have u auociation aman& three thtn¡.s. 1Uld wo couldA't 
1&7 lA Jener&l that tbe "eaploys• relatloliJhip bu anr pertlaalar 
decr~•· 

lfe proceed out of thh dÚ~.a• b se·reraJ steps. A.1 a flrst approz• 
iaatloa. thiaL of a relatlonthlp [aot an ·instanc~) ar a pattern, 
1iven as a sequeace of cate¡orleJ (c.¡., d~partaeuts and eaployees) .. 
Aa l~staoco oí such a relatlonsbip.tbea locludes on• tbla¡ froa each· 
ceteaoty (l.e., · OGe dopartaent aad oae e~ployee). The de¡tee of 
1vch a relatloasbtp vould thea be tbe auaber of cateaortes la tbe 
daftataa·patteTa. Wbat.va bawa 4ona ls to reduce tho •amploya• 
relatlonsblp froa · belDa aa aSsociatlon betveea One departaeac OD4I 
all of tts-eaplo,eet to belaa .aa •••oclatloa betweea aoe dcpar~t 
azul oae of tu caplo)oe... Altbou.1h tba foraer _lt certabtlJ' • 

·¡ellclaata relatloathlp, .lt ls dlfflcult to subjact lt to ... , 
doflalttoaal disclpllae. Wa vlll oaly dcal •llh relatlODsblps la 
tba lattar tora. · 

SpeclÍrtna the pattara of a_relatloa~blp al a aequtace of cateaoriat 
11 so .. ti•••. too rettrlctJYe. Tbare ara manr relatlonshlpJ vb~· 
perAlt savcral cataaorlas to occar at the ••~ -positloa•, ••·11 the 
caso whea oao cua -ova• many ·unt!a of thlnp. Ita tbcrefore la.tro• 

.4uce tha te~ -•4aaata• to t!eslanate al~ tbo thlaa•. vbich aa; occar 
at a slwea posltioa la tbo relatioashlp. A dooala may laclud• 
seYCral catc¡orloa. TbuJ vo al¡ht describo ~ .. •ovns• rolatioashJp . 
•• bavifta &-. cloaaiu, vitll &ha lirat doaaiA i.Aclud.U. ·~ cat~ .... -· 

----- .. --------
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rlu •• eaplo1.·eu, dtpartMnu, aa4 t!lrhioat, •ill1e .thr nconJ 
don.aia. laclude~ audt cuecorlu u. fura.Jturc, nhlclu, ultJoa.~rr 
auppJles, coaputera, etc. 

~Dor:.(n• and "cue¡ory• couJd be tnatod as the •••• concept 1f (1) 
~~ are dralin¡ ~itb a systca ~hlch peralts overlapptn1 cate1orles, 
•·•·· un!ons and aub1cts¡ (Z) tht srttea does not iapose intolerable 
perforaance ·or stora¡e pcnaltles for aalntalnina •any dcclared 
t•te¡oriea; and (3) it doesn•t bother our tntultions·to think of all 
o~~crs oc·thinas as a sln¡lc llnd of entltT, and all ovned thln¡s as 
anotber sln¡h Und. · 

• 1 
One flnál laprove"rdt ln the tpeclflcatloa of relattoa.shlp~••kra 
the speclfJcatlon aore· in!oraath'e and lesa fo'raally atructured. 
lnstcad of assl¡nln¡ a donain 10 a a~quentlal posltlon la a pa1~ern 
.. -e can rlve St a unlque "rolo" ·naac ducrlbln¡ its fu.nctioJl .ia th; 
relationshtp, such as ''o"-n~r" and "o .. "Drd ... Thus a-relatloa.shtp cah 
be spcct(lrd as en unordercd'set (rather than a soquratlal pattern) 
of untquc role nemes. Thr numbcr of role.naaes ts the de¡ree o( t~e 
rehtionthlp. A doa&ln b speclfled for .aach .role. · 

Role names are aspeclatly useful vhen several ralea drav .fro• the 
uu domata. A .. aana:os•• relatlonshtp voü.t• be define4 owr the 
roles .. aua¡er" and "'aana¡od''i bott. d.raviq froa the cloula Of. 
eaployeea. 

FOR.'lS OF BIHARY lEUTIO.\'SHlPS 

Nuch of lhe .lafornatlon lA ab laformatloa systca ls about rjJ~tlon· 
ahipa. Hovenr, aost data •odeh (e.¡. , tho relatlonal aodel, tKS 
htorarchlrs, DBTC a~tvorks) do not provide a diract vor lo deacrtbe 
such relationshlps, but provlde lastead a Yarlcty of re,reseatatloa
al technlquet (record fornau, data structurcs). haphclt .la sioal 
of thrse, and in tbe acco~panyinc restrlctlons Jn- tbe dato-proc•t· 
sin¡ syst11, h tbe abUit)' to support aoae. foTD.t of relatlolltblpt · 
verr ~ell, soae rathar cluaslly, and soae not at all. ·. . 

In arder to aasoas the capabllltlea of a d*t• •odel, tt vould heip 
to hare some syst~atlc unclerstandJaf ~( the Y&Tloat for.a of 
relationshlps vblcb can occur la real nfo~~atlon. Ja tke~czt fev 
paratraphs 1 vill dlacuss soae alflflcant characterlslics of· 
rolatlonshlpa. A particular "foJ'II"' o a· nlatlonsbip 11 thn tDH 
CotlbiAatlou ·of th~n cbaracurtntca. A aethod. .for asaesai·DI a ••t• 
nodd !tould tncludo a detu:alaatloa · Of whlch foius lt · ·supporte4 
~ell, poorly, or not at all. Xote tbe eapbasta oa coablaattoms. la 
Dost~ata. mo4ets you·caa probably aanaae 10. fla4·a voy 10 obtala 
aast of tha follovtnf featUres, takca oaa at a tlae. The challea¡a 
ls to IUpport welat onshlpl hawiaa Yawlous ·coabiaatloas of thete 

· feeturoa, . · · 

• .. 
. . 

n 

:-r -·:~n or:-, 1 r:ean tbat 

• the srtun so11~!tow pon!lllu e coastralal to bo auone4 for ••• 
relatlonshtp (o.J., that lt ls one·to-~ny), &nd 

• tbe tystra thareartor anforces thc constralnt (o.J., wlll not 
record aa eaployee•a aSatacaent 10 aore than one de!artaent at 1 
tiae). 

Sucll ··suprort ll often l•pllcit tn the dAta structan (o.J., hler· 
archJ), rather than belnt declarr4 expllcltly. 

Tha aet ot characterlstica liste4 belov la probablr Sacoapleto: 1 
Jaatlne tt vlll alvays be posslble to tblnk of addJtlonal relewaat 
crit~ria. For slaplicltr, ve are aov onlr coDtlderlai •btnarr• 
relationshtps, t.e., thou o( deJree .. t..-o (1:1o."O roles). Tha concoptl 
can lb~ readUy ¡enerallucl to •a-·ar·,... relniouhlpl (tbou of "' 
de¡ree). · · 

Coaplesltt 

l..Ld:í~l\JirC al¡ht be .one·to-oar (clepart"aentl án.4 .. •aaaans; llOaOaa
p.ocJt. ~ \bcu:lllt and .'~lves), cnac•tO-a&llJ" (dcpartaeats aad eaployeu), 
or IURJ•to•aany (nudeats ud cbsses; paru an.:l _varelt.ouus; p_atts 
assecbtles). Tbe relatioasblp betveen emplo~ces and tbelr curr~nt 
dcpartaentl ls (typi_cally) C!le to RIID)". •·huru tbe .rehtlonshap 
b~t'-"lttft u:ployecs and &11 the departcrnts ther haYo vorked ."iD ~·• 
recordad lo penonnd Clles). .l.s uny to cany. 

A.nother "ar to cbaracterlze coaplexttr ls to describo aa~h dlrectlon 
or th• retatlonship separatelr:.as simple (~applna oae eleaent to 
onr) or coaplax (aappinc on~ elearnt to·Danr). (The teTDS ."sln¡u· 
lar'" aDd .. aultiph'" ore 3lso usecl.) Tbus .. aanaaer 1of departrwnt .. 11 
siaple ln both·diroctlons¡ ~ana&er of eftployce .. is siaplt Jn ooo 
directJon •nd CoDptex la lhe otber.. ~~)atJY~ tO tbe nuaher O( 
•fo~~·of ·~lationshtps. thls would count·as {our posslbllltles, 
alue • ¡IY;a. · rehtlonshtp· •laht be ala.ple or coaplea la aacb. 
dlrectlo~ , .. 

OD.e adYafluae to tbh latter wtev tJ tbat lt .. co;rtspods vtU vltb 
.urtdn. upecu of da u eatractloa.. \"ary o(tea a· relationshlp·la 
belnc lraYeraed: Jn ODO d:lrectlOD (Col•• fJnd tbe depart•cnt. O( 6 
¡IYea. ea~lorec); tha. data processlaa tystea usuatlr basto anticl• 
pata wbetbe'r the"·ruult · vll) ltOSltria one ele~eat or DaDJ (c.¡., 
vhethtr aa· aaployee alaht be la .are thaa one 4eparl~nt). Tht 
coaplealtr of the · reversa dlrectloa ls of llttlo coacera (l.e., 
vhethtr or not thero are alao other eaplor••• l~ tht dtpar~t) •. 

Thul 1 IF & JJYtD dlrtctlOD fS "C02p11X lt. 40tiD1 t aattti DU~ 
vhether the ralatlonsblp 11 I:D or a:a. ft tha dlrecttoa la ... ple, 
tho"4lltlacltoa betvoon a:l ead 1:1 aay .. t .. aterlal. ~ ... 
(!tolo!! CoaitretaÍI 
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catrtorr, constY&ln•• to anr of ••••ral srccllio~ cate¡orlet, or 
unco~stralned (thrao posslbllltlea oa each side, for a total oC nlna 
ccr.blnatlons). Constralat to 1 stnal• cata¡ory ls rrobably the aost 
'o~~on sltuatlon, as ln the ~zaaple1 aboY• unde~ -coap1ezlty". 

Constralnt to 1 set oC cate¡orles occurs, for ex•~pl~, when a person 
can "o"''ll"' thlnas la sevrral dUfercnt cau¡orias, or ~hcn the owner
mlJht be a person, depart:~.ent, l!lvlslon, coJapany, aacncy,_ or schocl. 
Thls case mlcht be avolded by deflnlnr ooe nev cate¡ory as tho un ion 
of the otbers •• lf rou•re dealla¡ vlth a data aodel vhlcb permita 
overlapplna cate¡orles. 

1 
Jt ls bard to thlnk of a rolatloashlp vhlch ls naturatly uncon• 

·straiatd as to cate¡cry (i.e., ona that applles lo avary kind of 
thin&), but it cften makes seose to bandle a relatlonshlp that vay 
In a real. data processln¡ systea. Perhaps tke relatlonshlp docs 
happen to apply to &11 or tbe thln¡s representad ln thls parttculat 
data base, or to so cany of them that lt isn•t vo~b chackln¡ for 
the fev uceptlonJ. ·hrhaps tho ln.stallation doun•t vant to lncu"r 
.the onrbead of enforcin¡ the constralnt, a1ul trutt.s tho applica· 
tions to assert onlr sensible relatlonshlps. Or, tbe systea slnply 
aay not prowlda any •achanlsa for assartlDI and enfor~ln¡ auch 
constralats. 

three poulhllltlos: . · 

• tha retatlonshlp ·la DOt aaanlnafut between thln¡s la 
cateaory; 

the ..... 

thtng• la tbo .... cate.ory •• , be 10 relate4, hut • tlilDa .. , 
not o relate4 to ltaelf¡ 

• thln¡s ••r be Telated to thaasel~ea. 

The fltat casa la •a•ln probablr .tbe ao1t co.aoa. The .aacoa4 
occurs. lor ezaaple, la or¡anltatloa cbartl aDd parta asteablles •. 
Exanpl~s·of tha thlrd are our representatl••• l~ ao•erament (the 
reprctentatlYe ls one of hit ova coattltuants)l aad canwassera for 
fund. drint (tbe caDV'&IIIJ' ~OlliCU fro• ht .. ell) • · .: ·. . · 

lncldentaltr, 1 aa thlak1DJ hora of the staple Case vhere Cate¡orles · 
are DUtuaJty eacluat•o. lbeD catoaoTloa oYerlap• •• la aubaeta. 
tb.la¡s aar be more coapllcate4. . . : . · . · :. · •• 

Optlonallsr 

Oft olthar alde of the blaarY ~elatlonahtf, tbe·rolatioaship atabt be 
optloa.al (Mt · IYCf"J'b047 la aarrled).. or ·aan4atory .(OY.ery oaployoe 
aun haYo a· dspanaeas). J v111 C011DI. : thls as four COQblnatlona 
(two po••tbllltles on .each st.aa), althou¡b thore··cou14 concetYablr 
be aon: ·ODa .of tl;ao dasu.las aay lnc1D4o aoreral c:ate¡orles v(th &be 
retA:tlc:r:~ul~l.P.· t.elq optloaal. ·sD eoae . cat•aorl•• ..... a. fiu~atory_ .la 
otber• •. · ·. _,·. · .·. : -~· ·-···:·:,· 

. ~· ..:. - -···----

E.\"TITIES A.'<D UUTIO,"SIIJPS IS Ul'ORlU.TIOS 

1 
Ena vlth thh lhlutl lltt or chnactOTlstlca, ••• alnadr h.an U! 
foras (C z 9 z l x 4). Thls nu•bcr •lcht lnclude so•• syaactrte~. 
.Supllcates, . and aeanln,less coe.bll'l,tlons, but after subtractln& 
thete ve stlll have a sl:aable chDckl~st. 

Nultfpliclty !! RelatlOMhlp! 

ADother laportant crlterlon ~on~erns vhether and bov ~he syst .. 
pcraita more than one relatlonshlp over the •••• palr oC doaatas. 
Tbc nature of .tbe support ofun Yariea acco.rdha to tbe fora.s o.( tht 
relatlo~shlps lnYolYcd. 

Ea:a~:~ples 

A saaplihE of a few.Coras an~ bov thcy. aro han~led la _1oa1 data 
aoclc~s. 

For lnstance: certala cases can onlr be l•ple11ented la· J).l$ usia1 
Jotlcal relatlonships (hte.rscction records), ·•·•·• nlf·relatloD, 
or eultlplc relatlonshlps oYer the sa•e doaalns. Thcse cases cannot 
also b~ constralned to be onc·to·~any relatlonshlps, since thcr.are 

·ao·Jon¡er part of a !lncla hlcrarchic structure. 

·Con•equently 1 that DOit elementary o( ltructur~s, the hDDOJellt'OUI 
bhrarch)' (lU;e an or¡ani:ation chart) • CManot be rapresenud la 
elthcr ms or DBTC. 

Abo, there .ls no ,,.~ to enforct' a one-to·one Telatlonshlp h J~;, 
except hr repre~entinc toth entlties ~ltbin the sabe sea~ent. Thea 
tt beca.e~ difflcult to chan&e the relatlonshlp, or to mske lt 
optlonal •• and you can•t haYe an appllcatlea that loots ot one 
cntltr vlthout tho other. · 

Soae systeas (e.¡., (JMS), (DiTGJ) requlre l:n relatlonshtps to haYe 
oaly .a aln¡le cate¡orr oa.tbe •paTent• or ·o~•~ sld• ol tht 
·relatlonshlp. Cons der o l:n relatlonshlp ~hlch ~aturalJy has 
panntl la aeYe1'&1 cateaorJes (••1• • auppose tbat lteas of capital 
equtpaent aay be o~~ed by departaentl or 41Ylalons, but not both). 
·lt b aoaetiaea. su¡¡este.a thot such a rehtlonship can ·be modelled 
aa tbe· eomposltlon of se~eral l:D retatlonshlpl, one for eacb perent 
cate¡ory (e.a •• one 1'tlatlonahlp for tnln•• owned b1 .aepa1'tftrats, 
and aaother for tbin&I·Owned bT J:Jltioas). _Thlt doesn"t usually 

-~~rt, bovewer, because ll la dlfflcult to prewent · aa lt~ frca 
.. Yia¡ a pareal in each of these relatlonahipl (l.e., tbat data ¡ 
structuTe voutd a1'roni0Uitr pcralt a place ·of equlpaent to be o~~e.a ,. 
by a dapartaent an.a a dlYision at the •••• tlaa). furthe~ore,·Tbls 
epprdach creiltea en unnatural . ae.untlct by replacla.& one ootursJ 
relatlonsblp by tvo. artlClclal ones. Dna c~a no lonaer ask ~Kbo 
ovas t•is equlpaaatf" One now has to en&•l• la e ttllttd dlaloaue: 
..._lalch dt;tartaent: · ovnt thh equlp•entf Nonef 02&, thea whlch 
••r~•lo~ o•'ll~:"hf~ · · · ·· 

-·- --' 
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Jnstanc~• or rolatlcnthlpl .,. thlnr• the••otw.a, about •hlch •• aay 
han laCoraatlon la. tht •rsuA. 

Thrr have attributes. Just as you have an ace, so doos rour assocl~ 
ation ""ith youT departftent, your spouse, and rour car. For a ¡!Yen 
part (type) ltod:ed lD & Jfnrt Y01'th0UII 1 thre lJ D Ut'talrt qUifttl• 
ty on b:.nd.; · 

' Ther can be relued ta oc.her thinas. A ceruln part stochd tn on1 
..-urhouse h to be ro•ordered froa one supplter;· the ••ce part 
stotked ln.a different varehouse aay be re·o~dered froa a dlfferent 
auppller. · 

lnstances of relationshlps can be rolat~ to each other (lllustrated 
h the ntat sectlon~. : ' . 

Relatlonshtps have Daees, and could be subject to tho aeneral 
varUt)" of naaln¡ coftY'entlou. The ncu of relatloashlps_.cciaprha 
valld informatloa. AD tnforaatioa system should be able to ansvcr 
qucstions llke: 

• 
• 

ll"hat relatlo.uhlps axht batveen- :1 and J1 

In vbat relati~tbips 11 X. ~nYol•edf 
hnancu ·of a rolatlonsblp. Can be· identilhd. (aaaed) by Ueatlfylnl 
the rdatlon1blp· and tbe aatlt_los . be !na relatad: "e.ploycd-h, John 
Joncs, Accountln,". ln ·real 1ystc•s thesc coaposlte names Of 
Jnstances aro usually not rerrasented expllci~ly, but aro laplled br 
tho definitlon and or¡a.nll't on of the records in a file. A record 
in tn ·.eaployoe flle "111 explicltly contain '"John Jones• and 
"Accountln¡"¡ "employed-tn• ls lapllcltly understood by users of tht 
file. or c•y lle laCtored out lnto a fUe or record ducription 
soat"·here. (Are there real exaaples vhere u lusta.nce o( a rela• 
tlonshlp has a ~ln¡lo st•ple naae of its.ovn, rather tbaa a coapo· 
lita naaaf) 

A i-etltlonsblp (not an bataneo) h .hult· a repreaentecl entity, 
slnce ve ha•• deflnltlonal lnforaatlon about ltJn tbe eysta• ("data 
6hout · data"). 

II!W.T AliD K-.UT ll!U.TJD.'ISHIPS 

Aa •a-'"ary" l'el&tionshlp hat · ••are• a (ll nlot). ·. -.iRaty• ud 
"torDarr" relatl~nsbtpt-h••• de¡ .... tvo aad ,.,.,. TetpectlYely. 

. . . ¡ • 

Relatloa.shlpl Ol do¡roe 1reator Cbaa ~ CAD be deacrl\ed &1 coabl• 
natlons of bbl&r'J relatlonahlpa. · .nll follan froa tha ohenatiOA 
that an lnstance ol a .rolatlonahlp 11· -ltstlf a t.hiDI vblch cu be · 
relaud to atber t.ble.a•• Coaslde~r . a~ un.a17 relatlonsblp uona 
parts, varahousea and aupp11era 1 VberelD 1 ·¡lvaa pare ••Y be 
or~red bo~ .cor_tala auppllon for .eme .vare_Jaous• aa4 .froa dlf~erant 
·svppllen for ·aaot.ber varebouso. · · · · · 

· ~~ ~~ ~-,~~i vith t.h~ ~&..ry:· ~~latloili"hi,. ht.Oeil,parta en4 ware· 
. . : . . . -'-'-··__:..._~. 
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lrocaus. L.~ •• ~hlch par.t ll uored h ._"hlch varehouu. ~~ caa call 
thls reJation~hlp "allocatlont•, and ve can call tach tastancr o( a 
part a•st~ned to a warchoust an "atJocation•. (~otlct the ln(luenct 
or J1n1ua~r en our thlnkin,. By h'Ylna tbe slnclt noun '"alloeatlon• 
far it, w~ c~n coc(ortably thln~ of thr lnstance o( the relatlonshlp 
as hht a lhlnr In J.tselC. Callln¡ lt .. a psrt atond la a van· 
housc• donn't ¡iYe lt tht feelin¡ cf a ''thl!'¡,•.] 

lile nut c!eriae tht btnrr rehÜcnshtr loeh·un s·upplhu and alloca· 
tioas. Tbis blnuJ re atlonshlp lltuaUy ldtntlfles 10blch supplin 
suwices ~hh::h dlocatlan. l!ut, throu¡h our underuancHne or· 
allccatlons. "'' kno10 that it really cuns ~hJch supplhr nnds .,.hlcb 
part to .10hich ..-.rehouu. · 1íe have t}¡us defifteiS tbe trrn~rr rehtlon
shlp u a palr o! binuy rel&tionshtps, •·htch "' c1n denote srabol• 

.lca1lr as PU and S(P~). 

(~tatloa: ~pr- stands far tbe blnarr relatlonshlp bet10~tn parta aac! 
varehousoa, "SPw- stand• for the ternary rel1tloftshlp bet~~ca 
suppllers, parts, and warehouses. "S{P~) .. stands for a particular 
decoaposttion of thls relattonshtp; lt ls the blnary relatlobshlp 
.buveen supplitn and the blnarr relatlonshtp bet~een paru an·ct 
"'•nhousrs -· l.e., lt h the binary reln"loublp between supplhrt 
and allocatlons: For simptlclty, ve are assualn¡ that one doaaln 11 
the ss~e as one ·cate,ory~ Also, the ordcrln¡ of domalns ls not 
releYant·to ·thls dlscusslon, and ve can.therelor• · JJnore perauta• 
tlons o( J"etters. PIC h tbe ume 11 UP; SPr, PSII', PlCS, etc. 1 are. 
als~ all ~qui••lent to ~•eh other.) · 

OC coursf, that•a not the only vay "'' could bawe decoapose~ the 
relatlonshlp. An· equlYalent verbal descrJptlon of the tcrñary 
rclationshlp -ls that "'hen ve ordn the pan !ro=. 6ne auppller •·e zar 
have it sent to ce·ruln ..-auhouses, "'hila ve 111i.y have" other suppU• 
ns send the su:e part to otheor vanhouset. ~ov ~·e are thln1dn¡ 
firn of e binuy relatlonship bet10ern paru and suppltenl "'hlcb •·a 
can calJ "'loras .. (becauu 1 can't thini. of a roed dcscrlpt \"e noun)". 
Tben ve construct the blnary ~elattonship batveea :oras and vara• 
bouses. Tbis tic~ ve have decomposed tha·teraary relatlonship lnto 
tbe tvo bl_n•rr relatlonshlpl PS and lt{PS). 

.bcl, in sla.Uar. fuhlon, ,,. can rationaltu a thlrd clecoapoalt1ou 1 
lnto the pal{·~f relatlonshlps WS and P(KS). 

There are olvárs auttlple vars to decoapose relatlonthlps or hlaher 
de¡ree lnto_blnarf relatlonsblpt. Ve haYa •••a thl t~r•• potalblll· 
tlai·~or cleco~po•.ne ternary:relatlonships. For cle1ree four, thera 
arellS dlfferent vara: PSVT can·be c!ecooposecl lato the loras P(SWT)f 

· S(PifT), W(PST) .and T(PSl(), )l'lth .tha ternary rolaUon la each o 
thtte baln1 Aecoapouble threo warst plus tilo Joras· (PS)(Irf), 
(Pl<)(ST), aa4 (PT)(SW). · . . 

AD ozaaple of the for- (PM)(ST) 11 !n~~restina to look at, becauta 
lt illustrates·how Sattances af relatlonshtps ara the•sel•es thlnas 
vhlcb can bo relatad to oacb other. Ve caa tate P aad W to be parta 
and varehous,J 11 befare, vltb· tbe relationshlp PV ltlll called 
.•auocallons~. S h ttill liuppllers, ancl T 11 nov truckert: PSb:'l" t1 
che rolatlonsh.ip tbat cartela. su~Jplie1'1 usa certaln truckert':· to 
doll~er cartela partt to certaln varohouoas. Thera ts·a rtlatJon• 

. shtp ST bet.va_en .soppUor• •rad. tru.ctors -- wblcb Jupplhn use wJltdt· 
trucken .... aod · w• can erbUr•rilT caJl tbc .. ~sourcca• .•.. A .•sourco"!' 
la a CoabtDatiOD. of.ona supplter and Oftt cracker. The relattonahtp 
PSvt . cea ra.O., ba oa.pru••• •• tha t»loarr rel.aU . .ou.Jüp (P.W)(5T1 

. .. . . 
. -~ 
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brtveen allocatlons and sources: whl~h sourco servlc~• vhlch aJloea· 
tlon. Thls D.V rtlatlonshlp is relltlftl lnstancea oC tva other 
nlatlonshlps. 

lhe reason vo dwell so lODI on these decompol!tlons tnto blnary 
relatlonsblps ll'tbat soae laportaot data Dodels aro founded on such 
decocposltlons. !Frda soae polnts of Yiev binary deco~potltlon aay 
be the btst and.st•~lest war to describe all relatlonshlpt. • 

Th a.ain. _ advante,-o of auch decoaposhlons - h that th•r peralt any 
relatlonahlp to be bYllt out of a sln¡le ~lnd o( bulldln¡ block (the 
bharr nhtlcnshlp), ¡IYln¡ thc descrlrtion oC A'n relationshlps' a 
very re¡utar forR&t (Tlta.nJ. Hence, 1t ls "al•rl~r". 

'~etber or not you bClleve that depends on vbat you mean by slcpllc• 
lt)·. Sirlpltclty 11 verr auch a subjectiYe not.lon, and. ve can &he 
lt at t~ast t~o lntcrpretatlons. ·On the one hand, almpllclty in a 
deacriptlYe lan¡ua¡e (íor data or. pro¡r .. s or anythln¡ else) aeAnl 
alnimlzla¡ tbe nucber of dif!erent teras that can be used in the 
desctlptloa, thus alnlalzln¡ the n~ber of teras that h&Ye to be 
tearned by users and impleaentcd la the JYitem. Th• re¡ularity of 
bh\ur uhtionshlps provldes thh Und·~f JhspUclty." A.ccoTdln¡ to 
this crltericin, R.oman a.u::.bcrs ne st111pler than ATable, s"incc they 
use fe~er dlfferent characters (C~A 70). For that matter, blnaTy 
notatlon aust be the s~plest of all. -Also, by thl~ crlterlon. the 
ucplos·t coaput~rl of all are Turin¡ a.ac:htnas. t.·or.sU. you Uke to 
pro¡ra• your appllcatloa oa onet . 

. . 
. qp the·otber hand 1 si~plleity ls achleYed when descrlptlons can be 

~ritten conclscly, and can be ~arrled on paper and in the alnd as 
. aln¡lo broad concepts ratbar tban coaplex bundl~t oC.tlay concepta. 

This klnd of-slcpUcity 11 proYlded, for exanph. la. tho rclatlonal 
noócl, Yblcb can dircctly ac~ept a definition oC a ·PSbi"relatton• 
~lp. rather thañ ~eqvlrin¡ a sequence oC do!lnlttons such ·as WT 
5(~7), P(S(\~). Tblt ktnd ol tlmpllcttr lt achleYed at the cost ot 
re~ulrln¡ tbe system to.underatand a 1aiae~ warlety of constructs 
(l.o., ~elatlonshlps of all posalblo dw~rees). lt 11 o[ten araued 
that thLt veolth of addltlonal constructa is ~adundant and addt no 
nev fwactt.on, lince ewarrthill& can be expnsted in toras of the. 
•prla1t1Ye" constr•cta, •·•·• blnary relatlonahlpa ••.. 

~e can fartbcr llluairata tbe conceptl, aad proble.. in a "tyttea 
for apeclfJlDJ arlthAetlc expressloat. Consldar oae ianauaae wbtch 
has .ter.t for exprestlaa addltlOn, d!Ylslon, and countln1. an4 
enothon· left¡ua1• "·hich bu all theJO plus a tem for •anr&Je•. 
Both lanauaa:n havo t:he_· aua · fu.'\c~L.oaal capablllt1 -for descrlbinl 
thlnJJ. Tha firJt lt tlaplar becau.• 11 hal levar te~ to -be 
¿aftned, laaraed, and 'apleaantad. But tha aetoa4 lan¡uaae la 
obvtoualy eaaiar to uao lf you v&Dt ·to computo aa &Yora¡o. To 
aYera¡a_a LIST of.ya~ues, oue vrltea: . 

. ·lL • SUN{LIS'r) "DIVIDED•BY.COUHT{LIST) 

·x • AVEIIAGE{LISTj . 

~-----·.--·· .· .. 
-·! 
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ln tbe si-cond •. 

~r •l1ht observe that each klnd of slapllclty ls approprtat• to 1 
dl(ferent levrl ln the systea. The flrst lan¡ua¡e la approprlate to 
a lov, lnternal, ll:plellentnion level of the sysua, ~-here icple11en· 
tation cost ls o{ prlaary concern. The second tan¡ua¡o ts approprl· 

-----·--·ate to a hi¡hn externsl lnterrace whlch ls seen bv usen.. SoBe 
kind- o(--transf~~ation -procns h requlrecS buween the hnlt, tuch 
u a lan¡ua¡e · transhtor __ !r>:1'ich tabs the second statct~.ent abo« u 
vritten by a user and tnnifons-lt_lnto the first suUt:~ent abo-re 
tO be execuud by the sysun. This-coTrespor.d_s, for ennple, to tho 
lcplu.cnUtlon o! a relatlanal data ban on "'top of an interface 
dratlnl ontr in btnary relatlonshlps. 

Thia spllt level appro..:h.hss soae disadvania¡es·. Sinci the dhect 
lntent of thc u ser h not tunstl.i ttcd to the underlytn¡ srstea, the. 

·srstra car not be able to optlt!~he and perCcn~ the functlon in tha 
brn · rcnible Yay. In thc avera¡in¡ nample abova, "tht' srstaa 
excc:.t in a t11r f'hst suuoent .,·ould u te tvo puses tbrou¡h ·t.he 
list. once to DCcun.ul:lte the su~:~ and a¡•(n to count thr ele•~nts. 
lf the sysua undefstood "anra1e" dinctly, 1t vould d.o both te. oue 
r:u.s. 

In a ·nutshell. timpliclty. can mean either a saall vocabularr ·or 
concise descTlp~Lons. Botb ba~e thei~ v&lua. 

In~identally, let me mentlon stlll a third klnd.of aimpliclty, ~lch 
·••r be even acre taportant th•n the otheT t~~ ln the area of data 
descriptloa. Tbls lt ~ranlliarltr".. The easiest d.escrtption srstea 
for you to lea m aad uu ccritctly · ••y ...-ell be· the one .,·hlch-it 
closest to aomethln1 you already knov, rerardlets of hov objectlvelr 
complex tbat aay be. lt is rrecisely thi~ phenoaenon, for e~anple, 
vhlch aakes the acule Jystcn of ceasvrement much tuS simple for .ae 
(and ~ost o! ay readera) to use. although it ls ob~sly aimpler by 
any objectlve criterion. The trouble vlth this approach, oí coune, 
ls tbat lt ls subjectlve and dependa very auch on ~ho the users are • 
llov do you auaure lt.t And daes U lead.you to support· a onbn of 
srnems •. each •ppealin¡ to a _cliffennt ¡roup of un u! (ibera b 
thh buard: the apparent faclliaTity caa abo tead usan ast n.y. 
1"hey an pTone to •.•Un¡ hlse assumptlont about the aystea, la. 
those cases vhere tbe aysten does not behave ~ha •••• as tbe thlna 
they·are falllllar wlth.) . 

vñnec••••rr Ch~tce• .·· 
Anotber concera ertsea fr~ the fact that ln deacrtblDJ aa D·ar.r 
relattonsblp at a coaposltlca of blnery ~olatlonthlps, one bes lo 
uhct· one of the ••nr poulble toa!'t"lftiolis. That h, oae·••• .co. 
decide vhather to apecUr PVS·aa P(~). K(PS), or S(PIC). ·nare ll 
often aothlftf ta tbe vay t~ac usera thlnt of thll ·r•lattonsblp to 
p~efer one ora owar the.other tvo. Hence thll arbltrarr cbolco 
shOutd aot havo to be"mado lD tha conceptual mo4el of tbe lato~;. 
&ion syst... Allo, .there ll a daaaer tbat tbla fo11l of 1peclflca• 
tlon aay beco.. entanale& la lapleaoatatton an4 por.fo~ce 
concerna •. Tbe speclflcatlon -P(WS) aunes u- ·an lapleaentatloo la 
vhlcb p~•rl• JUst 1ntoresu4 la· .tba reladoaahlp betveea vara.boasn 
uol auppJ ata,, t..e., · ws, ·vtu·· t•t bottor Aontc• tban 1hou .tat.r· ••••d. _Oft~-' ~· p~r~e -•~4 .va!obouaoa, .. 1.e., ~-: AÁ1 aucb __ laplic.att~ 

., 

. . : 
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ta the conceptual .odtl •hould bo awoldod. Aa adalalstrator ahouJd 
b.* freo to chanr• the bplclienutlon. stnacturea art.d pcrlonu11co 
optlDl&atlon• ~lthout ba•ln¡. for oxaaplo. to resp•clfy P(WS) aa 
5(,...). 

EIPLICIT AHD·INPLICIT RELATIOHSHIPS 

Expllcltlr Deflned Relatlonshlps 

Espllclt declaratlaa of relatlonsblpa peralta tbolr propartJea (aucl 
•• ~hose doacrlbed la ~actlon o.a.a.o) to bo spoclflod dlrectly to 
tha 171tea, to bo.onlorced indapeadeQtly of tbo ~presentatlCD of 
tho rel~~lonshlp.- . 

Ualasa naCes of relatlonshlps are tnown as pa~ Of tha data contoat 
of tbo ayatca, lt la dlfflcult to aasver such_querlel as: 

• 
• 

"lhat rolatlonahlpa oxlst betweea a &D4 yT" 

•Ja vhat rtlatlonahlpa la x lawoJye4t" 

'ñen the &anlpuhtlvo Interface ts u:pnued dlrectly In to-nas of 
DADed relatioashlps, then tbero ls consldorablo latitu4e la tbe · 
~annor of repres~ntlna the relatlonshlps, vltb tho alteraatl•••· 
botoa hld.don froa tho user. Repreteatatlon opt_ions 1ncl\U!o; 

,o 

• 
o 

o 

_SpboUc Un ka¡ u vi a .!"atchln& fleld Yaluu. 

tDternal ltnks¡as tuch ms polotors • 

!ncluslon of such llnka¡os wlth-~ther attrlbutes of the eat~t~el 
1avotvod (e.¡., polotina.to or namln¡ eech otbor). 

lnclusloa of such llnlta¡u la .• ~opai'ato stnu::tu'l"ct ~ ••• ;; · 
latersactloa_ records) wblcb reprosents t~e relatloasblp. 

° Cocputatloaal procedutot, such as c~aposttioa of ~tbor ralattOD~ 
shlps, or coaparlson of attrlbuto volues. (Sacb procedures 
could ontr be used for taquiTJ, aot for aodlflcotlon of rala· 
Uonshlps-.) . . . . . . . 

Ultb oaned rolotlonshlps 1 ihe ayntaa aad ~emaatlc1 of qvorlea cea .be 
aade aJcple GD4 anlfora, tndepoadeat of tbe nothod of representtaa 
relatlonshlps. (Also, tho tora of tbe qvorr 11 llkelr to bo'closer 
to tbo astur~l lanrua~e-for..) For exa=ple. an laqulry reeardlna an 
•ts eaptored la" relatlonthlp-cauJd coacal~ably be handled ~7 a 
procedure whlcb aearcbea caployaeat hUtor-, records_, looklai for tbo 
dopareD~nt to wblcb tbe employee vas aost roceatl7 tranaforre4. An 
aaaertlon tbat aoa~ona "la o~ploye4 la" a certala department could 
be handlod by aakloa A aew oacry la cbo.e.ploymeat bistory· to tba 
offoct tbat the ·em.ploroo vu traaaforre4 lllto tbac.clepartmeat today 
(or elso tho assertloa ftliht •~•o praYldo ea •as of" elato). Soae 

. .'u.s_ara: ... -ould áppreclate oot haYloa to bo•i that tbJs vas , .... lapla
~•at-atlon 'of t~o relat~oaahlp. . . · . · 

Aa "&Dotbot __.a.~~··· coaald•r"~~ laqa.U"J' "firnl •U eaplorcas ·aocut-J 

• 
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la Stocttoa•. Ja a recar4 orltnted aodtl wl~ut ••eqgate capablll
tr Cor aamla¡ r~lattoashlps, the utcr· is obllaed to dlacoYer thot 
lacatJona aro apec1fled ln departaeat r~cords. Thls usar has to 
Coraulat~ a qb~ry ~blch selects the r~cordt of departm~nts located 
ln Stodtotl, and thn Unds tha cornspoadin¡ e•ployeu. h Sequel 

· ((Astrahan), IChaaberllnJ), for ezampto, the quer1 vould take abo 
fa%111 

SELECT liANE 
FJI.ON OlrS. 
1l11.EIE DEPn:uN • 

SELECT DEPn1JII . 
FRDN DEPTS 
10IERE LOC • •StOCJ:TON' 

la contrast, tf tho user wcro proYJded vltb • 4eftae4 Telatlonahlp 
a~d "locoted la•, theu he aeed not kaov whother locatloa taroraa• 
tlon ·11 contalned in anployoe records, clepar~ent ·records, -or 
dl~isloa rccords. Thls user ls slapl1 lntcreated ln vbo vorts 
where; he n~ed not be responslblo {or kao~ln• current carporato 

-·practices re¡ardin¡ the centrall:atlOQ ~r dlYislons or departcentt. 
(l.o., he nred aot knov the functlonal Gepcndencca.) furtheraore 1 
lf these practlccs ~ere to chan¡e (alJratln& tho locatlon attrlbuto 
frc• one record to anoth~r), ao ton, as someono vas klnd enou¡h to 
aodlfr ttie lnternat de!inltion of "1ocate4 tn•, tbea our·user need 
no~er be pcrturbed by the cha~e. Ue can continue co ln~viro aboqt 
vho works ~hera ~~St as be did befare. · 

. This opproach ..-orts b~tter for fnC¡uirhs . tban for ui:idetes. To 
chan¡e an eaployee•s locatlon, one does bawe to \nov ~~ether eeploy•. 
_oes can DOTe aboat lnd~peadentlrt or are constralned by the locatloa 
of thelr departaenta or dlwirloas. Tbls tnovlada• can be aleaaed 
fro• the oraanlzatlon of the rOlations l.e., tha fuftctional 
d~pendences •• la a relational data baso. Jt cao also be ap~cifled 
in conslstrncy rules in n uodel wblch describes relatioashlps 
41rectly. · · 

Naa~d retatlonshtPI nee&· nat -be lmpleaeute4 by- lnteraal atructure•
auch as poiatcr cbataa. They coul4 be pi'oYld.ed by aeans of ~acro" 
facllit~es U-tho .laterface lan¡us¡es. for lizu.Ple, a ucro foclU'• 
ty couta cclacehablr be a4ded to the Sequel · lan¡ua¡e, vhercbr a 
aacro naaed •tocate4-la" covlcl br deflned to azpand lnto tbc Sequal 
text lllustroted abowa. An cnd user alaht tben fo~late bis query 
as "fiad esploroes located-la 'Stocttoa'", vlthout-knovla¡ or carlDI 

· about aacro oxpaasloas, functlonal depen4eacol 1 polator chatea •• or . 
aTea nctwort Ya. relatloaal ao4elt.· 

Ol courao, · tbat .... •tocau.s .. ¡Q• r-olatlonstilp coulll abo M 
presentad to tbo eter la tbe ~abular fora of tho relatlonal·aollel. 
thcro c_oul.S be oa laterfaco ot vhtch -tbe (apparnt) nlstenco of 
such a relatiOG la Uiatalud···ffJ.r tbe aser, hufepeDC!eac ol tbe 
.. Mor lp; vhlcb h t.aa to be aacel'lallzed froa . the I'&Al anderlrtaa 
4ata (ct. IDarceU. .. , 

. - . . ..... 
llaYlDI naaed rolatloasblpt as aa iategnl pan of tbe Dadel b aucll · 
lbo aaae Idea u pereolYbtl tbo aodel as • ·nt of functloas 
(Folinus). Th• osteraal user undorstands tho lafo~tloa •rstem by 
bovina tbe ·aaau i&JHl clesc:;rlptlODJ of tlae- fuacttoas. -tbo raquhe4 
A1'1:UAents, oa&l tbG expectable ret.11n· -. yaluea. · Tho luactloa• corros• 
?GnJ dlroct.lr to tbe a.nr•.s si:aaanttc understOildiq ot tba tnro,-.a• 
'J.) ... Tba l•plcllftltatloa of tbo functloa• .la-.blcldn f'n~~ tbe a•~r.-. · . 

. ·:··. 



18 ...... 
JThl •uakl• of '(TaJchrh:,.J anl! the •uJoCt.loa. nructuns .. oi 
.([•rnest) also relate to the concert o( apeclfyint n~eoJ relatioo· 
thipl. 

~bere la a ~isadv~ta¡e to •r•tcos ~blch deal only In na•ed rela· 
.ionlbipsa The)" linlt the user to follovlna pathl whlcb bne bH'ft 
.,redoustr declared bt' a data ad•lnhnator. and aah 1t dHiicuJt 
to Collov paths l!'lplioch 1D otber data nored lo the sysua.. · 

Jf t~o eotltles·are rolated toa thlrd In any war. then that~la 
itself canprlaes a relatlonshlp aaon¡ the first two. Ono eaployer 
nl¡ht •~rt in tbe saae departccnt as anothera .Thc secretary of a 
depart~nt probably ser1e1 as secretarr for each ettP.loyee in thaz 
departneat. 

Attributes can provlde s~ch llnka in the saae vay as rclotionshlps. 
U ID cmployee .-orlr.s at a certahli -locot1on 1 tbh lmpl les that his 
departDent has soncoae ~orttnc •t tbat. Jocation. Jf ve havo a 
aecbanlsa for establlsbln¡ that t•~ attrlbutes are "in tho saeo 
docaln", then ~• can lafer a telatloasblp bctween tvo entltlea 
ba~in¡ the saac waluc of sucb attributca. [ ••• , ve could lnfcr that 
a suppller and a -.·arehouu are in the ui:le clty. 

8oth the doaaln and the role of the attributes aust bo constdered 1 
to avold mlsunderstandln¡ th~ sl¡nificancc of tbo laplied relatloft· · 
abip. lf an cnployec ~·· hired on the date hls aana¡or traduated 
c:oUc¡e • ~e tlustn•t la.! el" tbat ther. woro hlred on thc sama .date 1 or 
born on the ·saae dato. · · · • 

Othor tlnda· of erron.ous lnferencu misht also be carelenlr dravn • 
. Jf a pan h avatlable froa a certaln supplhr·, and a warebouse is 
tor\·l~ed b1 that suppller, •·e can•t tarar that the pan ls Jtocked 
In that •·arehouse. (.\nd evea 1f 1t ~as. it alaht be a 41 flerent 
supplier •~o supplied that part to tbat varehouse.) This ls tho 
"connectlon trap" [Codd). vhercby no erl"oneous inforence a21 be 
dra~~ froa the "joln" of t~o rel~tionshlps On ~ coaaon domaln. Thlt 
11 a user error, not the fault ol the data aodel 1 ln a•crlblDI the 
•TOne ceanina to tbe results. Tho us•r error arises out o( alatal· 
enlr takln¡ tuch rolational orerators as •project• and •join" to be 
lnYal"sa operatlon•. eapectlnJ that perfoTDlA& the tvo lo succrsslon 

.wetur.ps the orl&lnal lnform.tion. A projectton·can deco=po•e ono 
rolatio~ lato tvo¡ jolnlna these two does not aece~ar111 re·~reato 
the ol"iJlnal rehtlon·. · 

Ooe of tbe ttren¡thl ol tho relatlonal mo4el 18 that all sucb 
•iaptlcttl1 deflned• relatlonsblpa are rea4lly awailable 1 siaplj by 
jolniD& rclations · oa. a ca.u:aon doaain. lt .ton · roqulre 1 hovewer 1 
that user1 Col"rectly lnterprot the aeaalo~ ot t~.Jolao4 rola~l!aa. 

In tbe relltloaal ao4el,. an sucb relatloaashlps are equally 11 la" ·che 
systeD. Oae ... could vlev as .a dhadYantaae. bovower the fact tbet 
they are.4ll tapllctt •. Aelatlonthips aro-aot spoclft~,-aaaed, or· 
descrlbed n:pllcltly ta the relatlonal •octd. Al' "•" • ther attht 
to~~liDes_b~·tntorporated lnt~ t~ "col~ GaQOt•·an tbo relatJoe•. 
at tb': "".tuo ~r -t_b~ ~.r•oa d•_fl~ln& tbe- relaUoa. · .· 

·.· 

· L\"TitiU J..\"'D P.U.\UOS'SIUPS IS t:.~C~-\tlOS 19. 

.\ .:otlrUl a&DI [llk• a fhU DAN b , nc:arJ) iullr pu!on.s ac 
hUt h-o functlor:.a ((Hall). (..\..~SIJ) 1 U ahouU sprcHy t'he dot~.alD. 
{roo vhlcb tht Y&lutl aay be dra~• {r.1 .a datet ot drpartcen.ts), and 
also tht al¡niflcar.ce of lts assoclatioft ~ith the Entltr 14entlfied 
br tba ley (e.¡ •• date of hlre, or-dep~rtaent enplorcd in). lbort 
h no foraaliso in tho ulatlon.al aodtl ~-.to dlstlnJulsb these t~o 
functtons=of the colunn. naeo an.d no dlsctfline ~hich dlscoura¡et 
c:allln¡ a colUM just "date" (or •hired'") tnsua.t'Of-~d_ate of hirc". 
(CodJ] suuests prefixin.¡ a role oaae to the donalD. aaae·-.t~ dlstin· 
¡uish evo coluans ~ravn froa the ••~e doaain¡ ~~~SI) rocom2tn4s_that 
•tt 11 aood practlce for an attribute naae co contaln both the role 
na&e anJ tho doa~la na•e". Thls is pres«aably onlr for the beneflt 
of haan ruders. Tbue h no defined spt.u: by •·blcb the syst.ea 
c•r extriCt tbo doaain naaes, e.ga 1 to yerify:~o~onalit.Y of"douains 
for a join operatlon. Nor cou14 a.quory procossor follow •:cbaln of 
relationshtps. wbere the na~e• of tbe relat.lonshtps vere eontalno4 
1n the role p~rtlon. of the column n&aes. 

CO!ICLUSIDR 

tt ~eful tO examine tht natura of tnforaatton ~tsldt tba context 
of an1 partlc~lar data procoJslna technolo¡y. lt ls profitablt to 
tate a naive an4 opon·alndcd loot at tha war· sucb con~epts as· 
"'en~it:r;• and "r~l&ttonship~ tctuaU:r fwlctton tn .our (l.ndhidual) 
Ylevs of reallt1• 

lt could load to nev objoctive os1esaaents of the capabllltl•• of 
curr•nt to.chnoloftes, ana point t.o ~- dlrectl~l (ancl llllits) for 
lu~un. uchnolo¡ os. _ . 
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G..ll. II.ISSDI 

· • t roCIIIJC l toa 

"•• •••• t••••• at ••• JFJP TCZ Coaforooco •Kodt111•t lo Dota 
1110 Maaageooot Systeos' ••Id lo Froudeastadt,_~a•u•rl 1171 
(Procotdtogs. rtftroaco 10) wero tht DINS trall arc•ttoctMrt, 
probabll btttor roftrred to 11 DINS co•coptual froaowort. aod 
••• coacepts for t•• ce•ceptu~1 sc~ .. la 

t~ert ••• falrly tenera1 co••••••• at thet coafereace wtt• 
r••P•ct to 1 DINS coaceptuel ;r.-t•~l •it~-tbret ac••••t• 
,,.,. t•o trl~lfonaUo•sa Ve •IÚ •rtef1y dncrt•• tllt ••1• 
potnta of lbJs frt•eworl ia sectloa 1. 

~ t~outh tbe coarerence •ade so•e tnterestlag progr111 wlt~ 
'•'Pect to coaceptl of tbe coactptual se••••· ft ••• ••r7 
cle•r t•at·•ft• ••• quite far rro• conatnaus o• the btlt set 
o' concepts for thl co•ieptu11 ac~•••· 

o~o•r ~o aate aore progrtll t• t•t• ar••• t•e 1r11 VG 1.6 
J•l•~••••J apeat t•• ••Jor part of ltl Septe•ber 1176 ••etfot 

'~ dtflatag 1 111 of reqwtre•e•tt to be ••t '' t•• co•ceptl 
or tb• ~oaceptual se••••· Oace t~ere ts coas~•••• o• o 111 
or rtqvtreatntt for t•• co•cepu of the co•cept.el se••••• ••• 
•~• aort uurullt d.hc••• t•• uts of co•cepU •"clll uthf7 

".,, tflue requlr••••U. '"' ut of reculreoeus wll1 •• 
•• ,.,,, ••• , ••••••••• ,, ••• J. 

1• aecttoa 4 •• •111 preat•t oat of tle 11t1 ef ci.ceptl Shtt 
••tlafttt bllt lbl requlre•eats for t•• concept.il se•••• , •• ,.,,,o 
~ •ettloft S •• wtll preaeot a·tech•l••• to preaeat lafor•atle• 

•truct~re liPt aad •opulltloft •••tr•••· Suc• •••traol lrl 

~••'M1 to •••••cl•t tht co .. uatctllo• o• ••Jor parts or a coa-
• apt .. •l a e••••· 

lA ••ctloA 1 •• wtll ult t•• t•forottlo• ttr•ctuit dtavr••• lO 
'''v•tr•t• t•e ••tacoacept•al .. scfllt•• "Of t.he ,coace1tt ,,.,,,.,, • 

• 

n 

F•rt .. r.ore, 1• sectloo 1 •• wtJJ p~s .. t o ••~•1 toztea1 
descrlptlo• of t•• ••taco•celt~•l ,,._., ·~ ••• coaCepl•al 
•e•••• coacepts descrtb., •• sectlo• c. Oae ef t•• r•••loto1 
•••ttloaa •!ter Frevdeostadt 1971 •••= •••t 11 a a .. aottcatll 
trred~cablo seote•c•' T•ts ts foroall1 detcrt••• lo aocttoo 1 
11 part of ••• aetacoacoptval se••••· ••••• aocttoo e caottloa 
o staplo dectatoo t••lo to doteratoe t•e at .. otlcal trr•d•co• 
••• ,,, ., 1 ••• , •• , •• 

·. 
Datab••••. are ••re to a•pport lnforattloo 171te•sa for eur 
,urpoltl •• , ••• paper. lt •• llltatla1 to recoe••·· ,,,, ·~ 
hput lad ••lPd of •• tnroroat too 17U1• h tofon~ttfoo.. . . 
h figure 1.1 Oh 11 111uUrltllf •1 Ul orrowa eotlrht ead .. 
1eawl•t lhe lofor•etloo 171tea¡ eac~ erro• rtprelenta tofo~· 
tloa ••te~tag or leawlag t~t tarora1tloa 171teo. 

1 ,.,. ... '·• 
., • 'rocosa un •• coaceptua1hatt .. es, ... ,. refer .. u u~ i•l 
lafor.tllo• 11 traalforatd lato ••••••ces. &o•teoces ort tra•l• 
for ... l•to el .. eotlrl leoteaces. ••• elo•••t•rl seateoc~• falo 
obJtct•role palrl (ftture z.e). 
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OIJECT, IOLE o .. 
u -• ... 

Jafo,.u'to• u • .set of ••• or "re rt1oted ...... , ... 
& aoatoaco ts i 111 of 11111 or DOrO relato• 

o1 .. eotary soatoacos. 

Aa ol .. tatlrJ soattaco fa e tot·Of ••• or aert 
obJect•rolo patrs, ._,. • 
taclt role oppoara ot .. ,, 
OftCI fa t•O·Itl. 

• 

loto. lofof'llltfoo, soott111U aad oloaeaur.J seattaco la tlrlno 
doftaftleas covld all bt •Mtllftod •; t•o ••~ •ol .. tot• 
•tost••ct•, •occvrroaco' or •tasttaltttfoa•. 

(Durclt~oll, rtforoaco •J 

M•11 •17 OlllliP lllld rtsf•t fa 1111 fafD~IlfOIII IJiltlll Cllll bt 
e•.~rteod co•plottiJ, for•alll lftd ti•PII b7 spocffJI•t tirio 
o\ :ut l.JPI'Io ,,., roles wtltrlt •• obJoct lJPO ••t Phi ta 1111 

•'••••ter7 soatonce ••' rtstrtctlo•• ,,.,, IPP11 too cortala 
~ect trP• t• 1 certtl• role. '~e~ 1 descrlptlo• of ••J•ct 

,z••. roles '"'· reu,.tctl0111 h ctlled 1 co•ceptwll sello••· 
• ,o~cept~•• se•••• ls 1tte 1 prtscrlptl•• ,,., ••• ,., lt
o••·rtbes w~lch e1t•tllllrJ se•ttiiCtl ••r e~ttr ••4 rttlde ta 
,., lftfor•atlo•b••• of t-• tafor•etto• IJtlt•. 

... 
1 .¡ 

JI 

lwtr7 4tt••••• (l•f•~•tlo•btst) co•t•••• • ceitat• , .... , of 
taforaettoa or laow1e4gt. 

1 coactllut1 •e•••• ta 1 att of r.ltl 4tacrt•t•s • • t e • 
taroratttoa (or ta0w1tdtt) ••• eattr • ., 
rtstdt ta tht tafor8tttoabaae • ...... ,. .. , ., .... 

' 
ta 1 11t Of ~111 d~acrtbtat 
taforattto• (or l•oW1tdtt) ti 
reprote•t•d •• storage ••dta • 

... . , .. 
,.,.-, .. n, 

Aa ••toraa1 se•••• ts 1 ltl of r•ltl dtscrt•t•t 11 • • 
taforatlloa (or laow1tdtt) ts ., .. ., ,, 1 

progrl• • 

iawf•l ntthbh t•ou thru schcraalt • oat 11111 .h tllt•ct 0111 

1 cltsatflcttloa of tll IIPtcts of dlltbllt dtscrtpttoa ta 
t•r•• Clltgorlts. Ont ctt090"1• ••• coactptutl IChtol, ts o••• 
coaco,.atd_wfth tht conctptutl esptcll of t~t lnfor•tlloa ef 
fatertlt for 1 JIYtft Ualwtrst of D:scourso~ 1 COftCtPlMII IC .... 
••1 bt rtJif'dtd 111ft a~rtt•ent btlwttft t11 ptriORI laeo1wo4 1• 
t•t.Gtllbt&l, ••d the'•lchlae. Thts 1gree•e•t could bt wtewt4 
11 • ltt of r•1ts whtch describe tht sets of tlt•t•ltr7 seatea• 
ces to bt •ccepteblt la tht stltcttd Ualwtrst of Olsco•r&t • 
1• l~t ltCOAd Clltgor.r. tht lnttrat1 sche••• oat ls t•c1•&1wet.r 
hltrtlltd .. h sptclf.rl~tg or tht olt•taUrl ttllllltcfl ducrt•.•• 
•• tht , •• ,.,, •••• , ••••• tht ••• ,..,, '''''''· •• , ••• ,,. •• , .... 
ecctll pethl, ••1•lcel ~tduAd&•C7 1 etc. 

.. 

h tht ut~d uttgo~.r. tht utt~••' uht;.,, ••• fl 1111t•1 •fl• .. 
1 uechl •••• or tht '"'· whtclrt h of tuerut for 1 ueclttc 
1ppllcllloa. fhtrt 11 1 attd for two treasfor•atto••• o•t 

••••••• tht conctptut1 scht•• tad tht tatera1l se••••• ••• 
ol~tr Oftl bttwttn t~t conctpt~•• se•••• end lht tatera11 selle••· 
(lljlltA• rtftrtACf llJ. 

A coutptul '"•••••rfl: wiU tht J•st •••ttoatcl thrtt ICht•ltl • • ·• 
a•cl t•o trtnsfor••ttoas ,.-,. o•r eptalo• 1 'rtrtqwtlltt for 
••r• prtctse dlacwsslons rtgerdl•g dlltblll oatltrt. 
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Fltart t.c p~tttals tht ••Jor co•PG•t•ll er 1 llKS trell 
erc•ttect•re or OI"S co•c•~twtl frJ ... orl. As cea~ .. ~ ... 
la , .. flt~rt, ••• Conttplua1 sch••• ts c•e cpatrll part ef 
t•ts fraataorl. Oni coulf 117 thlt ••• tlttraal tch .. ate 

corrtspoad to 11rftct strwctorts asaoclattd ~••• ctrtala 
ta .. ••t••• .. ,,, t•e coactptatl schtaa corrtspo•ds ta 1 
4ttp atru~tart. , .. co•cept•al se•••• 11 co•cepl ,, .. , te 
.. acctpte4 •7·• raptdll tacreastag •••ber of peopltl ..... eP 

t•• spectftc coacepta lo •• ,,., la ••• coactpt••' ,, ... , 11 
stt11 1 atittr of restare• iad _..., f•rt•er •tscassloa. 

ltfort •• to·oa to t•e.aeat secttoa. we woald lflt to ••••• 
1 h• suhacu froa lrttftchl latel1tti'•U llttralart: 

•a coaceptaal stract•r~ 11 defl•rd 11 a •~twort of co•c~pta. · 
wh~rt certat• claasts of coacepts ca• b~ r~latrd to ot••r 

. clan~• of co•Ctllllw lh rvlea 111 whtc• chsus of co•c•pta 
coa•tu Ir~ ctlled ttlto coa(itptual 1711Ua nhlw St•c• tille· 
co•cept•al l~wtl lt co•sldtrtd to a•drrllt la•Ju&gr. lt la 

ello co•aldtrtd to •• opart froa laaguagt. T••• t•• co•crpt•al 
•~•t•• ~olrs·are orga•ltl•a rults of t•••t•t as opposed to 
r•l•• of 1 Jaat••••• (Sr••••· rtftrr•ct IJ. patr Z68J. 

•r•e ,, .. ,.,, •••t bt •~r•••• o• 1 •~••1 -rrptr , ... a , ... ~tfc 
ltwtl tlll1l rtlll~l worda lo rae• oth~r. Mt call '''' t•r coa
c~ptual l~wtl. t•~ conc~ptval ltwtl 11 rrallr aot llllt ,, .. 

tlill•t 11 t•~ ar•a•ttc.ltw~l. al•ct lt 11111 ••t•I•J wlllataotrtr 
to -• .Jtlll a ptrtlcvlar la•t••tt• (Sclllaal. rtftre-co 14. 
••t• UJ • 

1 
•t tlilt t•d ef t•o Stpt .. btr lt76 ••rtl•t of IFIP w¡·f.l. t .. re 

••• co••••••• lllltl tlllt ltl of co•ctlll• for llllt coacrptarl 
,,, .. , ••••• al ltast to aatltfT tille follo•••• rtq•lre..•tat 

1. co••••u 
l. for•al .. 
J .... , to 

fon.w1at• 
v.-erata•tl 
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4. '''' to e••~•• 
.. lflt lt ''' t•r•• aort rtqvtreaents, •• .. 11 

S.'ttll to transfor. (to othtr wt .. s) 

·a. ••••v• 
1 .. oruoe•••• 

le17 lo trlttfor• ta •• addttfo••J rtqvfrt•t•t tf •• •••t te 
~r.ft t•e·CO[IIST[IC[ of wfdt17 werrt•g ••••• or tlltr•tl 

&e~•••••· 1ht.rwltt for dtscrtbtng 1 conctptval se•••• ••••'' 
... swc• t••t ••• tlluetlo• ceanot •• dtscrtbtd In •ore •••• 011 
.. ,, 1• ot•er words tt fa vntqut. lf thtrt are two or -ore 1111 

1r co•ctpll eqva117 aetllfJI•t reqvtr .. t•l 1 t•rove• 1, thea t•• 
aet wtt• ••••••• orthovo•elttr thovld bt se1ecttd •• tht btsl 
.... (ltjllt•• rtf.rtRCI 11) 

lt ts taterestlng lo co•pert lhtlt rtqvlrtarnts wtt• rtqvlrt•t~fl 
for tht coacepts to rtprest•t t•owledgt as dlscvssed f• ••• 

fltld of Artlflcl•t lattltlgtnce. •ve rtqutre of o•r ••••••• 
._.rettntatlon t~•t tt ~. ••••bltuous, unlq•• t•d Pt7C~ologt• 
alt.r 1ftlll coapuUtlonlll.r ulld. leprnuhtlont a.,u bt ••· 

••teuous thu ft ,·, •'"'''' Ult cau Uet tht ortvtnal •u•l•t 
u.;C u e ·uuhr cfrlou · to lap.rt wu un••btvuolll ••• l.r unlqd· 

..... •.• aun Ult u.tn cu be oa1.r ••• ••1 to eaprtu oiilt 

.. ••l•t 1• t•• rtprtttatettoa. l7 ptrc~olotlctl •tlldfllo •• 

.. ,. thet our a0de1 tho•14 confora 11 clottiJ 11 poatlblt to 

._.,. •r•cttl~t.... 17 coaputattonet ••1tdltJ, •• •••• t•tt 
c-pllltr.l tllo•ld •• ••11 te optrttt wltll nclr& •otlo•t h •• 
,,,,,,,., ••••• ,.. rsc~anl, ,.,,,,.,.,. , •• ,.,. 11). 

·~ A btst 101 Of COftCIIUt' for Ul COftCIPh11 ac•tal 

.. , ..... ,, ........ , .••.•.... , ,, ... , , .. ~.,, ..... , ..... , 

.. CIII~r111 •t•t• ltll 111 0 btCIUII lt lt aot tacludtd t•lt 
•••r• ••1 la aort tlr&an ••• 111 of ltlt coaCIPtl for tho conctp• 
1•&1 tC~I••· ~~ ~111 prlttat 1 ltlt lit Of CO~CIPtt ••te- 11 
.. ••t•~•••• or t•t wort of 1tlktabtrg (rtftrtfttt '· 1) a•d wt&lcll 

--

h partir ba.ttd Ofl t•• Ca u 'ra .. tr of 11l,laore {rtftrtact J J. ·· • 

• 

t~..'"l \:o :u .. u :' C'!.'\:tr.:.:,¡., sc•t~ cosam " 
~ ........ al prt'stat· h utll ••uSI'r d~>w•lopatat& .. l ... ltkr 

••••· tt •• ~ttttd wtt• ••'''''••t pr•clslo•. tateraal coasta
t••c•• •••••• , •• la qvlde r.rt-ér rtlttrc- • 

l•c•••• t•ts •adt1 la ttl11 •adtr dtwelo,.e•t• ,_. tt ta ••••• 
•• t•• coactptval ttati'ACI atrvct•r•• ••••r1JI•t ••turt1 l••t••t•• 
•• •••• ti••• lt t•• •••• tlllJR. E•olwl•t llturll L••t••••. 
Jaforaatloa Kodtl. 

t•e tiALIA aodtl coatalat tbe fotlo•l•t prlaltlw~ coactpta& 

''"'' obJtct (e,eae.tirJ obJectJ. 
role · 

••••• . , ....... ,.~··· 
,., t•• ftllewl•l ••rlwtd coactPlt: 

- otaatc IIRltaCt (tltaeatt~l aeattactJ 

• coattr.el•t 

ead t•l' ceac••ta tJpt, populattoa IDd IDIIIftCI lrt 
IPPI}ctbh to atoatr obJect. ttllhftU ,.4 ••••· la o•r worla. 
1 pop.,lattoa h a ut of hsuactt •••e• all bthnt U.,._ 
•••• trpe. (S•• D•rc•••••· rtftreact •1· 
Aa atoatc ••J•ct lt •• ••J•ct ••te• la coatldtr•• 11 •• ••41• 

••••••••• ,,,, ,.,. 1 •••• ,, ••••••• ,. ••• , 

Dtsco•r••· 

A role 11 1 •••ctloa w~r&tc• •• ,, .. ,, ••Ject plert la •• ,, .. ,, . .. , .. , .. 
A Glat lt 1 •••••• rtftrtaco for •• ol .. eat la • ti••• coateat • 

tlottlftcatloa lt oa tattlltct••• procesa ~•tcb dlwtdtl 1 ltl 
of tl••••ll t• a ttt· of dltJolat "''"" •••rt • • ·· 
••••••••• , ............. 1 ••••• , ••• ,. •• 

coaaoft c••r•cltrltllc. 

( 
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•• at .. tc •••toace fl 1 ltt of Oftt or .. re ••Ira, .. ,r9 tac• 
'''r coasfsts of •• atoatc ••Joct rtftrtact 
t•d 1 role rtftrtftCI 1 ••• tac• rolt apptara 
at •ost OACI 1• t•• atoatc ttatoact. 

co .. trlfatl ea• •• apectita~ •• urtous lhguhttc •• , •••• ,. 

11 procodurel or ••clarettwe. lt lt ••r oplaloa that ••• •••••• 
lr7 to dttcrlbt co•strafats 1• a dectaratlwt ••1 ••e• '''' a 
DIM$ ct• •uaderstaad• t•t constralats. ~ art c•rrentl7 ta,tstf• 
tatlat' ttlt •st .Ud poutblt utuato .. of UMALAI (ftadiJd, 

r~fUtiiiU Jlj u· 1 dt,titrtlht COIIIt,.tfAU 1 .. 9UI.I for lile 

cO~nptwal se••••. 

~lA dfiCUIIIAt lht lriAiforatbllttr Of,OAI yltw (data a6dtll) 

tato a•other (or dtscusstag the trt•sforaabtllll ·~·• carre•t11 
taUlht d1l1 AOdth) 1 ft h •l1r7 Utftll to tht l8phltll to t.o 
th•s of COIIhtrthts, •.••tll tht •tdt•ltfltr• aad Ult •hactloat.l ..... , .. 
la ldtnttfttr of an ato~tc •••t••ce l1Pt ts 1 dtclaratto• of 1 

set or ••J•ct•rolt patrt •hOat ••••• (coacattaatto• 
of •••tsJ h untcaut •IUh ••1 Ut•lc· n•tt•ct 
·po~uhttoa of thlt atoi.tc n•tence l.IPI• 

fa t•• trtdftiORI1 11ttratwrt oat Oftta calla •• ldtaltfltr 1 

•l17•.or 1 dtCIIPilfo• lO .ltp IO•t .tlt•t•ll •waiQwt• •ftlill• 
1 popthtloa¡ •• two uat .. cn t_a 1 uatenu popuhtto• llttt 

t•• •••• ••••• for 1 att ef otiJtct•rolt palrt ••te• coattlt•t•a 
u u .. ttr.ter. 

A fuactlonal lullltl lt 1 declaratloa ••tclil detcrttltt tlilat t•• 
ltl of •••• ••J•ct•roll patrt 8Yil lit 1 

•••••t of eaot•tr 111 of ••Joct•rolo petra& 
t~t latttr •vtt coattlt•tt •• ldtattfltr. 

Durh1 ttlt .t11t1• Of·l coactptval "',.• _0111 c .. tUI17 dtleralat 
••elhtr 1 ttflltan ti tt•••tlcallt lr,.UYU~It (atoelc, that•·· 
larJ) or aot. A St•tenct 11 o•1y u••"ltCII·I, lrreáiwc•bh U tt 

follo•• onr of tht fowr '•''' of f1gurt «.a. 

• 

··. 

- 1Ss!K5 1• CDitlrtua:. - CIIUnS 

-ber of anbtr of ... ta.r of 
roles h 
ltttltact 

1 

• 
1• ,, 1 

• 
1•>11 

• 
1•>11 

tdtfttltltrl rohl h 
h ... uan uc• tcl .. ttfler .. 

1 1 

1 . . 
1 ••• 

. 

)1 ••• 

Dtc:tstoa tablt to dtltr.lat •••••ttcal. 
trrtduca•ll t&, 

Fttwre t.a 

. 

41 

rwto· 

1 .. 
r 

1 

---
J 

4 : 

1• 1 Dat••••• ••••t••••t s7st•• P'"OYI~f•l Collllte•t ffffaro•t 
•••••• tt ·ts u .. •tttl t••t ••11• , .. , •llrl ~•t•r• •• ot .. tc 
••••••re, ''''' •ttrl ••1 rttlrf lht •••• ttoetc •••te•c• 11 •• 

eto-tc ••Jtct; svth •••ttactt ere catlef ••J•ctlfltd •••tt•cta. 

aott. la t•ts paprr, llilt worft •atoatc l!nltac~·· •eltetallrl 
seateace• lfld ··••••"ttcall7 lrrtdwc•"• ttnlt•ct• ert 

IJAOnt• reftreaus to Oflt •""' tht u•• conc:ept. . ... 
ltfor• •• tal vtwe the tor••l drsc,.tptlo" of 1 •v•••t of the 
(DILIW COfiCiptl ta ttltlf, Wl Wtlftl lO tatrodwc• 1 dllf'"l• 

·tiC~III·~· lO lfi~IIIC• l~t co••~IIICIIIOII Ofl COftCIPlvll tc•t•l , .. , ..... 
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l. lahraut ... ltr.Chre l)'Pf' tN poPwhtto• iiUtr••• 

la ••t•~••• t~•ory ••4 lppltcettoat, •• ••••• ••••••• 1 te•t 
ortinteC foro•lta•, 1 c•••••lt•t tr•p•tcat fo~attaa for rtpre• 
••~tlat tu'• ldtll 11 'eto•tc obJect trpe•, •atoatc •••teace 
,,., •• , ••••• ,.,,.,. ••••• , •• ,, •••• , ••••• ,. (111 tt , •• ,,., •. 

tewtÍ) ltd t•• •••• filttl tl t•i popaletfot ••••'· 

For t~ IIALIM tefor.atto• ••del, •• ''~' tesltil stace ••• ltJS 
•••• alttralllwt 1111 of grap•tcal t)'abolt la aealaart •• coa• 
,.,, •••• , •••• ······; ......... , .,,,.,, ••• , ...... ,,¡, .. 
propote to ••• t•• fotlowt•e ,,.bata f6r t•• lllLIR taforaetloa 
N del. 

ltO•tc ••Ject '''' 

.8 O" 
,.., ...... . 

A cercle, or ettlpata, coatalalat t oaae, er 
.. !'•• 1 ., .. close to tt, ,.,,,.,, .. ,, •• 
ttoalc ••J•ct trpe •••• ,._, ••••· . , ... , ........ ,,.. 

• 

Ftgwre 1.• 

i 
1 
1 

1 
1 

....... ,. ... 

CI.U[" lliAU :\ CC"fCI0111~ 10ft* ~~~ u 

_aae ... aort ,..ct .. tlts. u ca recU•tlt 
, .... cttd wl1 1 strlltht 11at •lt' tatctlr 
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••••rJ. lo rtpreteat 1 ••pulettoa of at .. tc obJocta.ii •• 
tlllptts. coattialat • ••••• 41ot to ataad for oac• atoetc ••l•ct 
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AHSTHACT 

~o -

Thc problcm of \~calina: Wilh limt·Y~rying a11~Ú&Üon.' ot rclalionships in COR('CpCual infor~mltoft 
RkM.lclinJ is u:unincd." A ~nc:cplual hamcwork wtKn: liiDC is watcd in an unrcstrii:I.C'd fastúon is 
inlr'CkiiiCCCL Tñc bina'l' and a·ari rclat~ mo.Jelins approcbct are lhcn discw.wd hum lhls poitU 

ol Yicw. Aho abe papcr ~mcnts on sorne approachn whidl'lndudc time as a buic conccpt lA 
tbcir fi'Bmeworls. ll b condudcd lhal, whcn dni111in¡ 1 co'nceptual ttbema. 1 Urnc·uotcallicted 
dui¡n' lcnJ 1~uld prctcdt lhc: tpc:cirtcatioa of 1 finite,lime•rCSIIkled eonc:cptuaJ Khema. 

INl RODUCTION 

AcwrJin¡: ID lht ANSI/Xl/SPARC stwJ)' croup (AX3- 7SA) lhc 'conccplual Khcma' dncribn a 
limil_c:d (rutffi:tc:d) conceptual modc:l of (p:nts oH thc rcal-world tRWt Tbis mOIJcl is nWtuained 

l01 all applic:;¡Üonl. Whill' scnnl moc.ld" for lhe conc:cplual "C'hcma bavc ~en sunnacd. 'fCrJ 

rcw hólvc p.¡id aucntinn 10 thc problcm ltow lo syslcmóllic:;¡JIJ .k .. i¡n suc:b a toehcma. lA lhll p;~pc:r 

wc wiU DOI dircc:IIJ and capli,itiJ addrcu ~e pro.:css, or dc~¡oins: and dennin& a conceptual 

Kbcma. IN&cad. wc wiU dllaü.s modclin& al thc c:onccpt&W lcnl and p=&J puticv.br aucntioa to 

tbc probScm o( dcalin¡ with limt·wvyin& liUocúuiotu. TIW. b • tU¡bly rclcwanl wpic iD modclln¡ 
aD RW IJIC.CDlll u~ l)llelll CID be considcrcd • llaÜC.. BJ llllftp«DI ~inurultlll WCI dcDOU tbc 

• Oo k ave hom lJM koyaJ lutlfino ol Tcchnok.tu/UDiw:nJaj ol S&od.bülm.S~L 
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-time aSpccl or conrcptuallnrormatlon modcb of RW aystrm'l rtnd wc wlll di~uu hnw lime i• 

lfUitd, 01 Nl1f b( lfUl~d. ln \'11~1 eonttptualtnodcling IJ'Jif'OX~in. 

~--

. ' 
Oulln¡ with dynamtc l)'lltmi lla rommon problcm In cnalnttrin¡ and aclcncc. Thc bch01vior cr 
systems b con«ptu•IIJ rnodeled by ats o( equatlons whtte tlnle ~I)'J t fundamental role u an 
lndcpcndan¡ variablr. Numcrical treatmcnt o( thut equatio.ns rcquirn. howcvu, thal we 

ltanslorm lht modcl toa discrtte ene whic:h only conlldcn a Onitt ,et of poina. cm l~ lime a:a:is. 
Wc thusstudy the 414~ o/ tll~ 1)"7frm 111 WJriota ~mu In ti~ and we may, fOT compaU:tional 
rca\Ons, ke-ep a "hlstof')'' of a 1!'1 or model atatu al diffcrut time pointa In thc llmhcd t'Otnputa-
Uonal lton!l¡e. t · 

ModcUn¡ of adminlstratiYC systcms has slmiluhies with mathcmatical moddinJ or ph)'Skal 
systcms. Thc dirrcnmas ant that in admini,tnti'l"t tylitem., we have to dcalwlth lar,C and stron~ly 
varyin{l seis of entitiet and that tevcral aspects or lbc bthavior cr thcse symau. arr difriCUII to 
approt.lmtitc bytraditional matht:malleal c-quatkml.. Uowcver. in both C:tlrJ wc wlsh lo m.lntain a 
ronccptual modd of somc tystc"m of lntcrest. While mathcmitK-U.!'J havc appro~chcd lhe 
modclin¡ problcm from thc ul~_lin¡ mattJc:matical Cramcwort. ínformation scienllsts• havc: 
approached ronceplual modcfi~l of org_~nlsalions •nd admini!ltralivc aystetM rro¡n a 
'computallonal rramcworlc' whtch lnltiafly .,., 1nspired' and rntrictcd by edsting computin1- and 

SIO(age tñadtlnet a~d conccpu Uor cumpk Kqoential lllpc prottuin,_ m~~chinel). Ewn today 
ou.r computationalrr-~?*Jrcél an: ~ unlimitecl ThJs fact. hfl dearly inOucn«d thc developmcnt ol 
conéep1uaJ modeUn,g concepts ror :data ~se applicatlons. The A.NSI/Xl/SPARC ftpott (AXl· 
1SA). ror lnlunee, dcals In tbe :ronryprwai. ~YWirrr with eoneeptt sud1 u COtt«Pflld/ fwlt!s, 

'· · COIK"f'l'hlal fl'rlli¡>J, C"atrl'rJ!.!...f:tlf IW'flt'd~ ttnd p¡dn (not ncccuaril7 matcrialiud). Thla ahould 
indicate lhc atudr ¡mup~t vlnr of ~ eonccplual ntodd u • naite and 6isactc data machlnc. While 
there are a rnP c•a:Ptiont, most other concept:uaf modclin¡ approatbes Mft adopted this Yft. 

In thls p•per trt wUI lhetd~ 11~d; bow 11tc tcmponl dimcnlioa can be lnrorporatcd at the 
·IX!nccploallevcJ and IUf"WJ how somc urUcr"~baYC dcelt witb thil problem. Al thc ecd 
Wl' wiJI discuu aomc conuqucncc.l of ffDI cOnsidcrina the trmporal dimeulon at tbt conceptual 
modtlinJ lc<rel. In our d~ ~ wWJ~inustration., mean UUtmeiJ slmplc eumplc whleb 
ean be •en as a p.arf #'01 ae l•vcniDrJ maaa¡cGiellt appüe:ation cae.. la Jpl&e olltt ~11. abe 

· =-·~•se u.· ~neral e®Uih &o Wandiatc probiCms of clealia¡ w1Lb dme M t.he cooceptaal lneL 
Firsl.bowner, we wlll oulllne • t!-mowort~~bkh l:nciada the time d'm dca a..i .wbk:b abo 
fac:Uitatn a compariloa olWarious iDodcfina IIIPPi *' 

~. 

2 A BASJC CONCEI'IVAL FJlAMI!WORI< In--. i.Heto..m... o/ ovr- r.........k""""' ............. wiD bo ....... A ..... 
- "-tt¡NNoa ls ID,....,..,.. (BUB-76C); 

·1 . . . .. . ·. . . . ~ 

11M r'-<-k co..sdcn lbo roiiO.d.a ~' 
('-)· ·. ·.· _: ·--·~-- ,· ~ . 

'rhc ....J-14 ,.alm(RW).wblcblnduilpo lbo-o/ HJ«1 - (OS). ... - .. 

. Tl!t Tri~POKAL DIHtliSION IN INrOP.t:ATtOII tiODELING 

Tite r"Of"'('t'f'ltlttl ,.oJ,.I rulm, whirh rnnt:~ins notions of lhf' almr«t ~nodtl (AM,) and lhc 

irrfn,.,.,alimt ~el (IMJ. 

TM dotalo1ia~l rtalm.which includu notions or Jara Jtrurtflrt (OM) and ttoru~ JtrwctwiW' 

modclinJ (SM): 

1ñc: framework also indud!!t ckscriplions of. thc~ modch and the dcsi(ln procc-nes (mapf'lnp) 

hom onc rulm (levtl) lO the nut 'lowcr· rcalm. "A pauicular mclhod of lnformation or data 
modeling iJ mon: nr lr~ uplldtly eonccrnrd whh all thnc ~alnu.dcscrfptlont and p~s. 
Mosl mcthods. howtv-er. focus tht'ir atLtntion to tcchniq~s for dcOnilion llnd repre.scnlatioll of 

Jnrormation modds or data structurc modcls. lt b ob.-iou•. also.that t~ un or a particular 
lechnlqllf' atronglylnOurnccs lhe wÍy thc m=appinJ/ desiin procc:sses abo'l"t 11ft" c:arrlf'd out.. le. lhC' 

way modeb at dirtcfent lcwb are dcW"CI~; 

Thc 11uu.rstcd framcwort rc5ts.lo a rons.idcrahlc ntcnt. on an intcp-11tlon of nntlons and COnC'CplJ 

for informatlon modclin! su,:p-sted urlicr by thrc author (roce for cumple (BUB-73C). (8UB· 

l6A)) and othrn (sec n:fcttnct lisl). Th~ mOu lmJX!nant of thcm k. wt belin~. lhc considcra

llon of lhc litnl Jimnulon In abstract lnrormation modellinJIU¡tgn\c-d bJ l..an,gcfon (LAN

-66A). ~ conceptual sCparution o( t:bJlr-act modcb and in/orJ~~tDrioft lnOdtlt • or lnformation 

modclinz.lan~uaJea • u. sua~tcst~ in (BIL-76A) - bu abo bclpcd Ut cbrirJ: tc:rtain c:onccptv.al 

b5uea. lbe lime dimerulon lJI panlcular, as will be thown. facilitala a·nDil poccdural and ka 

rcstricted trcatmcntand dcacriptlon or models at the c-onceploalabstntcl and lnfonnal~ modctin¡ 

levela. 

Thc author would llke l~ ltf«< lbal thc auu:cstcd framrwor~ doca DOt dalm \o constllatc 1 

complete "'ooo-bos' (or lnrotTIUIIíOR modclln¡_. The main purposc of pc-nentin¡ 8 audc outfinc ol 

hIn Uús papcr ls tbal it radlitalca a disC'ussion oC c:eneln modellna b:aua.. . 

Tbe ,bjHt 6Jah'"' oran lnlonnalion aytlcm and ''"dar a base b the part ol tbc reaJ.wofld wllldl b 
rolovant to a partlcular appt\catlon problcm. Thus. tbe procca: ol derbllD¡ tbe nlennt OS ID 

c:acnllalfy • ljsrrm DM/,pb tm4 dt-slp activily wblch lndudet 

ltud)' or lhc: adoal arpnintlon._ ¡o.als. objectlves and polidel · 
atodJ and/or dcal¡n of opcratians. Onw&(rnatcrial or lnlonoadoa) and deddoa proceac:a. 
ltudJ of the orpnfsl,dona lntcnttkm wlth lts ravironmcnt 

dclcrminatlon or lnf~tkm hCeds and reqllln:mcnb 
ltudj ollhe lnformatioa lyltcm .. '~rdonk-al" prvpenies and eonsequenotl 
spedflcatloa of pta.objec:úfta and requiremenla CODCCnlln¡ 1~ iftforlft&ÚOD aJ*ID 

. lDdPcflna"lts data bale {indadiaaallalement ol detJsa crilerisl~-etc. 

ScwnaJ tecMiq...,.; aAd ~thods (« cam.ma oat and documealla¡ lhue octlvllla; bavc beCa .. 
publiahod ( .. ror uamPie (COR·1o1A) ro;r ... CKCCUeat DI'WJ' and ~·loiC) lot • acoerar 
!ro-'<). ltli.-• ...,....lboocopool W.papu 10"""" ID4elallcootldorlt>ls......_ 
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cona:ptual nalm k ~n la lncluddwo Rbrnlms.which ::o: Ouñf!t.~ bdow. 

• 1 

t ort:"aniulion"t (nr phy'fical s~tem'• • in an en,:ineerin¡ typr applicatK.n) data bate wiU 
Wtimatdy c.any lnlo_rm:uion. rcpn:t~:n!td by d.ta, about an •bstnKt JrWXkt or thc otpnisatlon 

(rcsp.the phy,K::allystem). lbe- following are our bade noUons or this rnlm: 

• 

• 

• 

• 

úuity: an unddined conttpt. but which hu becA suffi<'lcnUy Wf:D lnlorma"lly and intiuitive· 
ly d.cscribcd by others Uor uamp1e (CYL-.62A)). Jnitially, our reaJ..world and ob~ct 
tptrm di'ICOuru consists of an undauifacd.. varyin¡lt'~ of nbjec:l1 (conc:rtle or abAuact). 
lbesc c::orrrs~nd lo a sel E ol entities In our abstra_ct model. 

.hopn-17: •n uncknned conccpt; bu_l wtc cont.kkr propertSel u a 1\lbs:et o( E -~ diK:ourse 
ot en!k~L 

A1Ut<'iotkm: .n anodatkm h: a wen deflned ~lationshlp bdwun a Onile numbrt of ~nlltics. 
wbcrc C'at'h utily pbys 1 wen ddinuJ mk ~IJ mulllple roln). Th~ relationshlp an. 
tom:cptulli1J• boJe! lnr time lntervds ot onJy for discrt"tC polniS fn lime; AasodalionJ wltb 
lhe lame meaning, but concemln¡ diHerc:nt attJ oC cntities, c:onnltuk an GD«Icltioll.f#. 1t 
b drOned bJ A,(r¡:C11 ;r1:Ca:- ;r.c.), where ~denotes the assod:uioD tJpe. , 1 thc roa 
and C., dcnotn corrttpt dnscL In sorne limpie cues thc rolet are obvious and can be Jefl -· 
Eownt: an ~ñt b an obscrntion or dc-cision ln tht ohjcd ll)"'trm'at tbne t of ~ ~lfutlq, 
rntlmg ot occv"'"'" or ~ nsoc:lallon ckrlned In ncT QOdcl. h b. aftdemood that an 
cvent b alwa,., rclatcd to • time:. p0hn or lntnnl - h.s OCC\itft~ or obscrntloa tbnc. 
Furthmnorc, w. can dls\lopbh betwern a,;.,., Cftftla and úWmtll ~ Bolh an 
parts or our modc:l_ ~ e•IHMI..e,yeDlJ_~ oo lbe boaacbry' rA or s,aem ac1 caa oniJ be 

.: _::'-.,.,.....c...-":' ... ~!=;.~c.. .. o4llól'íl'6oaa-tntCFnal neats can be lheot-e:Ucalty (IOmetimet approú-
. sriAttlJ) deriwed aftd pnsslbfJ ~ mntumS ot o&snwc~.ln abe objed IJSlCIIL ~" caa 

In, thc dlltindlon bttWttn thcm dcpands on whera wt baw dnwa lhe abllnd IDDderi 
boundarJ. Evenls cu be &rigc:red bJ Ddl:er ..-mal e\feftb out~Mie tbe cootrol of lbe: 
lal'ormanoo rystc:m or b7 eawmal """ la ca.nbifta1kMt wlth bri'OfDIAlioa about tbe DClUI 

• 

· ~te of lbe modd. · 

~MM:- At any l~ l wo éaa t1JHrl th&t a pattkulat auodaUba boÍds.- LL'IItrw. Thua. 
· IWIJ aJMrtlon la relatcd to lb dUirllo. ,..,:.&. Tbe npr.a.loa.A.(I)(r1:c,.,-;.,:. ;r.~), 
. Whtft e_, f C.,. b. ethcr rtw Clll' /111M (DI' poulbiJ Dndeflfted.. r a..Jt_ 101M of ~~~-COCDpoDOA&I 
.. do noc eilit ott). BulcaiiJ. ond pt0Cibn1• we an ltt........S mo.ln~¡o 1a.,.. -ruoa.. 

• 

• 

• 

• 

· ("orn.iu~,un. A "'"' /u_\lfJI'l is an au.Cninn which can be prnn'ft ldflilte."'fll) lrw cm the- ba!.k flf 
infnrmaltnn aMut C.ti~tin¡; C'vcnts und ddinc:d dc:duction rulñ. Conu:quc-niiJ; Cwn}' 
conclu\Km ls usociated with at lcu~t onc timt paint or lntanl • tht time wMn the rondv
~wa•dnwn . 

Timr: RC"I:Jtinrrships and a~iatin~'l in thc rnl world do hcqucnll) ch&RJC . So tlo t~ w-t 

of paniclpatin¡r. relc:vont c:ntilic~. U lo; nC'CC't.nry that l~u: rrorc-niC's lr""E JiTrn npHéit 
constdctation in the a~tracl modd. Thc concc-pt of ''""' b tMr""EfOr""E rundamentalln &he 
n:alm of conctplual rnodcls. Thi!' h:a.• ~en carlicr recop:nl<~c:d by sorne ln('Dtehcn la thc: 
area of lnfonnaliDfl moddlng (sec (or uamplc: (LAN--66Al;(SUN&73A). (DEN·'76A) and 
IFAL·7SA)) end also b71 rew authon~ in thc ridd of attlfidallntclli¡!tncc ( ror n:unpk 
(KAN·75A)). In our ab'lt111Cl nNll.lclin,: fr.1nk"wmk time pba~ lwo kind~ of roln: ,..,ritulc 

and Uurirulc (d alm f\'QU.~RA)}. ThC' utrinsic: tlmC' h the time· .. ,.,. • panicular 
aurrtlon b m:adt 01 conc:hKion ls dr11•·n. Whcthcr lbls tlme ,;ladnn1hip b nplicitiJ 
ucop.nirxd or not b 1111~ ,;rciJIJ. lptrin~ time- pa)"'a rolt u part of lhc: dc:finltion o1 u 
U"'inci:Jtton lJl'C', b. lt con~ltutcs parts of 1_1!. 'mnninp:·. An anodatlnn 1)-pe m•J or tnaJ 
not ront:tln lnlrinsic: time mmpomnt•. Cons~r thc followln¡ ~umpks: wt dn• a 
cnnc:lu.,mn at tlme l 1 : iltE OUA.NTITY ON llANO OF ARTICLE XYZ lS 41. Hn-r t 1 b 
es:trimlt. Ncxt.. c:oosldet- 1he anctHon DI t1 ohnul the aba~ condudon, 1:. > t1 : 1\ T '• THE 
QUANTITY ON HANO OF ARTICLE XYZ IS -41. Obtcrw thatlhe laur:t b truc lor all 
extrinsic: 1:. > t, and that t, bas oow 'mond toan inlrinslc.olc•. Consequentl), 1:. wiU abo 
move toan lntrinsic rote ir wc asscrt D! 13 > 1:. the Aurrtlon about the rúst condusion etc:. la 
J.i&ht of this we ac:c: that lnronnation ahout nenls na be s:ccn Ds u-Rnions aboc assodatkms 
(describing tite C'VCnt), whc:n ti~ evcnt oc-curren~ m obsen-11Uon tlnw bas moved tO •• 
lptrinak role. In our cbsuaet modd or 10tne applintion •e .wltl m>rmiUJ hnc bot.b 
anodatinn• osscrtions about ..-hich do or do not de-ptnd oa U~ ntrindc u.senlon timc. 
~ whklt do not dcpc:nd on lime: re~u:nt 'staNc tac:b• OC' obunat\ons in ov.r moc:k:t 
whcrc: an lnlrindc- tbne n:lation lmplicitiJ or tlplicltly al-.ra,.. is prneDL 

An ahstract modc;l l1 deslgm:d hJlnlt'tuatirip:: known and antldpated lnformation rtQuirc:mcn\1 
rrom sptC'm ownc:ri and W• usen (RUD·76A). Tbc dnl¡a procru lmplia atmncÚon or lhc 

. Óbjc:d syttcm and dauiOc:al\on. of c:mhics. CTCftl! and nsael:alioM lnto c1ann and t)'PC"L 

~Ion of tho AN abo lndudes rtatc-mt'ftt or askmD umccrnlna dcpcDdc:ncin ~ntbtcnq 
end completenca ol' tht ebo•t mcntionc:d componenls of the modeL. JI b d«lr-abk lhat lhs 
dea:ri¡ollon oltho abslncl modclls oon~ural. 1 

t"hc "&tate" of an abstnct modc:l (or abslnct llRle (81J.,.76A.)) at llmc 1 h bJ .m.anJ auttlon 
comridn'ed to conmt or thole ftrtltie• wh¡m at t "e•"'•l• the AM and thoae uaodar.loat which 111 
1 ate tJ-M. 1l\e IM:a aod thc DM:a are lhen dcai¡nc:d 10 malntaia a COft'C'Ct CUrftllt abltrad sute. 
na 'llDRP and earrenl dme4c:c ort=tecr -.. ladL D11mr47 at the•bslrad ~ewet. &o tmertloa/ 
deldloa /o¡>dalloa probkms ond ratricls lhe ....,.... abiiiiJ 10......., as..., Wonutloa 
roe¡- ...... abjoc:l- ...... 0... ....,at ...... ., .. •bol-_, .... be lnlonna!IJ 

·-bed .. -· 
... obMtad ,;,;,¡.¡· li ·~ .... .-.....~~,., "' of !"'"'lt>lll ·- 0.!- d .... ., 

-. ... ~ oolllw Uf o/....rloui«U do4t ... w ,_ .- ..u117 - ...,¡ 

-lolklu ~' .,¡¡ - '"''·'""' ,¡,:,. (loúrorl<. "';:'· ~ , .. _ ( 

........ 

' 
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For instancc, a conclminn drawn al time 11 ~J not he pnMihle In draw 11 lime 1,, whc-re 12 > 1 1, 

hui lhc brt lhat it could he dn•n 11 11 rnay 11111 he- of imiWJ11anc."''" tfl lht rrnhltm. W~ ,..111 
ancmpc to clabontc lhls nollon In connection wilh an er.amPic in thr ncll t~«tfon or lhia parer. U 
h ck1inhlc lhat lhe descriptkln ol .n abstnt.ct modei is non-proct'dunt 

1!' the- abtlract ruim wc ha-n rocu"cd our altention In the *"''"'41fn' nr thc ·nHKkl. Le. Whlc:h 
e-nlittt•. 11'\oOCiattons and e-wnts 10 .:on"ider and thdr. rt"latinn~hiJK and dl"fl'"ntkndcs. In a¡:rtt-. 
ment with (RH.•lbA).ft'IIN-751\J and (~EN-13M wc a-1n"lder the ln(nrmatlnn mndr-1 rralm 111 

an emph~ .. n on trptnf'fti<JiitM and O'C"f·rcfer--encln¡t. ln"thill sta):!rtwC' ha~ to ck.~Kk howtht u~r 
should rdcr 10 lht n.riou" eompnnent" ol thc modd. Tht._only wof human~ ando lhis fs h)" thc 
tr\C or Mtrtn. Wt bavr hc:re to decide how to rdcr lo .Individual arHdn., wa~ho~KCS. penons. 
c-olours etc. We aho necd u~r-infonnativc n&me" fnr conccpe clan«, anoclation lypcs.. roles eLe. 
Funhermore:, ll b ohen lht cast. that lht nmc entilj ean he ;eren:nced hy ~veral d1ffcrrnl 
relerentt etprn'lions com('OH"d ol ntcmal ruames. We do. In lhi:t purer, not takc any po!dlion lor 
a particular formal bnpasc ror thil purpOse but condudc: thal 1hé rdtrcncc ~ hnc to be 
aohred al thil •ncL Wc ttress •J•in that. at lhb lewd, dall-tGrvcturinit; a.nd ac:casinJ problcms are 
not considc~. 

The di~tinctkln ~lwc:tn the aMtr:act rnlm and' thc Informal ion rtDim may not be ~•SJ lo m:ü.c In a 

prac:tkaJ dni,:n Jitualinn beca use lhe only way u~rs can rderence r:omponrnts of" a modtlls by 
lht Ul.t of namc-~"'·hich \tand for (lrc 1 :1-relaled lo} "known' eoncept~fn our di"C:"nurse. As namet 

also must bt eonsidu~d as enaities. lhc rtferenein& problema wlll normally also lnOucnu our 
abstract modtl dell[!n. For iñstantt. 1~ ckcision_lo rdcr lo a perwn b7 his namc.,birth-datc and 
birth-time or bJ his .ocia_! securiiJ number m ay lmply two dillcrent abs«ract modds and different 
Rl--ups of ~~pis. Wc do, howr':tf, mainlain lht position tlull tht deaip and ddinhion ol an 
.ab.Jtract modd can nscntiaRy be dunc wiaboua paMicular comideration to rdc.rendns and namlng 
probk,ns., l.e. wllhoul tht lntrodu<:tinn or ~u of utcrnal, uscr-inlormativt namca. 

' 
Uhlmately, dclinlna an lnfnrmadon modct we have: ID decide h)' whkh lypct or tnronnalfon 
ohjrct1 or funcllon, to re:~ni cwnl and conclu~on 1yprs of our rnodel Aa lnformatioft object 
is an enlity whkh is fully b.awd on and desctihable by CJ.Iemalnamcs. lnformatlon objcctt whieh 
repruc:nt evcnts are drnolcd· Dtlfnn#llll. A atatcment, once lssued, nevcr bt-cnmC'II falac u h 
n:prnenta lht occurrcnce of U evca&. A coriduslon. dnwrt at time t. can be "malcrialized' by u 
lnfnnnAtion ohjtct. h can he ae-ea as a ~orttkal otMrvaUoa" {derifttion) ol our ~ and u 
tudl eons~ "·'" ntnt rc~ntabh:· b7 a atatement. /u for eft0U..,. may .S.Unaallb 
bctwr::en utcnW and hltmtalsutimmts. Tho probkm of "eondulloa matatalhadoe• ha een.tnJ 
bsue dlscusaift&lhe ternponl ~ We"WIU raum lo lt bt teetloo J. 

A.cconlina to our ftcw. MW aaltmeall iaformiq llbout eatemal OYenta ID Iba objea .,..r.aa aro. 
~ptualJJ.,_rt.ed" Jn lbe modd at timo polnll • ~ .... ~ ..... -etc. Let • dcDole bf 

S(l) · tM &Ita Id ot ane.raal llatcmcallla an lnformatloa. ~ atllme t. 

Millo) · lhc NI ol conduoloal lhal can bo dn,... al ";. (oa lho ....., ol 111,.i ;;;.j alvea. 
w...- noleo) concom~n¡.,......., ~- A,(l) ot aor -.:1 for oll ~ · ..... ' .. 

i 

;-

tr A<t ltol is a.o;sumc-d nOIIo chan]!(' in lhr intc-rnl t, S t.< 1,., • th<n ~ havc dc\irnc-d a_ 'siCf'l"'ilc 

c-han,:lnf'rnndcl of our ohject •ysrc-m. Th¡, 'lffml lo ht- the normal ca~ for most adminiJtratiTl 

tyr~· tnr~u:-: . .:.::~ ••. "i~'l,:.mo.;;:c,. :.-. ::.:.>.:.a:.,., ::.e oirr . .: ;...:;r.l.J !1 ~p~n! ·~late d:o~r.~,· ••M! 
Al1!11) ·dc5erihc-s Ir~ Lwtrcru ,,.h::m t.••tr at umc poínts 11. We will u~rvc. ho~~o·cvcr, ttut a.n~ral 
'systrm •arlabks' cañnO'. 'uat'tl!' OC modt'l<!d in 1his w;y, fot in.stanc-c lhe moving ••cn.¡:C salrt 
quanthJ rnr un inventory hcm rh:m¡:n Jrom t, to (t, +. dt) e<rrn witbouf h~!in¡ MW atatcmcnts 

lntrodDtYd in this intervaL 

Tbc d.aalot[lnd ruhn 

Thl' tt"O!Im 1s ~~«>n In fncm: on fmpJcmcrilaaion. optntinn:zl and t>fnci~:nc"y prohlt'nts.nr an tnrnrma
lion model. ll carrt'lópond' tn the 11rinJ. e-'" oJinlt and p}r.rsk-al tlr-riu k<rels as dd1Md ln 
(SF.N-7:tA). ThC' typcs or ~f!n dcddon" that havc In be- made su~~uiJ awo subrr:alms : onc
whl:n: onc- rn~nlially drals wlth data strutlurin¡ and onc wflc:ore stnraJt allocadon end by~ 
problems are In focus. . 

~ amttptual rcalm ls enmtWiy un-c:onttmed with_ pfocedural proc"C'S'Úng ~nd dfldency ¡..,utl 
o( lhe lnformation syslcm or tht data ba<e. The inronn;~tion modcl'a C?Qttptual ~lr'• on informa
don nn tiK-rdore be. 110mewhat rnit"lcadin¡dy -aaid lb ~stnnt' a ·~¡rw• with inlinitt rMmorJ 

and fnrinhe ~ftl. •JUds. 

When designio~ a data modtl ( orten hn-.ed on and r~uicac:cl hy somr a,·ailablc OOMS (Data Basc
lthna~émenl System) • a daltJ - marhitw • and it" ca~bililinJ lhr'IC 'pnclical" ÍS!Ut"l Uinilc 
memorr and finit~ spttdsl mU$1 he ton~Kkred.. Th~ impiM:s .. fmt of an. lhal wc from 11 pract:ical 
polnt of \'itw 'WiH nol be ahk lo kcep track. or all 1tlstorieal llalements' ( ror cumple 
"tn~ions1about cvcnts a1gnallinl: ent.ity .anoci:uiOns In llv: OS. Notmall)' dccisiont are madc 
to tlther lborlcft or a¡rpc,alt thc "hislorr' or 10 d~rd the stalcmcnts and to maintaln ontr tbc 
'eum:n1' bcad: as far u thc I)'Slml knoWI .. lltt ltut ho•J Me~ (sct ol concluslons) ol lM 
,\M:' Wbm a statrmcnt, signallin¡ an corent ln the OS. arrhn .thb &hu rls:e 10 • poulbfJ 
complicsttd • date lnscnlon., dektlon •nd apd.atln¡: opfratioaa &n &he dala modcl In ordct ·co 
maintala ~be modcb 'llatc• ronshtentand 'a¡Ho-dalc". " 

1baa,. a dota fftDdt4 b coiff:rpiiiii"Y haml Dfl "'' Mtlort o{ 'a ·~AIJW" wfda Jbtll# ._..,. 
- P..•• ...-~ns qr«b. 

Mojar~ ckolgnln¡ • data m ocle~ «>ncmo 

How to rcprescm atatemcnll and mndaiom bJ data l&rudural" 
How to group (do11er) and link data for ertk:itnt ae:cas and proc:cssiq1 

• -.~-Wbicb aatemcnla and eonduslons 10 Slore explk:illy m thc finitc mcmory and wbk:b 10 

· cSed:ara u dcrlnble .. bJ e mach.lne with linitc spt'td¡-- wbcft thcJ are rcrcnnc:ccn ~ • 
How 'llctaar or ~ tÓ aWotala. l.bo nplM:kJJ atrxed 1nrarmat1oD aboDI á&atomn~~ 
...S ......tao1oa1, whldl coadlllonaiO appiJ Cw lrl¡¡erla¡;iwa ~ etc:1 · - .. 

- .. :.·· 
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Of coune, othu ¡,..,uc-l. 1uch •• da!• prou:clion, u~er ronYC"nitna and ru..:~l·u'C, I)'Sicrn 

naibbility anO maint•in~t>iliry mu\1 al"<~ be- tnn..&drtTd. Whik atte d.ata KtNI:Iutc 1•11n ('( 1 dala 

m<Hkl r"'" he ck'CTiN:d in nvtt·pt~C"dur:-1 temu ,lhe C'Ompldc ~ipt'on nt a dala mnda:J 

norm•IIJ ind~t ~urt1 fnr 11• o~r•lion and maintcnancc. 

Tht llora~e modd is C'Ofl«mnf wilh lmpkmentalion and aton&r alioat~n delails ora particular 
dan rnockl 1nd tw to ("3n\ldcr Jn fun~r dctaU, c-Uiciucy and nperat~~ probkms. A decper 

diSC"uulon of atorar;~: mnckls ¡, hcyond lhc stope: nr thls paper. 

3 OISCUSSIONS AROUND AN EXAMPLE 

In this aeetion an curnpk wlll ~ pmvidtd whlch·both paniJIIIuttrates uur harncwork at lhe 

aM&nct modCiln¡ kvcl and aerves as a basll lor cumlnln¡ thc: lcmponl asp::ct or tnformation 

aoodcllo¡. 

Sup~ wc a~ eonctrntd wilh (nvi:ntOI)' mana~rcmcnt ol tmkÑ.J whk:b cach are awaibblc 11( 

di!tcRnt D~~~N?It011u-:1. Wr: are intcrrstcd in kecplrig lnd: oC available q~~GIIIilltr.J-Dft..Julft¿ (qoh) 

bocb "pcr ~kk' and 'pcr_ anklc ~r warrhOLUC'. Ennls in the objrcÍ systcm. whkh atlcct Uds 
lnfonnalion.. are vrodor sJr~t and ddi~rin &o c:ustorncrL Vcndon and cURomcn u IUCh .· 

are outaidc our aphcre 0: lntcraL Tñe7 Ue out&idc our ayncm'• "bowacbiJ'• we UIUIDL Let Ul 
iDtrnduce lht: (ollowin¡: concept dassu (or cnliiJitb): 

A artk:lc l~a. or ~k:lei for lbort 

W - warrhousel 

O quantltla 

wbkh c:orncpond lo propert)'. conc:eptl "belns an attlde', *be in¡ a. warehouse' aad 'beinJ a 
· qiWllflJ"· 1br rotlowtna a.uodaüoa tJPCJ rellca our IDI'onnalloa reqalre~nbo weauuroe 

AQOH!A.Ol 
AWQOH(A.W.Q) 

w~~ AOOH deDOkl 'quantlty on hand of anide' and AWOOH clettoln 'quanW, on hand .ol 
an.Jde in warebouM'. Auert~ conccmln¡ bolh auodatkml are. .ccordina &o Our rramewort. 
a~cd wlth oa c.ztrlruic ~IAC rcfcrence. Tbo rolca pla)'Cd ~ mcmbcn ol ~ ~pi ~ 
.A. W and O lA lhne auoriadom .... otmou. • They are &herefote ~ out. M~ ol a coacep& .. 

. dau .W be dcnotl'd by amallldttn a.a. arA. w r W., q r Q, Aa IIUeltJon AQOH(I)(a,q) la IIW 

11 wc c:u coodaMie or obMtw lbat IM~ .:~·lime 1 ezlst· q untu la lnvcatory oladldt a • ·A. . 

-

In lhi• rrn><.lt-1 •·e nM lntm..luc.r lwo rvrnt lypcs "Whieh cotK'\:m "hwnJ~tiun uf •ltiJ""W'fll ""'"'' 

(SIIIP) and dd'""" -:'"'" fm:U al tim" point:s t, 

o:SIIJP(I•)(~W.OÍ 
o:DELH,l(A.W.Q) 

Gnphically, our ·J.impk conccptua.l modd ao he- rePrc~~entcd as in flsurc 1 • As wc •W prnc-nl 
~everal mode! ahc:rnati"f'l!l fcw Ibis aamplc problcm we denote thls by allcmalive A. 

os-evenia vhleh 
.errect ANQOllr 

_orSHI PI t:fH A; W.OI 

orDELftJ JIA,W,QI 

Figure 1 
Modd altm~ati\'e A 

Wc observe" th:u AOOII and AWQOH chan¡:c 11 time poinlJ t. dk1atc-d b1 the occarnna of 
~venu. la lhl• mockl.lnfonnatlon ahoultht SHIP and DEL e.-rrrtJ di'"'l1 arrm abe usocla· 
.tJotU of type A WOOH and lnd!~tly AQOll. Thc Cohnwtap: eqaatlon and ronditioa miMI hold far 

.U Umn. warehou&a aDd a:tidn ln lnftntory: 

. (YI)(Yo)(Yw)( AWQOH(I)(o.w.) • 
1 .t., .. o:SHIP(IJ(a,w .. } .. %111, o:OEUt1){a,w .. ) 1 ~o) . 

H~ we use tbe P0Y11on AWOOUU)(a.w .. ) 10 ""-'e~ q: AWOOIUt)(a.w.q) ). Tbis c:ondltloa 
pub a ret"lrictioa 011 (nslbJe OEWYCmll : Gt DO time en wc dtllnr more thlln ~. ha~ ID 
lnveatof)' al a paticular wa.rc~. h abo illusttates &Jae cue ~he~ ~~ ncat of typc DEL b 
dcpmdem on tho eaf1'CDI A WQOH..fnform:atlon ala tul aA6 tftt' oc:c\llnfllr ~ tome otMr nwraa1 
ovent, o.¡. a 'c:uatoruu enSer". The CUJtomu otdete\'mt and iafonnallon · .. boat.quaat.ltJ oo b:Pd"' 
wRI.If lhc onlor-quulh~ con bO oalklled, cou•e 1 .DJ!L.<wnl. . 

-"'• akoobocne ll>allhe """""!loa A~H ...... ~ 1~ AWQoH: 
<.~.·. 
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wh~~ w/a dc-notr• thnu ••rchnuo,n •ttK-h hnr a Ptrlkular anide a In ltDI&SC- Thus, aecordinr, 
to lhe canc:cptual framework outlincd tn k'Ctinn 2 Uw quantily nn hand_can be c::omldcrcú u o. 

sinjlr-"-l~d dilot"'nlinoous func1ion or ,,.,., orrklr and ....,..owr. Abo. wc: m~J CO""JHIIIIli,r 

rcfer to lhls quantlty -,, IIIIJ ~"''"' 111 tltrW hnd not oat, alstate cfllnan.(or bmaace). 

lisinJ Ibis ronttptU81 fnuntwork 11 k ''"' mnwcnient to ·csrrme oc.hrrr &ypn of drri'fflbW associll-
lioM. tor lnnanc:c -

CIIAI<GE·RA TE(I)(a,w.)•(A WQOH(I·I O)(a,w.)-A WQOH(I)(a,w.))/10 

~artr.othtr ~•pÍ'cssSons are JMIIf'lh'c, ror ~aampl~ 

AW001f(r)fa ... q) 

w.rhkh dmotn a le't or warchouKS, poo¡'llbly empty. which at lirnt 1 had q units or anide: type a . 
on-h•nd In JRwcrJIOf)'. W~ ~re now wkwin¡wa~houscs il.s a muJtinlucd funcdon of t.q anda. 

fn tbose modelinr mdhods forlhe conccp&uallcvcL whkh do DOt cspliddr rccoanise lhe temporal 
dlrrwmion, laformaUon a~l 1M II'UUC"iaHons ol typct A WOOii and ,.OOH a. norrnt.llJ trnti:d u 
a finhe ICI ol Mrwftl f.tmt"lllJio•• wbkh rcfln:t, thc lat l,.... ·truc autTdruu ahout lhcac 

astOdatlons. TM lime dimcndon 11 ftO! a fUftda~Dental amccp1 cllhoae appouacbu. ConadlciXJ 
rutn m¡utre tn thk nw tbaC 

(ra)( AOOIII;"-l • Z.,.AWOOH!a,w.) ~O) 

Tllus.. lhe •mc•nlnl" af thc a~atkms AOOH .-.el AWOOU b now daan¡ed lo • 1• GJ tlttt 
'.1'""' t~tnW~ ... tlw nmwr ~ .. """'L S.C. &Jme • o5-nent ollJ'pe SHIP or DEL 
0C"C1111, abe-te curntu quantlda.mua M .klfttehow "Pcfaled" (lot example bJ nrst ad.fustln¡ 
AWQOH ond lheo.lor comhi<II<J',-...,--· AOOH). Tillo \'lew lo m.- br..., 
model•hcmatlwe B fn npre 2 . 

.. 
ir w.e ewnlnc wiw wt hn~ done.b, di1Qrdh1,: thc lkDe dlmcasioA. we obsc:fYI lftlbb case lhal 
"·M~ lmroduRd· ;M, i1nt tlo6m o/ .nu_IIJn ...,. wiU caD thcm -bifomtlllltltf Db.}ttd6 • whkh 

.. wrvé ... mcant lO tl.oñ k~Jcd¡e Dbout 11M .CSIIJaDI ~- ol IWO 1»01 ol .-odaJ,IonJI. 
'Kaowlcdp'·b ft~led br oS10CialloJ"oacb W...,..laa objcCI wllh adequalo cnlllin In lb< 

. OOO<Cpl- A. w .... o. ~--- ... "'-7 -....,. .... be,.__ ... ,., ... 

Fip:urc' 2 
Mcldc-1 altnnativt 8 

namn whk:h dntflbc lhrir m1n. Out "transxdnns.·- N datcmt'n~' ahout rK SIIIP and DEL 
evcnt• _ art nol pa;rt or thls mockl ahcrnativc u wc ha"c malk thc dni¡r.n 6c~idon that_ the 

UattUttions in Lbemldva; an: of DO pankul:tr intcn:sl ID 0W: prohlmt. Thci~_oniJ ptlrpoK' ts lO 
• ~.1 • tbr infotm2iioo obl-<1- In fipm: 2 tbc btformation objttu t;bs'" l.l"f rrpreuatrd bJ u.- e ~ .. ~ ___ --~.. . 

· boxn to marll: our notion or them u enliüc:S. Wc nott lhal, ...-uJJuU'' lo our auumphoDI.. 

:~na Witt;pou:dencc:~ hold (or llJland tbtir usociatlons in ~laltc_mat.ift B 

JI • A lo (1:1) . 
12 • A x W ls(l:l) 

11 • Q and 12- O are (M:I) 

Cboodfta lhe modd altcmalivc s ·u adc-quale for DO!' application probkm we haft hrillJ abo. 

naadc the: [aOowinp. uumpdons 

.. · 
(o) 

(b) 

lhc: quantkJ oa hand lunctions SR' ':_O'"'•at bciWftll SHIP and DEL ewctl . 

ahtre b no t,.,.;,n n-quircmcnt to be ablc lo rnpond lO qaeries ~ tlww bl a ...._. 
penmekr or qantcs wbidli concmt oU~r aJI1.rm atatea • lhe emad oocJ_flf lastancc: 

1 qaantlt~nd two wecltl •eu 
2 lhe·avrnpqt.tllftlltJ oahand al (an1) lime 1 
.J qaamlt7 on band u~nds . · 
4 1be differei!IClC ID qciantltJ' cm baad a lllnCS lt md la 

Obscfli'D lbal .. woatd INII haw •nJ problcml In ronnulatln& aniWCIIIO lhae qK~ ~ oa 
conc:eptuaiiDOdd UtmaaUYe A. ·Whilo 111011 btfonnal~ or d.a~ ~hcla apprCNlC"hca:yoiiJ. 
- 11M modcl.altoraallto B u -plual' (ot 'aba.-' ot 'lo¡kal' 1 b lo ol>vlood lbal lb 
dcdalooa made ucS ·lha 'eoadualoa mawhll~·tkwtt' bla_todueect atakeall aeab\t. .to rnpond ' 

querleo ,P.... lA (b) .-. 

. . 
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·11 'hotild. howe\<rr, he obvkJu!l th:a! ,..e cannnt -ror ptH"tlcaJ rruons • rullu fimplrment) 

iofonn,tion rito&!, • ith •!,e- rulltcmroo:"l!i i1t~r•h'J al ahrmatlft ·A. For lm1ana-. wt: annat in 

p,.c1ict """ "'QUirt?nt:nl, 10 be ahk 10 oht1in r"npon,.n to --1;.., c¡vt'fin amcrrr.;:·-: qu:~nlili~l 
on hand fOI' an,. historonllimc point. 5?- 11 the- lntnfa~ bt-tw~n thr infmmati•Jn modeiinf. k' el 

and the dala~callt"'t'l dtd\ion'\ mu"' ~ madr whk:h lnformaUon ah&JUt n'tOC'iatk-ln• :r. !IU¡"'por: 

hJ rtl"ttrrttlnt h r!mc:rptually hy a finnc stl of informatkm uhjtal. Nfllr thnt wc are at lhit 
lntcrlaa fttlif adnl\inJ datalo,lcal dc-W,:n prublcms u .C are 11101 conc:ttnc'd whh which informa

l ion ob~cts to' 11orr and •·hiC'h lo drrirr Of how lO cfrK"iently «n>n aftd tc"prncnt thcm in 
llon.Je. For instancdnfonn:ation objccts or typr 11 In fiprt 2 are dcrinhlc from an auociatcd 
itt of objcrts ol typc 12 and lhc •cision w~tMr lo alwaJl kKP ~~~ apdatt'd n:nion of 11 In 
II~J't or drri\"f il whrn rrfncnccd·nn bt poslpontd lo llw dalalo¡dcal ~J.II phasr or nr:n to 
la1rr ~ Al thil interfKt ltve-1 wr are rathcr ~ wit~ .wbkh lnrOrm.lion objr:cu lo 
lncludc tn our lnndcl and how lo dr:al whh lhc Ume dlntr:Diioa. Tbla isJn facUhe pmblcm to 
dnl¡n a fi,Uttt modcl. pi"'C'tuabk b}' a finhe m.arhlnt, on thc baah Df an ln/lldt~ model oc:eordln¡ 
to ahft"Da!lwt A. 

Fl.....,J 
Nodcl altematiw e 

DEL 

In sncn.lapplicitions, howewr. dw IDI'onnaUon ftQUimants arc ttteh that llls bOf. tarrident lo 
-c-ont'tpiUIRt- hep and malntain In slori~ oniJ' the cuncnt .aalt olthe -~dnns. Thc ways lo. 
solft thb: problcm dcprad Dft Uw modrl dni~ftef'"l inllrht and tDowledp: aboul pnteatlal uscr" 
lnformalkm tTqulrrments .. One 'ure•. bul not ahr117' eo:w e zzl •t. ••J' k to repn:srnl bJ atored 
lnfonftation oh}rds oll tlatcmcnts (lrau.Ctiom) aboat a~en~al OJ.nc-nta wbich are annsmitted 
10 thc modtl. Time b en obvlout paBmder ln IJae. llalt:lllalb. la thfs .. , D ftNfqllr1r AÚIOf7 la 

malntalnéd •nd rnpoMn cu br &foner~tuf to tdl concrtnble ....m- whidl ... dninble from lhe. 
lailial aa1cmentL F1pfe 3 (modrtl altensitM C) blastraleÍ lUCha .ulatloll.wbcft U Mld 14 ~ 
inrOf'IDalioft ohjtod dann rtP'etCnlina ttataaebb aboul o:lalpmenl· mpccli\ICIJ deU.-crr e'ftlnta. 
Time .. lntroduccd n an lnRftftt id al dme polllh .. c:1at T. Por slmplldtr .1M ~tionlln 
allcmalJq C Dftd 1t01 be aamed lo Wuc&nte 0111' oalaL 

,. - ol .......... la 13 lUid .. " dooriJ JPoiu """ u.:, '""" • bl...,....r.tlona .......... 
u._. '"' ............ ~lid IOtrioYDI in • "'-'7 ................ .... ._ .... --dura! 

. FORAL (SEN·lSCl. ... oppllcoble "'" ond 14. Wo _,_-.... D .,;.s .... 4-<uplco 
·w~~~o a .. u ckllnal ......... a.ihalln¡ a aubod olll. • W • 0 • T. Tbls.....,. thal opeza~,.;, 
ol .........,, ot,.lft cw <oJnJ., (c0D-7SB).,... ho o¡opllo4 10 D ...i. ... ,._, tbe --

10 
' .. ~ 

c~rnln~ 11 and 12 b •li,:htly I'!\Ofl' comrlca. Whclhtr .-f' m•J tonUóorr 11 ol'd 12 •• tinitt ..... ~ 
lnfurmation obtect~ C::pendt on our dclannKJn tt! ~Mm. :1 "'e dc'f•nc 11 and 12. '' 
~c"!rltin-ct~t·Mrwi Q' 11'"' poirriJ a-ltrr: D cMrur i111 tt"""'il.f ""' lt11rrd ¡,. duu P'D,.,,..,.,, 
¡

111
.,.

111
tnt')' poútt ~'"""!i- lh~:n lh~: num~r nt.ck"JMnl'l In 11 and 12 b '"'Of eq~t lO lht t.Ym of1) 

and 14. U wt. IIDWO:'\'Cr, wl'lh lo ~prt"'it"nl hy 11 DnJ 12 lhc: quantitiN on band al •"1 ,,,.... 1 r T 

thc:n. cln.rty~ 1hcir numhtr of rlemcnt" is infinilr: u T b lnrini1r:. At,!rhraic ~ÜCNtl or biru~fJ 
·navif!:alinM on 11 and 12 c!lln now only he- pcrformcd on '""'~ rnJ_rirfftl ':'~' ol thC'~-. U wc bJ 
11 and 12 wah to ~ntlhc currrnt quantitr-o~bud,thcn t~ (1• ~) is imphc1t.thr wts 

\•l.ancJ.I2 are finilc and wc ~aW oultht as..wxia1ions 11-T and 12-T tn f"~ :J. Whcthn wt 

decide •r. -\ccp' aubtiCit of 13 1nd l.t ,, rart or ovr mndcl dcpc'nds en an1klpat~ l~lormatkHt' 
re.quu ... nen~. 

Wc ~ve at.ovc. In connttik»n wilh mod\.-. allcrn:ati'ICs B and C. onfJ dkc~nwd """" possibk ••)'11 
to f"C9"eKnt lhe (infinitc) ahn-natiw A ttr h~!lc, modcl altematlvn. Anoc.hn ahnudn •-ovkS 
tJe..i! 1tae: rrqui~ments are sudl. to ddim rune'~ procc-durH ror lhc "quanlhin-oa-band" ~hich 

: Md.!.hc. ,f,.umrnll (~ T) and (A. w .T~ rn~ivtiJ. 

• D'EALINO Wmt nJE TEMPORAL DIMENSION IN THE.N-ARY ANO BINARY 

RELA TIONAL FRAMEWORKS . 

11 might be tn:crntln¡ 10 d~ how thc modclinJ prnblc.a ~in¡ lo &tw ·prn¡oa:. wctioa 
could be dealt wilh wlthiu 1hi! Concep1ual frarneworlu or dte ft-lfJ I'C'b~ioul ~lveiJ lbe 
bina,- relational appmaehc:s:. Wc will start wllh thc _bínlfJ approacb. 

_....., __ 
Thc bi~ approadllt ba.~ on two lundarMnlal concepl•: the ""lrl and the 6lrtt1'7 tm«lrttioll. 
Mndc:liaa appmechct bascd cm ahtsc eonctpt5 hne be-en IOJinlf'd bJ Ahda1 (ABL .. 1.CA,. 

·&,..«hl IDRA·l6A). Bu .... ko 0t ol (DUB-l•Al.IBUB-l6Al, Und"'"n (UD-lOA) ond 
Senko(SEM-7SC). A poalbk -.:hcma' far thc bl111117 rclaUond (or ~~ Jo,lcill .aodatm) 
approac:h 1a lhown-ln fi¡ure: 4. We obacrw lhat AOOH and AWOOH c:aa be conslckftd • 
'cntlllel'.,. ,.,..,..¡,loa ob)e<u' onf71or ollnllo 101 ol timo polnla. 'Iba, uYI&atln¡ ond aele<tln¡ 
ondtlolla tho bbw1·...;.,elcaa be carriod out 11 AWQOH ond AOOH.,.-""" ...ulctr<l lm 
• rmltc ... or dme polntL\ -

,. - ol -- , - •• tM - ., ..... _,. bos ... beca aplldtly palcl 
aatcntloD 10 la tbe lltcrauan·oa. binar)' modela. Ja.prlndplc.llowua. lhil 1s cqulvaleat 10 

o~etm.Uoa o1 .,... idationa (Le. .... o! o-tuploa) oo the bulO olothcr ,.lodons la. the IHII'J 

--_.,.ch. - • 

Tbcrolon,;. -14 dollao AWooH ....r AOOH oa- o( iodllao dorlnblclnXII C...S
dopeadoal .., ) the l1nhe 101 <if SHJ? ....r DBL Oldlda.··'tbooo cntltles - cotr1 laf..,..lloo 

. ; . . . . :·.:' .. .... 
• 
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F1¡urc 4 
A bln.,.· rclano~l sdtfmL AA.WA.,OA •••• etc are binarjr ttiauon narMI 

about q\llnUUn on hand al lime pninls t • T. To ~r knowlcdge lhcre "'no tamplrtc and ¡cncraly 
Dtteplcd .notalion dndoped for nprusing dcriY~~bllhy,consistcDCJ and intc¡rity rdationstaijs In 
bioary modch. hsslbly .can sorne noo·pmc:cdunl, query-oricnled lan¡Ú.,ea be Cllcnded and 

.l"n<raliud ~.lhll dlrmlon (lonumplc FORAL (SEN-75CU. 

ÚsinJ ·, cakulvs-likc notatktn wt: could formulate lbr derivatton ot A WQOH~ntnies (Cor aD time 
point1) "shown bciow. Wc wl1l denote bJ small &euen a DH:mbcr ot an eRthy dua (Cor cumple 
awqoh t AWOOH ) and UK assoc:ladon oames u Ml«ton ( for cumple WA(awqoh) wlU aelcct -
OftC' dcaient 1 t A and D()(dcl) wlD·alect a quantlty (dcUvcred). q • O. U WA rap. DQ are 
functional). - • · 

{YI)(Yawqnh)(Wf(awqob)•l A WO(awqoh) • 
5UM(SO(shlp:shli"SHIP(owqoh.l)))• 
SUM!DQ(dcl:delrDEL(awqoh.l)lll 

-' 

Here SlllP(owqoh.l) ond DEL(owqah.l)- time- ud -Ion -.teud ouboeU ol SHIP 
...S DI!L oatlllct ulollows 

DEUo~l-tdd:DA!ckl)•WA(awqoh),; 
·. DW(dci)•WW( ....... lÁ.DTiddJS t J 

\ 
. \ 

~ .. 

Thc runc;tion SUM bu he~ an otntoua inlcrpr~atina. Clurty. SltiPCawqoh.l) and 

OEL(awqoh,l) cknote mhS~:ll ot SIUP rnp DEL whic'h art' .....n.trd •ith tbr umt wafthoa.r 

and ardclc as tht 'awqoh".cñtily and whW:h oc:cure-d on or bdort tiMo: t. In tttt a~ cump\r W'l! 

Mn not pnid aucatlon In •ilstcnlil.l dcpcondeMics and olhe-r ronskttM}'/ifUt'rrity mnstnints.. 

ll b abo pOssibk to formulate lhc umc dcrivatlon rule u.slng a FORAL-Inspim:t notátton ($EN-
75Cl. 

DEFINE 0 or ~WQOH 
nntF.RF.. A .. r1 ·1\Nf) w .. r2 1\Nn T • rl • 

• SUM 0 OF SH1P 
n:nnu: 11 • rt NID w .. r~ ANP T s rl 1 

- SUM 0 Ot" 1»:1. 

INIIF:RE A •·PI AND W • P2 AHD T S Pl' 

,. 

In lhlt ddlnhion PI • A • P2 f W and Pl r T are pan~lcn.. UsiaJ 1~ .Jrrh..tion ruk, a V1 of 

AWOOH-cndties can now br crnt~ which art consl:mnt with 111 csistlnJ al o( SHIP and DEL 
ankiea. 

A fomaallf.ni ror 1hi1 appmaeh wu prnc:nkd in 1970 bJ Codd (C0~70A) and 1t has suhsrq~
IJ ~n blt'd b)' ancnl otMn Cace for enmpk (ADI-76A).(BEN-76A),(CHN-75A).(HAL· 
76A)). Oar preYious disaaskMt lmmcdlatciJ sugestttbe foOowift¡ dau moclel Cnelationat lehmia) 

•,-
SMJPI "-•"oOSIIIPoT_& ,. 

DELCA,W,ODEL,TD) 

~QOHtA,QOH;TJ 

A~IA,W,~ 1Tl 

.·. ·--

la tbk simple ene. wbca all binar)' aaodatlom arr ranc:tlon:al. tradsrormatkm to • n-ot"J tnodd 
DCC:d• no normalkaUOO· ami b stn:laht rorward.. SIUP and DEL ate deut, rdatlonJ la lht 
"trodltlooar rdatlonal data bue approodt ....._ SHIP ond DB. dclloc e llnlto Id ol '-<apln. 

wbcre TS aad TD uc dom.aJas ol sblpcnent rnp. deUYefJ" lime pola&a. Rdatlonal alp:bn or 
Cklculua can be appned to tbne n1atlona. Tbc n::t*tlon~"AOOH 111111! AWQOH 11ft no1 TdatJoas In 
1M nmtc. tradltlor.&l acnso rr we dt:flnc lbdt lnlerpret•lioa u 'qaaatitJ oa hand a1 time T whrn!-Y.. 
b • ...tablo. la l.bb .... _·dlcy ... , ¡,.;-.... - tllllDberiDI tu¡ola (conslderlst¡ .a 
poalblo YDiun 001 lhe lime adl). Tila poublem how 10 dcalwllll Cb "lallnlho' tdt .. tloo bu Í>at 
-~., ........ u,.lhD......,rdatloaDidalo.buell1aal..._: . -· ... :··~:;.: 

. . 00 



Tht conecpt ol ~~,., onc r-Ebt~n hum • ltl of ocher ftlations k, ho~m. ~n known anG 

rhhcr rcl~tional alt:cbra or cakuhn are nndidalr tonls for thi• pufro- (mmclimu 10 calle'd 

'lihr•ry' funrtions may be ""dtd to au¡!mcn&thcir uprciSivC powcr). 11 b. aho 'WC'II known lhal a 

dat1 modcJ.. or d&la JUbmodrl • ma7 conlain ctermt&kms ot ~lalions, ·which are dcrivatk»M fnMn 

(poulbly dtrivadons frora .. ..elc) oU~r rcbdom (1ft for ~xampl~: (0AT-7.5A). p.l U). Thil ia 
t"quivalcnl lo lhc conctpt ol •"' . .;,..., lA n-ar, rctaUonal syslcms •ndc:r implc:mcnlalk»n (for 

rxamplc SYSTEM R (ASJ"·76A.)J. Thus.we mJ¡ht couidn AOOÚ and AWoQH 11 ..,., with 

tbc unckf"'lllndin¡lhal tbeJ are matcriallr:ed and lrtl.lablc u tmhc lela of'lo.ttrpSet emir ror • rmitc 

·sct of points ln time. 

Suuntinl \he concept ol a "limc-vlcw', we could dc:fine A woc)H In our datll "modd ddinltlon u 

(DSI!J¡a mlature d SEQUEL (AST-76AJ and DSL-ALPHA (lec (DAT·75A)) -like.,-ntu.): 
1 . 

DEFINE TIME-VIEW AWQOH (A,W,Q,T) 

RAN'GE SHJP S 

RANGEDEI..D 
(YTJIJSWID) ( AWQOH.A;.. 5.A • AWQOH.W • S.W 

A AWQOH.A i. D.A A AWOOH.W• D.W 

A S.TS S .A WOOH.T,. D.TO S AWOOH.T 

• A y.'QOH.QOH • T0T AL(S.QSHIP) • TOTAL(D.QDEL)) 

·' 
TOTAU.) b hcre an uaumed librai'J fa~don. la ordcr lo bavc·a view which can • ~ICd 

vpon b)' relollonal al,ebfa or calc:ah11 the lliCI' now could ckllnc t~rr.rrtltal *- on top of · 

tbls \'h!w. ror cumple dennina tbe CUrrt'D& rr-NOW) quaatiiJ 00 baDd ... I'DI'IdkM ot 
AWQOH: • . 

DEFINE VIEW CURROO·AWOOH (A.W.Q) 

. SELECT A WQOH f T o!IDW J · 

In tbe abcnoe cleDnltioca.IM uxr b DOI wped wllll a.. 1111 tn.pkawnte4.IIJIC:I'D malatalns lhe 

dcllncd oi<WJ ond '"''rletlaos. Toour k-,c.-....., ...... b lO da)' oo ndalloaol -la 
oablmce whlcb IUppotb tbt obovt ~· Dllal'onnatloa. 

·o;.,ldcrloa •• ••perlmca•ol ....;., DBioiS, sYSTI!M R. k k ........u, pocolliiii-ir;;.¡ • otow · 
, . · ,caac:ernlnalhe-.__ :q...wlaioa boa4al ....-.. (CURJU!HT-AWQOH)....r.t be dclbÍcd 
1 

bJ lhe ;._. ol SEQUEI,;¡jkeq>aa- (lUCia 01 &ELI!Cr,COMPÜill,TorAL) 0. ...,b la d>e 
.. Jo-SIUPaodDEL.a·r;,n.,.;, · · · ' · 

DEfiNE VlEW CURREHT-A~ AS1 
S~ A,lf,Q 

..ROM S u; &HlP MD O JN DEL 

OlttPUTF. O ~ 01 - Q2 

COHrvi'E Ol :. 

Sf.IIX'T TOThLIOSIIIPI 

f'ROM SRIP 
tttiF.RE A•S.A AJm W.S.W¡ 

COMPUTE 02 · • 

SEt.IXT 'l'O'TI\1.1 QDEI.I 

f'RUM Otl. 

Wlff:RF. Arh,l\ Afm W•O.W¡ 

11 ls unlk-rstnñd rha1 this Yicw 1s somC"how :lutomatk:any mainlai~d • bJ thc DBNS • consblcl 
whh l'~ktini tupk• In 1hc SIIIP and OI!L rclatlons. In lbe SYSTEM R. thc astr f:'O:Uid abo hi~l 
eonlrollhe cnalr.tc:IWICC of a rtlation,which ls derivable or dc~ndcnt on orhcr rtbtlom, btiM ar 
of lbc TRIOOER-mcchanism. For lnstancc, In orl!er 10 nuúntaln a conslslmt sct of stort"d tap&t 
In thc relation CURREHT-AWOOU.: thC' ucr could Veitnc two TRIC".OERS as1oTJowa (w 

dncribc themla a SEQUEL ilke I)'DI~a):. . 

DEFINE TRIGGER.XSHIP 
ON. INSI::RTIOH OF SHIP 1 

1 UPDATE OJRRENT-AWQOH 

SET QDH • 00H • SHlP.QSHJP 
NHERE A "= SHIP .A 

1Um W • SH1P.W l 

DF.FJJIE 1'R.IGCER XDEL 

'\:JN JltSERTIDII Ol' DEL t 

( UPDATE ~-ANQOH 

SEr . QCII • QCII • DEL. QDEL 
VIIERE A • DEi.:A 
ANO V • DEL. ti ) 

Ja lhc •bow .ol'l!fioa·• problem arisel wbcn aa msened SIIIP or DEL luple basan <a.•> • pal 
whk:h don DOl awcb Snr •n~st~ns' kc,.ln the rela&loa' CURRENT·AWQOH. Thls anm t. aolwt 

br lnln>dudn¡ oddltkmol coosbtenq ond dependcOC)' cbecklna omd --~ 
- abo lhol lbc ~ .- bu !un """""'ow:r lho .S.,... ol-....,. != lbc .W 
bax. 11 be. 1«"""""" 11 ~ wllh wl1ll o • ...,.... o<l ol taplco la CURRENT-AWQOI 

. oolyal 91'M ._, doJ,Ibea • Vfa8crlol cOnclula. - be opcclflod --• dalftilc 
proceu ÜCidl1 bcfaco-d&at lime. .Tbla. howeYa'. woold c:lwap tbe IDMIIIaaollbe ~s:spondh 

.. nlallons. . . ... 
. . -· ... 

·--- ..___ __ . ··~ 
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. Sumr.oaritinr Otn' dKco•,in~ '"' mot!tlin.: t~-ver)'1n,: :;•••uc:iatiHm In lhc n-ary aftU loin .. f}

tdatincul (nuncwnrk wr ha~ lricd tn ckmun~ralc IMI ~ilhc.-r ni tlk.""'-" apprn11ches wcn: nri¡!inally 
intcndnl fnr an a""-tnC1 mnddinl ir\'d ovtlim:d in tcctinn 2. Ruth •rrn-achn vir-w thr inlnrma
tion mndrl for a rtal-tmrkf l'8\t' as a finilr:,waryinJ! c:tMk.-ction ur n-tupiÓ ra¡ta.·tiwiJ a rtn
ht,Yaf}inJ! C'Oik-ttion cM utltie& and binary ••.aria:tioM. límt- can,nr murse, he- lncurpuralcd in 
tbC'~ 1hndcls by latroducinp: linK'-dnnzaim ia rdaUoins ~M:Iy timc-cntitica and l:wleiations 

In ~i~ry rnodtlt. Wc bawr alsn dtmomtrattd lhlt lhr notaatnn ant.f nptnttinns defint'd far mndcb 

olahh. klnd proho..bly Can t.: utrndnl fnr ~be u ddlnltlonal tnnk attik atMtract, time anrntrided 
lriOdc!UnJ\t\-cL 

\ 

5 TRF.ATMENT Of TlfE TEMPORAL DIMENSION IN SIJME l~tSTING INI:t:lRMA
TION MOOELINQ APPROACHES 

W~ haw clanml tha11hc majority ol modcUn~ approeches JlliiY no eapl'ch allcnllon to thC tcmpural · 
dimrnskna: Tht inronnaunn modd o(. particular appiianion .. leen u • finlte: ,varyinc "set or 
inlormalion objens nonnally rdlcctia¡ lhc CUI'ft'ftl llasl obaenoed) 1\ate or a modcl ol' somc 
-•1.-worlcJ I)'Uem. Tñe saat~ b daanp by imc:rting.dcl~tin1 and mndifylng lnfnrmation ohj«IL 
SomnU,..:...iA ::-.e:~ a.!':~u-:;.; .•. Nb an: d~ how to tktine and m;~intain a 1e1 al informa
don obFctJ consh.ten1 and compk&c. 1"bnC ~.bowe~r. a few e:rttpckms lo thll tlme..fftlrided 
and s&on¡e oMna~d .. •ppro.cb. ThHe wm now be bricO, dharttcd. 

·vouna"""KHI 

Yoan¡ •nd Kent lYOU-5RA) ha ve induded thc COncqH or. lime In limrac:t. fotmula.lioa or data 
. proa:ntn¡ problems. Time l~cvcr. nol ~ lrw ~rulina laformaUon nlationships but 

nwnlially for staternCnt ot lirM (delay) nqulrcmnlls concrrnlnz data pt'Oet'Uin¡ and doalmnal 

productioQ operatkms and lot ~ ol doc1nnc-~ date~ a l•nctlons of lhe llmei"wlaea the· 
clocvmcot b prod.....S. . 

l.onior"'!"'"' - ..... 

Tbe linl ~ wltlclt pald .. p:ldl....,tlon 10 the probleot d time bt lnlomtotlon modds -
- ...... nt=d lo obout 196S h1 l.on¡cl~~n (t.AN-66/o).· 'l1tls-- Itas loter beeu lollawod ap h1 
Sund...,. IIUN·llA). Addltlollll -.,.. - be '"""" Joi ILAN·74B).(LAN·74C) and 
ISUN-74Al. 

The bulc buildln¡ bk.:t In llllo, 10 .,;,lod /lo~/ """"*"- lo tho •"--'7 -
...... ,...,...,. a 3-tupjlt <o.a.t> whldl Worms aboul DD ~1017 6111111titM (....,&aatJoa) In tJtD 
ob)ect S)'Sk'm. Jn aa CMnCUaPt •o• 11 a refercDCII ID a ~ aet ol objccts (catltlel) • ._. 11 a 
nrltaco to a_Jdatloashi,.IJPC or m a ptopatf/nluc pal(aad '1"11• reference 10 • poln& ID timo 
c..·. tizoc Pmoclwll<n tlab ftlatlonohfp ar ,..._, boldo O. b m........t lobocnod). M.,..... 
wblcb Worm .._, obJoctuil abe-..._ ..id,.... ,_;u.. ._he!J -~ Cll 

. '· . - . 
. •• -. --.J-. -

-,-

-, 

'. 
•· ......... t-

t"-.· ~mt" ·~r.inu· out.• "'id lu nr~y inlurn•aunn ul lht" um.: ~'"•' "lhc~- ;U\" '-II'LIIn cunlu1n: In lt·~ 

'li:Jne: , .. ,.,.ar, "'lfN"ff' lco-n•lk.Tptl. l"hcn: uN ,~;~¡;...,.,nir ... hl.·l"' .. ~" "~i-"1.·' u( a p;~~nK:'-·· 
br j;¡f:¡!;;;.:.:.,;l ::::::.!;.:! !:-: :!>a· ,.e~~~- :!::~ ..,1:-;¡t" e·r.:t",,.:l~' cJr: t'l" ~,., ... :\"\! lrum ulhc.-' c-RI<"l~., "· 

· ~iwt"n a ~ nr pmdv.. ünn rttb. Thcv rri;~IMm,hi{n an:o cafh:d pmrJ....,..,. rr&.u""'ti!IJ'' lb.._,, 

su¡,..¡y,lcms uf 111. iltininJ!_ic::d tlala l'la"· ano cun,M.Icrnlthc: """'""·'"'" wu. Jr""' and lh.: ftlrrr Thf 

!IC'hrm:. ddint"ll lb.: p;~rticutu uhj«t sy•tC"m mudd hy f>numc:,.tinJ!. a\1 C'·mc'""<'~ IJpn 1~· 

conttpt5} :antJ il abo mntairu.a &el nf ~~ dtriv:nion rukl. Tht n~ i• lhc Wt of n.pliclt!J 

SltJI'Cd e•mc-u:l~ •nd lht- filler fanction 5Cf'Vn lO pfOIC'CI dte dala ba"C hum b.h,c, tnCinin,Jtnl Of 

lnronsist~nl mnu.~ Thc nudcus tm~y he rrthN!tnft In lhr srMt lhAI !M"IIM of hs mnsarn may 
be dtOncd u de-rivable from athcr nudc:us mn•ages. 

Whik time cnn . .o'ltitut~ • fundamtonlal p:¡rt nt t~ ~FC· tfw rc-fm:1Kft. Qlt:d a~ ft.AN •... 
· and SUN·-.) bck a complete nolaliun arMI rle2r eum~ shttwint! ~hr authnr'~ hiQc: inlnu5ons 
how tn trell1 and rderentt lbc lcrnp.•al .,pcd or tnrormallnn mndt"linj:. Our lntnpr~lalion or 

thdt int-=nlinn• follo ..... 

The pmpnsltinn ct11_r ~ ;,. cut mfortMti- ,_,,nrr wrill ltt- tt,.,~;,_¡ r,tltn by olurnvtitt• 

Ut tM cb~ ._rslnrr" or ·lh~~~~ tlw r:u-ruticM of D pr-tw;rU """""." thnt 11JJ..n tJthrr ,..,nkltrJ 

dJ Input (l.AN-74C), intlieatn lhllt lhdr in(uluFinl modcl h N.W.Uy RTI\ U a finilt cuJl.:.clinn 

of ~-~. Also Sund¡m:n"• disamion of "t;~.f,.el srts" (p. 95 la tSUN-73A)) and associ:attd 

nampks rrOcct an. rs.~nliaUy, finit~ w~w ar inrulnJical rnndds. ~ contcnls o( an "JnfnloJ:kaf 

data bue". M(l). ü al limeta stl ofknown r•mn~t1: tSUN·73~). SorM mcuain arr r:i.pfJCilly 
atored in the numut •hile oth~n arr 'rinaal" and drri"Yed whrn dnlml. In.~ion and cklttion o( 

~-mraages ma)' only t'Onttm lht n.uclen. E~~o~b mrn8~:e Jn tht lnfnlnp:kal cbta b~~ b mnttptu-. 
.ni KC11 as ha'linJ sneral tlmc"·Wfftlo.Ú. A M"W time wtlion ol' an e-mrt.-...~ b crcatcd wbtu an 

· e-shuatlon In lhc objt"ct •rstrm OttUn whicb roncrms tfw Pardeular-~.a> ... palr. As IOTnC 

mesu11e• are dcrinhlc. h folklws lhat an e-titu:.tion Dl41J• co.K-rptualiJ ~·~~~uc:c arw tlmc 
venlon• ror RYn"8l rnnasn. Thus. an lnfoJoa:ICDI data base contalm a rrn.Jtr ~ of Ml'ttUIJCS. 
whcrt car-b e-lftf:t.Sl!i¡.!C may h;~ve ~rat lime YCI'Iiom. Eacb ~rsion sl¡uaals D chanp la lhc 
p(Ope11J or rdationship ol a Id Df ob-'""" <o>. Conceptually thc ltl of c~Jncbadla¡ 
thelr 11m< .. n~om. ~o·-..., powln¡'. Ac:cordln¡ 10 (SUN-13A), the numbcr ol lime .. moa.JIIf 
c-meaa¡e whicb lhe aer coaslclm 10 be of lntnnt ntaJ be an lmportrud ~p panmeter for die 

. dalqcal doslp phox. 

o-.. ... '·. 

Oat .......,..., In-loto"'""" ...... lnlpl ..... h1 Lon,.ror"l epprooclld doallo¡- tbo. 
lbcrerore .smu.rtdel can be focmd behw:ce botb conet'ptaal Yiews. Socne dillcrmca ore 
dlooussed bclow. 

1bc conccpt ol ilmo \"Cnlonl appcars qu1te natural when appUe-d to tJttrlbutht tfpe a 11M: aps. 

lA. meaaaa •<o.a.a>. wbere '"a" 11 u all.riOOtHype/ottribute-walue relerrare. Wc tbca an dlfot .• 
el time ..mol!" <o,.o,~,>. <_..>. -etc. wbldt conot~oute luD or partlol blst"'f d u obJoct 
"t wltlo - 10 -· ~ •o•: Aa ...,.p~e el dolo lltuatloa lo tilo -
<<anide>.qDUtlt7 Cll \ mf>.o vbaa ~ _ DDJ Ullnk of ~ fti"Aom <~~ <a..q,.l,>. 

--·.· ... · ....... 
~ 

~;~·. 
·~. ·:_::;;. 

-----· • .. -----· ·-· 
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...... ....... >~- a...t,.lhh ... al---dlo~loa·r.. • .....---

·•·· 
Tbt úeoatiae -._, lña dew wrbra wr Id: almal .,.,_. tJpé LL .....,a 
~ ••• clnaln • ~ IJPL la 1M a.:. --cllaiiJa • '"- llmr kl ~ ... dar Id al 
ol>jo<j• .. r...-.., -..·- b • , 2IJ-"' ,_ a1111o-.- ...-· .. ....._ 

....a.tcd """ ._, """'" .(.t- al ....... al ..... - _,..,. al ............. - .... 

......... al. ,.,._ .. IJpe 11SUM-7JAI. p.i591 tiaa - ...... portladuilr -lo. 
""' ..... ...., - oho spodrooslar wbicb- al ....... ;, ..,. litis ........ boa 10 ba-. 
A• namplc al lllk *-tioe k lbl MXIIICqJl <<artldr,p-j e ii lif">.stJPPI...IES>. ~ 
SUPPUES dcaai"n a lidDdaa \'ridt wdl tm.w. bdu; h IRa 1.11e IHrJ' rdD1JDcaa -.Id. lf 

----· 2 24 

aDd ....,_. lar lla _..~DI 'a• >a, . 

<<ai.p2.oi>.5IJPI'Lia.t,> 

dan thh llrW ........ OD he SftD a a __. ntaiaadl:ip fmm dtc -- pcicil of ... ' !¡ inC 
ob~Cuat,.cb<al>.<sl>• <al.sl>- Alllllta.climc *'wtof-SUPPLY r+·· · \ wt.:re 
SJ panic:ipMa h Ebuipd.. ~ QAAU of tbil. timr-"Cnioa approacb b ~ha iD q:D1:17 

rrt'ftUC:CIIil.t <o.<A.rb.a>. a a b ODII.Ibr cm. ora &aiMarinlliaM: wn~aa or 1bls ~~~~a 
an IICkqaate &be wnlaa wllb a lime rd'aacr ~ID t -a be laalcd. ·n.s. a 6t&aiaa • • 
1Gb J d bdwaa. rh:=a:t~~c~Soladat. batead~-~ 

FalbnbrtJ"a ill/twr~tS~hll q/lrft tFA1.,...7SAJ r;oasim ola_. vi '4¡,., .wct. adakt fC1! 
lilllikd. 1Jme pcriods. AA a ' •m 11_ D enw· "J rdnul ed ol objms <&,.&. _ .a.> • 
•hrrf ucb abJEc:\ pbJti D lpftifk ... la lht ,,........ ol U.~ Alll........,..... ... a 
.._....._ Md • ftll vbidl ae 1' sed 121 ,...., • lhc tm. ..._ Spedflr acpae:at .,.._ 

t-iiboua ftPid to pltpkDI ocre: lnee) ot ..- deaotcd l$:elfllt'lll._. Blf4il6c 
• ,._, .,.. 'ai:q¡ o ..... .oer- - ..... :;= ........ cf .. ~ •Wff d 
......, t h ; ,_ • ..,._...,_ .,_,, la (FAL-7SA) dwv a .e al ............... 

dñmd b7 vfald¡ ~ b ..... abact tbar .. , 
1 

...... 

2 '¡ - cal .. 

oblahlal 1l:c ~ a.ccpt b DIID.,rred • ..., k: S ire 

iaolo1cipo.,..IFAL-76A) ... Cimo la----Tia_....__. 
dleanan .....u:r: ... al._. .,_ . .,., ---11D11Cq1111111Cb Gl ........................ ""'"'" 

laldlo IJpel.... al----

F•O. ' &'a S pe1 .... ca lila &cmpor.lll r. • Dna111 1aa:a GmD:tr CD Olill' • 

rVW fnA:ooaiJ aampGiicd artla. T!ll-.. Clillcnam ~ea~~~ &o .. diM Fd' ' a 
Mtr

1
lhtt Iba ~ mod=l el c::al ............ ~ "stcJiiid-.,.. .. 

-·7 : ef BDn , , M 'licia" ............ ( , , ). - _>do ...... 

--------------·--

• 
1tum •~aK Id ar r.cta araa oa1 CIINI5libatc' a patt o1 lbc- _... bal ..r wn • dmwd ~ 1o 

...... ~.-ida a~ tw,r _. olapnuan. wwrcrf wllidl 1ft '\iw ocbti:-.af". 

.. lllcir poprr IBB<-lMI -<tal - .._ fw dor - of •-4 i •
Titoir _ ... b ""' ... ftal.-"2 ...... ....,a....,. - """ -- , ....... l 
l"ffl'"''ia aad wli=l:isa:J bchJtto dln.: lllhjrc.'b. Tbr D-OrJ ~ lnn:aiNa il: cu::4rtd 
l!lllcqaak ea .tacrihc: a CDDIXP'aal ebla ~- 1 br niciC'tiC'C c>1 • altjcod • • .-.n..~irte ;. 
~In lb; cm: ··' stnactar~ ... (1~ l'aivc'lltt uiJ a Hapk al a ldalina. A aettptal 

dala blc klftiiDSa..taftcdnrd '"*"-" ... 1 a.·.a:··-· ..... L A cw,....,cbaahaw ....... 
. b ...._..bJ~IDit'~•b..ill~oodcfhwd~...,.,._... ~-

Tiw ~~~~ino af ..... (lielr pniak .... ~11k1 la lhr ccwc¡ mi 'llnada~ÍT h-..,. d:lnr ,_ 
-~ whr-11 fOliAd~- d:n:a .,~ t-#- .._. . .., ...-r ti-=._.__ la. ftl.ltiloa 

~ ..... al ..to;rcl•- ...... al ~·~- (J( ~- lbr ftlld BIIOIIial al dww 
lfmr ' iu; i:a lb!: .arta~ cOiatnt D ID- drfillnt. Tbc- ea~hon ~ dal: lk iln~ 
ollilat: b:J a DDL r.itln., ..,ara= prohlnM. 

~ ~l"DQ' .... ~ d:at;. bow.lbr ... "'"" .............. dw~el· dala 
ba.K" doa DPC baft lo br ~ al' al timn. "1"1t;. tnC'IIm ~.la 8 ~ Pll ' Ql - . Mn.t 

c:ur. ~ 1ZiaJ' prnail dad CftUia ~'""" are ont l't'OrdisiJ dit ~ nwtn:1 ~ atnlftl.. 
IQI1Dioilb:lllalcmntl11 .... ~·· btDfl.lfttgQ"'L¡ 1 <a.....-n.~~aft 
pai s a, ar cOftdidoaallr ·~ ud DOt .. ~. iallolrinf ~ C"'CIII ..-:b aflftll -
1'!csa. ta u.r lfJpf'Oadl ol 8rDai ct el, liaw is á:coapo;Ad 111 lk mat ¡ td liiDikf .t.co :a..l 
DCCaalf'J (Df DO&araQ a dzda ltnls (dalal.iasJ ba ~liad a dala bat. caaaptaaO, ~ • a 
rta~tc .......... al......., al-~ ....... ........,.__., )>oltlf·.-.. 
al (at tbr poielt') bJ opd.d.U., oprntiaas lriprrcd ¡su' e 'IJ or caradil:iolnftJ, Ffoct -
lalannaUon -*"""'« pdlm ol ftrv, dlk approadt ID tldbritloa ola cu ; 1 1ll:hr.ftl briap • 
.... tolhodotoJooDJ-Irwldto•tnlhoabouacl......__ ___ _ 

6 CONCUJI>ING REMARKS 

loa<otal w--a..-'" tlw--. -- aobaodi!q .,.,. 
taarpgn~~ bo" fP"'IP'Ed m ,_ ntt1 a •• · 

· Mcdlocl: ..-:~t amn" ar ka .,.._ u.r 1aa1r &lptft. A pa'lk:l:llr 1:11__..., modd 1s .._ 
...... --aliol ___ ,.. _"). ___ _ 

ClltR.af. m&atc. la. die .. el m. "tlati .... &k lal ~ iaforeatioe .... -
Mjcc& ,,.r nn1 .... lrartcd.. M:rt;;a ltllldd:iaJ; 8ppt r ladad5aa • titmy pg 
Oo-ar7 Jdntha 1 ~ ddl ' l)la¡: J 'ni .. , ()f DmWo - ... k ... 
~--~--~~lllatc;p 'llabb. .......... "-111• 
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ad..J.nr brttirr:ary) wa.,· fwJ tM _,.~irDn b)' inuudDriap. iatrifKK- tlmr dnrn:Hn,. in 

rrbliom nr by iatmducinJ maitp•llaw as.Jebtinnl tn ~ lllnllm. 

2 Mrchock !'hich lodudc- tbc lime dimrmicm as a f~lltal COIICf'PI nl thrir fl'llmc:woñ.. 

· Lan,cfnr'• and Sulld~'• approdsn¡ faD lnto thb ale,...., wlarft DD W01'11U11Íin11 mo.lcl at 

lhc cun«ptual kwl k lt'CD as u "ever_,rowlftJ' wt o1 e......u,a (INIJ be: ~ e. 
laformatian ohjl:ct'l) wllh diffrrrnl timr YCnions. Also Fallcnhc:rJ'• &ppmll('h. ~ 

auod.Aiion htsinnh•t and endina n~nu. bclocp to thil nlc:FOIJ· A problcm •hh thcsc 
approoches h., howrt"CT, lbat nonc of lhem hllw cbbantc:d and c:umpUrted a complete 
DOUI~ for dc:alin¡ .-fth &he- dcHnldoa llnd n.:fcrtncln¡ of li~K waryinJ asmdalionJ abd 

tbt!r ckprndeades ·or ftbtionshlps. 
,'::. 

A.nothtr tu«. whkh coi.crm• limr-oa~:DnstBIMd finfinilc) infonnation modcls b lbe c1niJn 
probkm lo nstrkf ~m to a finltc aJNI &tal~! oricntcd mockl h b deart, bDI. ponihlc lo impk_ 
~ni • moclr1 wlth lhc run &emparal ~n.,. and lbcrcfore dec:Gioos must be madc wbich stalCS 

to maJntaJn ot whkh 'dmc ftnfoas' of lnformalioa objccb lo SUPPJ'OI1- Tbis cfisc:a!don SU.gcsll 

lha.l ~ &bou1d ~ '" .WJrwb ·o( tite abunct (conceptual) iaforma!ioft llnO!delin¡ lnd: ooc 
•hrft. -.e eomider the ~me dime~ iD 1u laU ~liiJ- lcadirq; io an .. mf"mitc' modcl. and one 

•brrr ftSlricdocl art" dcddcd to IIDI!kc lbt madclllllile and tn.mlonnable toan irnplrmeÚ&.abte 
dat.t1o¡iat mOdd. A methocl-or ~raLcu' how to lrandorm en infinltc: modd 10 1 finlte one has. 
-...... 001 beco addi<U<d lo tho litcmure. 

SladJin& publlsbed""""' .. bsf...,.,lcu moddina dearlJ....,.. , ... , u.. o_.¡ di......,. bu 
··"botbC'ttd" ~::ncral ~surcben.. Howrvcr. aflc:i 1ti:Un¡ tbe bnportant"C ot lhe ttmponl dimrhioa. 
liUI issac h soawht:ra- dtoppt'd nd the 'YiPlte ahlner ol c::oacep&ual IIIOdelin¡ Js dlra:d, • 
dressed. Summulzlna wr ;t bus. th bfH"e thal lbb "shon....oCOt" .. , ~ve a~ fofknriua 

A •storap-orlenttd" ñtw b earon:ed : bmced of dcnnlna fanetiDM cnd tlmr nrylna 
ft'lalk>ru.hlpl abe Ylew b fCICUSid lo lllorap and rnalatenance of faftdiOa and rclatkm.túp · ... ._._ 

2 Drchloos ,_ 10 lttuodceellmc: la !he IIIOdd. - lime ....., or Wormotioa objocb 10 
Jr.alatah! Clt OIT ~ ~ arbl-.....0, &han lf O ~ir:=-anRdriacd II10dd- aecf U a baiL 

J Ir 111M rntrldlom ~ latrachced _.. ...,...¡,._ • roneeptualmodd tila _thb aaabs 11. laa · 
convetJirftl ta IDI'IDUbtt"aad lnttpnte l'ftd .aer Wormatioa requbcaw:db (dnlgabla a 
aharcd .XW tmcd oa diffcrga edema~ sbcmola). ~ (1nfln!u:1 IDDdcb er&. 

from • ~ • orieD&cd polat of ...... -'"deancr" ud DO& u.c uc::d wltfl prt • a 
· .(lton.Jt "P"PI'na ddet'nn) aDd dfldaacr bsua. Tbo ead acr oo ricwlbe objcc:l 8J"'ICGG 
• ID D ,., ,;, ~· ~ ~ mranuuaa ftqulrement. -s ,.,.,..,.. .• ,,. relal'riaa 

10 aaj limo po1o1 ...t ... t.rarla¡ 10 o l1ollo,IIOnd ""'"nloo or F" •H ¡ ' .,. -. · .. ·.· 

;. 

\\ h.d .,,. h-1\c- p.oin1nt •':1'1 •hl•h' in nn •a~ '""lin1irut<"' lhc- nc-.-d and tmro•t.ln..Y uf 'finilt' tnfnnaa· 

,.,""~-la·! .. ·ft ¡, nnly finilr mr"trh. •hR.h un he- m:.rrrd tu d;ll;alup.·.d tm"'-·J, oand •ich al' can . 

. tn;~~niJIIIl..t,· lltlh rc-bliunallllrt"hrit '" n.nrptKtn:~l nrnatn". Ahn. "'''~Rf: and rfliril-ncJ ¡._......n 
~n nnly h.· dN.·U'\••~·d onartin, oat frum thc finitr mud~linJ! k-ut. 

\\-'hik- lrk'thutk ~d lllll thc- hiMry nr n-.nr rt'bt'"n:al de--.· are- '-i¡:ftilk<IOI lk.ititYnDrnl' Ua 'he

"'"'~'. c.r ¡trvNrm IW_,.,IMJ tn ln(onn;¡lit•n moddin' n\cf 1~ Slornl cbla llntC"tatc cric-a1cd 

•itW'l. n"J'f""rftld by lhc hi~n.rchical of Mtwort. data llfiK'IVrt manlpulatin~ mac'bM Cfor 

rnmpk (CYL·71A)), u~, wen not aimnl for 1M time-unrnuictcd.absuact modC'IirtJ lncl 
Th~ aprm~chn and thot "tMorie-1' around thtm BrT ba•~ oa a _finht .Ww afld tbc a.bM • 
ditMnsion ~m b 11101 alwa)'S 10ITftl simpiJ bJ Dddín¡t Umt domalas or tntitin.. A cww 
cnacrptual Ylnr ond fnnK'W'Ot"k is IK'ftkd. which..howC'VC'f.,urrrfidally may ase sorne of lbe 

nntatimW (ort:Q;Iism inlmduttd by lht:-st appro;ad~s. 11 is bclirvoe-d lholl thc- fnr;mrwort ou1linNlo 

sn.-tion 2 otren ton'-illnllhk ~=Cnt"tality fn dc-alin¡:! wllh time' ~·h.irb shnald asakc k a nndidlk t'Osis 
fot hith lncllnrmm.atiPa oindelin¡t mcthod dcttlopmmt. Finally, b mu~ br st~d 1~1 WC' do 
In PO Wl:l)' IU~ lluatlbe llmc·anrntricttd kYd h suhahlc kwl ror 1~ •IOOO«'ptu.al·.mcm.· u 

ddincd tty (AX3·75A). Wr condder lhh kvd DKJofÍ- u a "dni¡:n phasc' aad a bas!s .-hkb sboald 
lcp::aDy prrC-edc tbc cksip ot a linik. c:trfK'C1Jlaal schcma.. whid! for procnsinJ .and df'dencJ 
~ must be: "airo~ ~ralric11:d'. ot least tor lliOmC Jl'U1 ta come. 
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AN ANALYSIS OT sor.c COHSTRUCTS 
TOR COHCCPTUAL "ODCLS 

H.A. Schald 
lnsti~u~ fDr lnfor•at!k 
Unl•er~ltlt StuttEart 

A&e nbe rr.s tras se .1 7 
0•7000 Stuttcart 1 

Tbla paper wlll try to clarlfy eoae iasues _that are 
of relevance for the dlscusslon vhlcb 111.odel abould 
be used ln_ the- conceptual echeaa of e "'three-acheaa
ta"-data_ base •aaat•.••nt ayatea. 

Different 81ternati•e constructs, bJ vblcb certain 
concerta can be repreae~ted ln a ·conceptual acbesr:a, 
vill be analysed •nd corrared. Our oplnlon la that 
such a cornparlson ~hould not be_._baaed upoa. .personal 
beliefs and preferences. Therefore, tbe ~ethOd, vbich 
vlll be uaed. to aake our. analyir;la ea precise and ob· 
jectl•e ea ~oaaible, ie to srecifr mapplngs ~etveen 
the Constructa to be compared. Theae ftappings indl
cate cle8rly ln vhlcb vay·different conatructa ere 
relatad to eacb Other, end vhat thelr particular ad-
Yentagea a~d disadvantagea are. · 

Slnce many problema becoce "eyfdent only Jf ve con
·alder DOt onl:r at:aiic atructurea ;. but a loo the ope• 
ratlons to be exeC:uted on the'ae Structureo, ve vlll 
Jnclude •conceptual orerationa•, l.e. ope~atlona 
that are to be eMecuted on a conceptual achema, in 
our analyala. 

The approach preaented aer••• a twofold purpose. ~ 

rtrat, ve uae lt to clarify aome problema that ere 
curren-tl7 under dlacusalon. SecoadlJ, ve bell••• . 

.·t:hat lt could be epplled alao t:o other pÍ'obleDia la 
the area to aake the dlecuaaloa •ore ob,ectlwe 8Dd 
preclae. · · 

. ~. lRTRODUCTlOÍI 

Lat:elJ, a 'conalderable aumber of data Dodala baa beea propoaed fo¡ 
u•eea in data be a e iaaftaa•••nt •J•t•••· The dlecueaion, vhlch of t .• · 
ae data modela vould be eulted better for the aaer, produced aao~ a 
•alueble JDalghte alao manJ atate .. ata Of personal bellefa aDd pr • 
fereacoa. · · · 

AccoP4lae to tbe ·~bree eche•ata approacb• (fAS 7S],(W1 76]). v~~c~ 
••••o tobo acceP.tod to aoae desr~a, ewery.uaer ~·J .uae tbe data . 
II!Ddel :tbot he prefera •. Tbe queatloD la aow• vhlcb data 1104el• . 1., 
for.atioa atructure modal. or conceptual •odel le auited beat to b4 
uaed _la tbe coDeoeptual ocb_eá4. 

---. 
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,.,s:r&t Cii..'ECn, u·•·~·• o:~c.·•·.! 
... .. r , .. ,l SYST[IlS "~ 

To a .. n.s~rr or a,t.,lr.lnrarnr, "hn vantl 1 uy, to tr•f11 hl1 1t.:afl apf!rorrlatDl1 
thr tdrnrJihr 111 the link to 1hr per.on h• r•n 1h.1ke l•y ti•• hand. le h t'o11J 
lO r~t lnto 1 datab411 AAftJ •illlon~ of 1trfnr.1 ol 1~11 hut t~ ~lftAJtf 
"""11 ro knnv titar th• 'llilcta' rheJ •n,., .... orr a rrll.thh.h3•lt ror action. 1'e 
'-"'•'"' th.at a dauhate cnnlalnl knavharr an thi1 '""'"• .... u•),. t-rcau .. h1 
tttucturr• ol hirrarchi••· rrlfttlunt nr nrtvorkt cnn yirld acrinrt or rrlnted 
t)""t-.ol• vhich 111.1J' hr conuru••'•• lhtr•nu i• nah·e .. Tttf' runa~rr't han 
eri•tf"mo1or:ird rrohh ... too~~~.athr~natiul ana1)'1ia r:an r,uAtlnt•• to th• tUn•r;•r 
t~t' thr UAlf'ftlt'ntt elic:itrd frOfll 1 d.;at,,hur by hh enquirles conltitute 'rul 
knovlt•d,u'. Thit Uft only he done by en1urlnR thAt rhrn are operatlon.tt7 
e(fectiva rroceduret for •ivinr. thin~J n3DIIJ and for findina tha real thin•• 
liYeft thl n ...... IIJ 1 DPI1"41tfOn~llJ lfhctht 1 1J lllt!lftl thAt thl prOCidUfl Clll 

be urrhd out, t.r the pcnrle vho .. euat uta the ldantUhr, vlth turflchnt 
raliablllt7 to aneble th• lnfore.tloA •r•taa to do a ueeful job•. Thl eplltleo
lolical trmantJce of tha databate are ambodfad ln thata proc•dÚret vhlch pecple 
perfor•. Th•r ... ; be difflcult to eetabllth and cottl7 to eupport. 

~the~tlcal ~thodt, however, are approprlate to formal •~ntfct. 11 ~ aak 
for thl ~•nln~ of ona atfin~ of •r-bolt ln termt of othera, ve need never lea._ 
tha fo~l eyat•• fa whlch ~the .. ticl can le,.ftl~tll7 drecribe th111 ralatloa~ 
ehipa. In rl,. 1 the forNl equhahnu of ·s~UTII' and tha lt:lf\loy .. nurther 
'90lll' h one auch rehdonahip. Othu lor•tl ralatiotuh(pe, •• tha fhun 
auac••ta, .. ,. link an tbttract concept auch •• 'SENIORITY' to the eore concrete 
c:oncepu. Thue for-.al opeutlant ·•tt lla added to tha or-ratlo.nal procaduiat 
in ordar to attabtllh the apietc~loglcal ae-.ntlCa o! an abstra~t concept. 
Thlt can be teeo !ro• tho n~tion of 'SENIO~ITT' ~hich la onl7 conno~ted to t~. 
concrete vorld vla the fo...,l proudunt ••. fltonc ... foraal tiNDtlc• h a propar 
oubtet of erf•t•~olozJcal ••~ntlct. Tbe conreptual eche .. auet charefore con
tain ducrlption• of botb tha intar11al. formal opeutlonl eftf! ·rr.. eaurnal pro
cedure• to eatabllah the O.•nlna• of data. 

Tvo Conceptual Schaaat 

Wlthln Pla. t thera le lurkln• 1 ~econd, quite diffarant probla•. Th• for..l 
•Y•t•• depende uron·~rrln~ tho •trina• of s~bolt lt contalna upon tuitabla· 
atora~• llructurct. Thil le at true o( a clerical eyate• 11 of 1 computtr 
•y•t•~ but In the lattar e••• it la crucial to the de•fJn Of eapentlvo acneral 
purpot• eoftwara: Thit lt ~her• the aacond notlon of a ~onceptu~l sebe~ arl1ea; 
lt it 1 quett for a canonlcal atructura ro ~h1cl1 all ~pptn~• of aub•totl of 
tha data onto phytlcal 1tora~a .. , llo rolated. Thla •l•v ~•• aaomrllflod In thl 
ttate~ent by ~lj11en (11) ~hích placad the one conceptual tch•~.betwatn ean7 
oxtornal tch•~• (eervlnK diffarent 11t1 of pro~r•~• and .. n,. intarnal achema1 
(oervtna ¡rour• of phyaJral aroupt of phyalcal arora1• davlc•t)), fhit ¡,;a 
of concapt~l •che~ (e·naturaltr aouaht Ir ona la preoc~upled ~lth th4 coaputar, 
tho officiant ueo of hardw~ro and· tho WTltlna of proar• ... fh••• pro~leae are 
tara• anouah to we~rant the un41vlded attentlon of •~ roa .. rchera. 

4 aorlowt •l•t•k• lt _.da lf ~ ~onfwsa th••• two ~cfoo•1 

CJ(A) 
CS(D) 

a ech• .. of appllcat(Oft concaptt 
• canonlcal 8tructura of i•t• rvlatfonthlpo 

.• l'odca ~ thh uu ... nt o.-rh.uho• the f•portaRCo et ll...,l•a the ruw-pon 
el che •r•t-., a rocurrent the .. In thl• ,.,.,. 

2 ·, ~ 

lcr~ .,. ••••ntla1 lllut th•p •• ,.,. flulu dflf•r•nt rnrro"•' 4ft•'· 4"ftur••· tbrt 
•re uhud. Confutlon. tf'r.rut•t.ly, h ...ar• (ar"I'IOrt th•n a t:lllrrFLII dtHne•t•• 
atlon of CS(A) an1 CS(O)". On• rruon ft nur h,d.Jt of uelnr. lllniPftloelnlc l•t.elt lo 
r.tl. ·about fort'lo'l dat• eh~~~ent•. "' di•~uufnr. r.sCn) In tcnn• of ••""'rlu vtwro 
dau •lrfll.nte 4rl caJhd tHPLOYH 1:0., orr·AR~qflf ~o., ond so on,.,. 1.-,ort lctto 
th• dhcuuion notlone tMt belon~: to CS(A}. Wlth un w can avold· ch~•tl1lJ. ~7 
uelna our intuhl.,. lr.nowladp;:a of ttw ,_ .. ,.tiu of tuch aJ.-.ntl a,ut the eatl vlt1 
wbfch ve feel ww can handla tha wrttt«MOlo~ical probl~• of EKrtoTr~ NO., DEP~ 
HI~~ ~o. and lo on leada w• to auprr••• th• probl••• of CS(A), Tba r••ult lt ~ 
f~¡ine chlt a canonlcal etructure of .ultablr t•b•lled data ata .. ntt wlll tor
ture both tha contcntl of CS(D) and tho•• of CS(A) ar ~11. Thla ate.-ptloa la 
lmptlch la tha &~jorlty ··r papen on dateball archltoctuto (12, ll. 14), Tbo 
•l.v adoptad hort, howWv•r• la that tht appllcatloa eooco;ca, vhllat ..oodJlat 
atructurea that DYit ba reflectad le the ceaoalcal data ttructure. ~t eSbolr 
• anat dad eara hadas aothln& to da tri th the f'!'nal fTOl>Utl•• of tM bu-..... ~ 
b·eae.,UfJ thh. ~cmtldar: • doecrlptloa·or • houae~ lfo wat te....., 

(a) ~)ara of bad~l and receptloa ~ 
(b) lo lt flt for bwoao ~bltatlool 
(e) lt lt freo of land char1t1f 

• 

ror tha lafora.rlon .,., •• •t tara• aftd tho aplttoaaloalcal .... atle• .r tht .. ~ 
lt Ja atttntlal to knov t~t 

(a) Je a ~thdvely objactfvt attrllruta wblc1l eoa he 1uppihcl t., aay wnal 
partoa who ao•• to.check, 

(\) it a ••lut jud¡e•ent whlch euet bt ... , au•Jcct to cartela coattrolate1 

b7 o qu.llflcd aurvayor, vhiltt 
(e) can ba detormined by co~putcr aearch of Land Rasltl1'7 fllol whora all •~ 

chars•• !DUit b• reahieud to bt ulld. 

Yor tha dad anar of tha hforaatln qr 
lucb .... ntlct aro lrrelevant to CS(D). boton1 la Chl CS(A). . 
taD thtto concopta ore fu~a .. ntal and thoy 

PolJ'owlna &ha lnforaulon onalr•h phau oncl tha apcctflcatlon of CS(A) a tl•ho1 
amount of lnfor'W'&tlon aboui thc tppllutlon ""'' be puud to tho. daelaner of thl 
cocputar eyat••· Aa it relato• to tbe date, thlt ll•itcd lnfo~tlon .. 1 ba 
lod,•d in CS(D). tuentlal quutlont ve necd to uk arel vhat lnform~~tion cea 1H 
dhcarded •• "' wove ftOGII CS(A) ro CS(O)I end irÍ CS(D) what ~aaon~.cal fo,..• are 

approprlato for tha data atructureol 

To aee how th••• quettlons can bo antwcr•d va mv•t r••lnA ouroel••• of tha toc:h
eical problam whlch CS(D) hclp ua to •olvct. hov ro naviK•t• throu~h ltora¡o ~~
UDel to find tho data cl•acntl vantcd br protr•~•· Obwioutl7 thlt ontall• n .. Ia1 
tha data alcaent• 10 thet they con be allocated to ator•a• ln •nr war arpw-oprlatt 
to tht atoraa• topoloaY (thlt allocation l• contalncd tn th• lntcrftal tch~). 

·' l'h• 1111~•• uud In th'• CS(D) could 111• """'.-nnlca but they atod not ba. lAl ul ••P"'· 
pota thal ther ara aot, ao that thera l• no te~ptatlon to tr•n•f•r ovbeonecloutlJ 
ow- eovertl7 an7 knovl•dll of the eplttc-oloalcal ••~ntlca. ~~ t~ do ~ 
anderataod obout tha oaternal sche_. which .. ,. thi data ea .. • •••d la appllcat~ 
proar .. • fato tha canoaical tora of tha CS(D)7 A CS(D) full of 4114 ..... vit~ 
out aolf•avldoat .. anlaa• wlll .at halp tho appllcatloa proar .... r co ea& ., A 
.. pplaa ef hl• data ol ... atl iato tboso of the canoalcal .. ta eo4al. le wlll .. 
l•rce• Uc.ll ce CI(A) vMr.· M ... ., llo4 that '"' ...... loe• of 4a&a ....... , t• &M 
M&ek.lia Gl'e ~:al. .,....,r&.ato 01 -.a. ..,.r c..all.. . ~ 

oa ,_.,•tr•ct concopu •·1· 'CUILn' ... , Mt M lflltlro11 r.,...t kt, to • areatar er ,. . 
leuer a•toot, tha aa~totl .. nt er , ... •n•'• ••lwe jlllllr.onant er preacrlptiOf\. · 
~Jo la 4a•lt wlt~ l• a•••r•l tarea lo ()) aftd •rl•fl7 l• t~ Coftts•l •f ~ 
l• (l). 1,-ce 4 .. e ... t ,.~lt , .. -.plorotl~ el ••l• leplc 1• t~la ,.,.,. 



••·t t' .. ,,. r'ID"·"' ct data ehN-nt• tlur rehdo!uhlr• IMOI'If, theu •h~nrntl DUit be 
'" rarn'"'-" in C"S(O), To lnv ... tlr.H• thto al~~t"'Hiu•tlon of thuo ulatlonai-·;Ir•. ve 
t•~ •1r1r f~l rrc~lea bar~ by not r•r.fttint e~•mnnicl t0 bt tartf•d ICfOII (roa 
nu.1 10 CS<D), Jt "'do Ud e, ít h clu.r th.t •¡.:,l'!:ical' notlor,, tuc:h u 
'•nrrt1', 'attrlbut•'• 'rolt•' aru! ao Ol"o 1 tar:not ha \Uf'd •• ln C!li(A) wt-•• r. tatldr.z 
ct teal thin~l. Our dÁtabatt to(t~lre Jt (nt~nded lo he)p Ul 1 navfg~tP' throu,h 
ltcrate to the dtta W« var.t. Tht CS(D) la tt~ "charrr~G 1 1 ·~~leal' relatlon
•"·ir·• •r• tltr.iflcant beea~u th•7 dtfint routf'l an~on~~; d.ata tle~ner.tt that mutt 
•• a-..aílabh_ tnt! auy b• uud quhe olt•n, FrlHI thit p.olnt-of-vhv, the·.4!hputl 
~•t~rrn the drvot•r• of binarp and n-ary ~dtlt falla into rrrtpf'rtlvf'. tr the 
t'OII': ...ttr ru·,itt cnly U·quf'ntial pt"ocettlna th•n one Dutt tu1vel Lettwt-tn oinal• 
dltl rlf'R~,.ntt and th• binat"J ~d•l ,, natural batla ror rha tanonfcal rora tucb 
•• Srnko d•tctibta In (1~). lt rha ca.rutar lt ~r• •rprorriaraly uatd •• a 
r•r•ll•l rr.>cauor. thrn aroupln~~:a of el•"'t!nU vhlch ara ntc~uarily and only 
~r-~'''ril-.. r•l•r•d vill ba i~porrant ttructurat to idcnrtiy. Th11 l•~dl to 
\ro¿', th1rd noraal fora. Soatthin¡ la 11lned and to~thina.la lott which a•er 
~·~oni~al fona it Ut&'d. Tnt paycholo•lcal dltcoafort oC tht bln.ry ~dal fa 
po~nr•d t"IUt b7 St'n .. o h hit paper. The artifJchllty of tht bln.ary ~del la· IQ 
ad·~~t•«• if you via~ to avoid confutin1 CSCA) and CS(D). ~ relatlonal wlev of 
eara ia conv•nient but dancerout at thf' CS(D) levtl ~ut at tht CS(A) tavol 
rol11 ie~nal uructuru tua to ba eul'ntlAt .. At Jea u thh h ttronalr tu¡¡oato4 
bp out atudiea of Jnfo~tfon analytla for la¡al IJttama. 

kawin¡ atte•ptad la thla aecrlon to drav a daaarcatlOft llna batv••n appllcatloa 
'concapt•, CS(A) and ranoniul d.1ta atrvcturu, CS(D) .. •hall tun to tht CS(l) 
w1rhout the rhk of b•co•ina fnYahad al-..tranaoualJ' fa tvo uu of 41ftlcult 
and co-plaa ptobl~t. Wa Introduce th~•• ldaaa al thay arlaa ID tha lECOL ProJoct. 

n .• toncr•t• and tht abttratt vorldt 

n .• aapul..,.ntal .. urJat uud b7 the U.COL Project h hahtatloa of che lt.lDd 
~~a vhich rout1ae adainlttratlvo IJilc•l ara b••••• Thale eyete .. of ruloa are· 
c~"•tr~t•d ao rhat th•r are ¡round•d• •• far •• poatlble, upOa tl•ple, rall&ble 
~~•Pt• aucb a• phy•lca1 obJ•cto, •••ata an4 relatlo~thip• (••• P!¡. 2) ~lot 
the alloarra~t DOtloDt ouc:h •• •a vork of Uuratun'• 'coprrl¡ht 1

, 'oveenblp ef 
CDPTTlabt' AD4 •• ea, .,. proeleolJ oapllcatod throuch for.al rul••· 

• 
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to of eaturo. Th•J inbablt tba •Jetea,of 
ro~l ialo~tion tyattDI ara oot produc d thair DOit.l-vortaat 'tool • 
natural 4iacourtt vhich h~n tt.ina• bo•• craolt• h~:b re~l ayat.-. oro 4afl~. 

be aara-lanc~c• a w ~ ~t it lfuural lan¡uaa• ••r••• •• l · 1 t ra vhich waa daacrlt.M • •• 
Thi• di•cour•• •••t•• coepl{c•~·· the , e u ,_ tbo iaflait• roar••• ol fatllo 

1 1 .,.._, of eH•P" • elao prov~d•• the aaaeat • 
loaical aaalytle. 

• 
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~ The I)Tlh~J· i:'l tlit ro,.,,,. I)'UP"' •r• r•t.u .. rt lo thr rfolnr.• In .... ai·J•c:r-•rnf'n "' 
peopf••ullinr ft.li•JUJ hntt;u.IR•· !li.,e- flr.. '· lt il rnnvf'nfrnt tn c1111 tloe lyar ... 
in wh{c:~ tht "e.Jninr.• of 1frn• depend upon llnrui•r!c •nd other no~•. the 
dlsc:ourae •r•••~•(()~ It corrtapondt to th# inlor~l pArt o( •n orr.anlaatlonal 
lnlor=.a_Uon •yttem. h •wh·u throaah buzPan, lodo-Hn~uht_lc: lnurcoune, 
unlf~e the for..l tyale~ vhic:h deprnd• .,~n ••rife ir definltiona. Wh•n oha•r.a
ciont ••• ~de, reaultinK In d•t•-v•lutl helnt lnarrted ln a datab1ae, or vhe~ 
d•I••re retrie•ed, •• a ha1l1 for •crinn, the link vll1 be .. ~. hy vorda or otbfr 
tiana vhich ar• ~~anin,rul both in the fn~~~ •yarpe and lhe dl•cour•• syat.-; 
••&• 'O:STO:IF:R, J. SN:ITII LTD'. l.'h.n s~h -of th• fonaal ayUM •n uurl vhhotlt 
choir h~vin¡ 1 pl•c:• in ch4 ditcourae •J•t•• (e.~. an •ccount nUD~er '370!J,SS') 
Chtir uaa auac be eaplained ro che relevanr p•ople, in natoral dlacaurae•. 

Oparetlonally, che sr-bola~ ca11 'ldentlf(era' vl~l be l(aked to the relevaac 
phJilcal objecu throur;h tha dhcourat arar.... Tho quu·t for Jo~::lc•l certdatJ 
In tbla link lt 1 bllnd alley,· Wa 1hall elv•r• bo'd•pend.nt apon th. 1t.blllt7 
of huDan noraa fn tha uao of al¡na. Theae cbnatafttl1 ahlftlnz aor-• are the 
ollahtlr lnaecure but only •••llablo foundatlon uron vhlch • practlcal dat•ba•a 
can be bullt. Surprlaln1ty, daaplte Ita ceniral rola la ••~l~lnlna any lar&• 
data-procaaain¡ 171tra1 the concept of a 'dlacour•• IJiteu' has be•n overlookod ., 
hafona.a.t loa oyn- theorhts. · 

[ven vhea de•JlnK vith tht app1rently •i•ple ae~ntlc proh1~ of h~ to ldentliJ 
physical objecta, tha lnfon.atlon au•lyst cannot n1)" upon the ftO"' of the 
ditcourea oyetem. 'The way In vhich rhe real world l1 partltloned lnto objectl 
d*ptnda upon the use of Janr.uar,t vithin the diac:ourao aylto•, vhtD propia ~re 
solvina prac:ticd probh~s. 1t la.1 eiat•lr.e to IIIUfllf that' rMre h a unique, 
objertive1y-c(ven att of phrslc•l objrcta to vhlcb Janr.u•,• r•f•r•• Tbe epatlal 
•ad teoporal limita o( the objectl vt talk cbo~t ara e functloa ot vhy ww ero 
raferrin¡ to them, of the ahared probt.- vr are trylna to oo1vo throush che ••• 
of verbal •od othtr 1~bol1. lf thr purposa fa chnn~ed, ao aro tha ahjecra. Tbe 
eonu of lhe di•co,ru aysten un ahlft la •uhtl• "'7' to .. rch thl ahlhha coa
te•t ot dlfferent'proble••• 

Thla th*ala aeedt ·lo be demonatrated and thla 11 don• belov. Jf lt la true 1hoa 
ft l~pllea that for~l ayatem• ca11 ror tha u•• of worda ln •cable and unifo~ 
va7• that difter Croa the uaa¡a fa•iliar ia avoryday dl•eour1o. lt w!ll b• G 
task of che conceptual 1cheaA lo .. bo~J thete apeclal .. •nfna• of dat• la the 
Corcel •ru .. a"nd to help uaera to ••ploy rh ... correctly. 

Entltr and Purroat 

Prsl~~ly WW vant to bulld for.el ln(or-4tfon •y•t•~• whlch enahJa ~ to 
coorarato and do uaefl.ll thinr.• Jn th• re~t vorld. Th1 h••la of hu-an coor~rat(oa 
h tha u11 of. altu, indudina vordt ar¡J othar apaboh (S), ao that one pauon 
~7 obaerva and othara ~y knov or o"• r•rtnn ~7 (natruc:t and othera ~, act. 
Jn any uaa oC lnforn.tion thare vliJ al~•J• be • closrd loop fro- obaervatlon, 
throu¡h d•cialon, bac:k to.actlon atiactlnr. the thlna obaar•ad. loan lnfar .. l 
tille of worda to aolve •·.practlc.t probl••, vary fev paopla vlll .. lovolvad la 
thia cr~l• •ad thare vill be no tona delay betv.en obaerwatlon oad lct,oa. Pora-1 
•r•t••• tend lo aupet•adt l~lo~l dlac:our•• whea ~nr peopla h.wo to cooperata l• 

1 4 cocpha taak vhic:h roqwlr•• pnche action over·lona dhtONOO and ••tended 
tia. porloda. Fora.t oyat.-. ero the ••••ftC• ot ... nr klDda of or&aal .. tloo. 

• ~~· t .. l dl•covraa i•wol .. • -.re t~ Dac.ral laaa.-aoa lt ,,,... • .,.. lear8-
len ..._ ca ... t1101'••• ~ro or .c ..... alp• &a a•t ... , ....... 
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Th• or•rallona o( oburvtnr: and actlnr. ore tl•t" lntrrr.1r11 betvern the ct..fe-ct tvt•. 
r•a .on.l the inforr.,dnn •••u:~~. Tht co111putn trf'ci.1list la h~ilh.r ttltb thC! 
p;:;bh"'• of orr,.lnUlr'lf\ and hhellfn~ l)'lllbnllc tÚt&thfU vlthln the foR1..1l lnf.or .. 
ar:lon ayat•D• Jn r:hla r•r•r, w are rnnctrn•d wlth r:he quito dlthrent probln~ 
oC hov to, or~:•nlao and. hh•l ti•• cont•nu or tha objrtt a~ttem•. the ••:-..1ntlc 
probleN WII'IJ be r•r.ardrd 411 that o( «Ho~~.u"i••r.' cor.respun,tenct t·rtvt"en entitiet 
anJ t•au .• Juat aa wr dlulnr.uial, and h.hf'l data r:o n.1•ir.-1U tl.rou¡~ stor.Jrt apaco 
wlthin the cu~t.ruter 1 ao do"'" diuinr,uiah an•l hbel rnti'tir• to nnir .. lte throuJh 
re~l •race ~tnd t!nt. Ju•t •• Wc viah to upd.ate a fl'cnrd cnnalatently an~ later 
retrirve ir, todo VI vit~ our ~ht•rvatlont and atta in-th• r••l world to b• con• 
•i•t•nt. For·taa~le. ir trafrlc varden A obstrvea • vehlclt obatructinf. the road 1 
thtn that vehicle aftd no or:her 1hould be tovtod .... a, hy conatabh 1 and ita ovnf'l' 
and n"'''rie· al•• ehould be ri.neli. ÑI.J non-cot~~ruur •reclatl•t vould be ~sed. 
that tha identi.flar rroble• ahould be rreunhd thh vay rovnd, but dlacuuioat of 
ldentUhu by tfaia-rroceuinr. arecialhll are alttolt ln•adablr h tere:s of loca
tina ucord1 In 111•• and dulln,:: vith the• conaht'cntlJ'• In the literatura, ve 
llnd thaf dlacuulon•, oauadbty about ldentifrfna entltlu, u1ua.ür turn out to 
b. about identll,.lnJ and locatlna r~orda In rilett tba lnfo~tioft retria•al 
problo•. 

The ••~ntlc pro\le• i1 ~h ~re difClcult than the lnfor~tlon r•trleval probl-a, 
de•rlte their for.,.l •l•ilarltiea. The fundamental difflcult7 about identifrinR 
thinr.• in the real vorld l1 that thert ls atwa1i roo. (or dltrute. T11tin~ for 
eeta of .. tchina ay.bol• in atora~• lt ralatival7 si~rt•. Identlfylna 1oa1 
entit7 in the real vorJd h.1 no ab1olutt outco~a. ~~ aust al• to provld• a 
P•••on vith aft ldtntlfier whlch en•blel hfD to rtnd tha tntltr vlth tufflcltnt 
preci•Lon for 1ona •r•ciflc rurro••· auch •• levylnr. taa. ~. •u•t be rr•r~red 
to ra~etlne tha entuua ... l.en ""' clt.J~nr• our rurrou·, for •••rrlt, 'factory' for 
taa rurpoael, vou1d be dlfferentJy int•rpreteJ fro" 'fact~ry 1 in the centrar o( 
lndu1trial •of•ty laRlalatlon. In co~putlne ttrvinolo~y. one ~i¡hl aay th1t for 

•. antitl•• chere are ••nr '•ubache~a' but no Jeneral 'acht-a 1 , 

The dansar ar awrro•in~ that one, unlvcra~l, entiry-ttruclure can b1 lmpottd 
Wpon tht r•al vorld i• illutlrat•d bJ tha p~ilolophlcal rrobla=t that thlt 
luppo•ltlon vlll ~ennau. Bt abandonlnlt· tht balltf in a \lftherul17 •dld p[c• 
tura of the vorld in favour of a aarlet of dfrfrrent rfctur••• each ttrvln¡ 1or~ 
prac:tiral purrou, thua phf1oaophica1 problema evapouu (6), The dftrt of·· 
purpC'III an lht entftJ .. Itfuctur. h corloull)' illullr•ttcf lun·, In th• uctlon on 
entfty-boundarlat, ~anvhLJe it ~1 be tnour.h to conaider tht clataical problem 
of Heraclltu•'• rlvcr. Ont cannot batl~ tvice in aama rlver, tbouzh, in a 1ena1

1 
lt i1 ltill thare. Thit parado• ia llke tha conf~tlon of 1Vo databaaet, ona to h• 
u•eJ by hridRI bulld•r• and one for envlron•antalltta. 

.The lama. danr,UOUI turrotltforl O( 1 ur~(•,.ruJ tntlty-atructuf'O h e~r.bodi•d In 8 

databa•• a.nar.•"'•nt •7•t•• vhlch rer¡ulrc. a alr~r,le. r.enerat acht~ to b• tltab
ll•htd, A ~lhP,,tlcal or co~uter-ctntted orrro•ch to databata da•iRn tonrle to 
encoutaK• tha •'•"" th•t the V<Orld h.a1 a telf-ovldent, unar-.hlr.uoua atructure tthlch 
can ba record•d Cn fllet, Tha dl1tlnctlon ~de earllar batve•n CS(A), appllcatioa 
conccpta, and CS(D). tha canonlcal data lttuctute, lo ba1lc to tol•ina the probla .. 
of d•tabata aer .. ntlca,· lo'a -.u con1Untly realnd ourn·lvta thar: our dlacuaaiona 
abo~o~t 1 cw&!o~er-;ec-erda 1 and 'producr. record•' antl 'atock•recorda' u1ually havo 
aolhina to do vlth the real vorld of c•otC*on, rroducta and aloc.ka; Thu1 tanu 
rerer to ~troura of 1y.boh ·lo vhlch w ot\oulcl atc:ach codu 1uch oo-"7)64' 1 '&4~l 1 

aad 'Zo1o", ·inauad of 't'USTOtiU.'• ·'PllODUCT', and 'Stoc:l' vith tholr oatraaoovi 

O Th• phytlcal ebjactl whlch t~ol••• carry lato~tlo• (oo&o doc~ata) aro 
ta.a.el••• part ef the ebja<t•ara~. la .. far ao w. ara laloroatod la t~ 
a·a ebJacu ratbotr ......_. •lpt 1 ta..7 •r H traato4 l• U. HalO "*7• · 

• • 
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and ltrlctJr Jrr•l•v•nt connototlons. Tht •~rto~ o( thJ• kfncl or error ls tha 
us•af a tartl, lu(h aa 1cllttomrr•, vlthnut r¡uallfjcarfon. In a real canpanJ, 
'cuatoaer' vlll havo m.ny ~anJn,.l to auft m.ny u••r• - levyar, account~nt, ••laJ 
man, rurktt ruurci,H, rr ... : .. r-ri~n controlhr. The a~l)'tá~ of lhe entitiu 
rehrred to in hd•l.·•, • • .. ~. r~í• citar beuute there are fnqutnt •hU u In 
~t~•unlaa vhlch tht dut~ ••• u.,.,.,, · .• ~ .. 1 a¡ Ji ch., The LF.COL IJata•, then(ort 1 
fl"(lUirU 1Yil'7 eritit)' deflfUC.IOft tO h "{ven a tOfltnt. nde h 1 dlfficult pro' 
lee for tht d~tl¡nar of datab•a• 1oftware bur. lt l1 batter th&t ve lace up to lt. 
1 ronjecturt that a aonollthlc databate can •••lly beco.. aa ~arraeelaa ~aaa-

. laatlonal·\lhho-ehph.ant. · 

One taak for the ••D4ntlc aodtl le to ke•p track of tbt ••rlod parpoaa~ fot v~ic' 
d•ta aro vaed. Thi• lnform.lloa la typlral of t~t •••el laltl•ltr b7 the eyat..
deti¡ner en& then foraor.tea onee lt l• onl7 fmpliclr In the fiaal pby•lcal 
deal¡n. lt thould be b.ld la CS(A) and dfarardt4 far the earrover purpo••• of 
CS(D). · 

lnr.ltr and Sr:abltltr .1 \ 

Our abllltJ lo uae conrut .. rl correctl)' vlthln •n orranfaatlonal •Yttr• dependa 
uron ~r abilit7 to uae .l,nl 1 euch •• vorda. n~bPrl and •arfou• rodet, in o 
atebla va, lO thtt the obaer•er or ·~r .• faulty ~~~nnl'nr. ~·n ftar# lt In .. ~ro4· 
~ction report knovina that a cOIIcar.ue in •nother factor7 vill be a~IP to ldentlfJ 
ir and rtpafr le. ~~nr ptcple ~r c~••rva and vork upon the ••~ cooronent in 
vaya that ere coordinatrd·thro~•h tht toxc~~nr.e of slr.nt. The coaponcnt ~J 
chane• Jocetlon, colout. textur .. , shape 1 funct{Dn and ao on r•t, throu'-h thfa 
flux, the concept of that co::~ponrnl .,.¡u b~ auatainrd by • a.roup' of p•ople vho 
are abJe to ldentlty ft vhh a ccnu•nt n•~. 1.1,rn ·oufne rthra tO 'the '7lh of 
Ph71ical obJ•cr• aa a dtvlce for vorkfn¡ a mana~able arructure fnto the flu• of 
eaper.itnce.', (7) to IO~f' peoph he awr IUin to br adoptin• a quaint phflo•ophiul 
ar:_1nce, but not ID anrone vho h.a1 thour.ht tardull)' obour: the probh .. of de~h·n• 
ina a databa•• for • rroductlcn erateG. H.terfala chonr.• lhtlr ahare an4 appear
enca; batchu fot11 1 DWf~a and dhpcrll"f aaar~nblh1 are cieattd and thdr ro.
ponanrt cl'lcnted; lhrouch:)ul thia tiC'·. a ll111iud but elfutl•e enthratructura.lkllt 
be utrd¡ the for~l ayate• could not econo~icllly rcco•nlae every poealble di•
cnnibh ph7_dca1 objtct. 

The efftctiventll of any lnfotmAtlon-•y•t•• dl"rend• upon ltabl• patttrnl of h~n 
••rba) or .t)'1!1bolie beha•four tno'o'n 11 'perc•f!lu•f no,..•'• 1'hue norea ba1onR to 
the diacourtt•tJile•. They co~e lnto r•iatence becauat Pl"ortr ohare probl•~• 
vh{ch thaJ aolvt cooperativriJ throur.h th• uaa of lanr,ua,e. Clven the conte•t ao4 
tht probltm, 1 aroup of ptopJe vill evolva a v17 of lltaeh(n~ vorda to rl"llftr ID 
that c~~n parcept(on o( tht probltm can br obtolned: fafJure on thr parr of aa· 
Individual to ptrcalve th1 probl•~ in rhe ••~ ~•Y •• the ~jorirJ vliJ r•ault 
In hla actln1 Jna~rrorrlatelyl critlcl•~ frP• hl1 collaa~u•• vill lead ht~ to 
adjuu hh perctrdon.• lnto Jiu vhh the ettablhloed nora. Thrcur.h thl1 1odal 
.. chan{tft Cand not throu¡~ th• aprlication of e•rllclt dtffnltlona) vardt are 
at•Janed to thlnaa In 'a •r.•ble vt7 and tntLty-atructuraa are l~oaed upon tha 
worJd about vi. Theae atructur•• of parct~tual norNI .. , be luatalntl thro~ah 
aO(fal inr:aractlon. Thay a.y laad to poor aolutlon• ro proctlcal proble~t, per
tlculariJ vhen the lolaraction (a purelr verbal or ly&bollc¡ nora• ara·••roted 
lO objective crltlcla• oal, vhl"n th•J·r.ivt rise to •vtnlt In the real vcrld of 
phy1lcal objecta and people. For ••a~r1•, the l~oundlnR of tha VTOftl cor and 
tha char¡ln1 of tht lnnocenr: ovnl"r for obatructlnr. tht hiahviiJ ~Id •u~r.••t 
th..at tha •r-~ollc •a ... a,e' of che rul \IGrld uaed b7 the poiJca la the lllat o..f 
tha roa4•11eanct en4 trafflc~ffencat IJtta• le 'out of focua". ~nr lnror~t(ea 

· OJtt•a.a h'terpo•t ab•tract co"capu betvcef'l ob••rv•tlon and ac'tloo. n.. .... lllt('h 
•• t~t Jacal obj•ct 'cotpJny' or laral ralatlonahlp 'DYnara~Jp' h.1p •• to er••~• 
a ou~h plchra •r a c~rr.aiaa v.rld, ~1.11 thalr ..... "'"''are •ltl .. rah .,.,..~-• 
~,.. ~~ a .... •tlca •1 t~rsltal •~)•e•• •~ •••nte. ~r .. llr '' 1• •••ler •• 
....... 4la,.&ea .~ •• phr•leel ·~···· ·~· 4'•r-••• -~· •• ~, ......... ~·· 



J~·rlr~ or •••rr1•-• careru1 r••l•• af hov vt attach naae1 lo p~y1lcal o\jtcto 
•• a rr•lude ta the •tud7 at ~r• te~uovt conc•rta. Thl1 oaamrl• of a ee-.ntlc 
p;ohlea i• about che •l~P.Ittt vt could choo••· 

The fun~tfonl at h&ll\el 

O.vty (8) au~"'''' thal 1 n•~-••r••• thrtt functlontJ •• 1 fenct, •• 1 labtl, 
and •• • .. !'lich. Wt rucltion the ua'rtd fnto ph71iuJ objuu b) umlna thPtll 
chan~•• ~1 taka rlace vithln the boundarlet but we k••r thl fenc•• lntact. Thlo 
partltionfn& o(' thc Vorld providu ut vlth a rehrton('t-fraiat, a lr.ind of r.cntral• 
lt~d roor¿inatl tytt•• by vhich VI can nawir.atl. Namtt are tht coordinare 
labth. "''• atuch a h.bt!l to any poll'lt to 1rllich ve cur .. tvu al~:;ht .,¡_.h to 
raturn or ra·vhlch v1 ~i~~~ vl•h ro direct ao~ont 1l1t. Onct the objtct hat 
becn Kf•en 1 na~. wt can tranaPart lt, al lt Vtft 1 •,-boilcally, end plact lt 
ln nev juxrarotitlon• vith athtr objectt, vlthout tht need to thift the objact 
ph)eical1)'. Naa.•, aa wehlctaa, are tbe .. an• bf vhich ve dlacover, tnd l~po11 
uroa tl1e vorld, nev and r•rbape preferahle an·an~ .. tnll t-r ••n• of our can
Jecturr•, h)'rothetel 1 tbPorlal and pllft1 1 ltt Ul exaaine .. Cb ar th11a functlODI 
tare c\o•e)y ftOD aa·(nfo~tfon tnal11t 1 1 rolnt-of-vitVo Jafo~tion l)'lt.~l 
derend fot -cl1eit afhctivenua uroa tha c:orieet eulanllll'nt of n4rau to thln~:,e, 
th• arrropri~te ~nlpu\aclon of thoee ntoea fn11nv.d by the corract aatoclaclon 
or· thlnr.e vlth ti•• nall\f'lo .· 
Let ua ffrec ob•erva that th• !nfor~tion an&1)'1t f1 concaraad vith tha deflnl• 
tlon of che for-..1 fnforNtlon ayue• In vbirh the ~:~~anin&a of vordl 1 uumbtra aDd 
codee ara for~lly d•Clned. Tht oeta-lanau~~~~ upan vhfch hfe definlcionl depand 
le che n..tura1 lan~tu•c• of -the dhco~raa •r•c•• whlch, h tura, h rooted h• the 
perceptual nor•• arieina ftoa aoclal lnteractlon. 

The fancfna oCf l• dont bJ th• dlacour•• ay•t•~· Nor~attr, wa er.ptoy tvo or ~re 
"•r••, hc-rlnninr. vith 1!·- r .. C',..rnition of an entity-clau bdare ve"'"' che 
... ,. _ ..• •_,. lt ····• : · .. , ···~ln.1r'7 ula or vord1 h ~:;enerall7 adequatl for 

. • • :-. • ..• - ......... , • tne rtorNl uur;• 11 not rreche anour.hl va tban 
h.t"C' , ....... ".- ,, ..... rwi''"n' (,u la tha Capyrh.ht Act l9l.S c:7) vheu, for ••,¡Qplle 
••vritten ~tt•r' includ~• any writinc, tian or vfalblt rtpreaentationH.) The. 
fir•t 1tep i1 lnttnded to rrovid• oreration~lly tCftctiva procedure• for dlf
hrenclatln~ tha phyaiul obj~ct froa lu aurroundlnlte lt UJ involn aptcUr 
ha who ahoulc! aaka tht oburvulon in 'thou cun whtre tht •rechl •ldllt of, 
tay, a phyelclan or ••lutr or taa ln•rectar 1 ~1 be rfqulrtd. The lnatru~enta 
to '' ulad, tbe place of cbterverlon and other clrcv••tanttl .. , hav1 lo be 

.(ncluded In tht deflnltlon. Thu• tha phyelcal obj•ct l1 fdentiffad lnltlallJ• 

Havlna fourw5• th. objec:t, vo IIIUit attuh 1 lab•l to h. In' iha a•n7day tlt• 
"atfont d111t vhh by our dfocourla ·eyU••• thla h tlapla becauft tht n~bn 
of abJ•ct• ve are concerned vlth l• •~11. In • for~1 lnfor.atlon IJitt• e.p
layinf. a co .. ruter, tht nV111bar or oc~urrantel _, run lnto altllonl. The .con• 
ttrurtlon or , ...... iab•l• ror uae in an lntarfta,lan .,., •• ,, co~p1l~atad ln 
v•r• chet vi\1 be di•cu•••d ba1ov. ~~ ldentlrier •u•t noc only corrttrond 
.. thaaatically vlth che unlque rhyolcal objtct lt rerr•••nl1 1 but lt eu1t cor
reapond oreratlonally. Tht lnfor-atlon ayet•• vlll not he abla todo uaeful 
wark un hu chne are procedwree for locatlna· and for ~herkina tho ldantlt7 of 
tha abjact Jptclflad by ány ldentlflar. (Contlder. b7 VIJ of flluatration. thl 
op•rationa1 prob1••• of l~•tlna an objact la a lera• ~ea~ or of &lloclatiaK 
coda-nUPbere vltb bllleta of red-hot otoal) Th••• are cancral ltaYea,ia tha 
daelan of codea tor ldentiflora, o tapie dltcu•••d furthar .. lov. 

• Objecc• t~t ara too laraa or tee , .. 11 co praalftt tbe.ool••• lar e\lar•etl .. 
in a e~la .. , <••1• the o•lar-GJilea ora ~loc•l•) au•t .. cr .. ced •• 
aht'rNtl.e..a. ka ~ (t) • ~doeall,-..ouh~e eta&or:=a~~ata. 

• 

R, Sll"l[R 

1-!o~v)I}P ella&Jhhed an orn•tlnn:~lh ertectlve, DnP-tD-nne ttllllion .. hfp br_t~•• 
phvaíul objtcU and idtntafU"rs, "'can brr.1n to Ull' thrae c.,tfa11y C•l'ftsUuctt4 

1 ii:na u wehicl••· But .,.. •hall nerd 'rrar!h:' rUI••· fty re-ananr.Inr.. tht dau 
vhich· uprrnnt rhe objecu h tht vorld, ve c:onjtuun nev erra.nr.c.oiN!nU or the 
"-ortd i Utlt (for au•rl• ordtrs '""-" t.y rroduct l)'p« 110)' l.e aul~;ud lo 
•rrropriate ~chlnet). Ne; arran~tnent• conjectur•d in thia v•J v111 ontr be 
tunhtab1• lnto rulhy U the identitlttJ have not hun a.nnd beyond the · 
boun~• within whieh thpy are •eanlnr.ful. Th• lnlor~tion tnal)'lt llult tetabliah 
theee bound•rlea lt the data-rroc•••lnt, •r•trm ta to be con•tralnad to produce 
~•nintful oucruta. (Thutl tnr.i"• lll~ c1nnot be uetd alwvltaqeaull)' la t-a 

. dletincl car• but tn ab1tract obj•ct auch •• tht play, 'Naalat' ... , be ••ed 
aleultantoual7 by •••eral \heatr••) Thfa fa tha central l1aua ln the e.-.a~lc 
probte:. of updatl"a llht 'vhlch h touched later. !ecb of tha fuoctl011t ef a 
aaca vlll eov be aKaalncd In .ara dotaiJ, 

• 
A. fo~l tJilea •wat r.tr on a alven ~nthJ llructun •nd nof"'i¡,ally Jt rdlea ft • 
tha dlacauraa·I)'Jtta ta ataltn thl na"'' lt v•••• Retiene• on tha dltcour•e 
tyetea Ja ultlm.telf unawcldable bul thert -.y~a 1 cnn•atla lnfluanca of fa,..l 
rule• on tht tha nore1 of"diacourae vhen ••eryday terainolor.y neede 10 ha 
tlahten•d; rule• ••1 htlp to ~1k1 the na•lnr. atructure ~rt vldelr conalatent 
than it vouJd ba un~•r aa unaJded dlJcoutla •r•t•n• ror ••••rlc, fn the 196S 
R.nt Act "'the occupler',.ln rtlatlnn ro'"' rr••'···· ~•n• anr perton Jaw
full)" u:Jdlna in tha puahu or pert of· the• el tht ttr•inatlon of tht 
torcer tanancr": thlt reatrlctlon re~v•• amblaufty froa the ~rd 'occupler' •• 
ft 1• eaploytd in nor~l dlacour••· Anothtr reaaon for fora.ltelna'the na•fna 
of thhc•, C'O~n ln tachnlcal- tltuatione, h th• hck of •nr utebthhed per
captua1 norc1 upoa vhlch to ralrl for •••~rte. • rarticular eub•••••bty for ea 
en¡lna .. , never have been ~da betore 10 vhat lt con•cltuta• ~·t ha detfntd, 
ad hoc hJ an lnJfneer. 'Hit deflnition viJ1 ultl~tely re•t upon nor-.1 ueeaa 
of vord• la the diacour1a l)'tt•• aftd eny for .. t dtflnftloa wl1l bt anchored 
alallarl)' la tba percertuel noratl 1 darlvlnr; vhat ttabilitr h hu froa theee 
cultural raferance polnra, aot Croa the lo¡lc of tha deflnlna rules themeel .. t. 

• 

Tht lnformatlon analy11 hat 1 ra•pon•lblllty for partltlonfnR tha world approp
r!ateiJ lnta ftt rtl•••nt cocponenC entltitl lo that data ebout th•• ~~he 
.. ntpulatld metnlncfutly end contiatentlJ b7 th1 fo~l-•r•t••· Let u• look 
•t •~• of the probltm• ha alcht ·~ountar. 

Ch•n•el In tht pror•rtlee of putetl•e entltl~• ~)' tr~nercr• th•• btrond •••7 
recotnltJon añd ra111 problr•• of vhen tht entlty caa1ed to a•l•t, helnc trtna• 
far••d lnto another entlt7, ptrh•P•• rar •••~pie, tince tha ad•1nt of tran1• 
pltnl tura•rf th• fora.l deflnltlon of the ~Dent of dtath h•• becDNa t .. ttar 
ot lean lnler;u. In. 1 Nnuhicturinr: altuathn. one can lti\IKine • Phca of ar .. t 
b•lnl worked ln1o .. n, variad •h•P••• fta~~~etslt'urr.fcat pror.rth• •ftd ha 
phyaical contlnulty beln¡ che only alda to itl ld•ntlflcetlon. Th• pl•c• of 
ueal, throuch all iu traneltiou, vill he reJiarded •• the aana antltJ 1 tha 
reaaoa brlnK thac we do not chane• cur lnrenrio"' abouc what todo virh th• 11011 
al o retvlt of che tranafora.ttloal h undur.o••· The hv-n ~od7 vill be u•ed 
._.,,, dlflerentli ali._.o and dead. Jn a.-nual, tha rtanltionlnl of the vorld h1tl 
Ita ph)aical antJtloe vill d•p•nd uron vhac we lntand ta da vJth the antltl11 a• 
caraaori••d• Tronaplant aurc•rr ~· a.da ••a-ncle• • ••rr ll•a1J oubject! 

,_,,.,..hlz-subuu~"~hly ralatlonahlpa ofhr IMu~~~arabla eltorMtl•a GDthr ur.ccvrao 
lro• vhlch ona ~•t \e aalactad. vlthln •~ ol~l• coaatralnto. The c~•tt 
of aarh ••••Db1r ~•t •• eul~llJ oaclualva, otharvlao laatructloa• foC' a.~i•a 
aad dl•a.ntll~'. ora llkelJ to \4 .. bl~wov•l •1•• che llet of e~••• Dvlt .. 
••,...••ti••, OI...,Nha ,..,. .fora.t OJilHII vUl DOt N •bla t• deacr·jbe t"- .. _,.,. 
t-'la& pwocoaa c~lotolr • 
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T'h• dt>L hta vhfC'h thr aur~b1f h deroeoroud "'11 be 11mlud by thr nPf'd tD 
art uron r~~ronent• inJivldually. to ~nuf•tture th••• order thra, or redrai~n 
th .... A11 Utf'lf activith• ... ,,. 1h;1;re the a.1f'la •ntlt:r-struct•tte but othtr ttl'uc• 
tUr•• lttf' rooulhh. For ea~t111ph, aubaueahllea '""'be ctiuin~ulahed on the 
IU'Ounda of lhe functfnnl they perfor,_ Ttu1 crltrdnl'l vlll luit tho drahn 11\d 
~inttonance rnr.inuu vho etttt 1mr!eruand the worldna· of the "hoh lllf'mhly, · lt 
~1 be i"rnaaible to aelect on1 decompotltien rhat vill 1ervr 111 purrc•••· The 
chair,n enr.ineer IWIY rufer a deco'"ro•itlon h.u,.,l uron function vhiht t:he produc• 
tion ~rnr.lnrrr -r be 110re conc•rnrd ·vith Jthyaic.al atructurea r.•lnt~:n~nce IMJ 
rr1Uirr elr••u~nta of hoth, functfon la· ald dio~r.noah, ph~aic•l atructure.to ald 
r•r•ir. Thr rroble•• of how tona~ the euh~s&r~hliea in • co~rle• 1tructure 
ohtruCe •~•n more erverelr vhcn the .. in aa•r~biJ Íl an oraania•tian and. the 
dcco~po•ition ia en accountin~ fra~vork. Thia difflcult prohtcm, e~~re¡ation/ 
di••~r.r•t•tian or ••••~bly/aubattrablJ, .. , provida a ~jor juatlfication for 
uein1 • co~ruter In certaln appllcatlon•r the co~puter e.7 peralt lnror.atlon 
baud on a&nJ'. dUhrent atr~turea to ba contleuntlJ' rehted to a ainK,h, •ery. 
der•.lhd underblna enth,.-uructure but tha aolutlon ... , be unnonotllic U thh 
c~n atructura 11 too detallad. 

Srstr~lc contfnuitr ~7 be eufficlent reaeon for na•lna, •• a phy•lcel tntlt7, 
•o~rth1r.a v1th channlnA phyolcel c~roaftion. Thc provrrblal •••~le ~i~ht a~ale 
br thr rlvrr that llrraclltul polnted out vould not he the , ... one ncat ti~• rou 
ltrrrrd lnto fr: the hum.n bod1 i1 •uch llke the rl~er tn· thla r••P.cl but, ~re 
prolaically, thrrr ara, for aaample, productfon tine• vhlch, throu,h ~lntananca 
and drvelor~nt, are phyalcally •ntlrrly rerl•ted vhilat ratainlnK thelr IJitaale 
idcntltJ •. rhyaical ohjrcta ara not alvay1 phyaic•lly unch~nKln~. Th•lr p•n.
anrncr arlaca·not fr~ vhat thcy ar• ~de of, ~ut fro• thr conetancy of tha prob
l•mt they poae and tha vay1 va vlah to uaa thea. 

Cha~r:r or uu or role 11o1y al¡nal th• end of the axlaunca of one object 1ncf the · 
brElnnln~ ol anothrr. "•tural dl1couree vould lend lO 1cknov~rcf~1 contlnully iD 
caart vhtra a for~l •r•te• ~uld hava ta aaka ~r• eaact dlatinctlone, For 
••~~pta, ridint a blcycl• up ro th• trafflc llahtl leada lo •7 eon atopplna. la 
confond t7 virtt_ th lav .raletin¡ to vahtclu¡ ·but carryinK tha blcycle hcae to 
hl• for Chrht~~~o~e, 1 vu ClrtJlna a f!•rcal,· ao 1 vaa r.overntd bt dltlerant la.vt, 
Si•llerJy, ~ny a bottlc ha1 becoma an offanai~e vrapon. Thla klnd of 1hlft CIB 
be trf.etcd Ul'.anticallr u th• uclauiryinr. of the aat"la particular object uncfn 
warfoul 1•nerfc naErt, Such an e•p1anation vlll do for tha di1cour1e •r•r••• 
vhí~h haa a raatrictrd aran of artantloo 1 •• lt vrra, the objcct e.7 onl7 ba 
ralavant vhan lt• rol4 ~. b8an decldedl tha rrafflc tav dld nol arpty to •7 
Don•• blcrcla untll Chrleta.l .ornlnr. vhan ~7 r•rcal ••ca-. hle •whfcla. 

Diff•r•nt o~jrctt ~r or •~or rron rn• ••~ ~trraaa 
to rh• ona. •t>ovr, A ••·-·.t -· .. L 6 

.... -
6

] ·-·- ... -1- ... 
a proble• al•llar 
•i~ht record 
of 1 ploua;h

eharo. Tha tranafo~tion ma7 ba qu(ta a tubtla on•~ 11 vh•n an ortltt eelacta 
• •h•r•ly rleca or "'DOd •• on ob,•t-trot•vl; th• act of uhctlon voutd brlna 
thh natural ohject vlthlft the trfllle o/ c:orrdr.ht lav vhhb woulcl üut h •• 
anr oth•r acv!rtura DOre olaboratr1J' fathloned. 

troa tho a!-.ove &Mlrlla, it I'IUot be c-enclu.ded that our no-.a for thin11 do not 
o•body any knovladao of thr lntrln•tc natura of tha world, rethor do thay r•flact 
the ratura of our rroblam•, our purposet and our t"ln~:;ulatic •••n• of lntarac:tlna 
vith tho phyalcal world. 1f v. are on ouch ahiftlna eround vh•n consldarinR tha 
ao .. ntico of rhy•ical objectt, hOV .uch aoro c:autloua vo ehall netd to be ~h•n 
v. con. ro con1ldar .aro abatract antltlao aftd pro,ertloe: At loaat va ahould 
.... prapared to loolr. clo .. IJ at tbe all~ aUUIIIptiono .. de akut ohan4f 4au.haaae. 
D.to obulud for· tlithunt pu.rpoeoe ara Uhly to M ao-.antlc:allr dlff•rOat. 
Th..y aho..,lll be a~r..t «r.tp vith tho •t.ao•t ee .. tfon. Por oa.a-rh. 'chtld' ae..a 
o oi~l• DOtioa ~t·ia dat•-procoaela• ey1t .. a for fa•l1y •l1~acaa a~ lor 

:-.4ic•1 rec•rtl 1~1• tbe '•''-''' ... --.ld -~ 4tffJcwlt ~ rec ... J1•• 
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ror--tlle purpoat of the Lrcol Projrct, thll ahnve ~n .. lv'i" r.(ve• tt"l-c!' "'"''•1 -~lnr• 
tion lo our trr~t,..•nt of lcoNnth~s •. H "' .arr.tn ,¡,.fine d.1ta ,.,.,,.rJn1:• vl.irh 
a.r~ hrcoduciblt onrs fron a lor.ic:.tl poinr-of-vfe-w, thrn tt .orr"·,r• ti.H "• 
at•ould ~r:.o~lue thn. corrcoarnnd ro pt.v&ft:•l entitira, cont.oininr. inforNtinn whlc:h 
vill h conU:1nt throur,hout ita ca:••rtt-•. rora rhy•lut ohjen, thr •ini ..... 
l«t of ehnentt ia a n~111e and ct~• for IUY't nnli ·rn.l af f'idalrnce. Tll~ 
lnv.ari1nca of the lo.:lcal d.Ua .. ltructure ,.e,.l an aprtrotlrlate 'W.::IJ of reflecth,J: 
tbe JrNr'ltic inv.adance of ti•• rral entftr-ttructntll to vhlch wc are rl'hrrln~. 
All the ti.~-varyinll prop.rtlu wo1o1ld t.e uutt-1 urautcolJ. Surrrilinr.ly, h 
U)' h C\Otl approprhU tO indude ea~U U Ofll' of thc ptOpHthe flf an •ntit)' 
den. Thla t.onjectun uJ•u tha dl 1tuhy of deflninJ purpoSI appropriatelr; 
fn ltCOt,-tho nl'etalt v. ~ato doinK. thie lato defina each antlt7~latt •ith
ln 1 ti.(tad rontnt auch u • breMh. of l•v• "" Act, a antl~ or enn a lub• 
aectloa. 

T~• fornatlon ~n~ •••lrn~nt of na~• 

In tba di&cour•• 1yatem 1 tha ~~~in1, of nanea la u1uall7 qult• a{Dple. the n.-btr 
of object• lnvolwed aar ~a quita ~~~11 and the na~• .. , be •••itnrd tcoDporatilJ 
for aoJvinK a li•lt•d rroLl•~. P~orle aupr17 thcir ovn n•~• tO avo(d confuaion; 
t~{b!' •r• llbtllrd h7 d~monatr1ttvr rronounl, K~nitiv~ nouns, po•••••'•• pronounl 

1 de~onlttltiwe or posae••iv~ •ñJ~ctiwea plu1 a conmcn noun, (Co~n novna, 
•·1· 'book' art laball for antit7·tl•••••) Seldoa In norv.al diacouraa do ve need 
ro a_tuch proper n&NI lO Jara• n"""hera of objecu. 

Tha nacin¡ of Jara• numLera Gt objccta la, h7 cnn1ra1t, a ••Jor problem ~n fo~l 
lnfor~tfon IJiliCI. tnd~ed 1 the tlaiOft for havinK·a fo~t IJill~ i1 oftan th• 
nced lO kcep track of ~ultftudc& of thinK• in • .. nner that la conal•tent ow.r 
diatance 1nd tlca. LltcncinR and rcr.iatration ay1t1m1 ara typlcal •~•qrJ••· 
-~otQal dltcour•• la adapted for norl' locall•rd ~••· acfore anr ohjoct cen beca-e 
o part of the et.~:bJact-;""'ttu 'knovn' to 1 for.,al •ru•-., h ,.ult be p,l.-en a N· .. 
ln a ver that utlatl•e eo•• •hnpto·crluria. Tha n•rnrt ... , 1ho be choun to • 
raflect raal ctructural patternl. Thr1c are t~ probl••• of for•ln~ nanrs. 

tach n•~• ~uft.ba unlque. Thla tan be achleved ln ~arlcua vayo, thr co~naat of 
vhich i• to •••ltn n•~•• fro~ a acqurntial llat, keerin• note of tha l••t waluel 
uud, r.¡. ~cceulon nW~ben ro librar7 booka. 1: ..... alJhl br atneraud ln aora 
llaborate v•r• froD namca of rrllted objrcta; for e••~lr, aub••acmbtr n••e• •• 
chborctlona of thelr ruent auemb"l7 na1nu, Unh1uanru !:!.l. he auaranuad br 
lhe rul11 ao th•t·ldentlcal na~• vill only be ~cnrrated tor ldentlc:al entltiea. 
1t thlt h not the uu, the fornal lyltah nult include • udotar of na•••• 
ao~• aaant of chrckln¡ thet nrv n•~•• are unlqut and ru1aa for .adlf,lnJ: an7 
ho~nya•. For a••~plo, • pereon'• n•~~ .. , ~ enou~h to (dcntlfJ hl• in a per
·,onntl I)'IUD, hut provltlon Ny have to be ~.áda for the oc:caalnn vheo • nav 
e.;plort~'t na-. h aluadr und bJ tba tylte•. ttniquene .. h tha onlJ necuta'7 
ch.aracurhtic of th• ne111a that. h choeen for en· object. . 

Scructural propart!al of na~ea.ore 1ometiora uatful, but they are not ncc••••rJJ 
toc-.eti .. a they· c•a M a aourct of dan&erou& prcbh111. Fo.r eutaph. plato or laNI 
~i¡t.c. be naced accordlna to thclr padah, vithin lotal aovarinnrnt aua, and 
lcri•lly ftumbcttd vithln pari•h; thil lttvctura, rtflectin& relationahlpo aaooa 
the plata, \IO~ld be: uuhl untit a chana• of 1ocel aonrn~unt boundui01. · 
Atceetloa_numbeL• of booka vlll iadicato rouahir vhan tha ltbrary acquir .. ,he.. 
hora elaborote atr~turaa con ba wepreoented tf • eultobl• itomorphlc n .. e
atructuro can ~. found. 

DeaatlJ"DDIat of IIUNI .,., bo forced .. pon a for .. t tpu... llhhlA ona an4 tM 

oaaa eJit••• ttructvred ~~· ~7 h4•• &o be ra•••ianed if the Uftder1rl•~. real 
atructvra &a ao lo"~•r rorrertly l'rrr•••ntrd ~1 the ~ .. ell'.ctvro. ~ 1~•1 
•••••-"t l'••rre\rol•••'-•""""-11111 r-..lr• • .,.... .. •''•''• 1• tN ••--.opio ctt...,. •'--· 
,._ .. ,,, .. •f 1~ ..... 1 aplt.-• perf•ro&•• 1~ a ... f~l& .. o '•' •••••r••l . . . 



·. . . ·. ·. :. :: :t·~ 

pcrvl~tJnnt Df·ohjertt ~ilt re1ulre reattlr~-ent nt n•-r' Ir rhtre lt anw rltk 
or thr a.t-.f' n~e141 L~fnr. "'"'' '"'' ett>j .. ('tt rrrvi ... usl• dr.tlt "ith hw u·r.,rate ,,. ... 
tM~~t. Thh rr.utlr.n•tnt C'.Jn tlof' "" ~nthtl• rorr:.i ..... C"ratl.•n. rlnt 'hit vould 
..,Ol be ao· Vlo•n Dc!tr.ina t)'SUflll whlch d.aJ "'' th OY~I'l.trf'lft" ,.,..pultt(('onl. !11th 
a altuarion Vor\ul• C'.tll for rrnc•dur•• ro,. .... ("._"'"" li.,,.lv a~nn:ts rrtuhint: 
frcao thr ec-rr.cr¡ tl1cou rroceclurct ~J be r•rrnaiv• .1nJ sin~, fC'quirinr: potitfvt 
phyticaJ iJrnriflca_tion or lht nhjtcU •nd nfconnce to looth lnforo..adon l!'fltfAit 
P~fbl••• ~~Id be •ini•l••d if noalna alvaye fotlovrd at•nd~rl• b•t•J uron un..Jar• 
lyins. tla~l• ttructurea;.for aaa•ple, aaln~ Affd·reCerencet for ..,anln•_plotr 
fn•trad or the ~thod au~~·•t•d above. Standard ru1tt for formln~ n~t vould 
flot. of. touru, '"he thr proLin U the entltJ l»ounderiu tft'U duwn difftundr 
In the tytte•_beina earaed. 

~~~ntiCicatlon of obJeclt 

~r••• the •••tA~nt_of • aa-. la.~ optrttfoa rertormrd onl7 on lhe accattloQ 
ot ar. object into thc for~t ayate•'• unlwrrte of reterence, ldentiCi~arlon lt 
tha crntinulna u11 of the na~ to ltn• the real obJ~cl and the tymbolt tbat dtt• 
edlle it. The Jin•' it tvo-v.tr. For the for•al infon.ation tyatn lo urn any 
orcaniutlon.tl rw.r,.,~e. it •oJ•t t,. r-•uibh for vaera to h!IWt retiabl7 from 
object lo •1~1 anJ fr~• •r•hol to objtct. 

The na&e of the object, to he en ldentifter, ~u•t he tuprl~nented bJ tht n~• of 
tha ar.ritr clatl or which Jt lt an lnatanca. Ofttn enou•h, th• Qace lttelf 1• 
for~d In a vay th~t lndlcatee Ira cntlty clatl (~ne ~1 ha•• aa amployee na•td 
'tRf»'; (ret voaen't namet htv•·heen t4ken fro" tl~vert and 1l•en lo furnacea:)) 
The Jntrlnsle ld•ntlflcatfon of claat fro~ tht fnro of a naoa vlll be • utaful 
local drvice. aay, far handlln~ ao-. llalted •trra~• of •••••&•• fro~ vhlch tht 
ehantt of •~bir,nhy un be ••cludtd, but In r•neral, ve h.twe fo •••une that tha 
aa&a afvat no clue to the entltr el•••· 

J~l! 
'"- -:.·· ~ .. ; i,.). 

ror:~r lftllllt , ... , .. UJ'IOft , ... dhcnurtl .,-uem In \o'l:{c;. th .. r•orl• .. r .. rf• 1 

ta ull tht iétt'tifirr can bt pUJIL"I".cd to .-nov tht lncatJo11 of the ohjtC'l· s.o-.
ti~• thlt knowltdr.r ft not re~dily av~ilobJe and tht fo~•l IJIIIM ~•t •r•p 
trae k of prrtoni .,hg nai h• ••rected to know re .•. n••t of kln. •Oiomtd. lo 
attabtlah the ro~l n•~• o( a P•••on t~rt•ctly, tht tyat•=·~, hava rO be ablt 
to condiiC.l a di.ilorua band on· laforNtion obta!ned durina; earlf•r rran•,.ctloaa 
vith hia, •·1· ••~.in¡ hÍ1t1 to tupply hl1 eoothl!r't ~MÍdtn """''• t r.chnl'lu• vhlch 
lt not, lncidant•liJ. unhuully aprl lcabh. h oth-rr caul, the fo,..._l IJtl .. 

c.y ~••P track of the ,ctua1 toc•tlcn of tht object. ~erhart notin¡ • p.r1on'a 
-c~~nc•• of addf"tll tv•rr y••r, or ev•~ ~y·follo~f~~ ~~~~ent• ttcond br aecond, 
· •• ia an ah-trtffir control ayUCII· !:Oitletiroe•. ~rovecHnla e en IN uackad lt cer• 
t•in dacla(ont about eoveaentl and consequent actlont are recordtd; la thlt 
catetory tre batchet of ch.,alcalt In a ayat .. of tankt or hlll•t• o( etetl 
rushlna throuch a ~ill lnto apcclfl•d locatlons la·the cootln~·b•••· ~ probt ... 
~ntlooed la &ha pra•iout para~raph, of hov to KO froa obJ•ct to ldentCfler wh~ 
lt cta ctrry no label, eannot readíl7 b• tol~~d unlatl thc phyalccl locatfoa of 
tht objcct un bt treeted u on• of ita .. nove Uentlf7lñP. prorf"nl••· There .a, 
ba other, tlcr.e-depcndent propertltt nrcuury for Jdf'ntiricadnn. ·tuc:h •• ttar.a 
of ~nufacture; they ~•t aJ1o tbf"n b~ lor.t•d by the for~31 &Ytt••· r.ithar lhe 
lora;inc 01 thtle eharacteri•tlct vill h.tv• tn t~l~ rJare llt•r.ally contlnuoualy 
or thc fo~l aytte2 vill hav~ to •~rt"J certain rultt of continulty that vi1l 
antblt h, vith tutfideat accuney, ro. ••tnpolata, fro• auatabh 1 lnunittant 
Qburvatioas, to the currant locotiont and aucea of th objeclt In ltt t~ftlwCr••• 
Theaa continuity rulea.era aa ••••ntlal part of t~• ~e~ntiet af thtta ob)tcte. 
In a rl¡orout anatyalt they nctd to bt aadt ••rllcft. lf there le anr •tr.alfl~aat 
rhll of thl U& bcfn¡ lo•t troa~ an nptlcitly_ labclhd object thtn, to reNln 
effectlva, tha ayatem ~•t e:ploy tloilar, but lttt •••ctlna, contlnuft7 rul••• 
Dtuctfn& errare in .ldentUi~ra vould bt hrpoulbh vithout th•· 

Thata can nevar ba ona hundrad per ccnt c•rtainty tl~t-lahala ra-.ln attached lo 

·tha objettl Gr that coatlaulty rut•• are ~ho~lr ~=11•~!~; ~~~·h::·~!!•:a:~n~t•t 
Tht flrtt •t•p froa object to tymbol lt to dlttlnKuith and namt the.antlt7 clatl ldantlflcatlon error cannot ant!r•l7 ba •l!• nat 1• tÍn¡ data about • knovn obJtcl 
aftd tubclttt dovn (O tht poJnt {o lht ttltYtftl hftrtrchy Of Clfllll btyond Vh(Ch ffndfn¡ (ha VTOftl objtCl ¡{Ytft ll ftADt anf GIIOC : d l{lft ttra•tlllt fot the 
lndlvld~l unlq~t na••• are 1lven. Thlt caa oftea bt done bj ralyln¡ upon tht ~ith tht V1Cn& ldentif(ar. Th••• ara tvo a~rttnh -~ "bullt fnto Ir to enture 
faalllar norm1 of th. dltcourta tytt••• lf not, tht lnro~tlon analytt vlll lnforr~tioo ay•t~~ Th• for~l •r•t~m ~~·r •• e tc 

1 

n••d ro tn•urt that tht rtltvant ptrtonnel ara tralntd or tdvl•td hov to apptr · t~ dttircd levtlt of ••~•ntic raJia 11 7• 
tha tpeclal cltttiflcatlon rultt vhlch dletln~ulth an entlty fro• Ita turrownd(ft&l 
and .. labth._ "hlch na•ln¡ procf'..Jurt h •rrtiubh. Th1 ucend thp lt ro dtthe 
the name fro• tht obJ•ct. Ofrra thtt (a ,¡•ple, ynu read tht n~b~r prl~ttd oa 
the doCUft"·tnt or on tht rln&: round e bhd't h&:, for eae"'rh. Lell ralithly )'OU 

a.ay td:• • n1111~r froo • taa uuchtd ro. f:trYt~n.t; htt .raliablJ ••c•u•t thtre 
are hi«h rltkt ot the ttJ havln¡ been r~eo••• and reattached (ncorrectly, or 
Jncorrretly tltachad tn the flrtl lnatanc.. At In tht e••• of a cr•dlt card, 
on• ~7 ult addftlonat lnfor~tlon tuch •• a oiAn•tvre, lO reduce the rltk of 
lncorr~et utt ot a n•••; ~r• Jnforaatlon lt ut•d on a ptttport vhich Jncludtt a 
4ttctipt1o~ and pboto1.raph. In to•• catea, tht n4~6 cannot bt 'tled' to th. 
objoct, ptr~p• boceutt lt l• too •~11 (lntect), tnaccsttib1t (atar), a llquld 
(barch of dJt) too hot ( .. tal) or llktlJ ta be e~arratotd (tpy). In euch e••••• 
tht obterv•tlon of tht object autl tupplJ enovah infor•atlon lo tn.bta ont to 
con•trwct itt ,., ... ~ •••• probl•• arlttt vhra '" ootrinolc Jabel beco~•• 
deltchtd fro• ltt ovner. S7•t••• ara aoeetl .. o dlaaotroutly 4etlanad vlth lnt•f• 
flclenl r•~•rd for thlt probl•"· 

Tha prohle• jutt elted lt akln to the pro\le• of solna froa tr-bol tO objoet. 
Uaed la thlt vap, wt ••• ldantifl•r• at aanerallaed coor•Jnata• for locatina 
thln1• fn tht ~rld. lf tht ldantltlar doel ftDl conVtJ approprlalt topo¡rapblcal 
lnfo~tloa te the 41acovrtt IJtle•, ea In a•naral ft wlll aat, thtn th• n• .. 
t•t••• oalJ •• a check that oat h.a arrlw.d al tha eorracl polftt. Locatlna the 
o\ject wowl4, la ¡eaaral, calt lar 1he tcaaalna of pooelbJp all lht objocta·of 8 
P4rtlc•l•r trpe r•C•rr .. to '' tha •J•~· O~J•ctt ara ••~lly f...A .. re 
o.allp ~1 appl7l .... ,, .. , eata~lle~ ... ~~~ .. •· }• th. a~laat ••••• t~ 

lncldenttlly, lt thould be noted thar tht e••• or the object vhlch cannot be 
eepllcltiJ labolled eervat to itt~•tratt tht idea thet a na .. lt an abbravlatlon 
for o dotalled dttcrlption of th• objtct, dttallrd enou~h tor the objtct to be 
telect~d ualqw.t17 •~on' othera of lt• type. The na .. •i~ht actually br forav1•t .. 
by •ncodina ono tu~h ttandardlted descrlptlon. Sea (lO). lulet vhlch, In a·for
e.l ayttea, anable ona·to eonvart ona ldentffylni datcrlptlon lnco anothtr, pro~ 
ably wl• che n&ma, elaht bt retardad, atona vlth rulet of contlnult1 1 at a -..ae 
of atren¡thaalna tht linkl batween object end tr-bol• They roo ~Jl ha•• to be 
~d• ••Pil~lt-for ••• by • fa~l tyatao. A euftablo na .. •laht be rul•• of 

s;rnonz:-y. 

Jul•• of contfnwlty aD4 rul•• or ornony.y aro u~ed vheo up4atlaa fll•• to 
lor lnconti"u.acl••~ Thatt ar•·•• .. rh• of the traftic rul .. for OevtJ'• 

•• "vohlclat•. 

check ..... 
A?plication In L[COL 

Th• torc~;olt~.& an.alyah h incorporttad Ir~. rha O..,..fttfc aodal of tht -UCOL •1•ua 
~ttt th4 idea of Oft (dcntlfler ft DOt lO be confutOd Vlth the eotla. of a 

1

ktJ
1

· 

fol i•forr .• UÍOA-ranl•••l· ~ ·UCOL fo,..,...lh• h lntan.cte4 .faf" a•praasla.: tul•• 
•~~"' t!\e c:oni!IYCl of • tltvsJft•.•• ora IJO«:hiF• AA Jd•fttlfhr oaabloo •N •• lla4 
u-.. real o~J•cto t• wt.lcb th.t lafo,...tl- .,.., ... ratera, a pr ... ••• 4,,.. .. _, ..,... 
'"• 4i u .. ,.,, ayo e· .. , 
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,,,SICAL OOJECIS, Hl1WI &lstO•JQS[ ~·~~ '""'~L SYST['~ 3Dt 

Structura11y, the aemantlt aod•i l• turMounttd b7 a numbtr of tntlty•typaa 
Yhich tftbody tht rule• for identifiera. Tht tl~lett type it tht 'objtct' and 
tht rhrtlcat ohject-the prorotrp• tor thoac abatractiOnt vhich v. tr••t ~on
ccrruatlr at objecta and identlfy, arnbollcaliJ 1 in waya analo¡out vith tht 
ldentlfyins of phyafcal objecta. Char •. tr~lttlc of an object la that a ftlfte 1 

ÚD 

eddej :orrl••ltfe• ~1ke 
ryarecl vhich ara loter 
inforr~tion lfll:ta. 

'· Sllu:r' 

eapllelt characrerltrlrt of oblrct •r•t••• an~ dl•rowrae 
aubaerr.~ vlthln th• dealr.n of a partirul~r rhJ•Ical 

uniqua to tha Individual, it 1 lufficltnl ldentlfler~ ·a, vay of contrate, ww ¡ f ha to link p~ya;ctl ohj~ctl to th4 alr.n• or t~lt 
.. , cona(der tht_ ntarfon·. anothn tyr-, vhfch link• other cnthlu. ·Tht Only ~he n~rro\tor~ 0

b nv ontilftnd in.thlt raref. Ptdlotophlcal rrobh•• 
prototrpe h tht phyalut ul&tion ti'IOn& phytlul objecu. To identUJ a r.tatioa,' 1·~t ld~nr~r! ' ••, 'd :r,/bu.aun .,, uu aynhoh onlr vi.th •ufCJchnt: rn
w auat know vhic-h objecu are ntaud, vhen and in vhu ... nnar, tuch •• 'on•, '!' .•volde '"''~r~"' •. ·, Tto foct ,,.., philoaorhic:al que•uona btdu•ll 
o o o ( 1 • CliiOft for &"ICICCl IC pu po l• 1 . . . t nd the 
Uftder , tna de • A nhtion h not wdqutlJ identiruble unhu the pariod of --- 1 • ln un!voTaal w.aw¡ aus:r.etrt titar vhea we •• t 

1 1 l l anyatunpttouaaantulit "'' · 1 u uitunca • bown. So, lor a rehtlon wa havt tM. follow aa ident thr r 1 1 ,.,,,-· .,, auat check that th• tc.,ntic auuapt on1 upon 
1 ICOpt O & ont.a 1 '"• 

• amectar vhlch lt l• bated can cor• vlth Ita extenaion. 

lalatiOGf T'CPE, OIJlCT 1, •••, OaJtCT 11, ITART, bD. 

lm che e••• of an obJcct, ve ace4 onl7 tbe unl•ue n&ae ·aa aa 
objact in tht au.Dtic. aodcl aho inc:orpont.1 the pedo4 of 
une•• · 

Objectr NAHE, START • EHD. 

Jdcntlffcr, but·•• 
the object'l ••1•-

Thtll ~••le teeplat~t c•n th.n be uaed to defin• •ome of thc 'traff!c rule•' of 
the uruntic trodc·t. For eur:rh, tha relatlon c1nnot exln outddc tha pcrlod 
of _cxhunu of anr of tl•• objrctt fnv~hed. lt knovledu of vhea an objcct 
eta·ru and andt ha e:dat.ntc h aho auentlat ror itt ae~ntln toba prcchel)" 
delin~d. Unhu th• thru ch111•nta of ·an object au rreclttl7 uublhhcd, lt 
wlll nonaa.lly rroYt h·rou{Llt to bu!ld a fora.al ln(~rNt(on IJU•III to txarcht 
control ovar t:hoto objcctl. ror cxamplc, an cnAlyail of the ra~ltr Allovanec Act 
196S falhd to nvaaJ \'hflnltion of .the perlod of a fa"'Ur'• exluuce. 

~~ 1eaat, ,hllo1orh7 ha1 hclped ut to ratll••• conrrar7 to popular oplnloa, thct 
tht world l• aot co~•·~ of so ~n1 w.ll-daflnad o~jac:t' reldJ to be ~mcd but 
r•ther, that lt i1 rtructured into entltfe• throurh th• aaenc7 of l•nsu•~•· AA 
tntlty-•tructurt dependa for ltl atablllty upon che conceptu•l-no~al ••tabllahcd 
and m&lntalned b7 n•tural·diacourlt fn a sociAl •7•t••· Tha choice of DOra lt a 
raflactlon a( the problt• ahar•d b7 the r•ople vho tult&ln the reJeyent nor••· 
To chan¡e thtlr proble•s_la to chana• thelr percertlon of realltJ &Dd thtlr ute 
o! vordl. 

For~t IJtte•l can onlJ uae alr.n1 In way1 that·are rooted in che nor•• of tht 
dhcouru •r•h•· Phy1ic_al objcc;t• htv• the ale~phtt. klnda of identlrierll ju1t 
• el••• of cntltr and a na~•· ~. autt •t•rt by c1arifrlna, for a apecltic for .. l 
IJiltD, hov the phJIÍcaJ objtcta lt ie to recor.niat are to be fenced ~ff fro• 
cn_e-another. M&ny exarl'lphl vt:rt trlYen to deiJIOnttra~t tht dUliculti .. of doina 
chia •nd tO aho~ t~•t th• difficultie• could ba ~~•olvrd b7 coc1idarlnr. the rw~
pou for w~ic~ th• objut wu to be'di•tlnr.ulahad u a ttable. e11thJ "clelpite poa-

~bject n•••• are aulmt-d to \ 1 unlque for all thaa. Tbll Clfl ah'''' be ruthd tfbh "'" phJ•.ical chan¡., occurrin& to h. 
,7 •uit!bl7 tda,ptln¡: a na!!ln& •J•U• vhlch doea not pro'f'i~h ~.Utlqul' n~n~u. Ja thh · · 
unlqut ftl'td onl7 bt lnterprl'ttd ~lthin a conttat of , 11 ven probJ... tf thal 'Th• an&17tt ~uat der!an the .. thod of for•inK aDd aaaltnfaa nasal to tha objacta 

cont~•t la • dl1pute t~nc three lndl'f'ldutl•. tha-Da•fns of thoat partla• ral••• ldtatlfltd ~: tht for~l 171ttD. Unlqu•n••• 1• the onlJ atcuctural raqulr--.nt 
Do d1fCicult7. Vhen Jar1• numbcrl of (ndlvldUAlt ara in'f'olwed th•ra ~~ b1 .· of a IJIIIG o! n.&al thouch lt _.,, with both advant•Je• and dl••dwantaa••• •~7 

.(or.al rulu for u¡:;htution vblch ¡o"vcrn tha auhftrlent of ~~~~~~ Ir 10 tha tha ttr~tural lnforNtJon. 
Ll~~~ ~n•Jraia could fnclude thea. If aot, tha ••~ntlc anllJ&il ~11 fnciudt Flnatlr, th• an1l7tt auet eatabll•h pracisel7 hov to link objacc to ldtntlfJer 

and identlftar lo obJacr, if tht (nput to ond ovtput from hic aJ•t•• are to 
ralatt .. aaln&fullJ to th• ~rld. to aom. catent~ thla can be dona wlth labell 
but rutel of contlnult7 end rul•• of •r·~"r-7 ara ncc••••r7 too. 

;u :lrnt lnfor .. tion to an•bla tha ditcour•• IJ•t•• 10 •ct at a ralitble Jnrtr• 

1
•c• •t~r•o tha objact ayate~ and tha foraal 171tr•. lafor..tion of thia klnd 
• ~·••n1 thl far bulldln¡ en appllcation thouah lt h.u ao phu la tha proau•-

acr 1 Y ew of e datab••• IJit«•· 

••fort tha •••fan~nt of Individual n••••• tha objcct el••• ~•t ba tpecfficd vith 
autffc:hnt prtdtlon. In" tha LtCOL ajataa 1 thh h don. b7 deUnfnr a hhrarc-hJ' 
of "ant.l.ry-cau~~:orlet 1 1 .. eh of the• Uaiud toa 1pcCUhd conuat o·r probha. 
Thu•. on intcan~• of an 3bJ•ct el••• .. , be 'bulldin¡" hut thl1 cntity-cata&orr 
w.l.ll ba alwon dirt.rent .. oninc• In tht contcxtt of ravenua lav end plannfna lav. 
Althouah the aeo.ntlc mad•lt la th••• tvo contattt .. , be al~•t identleal, lt 
vill alvara bt clear thlt tha data-valuel ~ •• dltferenc .. antnat. 

At the batic lavel of a~ly•l•, tha paraoa who lt formu1atln¡ rultt la tha ~L 
llnJU•I• ••1 ¡lva • particuLar lDtarpratatloa lo en entitr~ata¡orJ ln.an approp
rlata cont•xt. At 1hl1 poiat, be ewat b• reoponalbla for cata,llahlna the .. eh-
ente• of tha·aa•Íft& procaaa. · 

s--..ry 

Tbta le tba flrat er a aaTiaa af papara about thc Lr;DOL •~atlr aodel Whic~ 
araata"the concaptl ef entlt7 •a4 i~eattflcation fro. • pola1-of-v.l.cw ef ty.t..a 
a .. lt•l• rathar thae •• e ,,.,1 .. ef lel•na.tJ .. ratrl••••· Thlt 1 .. 41 t• a·~..
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The cntity-reJationship modeJ- · 
A basis for the. enterprise view of data 

h¡· I'HTER PIN-SHAN CHEN 

"'""II<"AMJI'III '"''""'" •if Trd••ti.J«I 
f o~n1tvktp, r.t.a.~hYICtll 

.~IISTRACT 

111< cune< pi or lhc ~nlcrprise vicw or dala is very userul in 
.... d•laha•c dcsign proo:eu and in lhc con•lrucdon or 
<•>n«piUal schcma. This. paper dÍSCUUCS lhc Use ol' lhc 
rnoily·rdaoionship approach in dcscribing and maintaining 
lh< (nlcrprise vicw or·dalll. Fundamental oporations ror 
.:h•n~ing thc enlcrprisc "hcma are prcsenled. Finally. an 
<'Jmplc is givcn lo ··how tbc diffcrcnces bc:twc<n the 
rnllf)··rtlittionship approach and thc dnla·slructure ap
r"•ach in modcling lhc cnlcrpri•e vicw or <.!;ola. 

INTRODUCTION 

Thc subjccl or lbc lo~ical vicw or dala has allnoc:led. 
run.Jdcrablc allention in the past'ten yean;. Howcvcr, mosl 
r<...:archon; havc rocuscd On lbc user Yicw or datL Thc 
n··ed ror studying lhc cnlcrprise view or dala was 1101 
oecu~nizcd until roccntly. Diffcrcnl usen; ora database may 
have diffcrenl views or lhc dalabasc. bul lh< cnlcrprise 
\huuld ha ve a uniquc and consisten! view or thc dalabase. 
lloi• i• par1icularly imporlant in'desi¡¡ninll a logically mcan
in~rul and con•i•lcnl dalabase. Thc conccpl or lhc ••u•r
rrhc view or dala ls very u•cfuJ in the daa.bn•c de•ign 
rwccu and in thc ~··ian or conceptual •chcma. 

Daoabasc dcsi~n is a proccss lo orpnizc dala inlo a form 
,.hkh marches lhc undcrlying dalA modcl or rhc dalltbasc 
m•••~cmenl sy.,cm. Thcrc are thrcc major lypes or data
""'" managcmcnl sy,.etns: nctwork. hier~rohieal, und rela· 
lional. In thc nclwork dalaba\c manag<mcnl •r•tcms. 
"hkh includc Honcywcll's lOS and UNIVAC" OMS-1100 • 
..... will be: Úg;mizcd inlo diffcrcnl lypes or rccords and 
can t-e repr<•cnl<d by a data·Siruclure diagram' hcc Figure 
11. In thc hicrarchical dalahase · managcmcnl syslcms. 
"hi<h include IDM's IMS. dala will be organizcd into a 
r .. rm similar 10 bul more rcstricled lhan thc dal;o·IINCture 
dioa,r.ün. In lhC' relalional dalaba~ mana~cmcnl iystcm•.• 
d•lo will be organizcll in lo a Kl or labiCI (or "rci~IÍODS"'). 
In ¡cncral. ro dcsi¡;n a dalabase is ro decide how ro 
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organizc dala iniO sp.:.:ifi< rorms (f'CUrd l)'pe>, lable<l and 
how lO acccu lhcm. Up lO ....... lhcrc are YCry rcw tuol• 
availablc lo ~id lhc d:olal>asc dc•isn proccss. Usually, thc · 
datólbuc dni¡;ncr rclicA on bis O\lo'R inluilion and c-.rcri
cnce. Thu•. thc resulting dalaba>c ·m•r not sati•fy com
pany"a objec:llvcs and may cauoc prublcm• in company's 
oper•tions. · · 

Anothcr relatcd problcm in database dcsign is lholl thc 
outpul o( lhc datahasc dcsilin pruccs.,_thc u>cr schcinlo (a 

dCW:rlpiÍOn uf thc user. YÍCW or dat:&}-Í> nOI 8 "puoc" 
rcprncnlation ur thc real world. Onc or thc r<ason• is thal 
1hc databasc dcsigncr is rc51riclcll l>y lhc limitcd capabili
llei or lhc databa.c managclr.Cnl •r"cm. For ••amplc. lhc 
many·lo-ma~y rclallonships bet,.·ccn cnoitics lll< di!ncultlo 
represen! dircctly in sorne d•labasc sySicms. Anolhcr rca
son is thal thc u ser schcma may contain so me. real u res 
relatcd lo thc slofailc rcprcscnlation of thc dalab;osc, For 
inSiance, !1 may describe which record lypes can be dircctly 
acccased ·and how tu acccss othcr record types. In addi1ion. 
lhc user IChCtna is UOUalf)' dc•i¡¡n.:d lO be cfncicnl for a 
cenain aype or dala proo;essing opcr~tiun1. For cumple. 
thc data abo>ul cmployccs may be Jfouped into two record 
lypes. emplorcc·maoler and cmpluycc-dctail. lo improvc 
lhc re trie val performance. Thcrcrorc. thc u ser ~ebcma is 
U5Uafly nol a dircCI reprcscnlaliun of lhc real WOrld. This 
l)takes lhc uscr schcma difrteull 10 undcr>tand and di/Tocull 
lO Chan&c. 
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' A po"il•lc •nlutinn lo the abovc rrublcms is lO Jn1roducc 
nn intcrm~~i:~tc ••··~· in thc dalllhla.ow: do•i~n proccss: .delia
in~ the enl(rpri"c ".:hcma. \A.'hich is a ••purc'' rePrncntution • 
nf thc r~:~l wnr1~ :~nd i• indcp.:ndcnt uf stora¡¡c und clrt
cicnry c''""ic.h:r.athtn~'~. Th~ cnterpriMC ~ochcma will thc:n be 
lr;¡n,lah.•-.1 inh• .Jiff"·rcnl type5 oC K"hcmata (or ~oHJTercnl 
d-.wo.,,._. m.¡n,a~cml.'nl syslcms (~e Fil!urc 2). lt c..n also be 
tran:\l,ucd inht 'cvcml '\Ch~o.·mala for thc ~me lb&abasc 
m.,n;l~t.:m .. ·nt lrir,r~o.·m lo uplamizc difTcrrnl lypct ul data 
pn)CC,,tn~ ••rx·ro•lium •. Thcrc nn: \CVC:roal a&Jvoanto•gcs o( this 
appr4.MCh: 

( 1) Thc enh.!'f'Jlri'c !!.to:hcma is casicr lo undt:n~hand lh~n a 
U!r.Ct ~cherna ''"'" thc funncr ducr. nol havc lhe 
rc ... lricrion!t of lhe undcr1ying dataha!tc man..gcmcnt 
sy:.h:m; 

(2) Th"' cntcrpri,c schcm;a is more !r.lahlc than the uscr 
\Cherna. since 5ome lyp.:s of chane-e~ ín the uw:r 
"-he m.& rrut)l nol require i.IR)' 'hampc in thc enlcrpri~c 
'\Chcnm. tr lhc cntcrpn"c ~chcmf.l nccd~ lo be ch:mged 
In ICfl..:cl tht chtU\J;CS in lhc t:nlCrpfi.\C cn..-ihlOffilo!RI, 
lh\!' chom~ ... , can he pc:ñormcd C<~~ily ~in..:t efficiency 
anc.l !\h.m•~c ¡,!<o.UCS are nol con5idcrcd. 

Enurpri.u• rÍt'h' m1J rcmcc-ptutll sc·hrmtl 

Wh:~t ¡, tho ~ifforonoc betwccn thc cmcrpri\c !1Chcma and 
thc c~>n,·crtual ...:hcma proposc:d by thc ANSJ/X:VSPARC 
~ruup"~" o~,ic~•IIY. th.:y are vcry "imilar sincc horh urc 
de!'lo~riplit'n' uf thc cnt..:rpri~ vicw of d;11a. In abe SPARC's 
dppnxt~h. lhc '=~'"'(PIU~ll schcma ~rvc5 as thc intcrlace 
l'lcrwc~n th~o· c\tcrnal schcma (U!\Cr vicw uf data) and lhe 
•tora~c .chcma t phy•ical vicw or data) Jsc:c Fi~urc 3). Thc 
rCQUircmt:nl of ~rving as an inlcrfacc bctwccn twu Olhct 
''hcmosta may inuodu~c sume undcsirahlc fc:uurcs into lhc 
con..:cpluttl _,cherna. lf 1his rc~lriction un lhc cunccplual 
!ii.Ch~o•mot i~ i,:_Olucll. thcre ¡, u.lmost no llifTcrenct ~lwccn 
lhc "''"l..'~plu.al !ioChema ;and lht cnterpri~e sch~ma. Thcre
rftrc.lht.• lt:\.'hOiqUe' di ... CU)o'C:d in this p .. pc:r tlfC' al~ ~Uit;.able 
fur c.t...-'"·rihin¡: ••n..J m~•inl .. inins: thc concepluo~l ~hcma in lhc 
SP.~ RC"• iln:hitccturc. 

• 

lral !fto[l4 tt:JtOliJtApC Aat\!tstyn 

In ordcr lo describe thc cntcrprisc •icw of data. a mental 
rrame~ork to modcl lhc real 140rld is nc:..:dcd. Diffcrenl 
pcoplc may be uscd to diffcrcnt mental framcworls. Tht 
mcntoal fr.amcworl-; U)Cd in lhis pa'pcr i~ the Entily-Rdalion
•hip (E·RI modcl. , .. Thc E-R mudcl •nd >imilar .•1" 

. proachcs•·• ha ve becn fuund U'cfuJ in modcJin¡¡ thc fCW 

wor1d. A diagr01mmatic t•-.:hniquc callcd thc Entity·Rda· 
tiun,hip IE·R) .Jiagrom ,.¡u be u-.d in this papc:r to rcprc· 
~ni thc cnlerpri~c viCw of data. 

This p"pc:r !• dividcd into thr<c p:.rts. Thc lir>t p;.rt 
diocuuc. how tu usc: thc E·R modcl an.J di:~¡;rammalic 
ltchniquc to dCscri~ thc cnrcrpri~c v•c._· of data. Thl~ is an 
utcnsion of thc 'Wort.; reporte.! in Rofcrcncc 5. Thc sccond 
pal1 describes fundo~mcnlal upcroations for changing lhc 
cn1crprise vicw of data. Thi~ is an arca whc:rc \Cry littk 
v.:urk ht~i he en done. Thc opcr.ttiun~ propo~d in this pJpcr 
will be usdul in maintaining thc cntcrpri!oC .cherna. Thc 
third i>art uses thc E-R approóKh to analyzc an cxamplc 
.,ivcn by Bachman .. <onccming changes in thc conceptual 
schcma. 

MODELING THE REAL WORLD USING THE 
ENTITY·RELATJONSHIP MODEL ANO 
DIAGRAMMATIC TECHNIQUE 

In thi' •cction. "" •hall U.C'c.ampks to "'o"' how to use 
thc t:ntity·Rclatiun•hip (E·Rl modcl and ~ia¡;ramnl4tic 
ha:hnique lo dcs,cribc: th_e .. ~nh.:rpri~c vi .. ·\\ o( dal4l. A more 
f~>rmal ~clinition uf thc m.kld can be f.,unJ in Rdcrcncc .l. 

U is obsume~ lh:al lhc rc ... pun!'ot.it'lil 1y ul t.ldininc and 
mainl.lining lhc cnacrpri!ooe ~cherna ~.-lunt.' lo a pcrson 
c;allct.l lhc ~ntc·rpn":u ,,,,;,;urul•''. 1 h .. • fullo\\·ins is thc 
'u~gC!\h:d proccdurc for lhe cntcrprhc aJminiilr:llor to 
olclinc thc cntcrpri>c schcma: 

( 1) IJc-ntib· ~ntity sc-11 •if intrrf>JI tu lh,. l'lllnpris~ 
An ,.,.,;,,. is a "'thin&"" ~hi1.:h C<~R be dhtinclly 

illcntificd. Accor..Jin.: tu lhe nccJ~ •lllhc cnlcrprhc. 
ClliÍai&:s C;IR he cl~1"ifit:tJ into U;IT\.·IL'OI t'ntily l)'pt'j 

>uch as EMPLO\'Et::. STOCK...IIULOER. An •ntít) 
¡,., is a t;IOUp or cntilic) o( lhc ~Ol( lypc. In lhc E.-1' 



EMPLOYEE STOCK_HOLDER -• _____ ..... 
F".,... 4-Eotily wu 

di:•cram. an ~nlily 'CI is r<presenled by a reelan~ular· 
shapo:d b<,. 1•« Fi¡:ure 41. The '1erms. "scl" and 
"l)'pe," c:m toe inocr<hang,•d in lhe E·R diagram. The 
readcr may U>~ dlher one lo inlerprel lhe E·R 
di~ICI•Im. 

Thcre :ore m:tny "lhings" in lhe real world. In 
addition, differcnl emcrpria~cs may vicw thc wamc 
lhing differenlly. 11 is lhc re•ponsihilioy uf o he enoer· 
poise :odminiSimlor 10 sclecl lhc enlily lypcs whicb 
ar~ mosl >uilablc r.,r his company. 

(2) idC"nli/y thr rc-luliunJhip Jf'IJ oflntrusl to tllr c-nttr
prlu 

Enoilies nrc rclalcd lo cach Olhcr. Diffcrcnlrypts of 
rclalionships may cxisl belwccn · differcnl l)'p<> of 
cnlilie>. A r~/ariun1/rip sn is a scl of relaoionships of 
lhe samc lype. For cumple, PROLEMP. which 
describes lhc a>>i¡:nmenl of cmployc .. 10 projecls, is 
a relaliunship sel d<fined on 1wo eniÍIY seis. EMP 
and PROJ. A rcl•oionship sel can "'"' be dcfin<d on 
more lhan lwo cnlily seiS. For example, 
PROLSUPPJ'ART is a relalionship scl delin<d on. 
lhrce enlily seis PROJ, SUPP, and PART. In lhc 
enlily·rclalionship diagr.un, a relationship scl ;. rcp
resenled by a diamond-shaped box wilh Jincs con
nccling lo lhc rela1ed enlily seiS (see Figure 5). Thc 
"m" and "n" as.ocialed wilh lhe PROLEMP rela· 
lionship in lhe E-R dhocr•m indicale lhal-lh< rclalion· 
ship is an m: n mapping. Thal is, each employce may 
be associal<d wi1h sc•er•l projeciS, and each projecl 
may ha•e se•er•l employee>. In certain cumpanies, 
each cmployee belongs lo al mosl one projccl, and 
lhe PROLEMP rclalionship is a 1: n mapping. 

There are many lyr ·• of relalionships belweea 
cntities. Thc rc~pon!tib.:lil)' or thc cnterpri~c admini5-
lralur is lO ><lccl lhe rclaoionship seiS (or lypes) 
which are of intc:rcst to thc entcrprisc. He uho hu to 
spccify lhelype of mappinss (1: 1, 1 :n, m: 1. or m:n) 
of lhe relaliunships. 

(3) idt~lli/y r<lrt'<lnl prupurin uf ~nlilits ond rtlulion· 
ships (/.~ .. d•/in~ o•ulu~ >r/1 und allrihuUsl 

Enlities and rclalionships have propenies, which 
can be txprcsscd in lerms of Allrihul~·•·alu~ pairs. 
"Biuc," and "4" are uarnples of.valu~s. Values caa 

~-----·--~~ P-r-"-IQ 
Rolatlonahlp Set 

F"tj¡:lln: S-RcMUon~tüp tcl 

!nti t)' Set 

be ·elassilicd inlo difrcrcDI ty~• such "' COLOR or 
QUANTITY. A , ... ¡,, u/ k a sroup uf •al u<> uf lhe 
same lype. An amibul~ is a rn;tppin¡: fr11m an cnlily 
scl tor ~ rel;lliun,hip >el) lo a •aluc scllo>r a ¡:roup u( 
valuc scts). For u;omple, "addre .. •• i• an allribul~ 
which maps enlilirs in lhe <nlioy >el EMP In •alue• in 
thc ••lue scl NAMES...OF_lOC. Nooc lh.tl "" ro~ol 
lhe con•lrainl impo><d ia Refcrcnce ~ lh ti 1hc mal" 
pin¡: from lhe cnlily ••• lo lhe •;•lue >el Ita• lu he a 
fu'nction ti.e .. m: 1 mt•('lpin¡:). In ulh~r Wlllll:-.. ·"'e nuw' 
allow lhal an anribule (!Wch a> ...Jdr<>•l c;tn ha•< 
seveml Villu~~ (:l.uch as hl("aliun'l for thc ,;,m-: .:nlil)' 
(cmpiO)'cC). Thi' rcl~a~lioo in lht ,h:finili''" .,,( allri· 
bulc will mo1kc the chan¡o in thc entcrpri~ vi.:w 
simpler. This poinl will becomc cle:u' in ohe nc>l 
seclion. 

In lhe E·R diosram. 1 •aluc seo is r<prcsenl<d ~y a 
circlc, and an auribute is rcrrcscntcd by an arrow 
dircctcd (rom lhc cnlity sct tor lhc rclaliun)hip ~1) 10 
the dcsired ••lue seHs) (sce Fisure 6). Ahcr >clccoins 
cntity scts and rclations.hip leli. thc cntcrpri\C ad
ministraoor idcnlilies lh< anribuoe> and •alue seiS 
which are rele•anl lo lhc company's opernoi.,ns. 

The lhrec sleps staoed abo•• co•er a mó\ior part of 1hc 
enlerpri•c schema. Fur simplicily, wc shall nuo di,cuu in 
lhis paper olher issues rel•lcd lo lhe enlerpri\e >ehcma 
such as inlegrily consorainls. 

To design a dalabasc, lhe enterprisc adnúni>h•lor lirsl 
draws an E·R diagram such as 1hc on< shown in Figure 7. 
He lhen drew ohe anribuoes and •aluc seis for cach cnlily 
SCI and relalionship scl. The E·R diasram is ·lhcn translalcd 
inoo a dala·51ruclure diagram or 1 sc1 of 1ables ("rclalions") 
(see Figure 2). The rules and proccdures us<d in ohe 
lranslalion prucess were diseussed in Referencc S. Hcrc 
we shall in•eSiigaoe oow lo change lh< enlerprise sche~ 
(lhe E·R diagram) iiSelf. 

MODIF!CATION OF THE ENTERPRISE VIEW 

Al· ·'h lhe enlerprise >ehema i> mure .oable 1hóia a 
uscr • . :na, Íl 51ill noeds lo be changcd from ltmc lu lime 

ln"tJ'" 

Attrlht11 

!alut Irte , 

-
.· 

IJn•r C. ·•Ufl.~ ...... 
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liiiPPLIBI 

• 

" 

" 
,...IIY~ 7-An tnlil)'·rcLlliundUp dia&nUQ (whh cnlh)' Nu and rcb.tion.hlp 

ICU OGJr) 

lO rc0ecl tlle chitnges in thc enterprise environmenl. EJL. 
cepting a papcr by Bachman, 10 very litlle work has beeb 
done in Ibis arca. In this papcr, wc use the E-R modelas a 
basis for analyzin¡: diiTercnt t)'pcs o( ehan~es in lhe enlcr· 
prise view o( d:ua. We not only propose a sel or opcrations 

· but also analyzc the consequeneu o( thcsc opcrations. 
There are five. l>a•ic typcs o( opcrations: ndJ, dtlrtt, 

split. m~'ll'. un~ s/lifi. The firsl four opcrations are applic:a
ble lo entity seis, rehotionship seiS, anribules, and value 
sets. The slrift oper.lion is used w~en the enlerprise 
adminislmlor would like 10 view a value sel in lhc old 
enterprise ~hcma a5 ~n cntily set in lhe ncw schema or 
vice versa. h is u .. rut tu lhink lhal the E-R diagram 
eonsis" of lwo cuncepluol domaino: (llthc upper conecp
'""1 dom:oin "hich con•isJs or enlily seis and relalionship 
••••; (2) lhe lower cuncepluw ~umain which consists o( 
nllributes and vulue scll. We wll diseuss the firsl four 
opernlions in h<>lh 1he uppcr and lower concepluill domains. 
Fin;olly, we shooll discu .. the shiftina an entily oel from lile 
uppcr cunccplual d"main lo lile lllwcr conccplual <lomain 
an<l lbe shifling a valuc sct in lile opposile directioa. 

Oprwllifms ;,. tllr upp~r cunc-,p111al domoin 

The (.,Jiuwing :ore lhe basic opcrations applicablc lo 
.:ntity s~h. and rdatiunship sets: 

e J) Split ,, I'IJIÍI)" ;,,, ,,. •• ,..rul suhJr~ 
Fur in si :once, lhe entily sel F.MP in Figure Bacan be 
•plit into lw•• cntily seto: MALE..EMP AND FE
MALE..F.MP in Figure 81>. The con.equcncc o( Ibis 
upcr.ttiun i!\ lhal thc rclo&liunt~-bip ftCU u·s~O\:iatcd with 
lhc enlily "'' may ulsu h¡¡vc tu he splil. For eJWmplc, 
PROLEMP i• split · inlo PROLM..EMP """ 
PROLF_EMP l>ec Fi¡,:ure Bb). 

(2) Alt'TJ:t' Jf'l'•·r"/ c·mil)' Jc'IJ lntu 1mr t'niÍ/y ·,,., 
This is thc oppositc upc:r.•liun IJ( (1). Thc eonsc
qucnec b lhal lhe relate<! r<~oliun•hip loCh may huve 
lo be mcr¡;e<l. 

(l) Splil a tdflliunJitip 1~1 in111 ''''«'rul substll 
An cumple IJ( tlús opcratiun is: thc relatiun>hip sct 

PROLEMP la F"rpre 8a eun be •plil into lwo rcla
lion>hip scl•, PIIO.U.IANAGER and PROJ. 
WORKER, in rtgUR Be. Nutc lhool thc lypc o( 

mappinc in che new n:latiun>hip> may be di1Tcrc111 
rrom th•l in thc oriGinA rclatiun,hip. For lnstance, 
the m:opping in PROLMANAGER is l:n whilc lhc 
m:opping in PROLEMP is m: a. 

(4) M«'rg,. ,,.,.,.,"/ rt'l"l;unJhip Jt'll ;,,o onr srl 
This is the oppositc operation of ll). Note thut thcse 
rclation>hip sciS havc 10 be define~ oa lile same 
croup or cnlity seis. • 

(S) Add t1 n~ll' tnlity Jtl 
For example. a ncw enlity sel called SUPPLJER may 
be addcd lo lhe E-R diagram in Figure Ba. Thc resull 
is shown in Figure 9a. Note that il is poS>ible 10 h•ve 
sland-alone cnlily seiS in lhc cnrerprise s.:hcma, 
allhoueh in many ea>cs rcluliunships betweeo lhc 
new cntily sel and thc cxiuing entily seis are cslab
lishc~ immediately (see the ncxl operalion). 

(6) Add u nt•• r~lllliunslrip 1t1 

We may add a ncw rcl•tiunship scl for thc new enlily 
sct such as the rclalionship sel PROLSUPP in Figun: 
9b. We may also add a new rclationship sel fur 
cxiSiing entily seiS •uch as 1he rdaliunslúp set 
PROLMANAGER io Figure 9b. 

(7) Dtltlt an tntiry ltl 
For instance, alter deleting thc entity sel EMP io 
Figure !lb, we ha ve Figure !le. The consequences are: 
(i) lhe relationship seis relared tu lhe cnlity sel are 
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aloa dclclcd; (ii) n1irikl1cs rclalcd lo lhc dclclcd 
cnlity scl- and rcl01cd rcluliun!.hip seis are al so de· 
lclcd. · 

(8) Drltu 12 u/arlonsillp stl 

An cumple is: dclclc lhc rclalionship SCI PROLEMP 
in Fígurc 9b, and lhc rcsull io sho,.·n in Fígurc 9d, 
Thc conscqucncc uf lhis upcration is lhal lhc allri· 
bulcs of lhc rclalionships are dclclcd (nOI •hown in 
Fígure 9d). 

Anumc lhal lhc cnlilics in lhc cnlily scl EMP hnvc 1wo 
auribUIC'I, LEGALNAME and PHONE. which mnp !he 
cn1ilic•1o lhe valuc seis NAME ;md PHONE.# (scc Figure 
lOa). We shall use lhcsc nllriNIIn and valuc seis as ¡he 
basis for ihe discussion of lhc r.,n.,wina opcr•tions: 

(1) AJd" mlur ur 
For uamplc, a ncw voluc scl caUcd DOLLARS may 
bt addc<l 10 Fígure JO... Thc rciull is shown in Fígurc 
JOb. Usually, Ibis np~rali"n is fullowcd by an "add 
&ltribute•• opcralion. 

(2) Dc·lc·tt u mlut srt . 
Arlcr dclc1ing lhc valuc ...:1 PHONE.# iri Fí~urc JO.., 
we gel Fi&urc lOe. Thc cun..,qucncc i• lhal all 
8llrlbUI<S a .. ocial<d "ilh Ibis vaJuc sct wiiJ IJt de• 
l<tcd. 

fl) Splu u 1 ulut' Jrl ,,.,, 11'11''''' 111hu·1J 

Jl,c ,,l,c "'"' N·\\11\ 111 t,fUit' IU,, 111.1" be 
' 1 ·.J ·.'o .. ' •·hl 

The Enlity.Jlcbliooship Modcl ' 81 

LAST_NAMES in Fí,ure J()J. Thc c<>nliCqucncc is 
Jbat allributcs rcJ¡¡Icd lu lh< voluc liCI may ha ve In bci. 
adjust<d. Allhuuj;h !he alln'hulc LEOALNAME is 
1101 splil in Fígure J()J. it is p.>>siblc lu •plil il inlu 

. lwo allribulcs: lEOALflRST_NAMii and. lE· 
GAL.LAST_NAME. 11 i• thc «•r-•n•ihilily uf 111!: 
cnlerprioe lklmini••r•IOI' lu mnkc this d.-.:h.i••n. 

(4) Alrrtr ll'l'rru/ ,:,,Jur JtiJ inlu u , . .,¡u,. Jtl 

Thi• is lh~ uppur.itc upcr.ti"n u( m. 
(5) AJJ "" ,,,;¡,,, 

For insl;mce, Fi¡:ure llh is ul>laincd by ;~ddins lhc 
aun'hutc OTHEILNAME 10 Fi,ure lla. 

(6) D··lrtt "" llllrihutr 
Dcleling !he auribule LEOALNAME fr"m Fisure 
lla, we havc Fi,ure IIc. The valuc <el •••ociatcd 
wilb lhc atlribulc will be d<lc!cd by anolher o~rntion 
("delcle valuc scl") i( dcsired. In sume c .. cl. lhc 
value SCI may he slill ••sucialcd with olhcr auribulcs 
(scc Figure Jlc). · 

(7) Split un attrib11tr lnto uo·rral IJIIribu"s 
For cumple, Figure lid ;. oblaincd by splining 1he 

. anribule PHONE in Fí¡:urc 11• inlo two ailributcs, 
OFFICE.PHONE and HOME..PHONE. 

(8) Mtrflt lto•trn/ attributts ilrtu unr allributr 
This is lhe opposile opcration o( (7). The auribules 
have lo bt dcfincd on lhc ••me cnlily ><llor relation· 
ship sel). 

OprratlutU brt•·r.n t•·o conaptiiiJ/ dumuins 

Assumc lhal lhere are lwo cnrity seiS (EMP and PROJ), 
onc relalionsbip scl. (PROLEMP), rour value . seis 
(NAMES..OFJ>LACES, SOC..SEC..#, PHONE.#, and 
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PROLNAMES), and four aun"bulcs (ADDRESS, 
SOC..SEc..NO. PHONE, and NAME) as shown in Figure 
12~. We •hall uoe them as lhe basia for lhc discuuion on 
the folluwing opcrations: 

( 1) Sloift o o•nlu~ stl/rum ti" IoM'" con<·rptllal duma/11 to 
tilt up~r wnuptua/ dunia/11 
Whcn thc cnlerprisc cnvironmcnl changes, il may 
bccomc natullll lo vicw PLACE as an enlily IICI 
in<icad of a value llel. Thus, in Figure 12b "Al). 
DRESS" hccnmcs a rcl<lliunship sel, ancJ "PLACE" 
hus an ullrihute "NAME" whkh poinls lo thc value 
•el NAMES.OF .J'LACES. Since PLACE is an cntily 
sc:l, wc m:oy c>l:ohlish ncw relutiunohips of 11 wilh. 
uthcr cnlily >cb •uch 111 PROJ or ud~ more auribulcl 
and valuc octs tu describe propcnics of "placea." 

(21 Sili/t an rntit.•· ll't/fflm til~ upp.r cvnc·o•pwa/ duma/11 
111 th~ ¡,,.,.._., nmn·plutll Jum"abt 
Whcn thc cnlcrpri"' envirunmcnl ch¡ongcs again, 11 
m:oy bccumc' nalur.tl 10 view PROJ as a valuc oel 
inslend of :on cnaily ""'· In Figure 12c, PROJ is 
ddctcd frum lhc urpcr conceptual dum;oin, and the 
rcl;oliunohip >el PROLEMP bccomcs lhe · allrihule 
JNVOLVI::Il..PROJ. Thc cnlily scl PROJ in Fi;ure 
12b ma)' ·ha ve hccn u55ociatcd wilh ..:ver•l value 
ICII, but unly lhc valuc •el PROLNAMES which il 
uscd lo idcntify lhe cnlilics PROJ rcmains in the 
lowcr cunccptual durnain •. 

ANAL YSIS OF AN EXAMPLE 

In a rcccnl papcr. Bach=n" usc1 dala·•lruclure dia
Jtams 10 illustrate lhe changos in a conceptual schema. In 
1hi1 ICclion, wc shall rn1 llatc hi\ examplc and lhcn uiC E· 
R diagrams lo inlcrpr~t hb example. 

• 

D~scrlptio11 o/th~ uampl~ using dnta·so.uctu" Jiagrams 

Thc following is a IÍ"!plilied ver.ion or Bachmao's uam~ 
pie: 

(a) Jo lhc bc¡inning, lhc enlerpri.. administralor de· 
clarcd a conceptual schem• •• shown in Fi;urc llL 
Thc rcadcr ¡, ... umcd 10 havc •ome knowledge or 
lhe dala·Siructure diagram.' Simply spc;oking, a rcc· 
1angular·5hapcd bo~ rcprc>cnts a record typc, and an 
arrow rcprcs.cnts a dala-structure-set (i.c .• 1 : D rela
tion•hip bctween record lypcs). In Figure lla, lhcre 
are lwo 1ypes or conceptual record•. COMPANY and 
PERSON, and a dala·Siructurc-.. 1 "a" reprc· 
•enting the facl thal each per5on i• auodalcd with 
exaclly onc company and lhat each company hu a 
SCI Of pcrsonncl. 

(b) Laler, the enterpri•e adminislr•tor recogni1ed lhat 
lhc pcn.onnel or lhc company wcrc pcr.ons lo lheir . 
own righl. This facl may be di•covcrcd at lhc mcrscr 
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,,, 
Fiaurc ll-EJ.prcsWn¡ c:h~U~¡ca in &he cnttrprbc Yicw ua.in& dala-stNcture 

dia;ram:a 

o! several companics lbal some of the persons held 
two jobs aód were per>onnel 10 two of the mer¡;ed 
compaiÚcs. Fi¡¡ure 13b illustnstes thc d:ua-Siructurc 
dia¡;ram for lhe new conceptual schema. Basically, 
lhe old personncl lype record has becn splil inlo lwo 
record lypes, PERSONNEL 8nd PERSON. The 
"PERSON" has anribules NAME and AODRESS 
(nol shown in lhe figure). 

(e) Aner a whilc, lhc enlerprisc administralor decided lo 
factor the addresa of residente OUI o( lhc person 
record. Figure lle illustral"' lhe addition of the 
"PLACE" conceptual record lype and lhe data
suucture·5CIIype "c." 11 was al so assumed lhal eacb 
per>on has 8 unique addrcu (pl;~r.e). 

(d) 11 is now rcco~nizcd 111.11 people move (rom place ID 
place and lhal il is dcsirable lo know cu'rrenl addrcss 
as well lil pasl addrcsscs. Anolhcr rea•on ni:.y be: il 
ls discovercd lh31 8 person may have more Iban one 
addresa. In either ~·a new conceptual record type 
ADDRESS is added lo the conceptual schema (see 

• Figure Ud). 

Annlysu ~sing rmlty-rrlarlonship diagrams 

In lhe following, we shall use E·R diagrams lo expl:Un lhe 
abuvt e .-.o.~mplc: 

1be I!Diity-Rcloliun,J¡ip Mudel ' 83 

,,..o types ol cnlilies, PERSON and CO~IPANY. in 
the enlcrpñsc vicw. Sincc lhc m:oppin¡¡ betw.-cn 
COMPANY and PJ;RSON i• 1: n. lhc rclaliun<hip scl 
PERSONNEL io rcprcscntcd by u llala·Mructurc-.. 1 
"a" in Fi~urc.lla. 

(b) Figure 1~1> is the com•p.ondin~ E-R dia~r•m for 
Figure 13b. Sin<c lile rclation,hip "'' I'ERSONNEL 
is an m: n mapping. il i~ r.:pre:"tnt··J by ~ rcl<~lio.n~hip 
rcC•>td lype PI'.RSONNEL and I•O dala·•lru<lure· 
seis ··a" and ""b" in Fi~urc 13h. Nulc lhal Fi~urc• 
l4a and 14b bavc lhe samc cnlily .cb 01nd r,·Jali<>n· 
ahip sct in lht: uppcr con-.:t:ptual Llotr~:ün, and thc: 
diiTcrcncc ís llk: aype uf mapping t>.:awccn lhc cnlily 
seiS. 

(t) Now lhc cnlerprisc a4minh.tro~lor prcfc:rs lu vtew 
""PLACE"' as »n cnliiY ..:1 ro1hcr Iban a valuc scl. 
Thus, wc havc Fi~urc 14c. The aunbulc ADORESS 
In Figure 141> becomn a rclalion,hip !>CI in Fi~urc 

14c. Since thc mapping bel"ccn PLACE and PER· 
SON i• 1: n. a he rclalionship ''" ADDRESS i• rcprr.· 
1cnlcd by lhc dala·Siruclure·""l ··c·· in Figure llc. 

(ti) The enlerprisc admínislr•lor di,covcn. lhal lhc map
ping belwcen PLACE and PERSON is on m:n map
ping inSicad o( a 1 : n mappinJ. Thc new cnlcrpri!>C 
view is rcrrcscnled by Fi~ure 14d. Sincc lhc mapping 
is m:n,lhc rclalionship •el ADORESS ¡, reprcscnlcd 
by lhc record lype ADORESS and lwo dala·Siruc· 
.lure-~.ets ""d"" and ··c." N ole lhal figures 14c and 14d 

lal 
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lol 
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a~ almost lhe &ame exeepi lhal lhe 1ype or mapplna 
belween PLACE und PERSON la ditrc~nl. 

In aener.d •. lhc E·R dio¡uum ls easier lo uae lo linolyzc lhe 
chnngc:a in lhc enlerpriae view tlwl lhc dala·alructu~ 
di"a:r•m. Buchman al !lO rai5ed lhe issuc of 1he ombiguily in 
Figure lld: Ir one wants lo modify a persona addresa, 
does he havc lo creale a new "addren" record or lo 
change lhe nume or the place where the person is ... living7 
Thi• quc•tion can he CWiÍIY· ano .. ered u•ina !he E·R apo 
prmoch. Con•ider Fi~ure 14<1. Since lhe PLACE is on enlily 
•el. lo changc a pc"on 's addreu is lo change the rclation
•hip hclwccn lhc pci'IOn and "hio place." We ahould not 
ehan¡:e lhe name or lhe place where lhe pcraon is livina 
a(nee "NAME" and "NAMES..OPJLACES" are uoed lo 
ducribc a propeny of lhc PLACE entitiea (aee Fi¡:ure 
14<1). . 

SUMMARY 

Thc enterprise schema ls useful as an lnlermediate llep in 
dalabase desian. In this paper, we have ohown how lo uoc 
thc enlily-relationohip modcl and diagrammalic technique 
lo d .. cribc the enlerprise ochema. Since the cn1crprioc 
·environmcnl chan¡¡es rrom lime .10 time. lhe entcrprisc 
schema will havc to change lo reftect thcse chansea. Fivc 
basie lypes or openuiona (add, dclet:. split, mergc, and 

shiO) whicb are usdul in modifyins lhe enlerpoioe schema 
ha ve bcen presen1ed, and lhe consequenc .. of 1h .. c opera
liono have been discuued. Finally, we havc used aa 
examplc 10 · analyzc !be diiTerenceo belweea lhe cnlil)'
rclalionship a¡oproacb and lhc nclwort opproaeb In modd
in¡ lhc entcrprisc vicw ol data. 
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INFOLOOICAL MODELS AND INFORMATION USER VIEWS 

ROJUE lANG lfOI<S 
UNvcnity o( Stockholm, Ocpmmcol o( Adminntt•IÍ'I'c.lnlolfn.Ú>n Ptocu1ia¡. 

fock. S-104l Slod.holm. s .. cdca 

(RtrciwJ JS JonllfJ'1 1979; ;,. rt&iJtd Jonn 1 )¡¡nt 1979) 

,\L·>Irad-lbc 'lludy o( dalil ~)'11cms lfo informalion t.)'11Cm\ ('lll inlo ((lt'U' 1.11'! ¡()IC of dJU U H&'fCU'nt.&h~olQ\ Ol 

nfow1.~1iun m 1ht \Cn\C of Loo~~olc..J'c :~l'ooul \Otne \licc ot U\t ,.,,uhf. TI1i\ tnloun.~hon \)'\lcm·vtc~~o-or inf~>l.•¡:iul 
"icw" -m.odc d clt;u lh.al lhc dllil l!il.lnc cannol .. carry .. infurm.;hOrL lflc) r • .n only. ;.t be\l. ¡:1\'C ri'-( hJ informllk.la· 
in lile U1dKh ol pcoplc •00 only m U.u,c ~~o•plc wh.l h..•l4.l :1 s.u.to~l·lc f¡,.,.,c"ll·tr::rct~o:c or v.orld \lt ... or 
.. ,c,civin¡: WOKiurc ... in thcU mind. Thu' lhc tnfolo¡;¡co~l ¡ocn¡·r~I,\'C h.JI! lv be ... ,..!cncJ \U..'CC))IHI) lh•m a 
cC'I•tecrn ,,,crcly v.ilh tnfurm.ili\)n u:prt\cn)ahon. uruouon~. J~nJ t~riJII'.IIJ,.:~ to t~ \luJy of \ocU.I. ,oAW.. 
¡nycholo¡K.J ilnd wcAo-lincui)licd .npr¡;-1\ and uf '"obJtC'I 'Y\Itm"', job dr"¡;'1 ;,r.J othrr \OCJo-ltehnil.':•l i"LIC'\. 

TI1t tu m "u:.cr "iew .. 1\ cmployed w1dcly in reccnt d 11• b.o\C \lood •. 1 he U">l: ul U.c lttm·"U\-Ct "icw .. 'Uf~t\ll 
such iiR "infolo¡:~eal" per'-pccli'o'C. Uowc-..u. 1 cku.cr louL. •' hu ... rhc ter m n JWuUy U\CJ •ndK:<tlt' a much mort 
dtl1m•lrd iutuprd.iÚOn which foCU\U on rYprc\tniJhorwl il\p«h ~nJ PI"'-CHu•t 1~~¡~ n ¡Jw m¡Jc upli{¡t, to 
t.Uine dc~cc. Ly thc- USUill formubliOR ''u.-.cr vicw of thc d;,t¡ .. ••:t,u tho1n.lur 111\l ....... r. ··u!oti "'t\olo' of lht •orkJ"'. 

ln 1hi1 p:.~pcr a bricf ~otudy is made of thc lwu ,a,pech of Lncr ucws, 
(i) the ile(olotlcal/conaplt~altlJP«1, \vbich i~ concuncd .-.rh how tonceplion rd¡tc~ 10 daUI and i.nlotm•tioa.. 

1nd lo r.:.allly, and 
(ii) tk .. daliJioti'ct.r tUPfd, which i• conccmcd .-ith the ..ckdion o( J,¡t.a lrom a da.tJ b4-..c an.J lile 

rt.arnan¡:cn•enl of them 10 \Uil a .. u,er vicw" e( thc d:.ta fh \Ctn ilom thc o~pplilt~-l~<ln prorr•mUltr). 
Thc Lnlologi'"' 1\ptCt ¡, illuur¡tcd rhruu¡;h a di~u~"on of sr.nlc of r:"IY own ea~liu rnu/11. -.tli.:h Mt htre 

broug.hl Lo&tlhe-r. lñc d.auJo¡:it~ asptC1 ¡, ntmphfu:d b~ .amt quobhüns hum Ul.-: most rectal d.! Y but 
l.itetalure, ;u ••tO u by .ame urlitr ruuh~ of m y owel. 

TI.e rrrm ''u!>tr vácvt"' 11frequcnlly u,eiJ in lt1c d•••lo,lco~l sen"'-~ -1rrc.a~ lht infülo¡;ic:al c.r infvrm;>lion---\)"\ltm
thcorctM .:ti Uut.lics ollen ~ .. t ¡¡J¡j¡u~cd l.jlU'\III.ICU. lhil.l n.~~r lll J.J ., .:!1 lhc wl u! u~..._ ~:;~onccptu.al a\pt,ls ol "u\t'f 
"icw\", wilhoUI employin¡ th.::IJ rcrm. In th1s p•rcr '-Omt h¡k'~U. of u.c pr~,bkm of ildoloa:).:.¡JJcor•:tplu.&J U'('T 
vicw' are hco~tcd vritb a ~lew lo ¡.un undcr\l.mtl~n¡ of h¡J~<~. bu1l1 ,nrtc.h o( U\ct """'' ;.ftccttht dt\i•n ar.J u~ of 
inf<ltll!•lion \Y~Itml and d:.r.~ b.t\C~. IJiustrations ¡re ~Len fr"m thc ~uil:v,·s u .... n c.-r!Jcr ~~oor~. (or lhrct "•\.On\: 
(iJ thry wcu musl uWly n¡¡il:.r.ble, (u) lhey .uc dirrc:dy -''1.4.~1<~1.:-!.1 \lo¡(/: ttu: pru01cm •1 iwi'IIJ • .and IW) rhf:y ha\t 
e.ul~1 l:.:ea ¡c<lllercd owcr sc-..rraJ worh and 11 .-u u~duJ, fur lhc ~utpo\C of lile p1es.tnl JI!.CUUiun. lo bún, them 
lo,ether. 

INtOR.M:AOON snTOtS nn:nay llS TlftORY) VS 
TIUDffiU~..U.. DAr 4 fkOCE.~\C CONCU'TS 

In lraditional d"'t" proccumK an informalion ítem is 
usually assumed 10 be a number which is lo appear al a 
ccrtain part of an appfica:ion progra¡n. Howcvcr, \to'hcn 
laking on lo sludy lhe problem o( how lo dC'i~n ~al• 
proussing from anothcr penpcctivc, as a runction 
wilhin an inr01maliun 5yslem JS (l.angdors(J-JJ¡ il w•s 
round lhal il i~ ncccssary to lool closcr into how dat¡ 
can providc informalion ro people and lo orgcmizaltuns. 
11 bccomn immcdi;.¡tefy obvious lhal if data csrc 'fthal are 
proccssed by computen (or othcr means) thcn thc in-
Jormalion which people gel from lhe dar.a is somelhing 
dhlincl (rom lhe J•la. (( dala rrusy aid people in making 
dechions or performine actions. this musl mc•n th<tlthc 
data injonn pcopJe in lhe senu o( m:~~iut somelhing 
l110wn lo lhem. 11 is cl .. r lhen lh•t lhe dJia musl 
rcprc\enl '.i.Omcrhing that can als~ be CA.prcs\Cd by 
nJiur.-1 IJntu;.¡ce. Clcarly ll1cn, in lhis sen~ wriuen 
~cnie;c·c, of naturcsJ ·lancuagc (as wcll as \~len 01 

recOt"ded ~entence~ ol any LindJ are also dala, th;.¡l is. 
lhty .a1c ~el~~ Of~igns rcprcsenting koowledgc or irr 
tJrm:tlioa. 

. h U. inlercsling lo note rhc pcn.pectivc advanccd 
above i~ ~iuul.u lu ill(a~ trcJicJ b)· phiJo~ophcl\ al lc~t\1 
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as rar back.a~ Ari~!otlc, and also. more rcccnlly, b}·, c.r., 
Runel, Willsenllein. Carnap and Bar-Hillel. 11 look 
s.omc time, howevcr. bdorc lhc\C ideas "-Cte rcco~ruzc-J 
as u~duJ lo lhc uudcr.landing o( dua prcx:c~~Jng \YS· 
lems. AJw, rcccr,l de~clopmcnt in cognitivc p~h)cholo,n 
and psy'"o.ling:r...:i\tio is pro\iding ncw in~i~hh rnlo this 
arn CBar·Hillc)4], Catn.l~)5~ Piage1)6l Wm~en
ilcin[7J, Bower and Andcr•on(8], Lyon•{9)1. 

Thc per,prctivc o( informoation systems lhcory and 
inlology slutliC~ has beco thal lo dcsign thc righl d01ta 
and doil4 \)'~lctns one ruu lO begin Vo'itb lhc QUC\lÍOOS 
about thc inrormation or kno~o~olcJge lh:at !he rJ.1L1 diC to 

rcpre\cnt. 1 his mcans lhatlhc info1 malif? .. contcnt of thc 
doil3 in lhe ~ystem ha\ to he dctincd .irkl JC\cri~d in a 
\olfJy lhal is inJcp..:nJcnl ol how thc rJa¡a .Jtt handlcd in 
the S)'~tcm. Tht informJtion is dC\Crlbcd Ín lcrmi of lhc 
vK-ws ol thc wurld lh.al thc inform.~üon U\CI'\ hold. 
lr~torination modrliing, lhu\, ii ""llr!J moJdlin&- Onc 
COD<i.CQUCnCC or thc J~il3 inúr:pc-ndcnl d.li.l de\Ciiption ¡, 
Uut thc dara 'Y'tem (f¡Jr:,, d.tla b"..c· prop01m\J nuy be 
rcstructurcd wi1hout thc netd for ch.an¡u o( lhc &o
formation .. pccification. 

Rct:cnl dala b.1\C '""ork. 3nrJ \lruclu¡c-J-prol'r.~mming 
'oloOtk. hJ\ \IJC\\'cd lhc import.~.o\:c of JC\cubin¡ thc data- _,,, .. . ·- -' . 
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independenll~ from lhe repre.entorional detail•. For in
JUinte in Codd 110), it i• 1laled: 

''The relarional vlew (or modcl) or da!ao .... provld<i. 
mean• or de~c:n'bina dála wilh 111 natural slr,ucture 
onl~-lhal ia, wllhoul IUperimposln¡ any addhional 
srrucrure for m.chine reprc.enlallon purpo .. s•. 

While lhl• pi«e o! rul doe• nol •P..k ol 1he in
formarían conve~ed by lhe daUI, lhe relerenc~ lo "ilJ 
n•lural ilruclure• IU&ghll a somcwhal infoimalion
orienrcd per.pecrive. llowevcr,lhc •larrin~ poipl herd1 
rhe d•t• and ih handling by •Y•Iem• wherea• lhc in· 
fologio•l pwpeolive i• rh•r o! people and rheir world. 
lnJeed, lhe informalion 1pedfied may nol neoe.,arily 
come lo be handlcd by compu!cr\ al all. 11 1eem• !hallhc 
loo u• on d•••-ralher rhan on informalion-hal 1omc · 
con~equencc>. Thus sorne of thc b.,k conoeplt ollhe 
rclational dala bau lheory, such aa norm•li<ation and 
jo in ope,.tium, are In lacl b .. ed· on arsumcnll rhal are 
ooncerned "'ith how lhe dara are vlewed •• bcin& 11ored 
.and prooe,.ed by lhc •Y•Iem, in apile ol lhe e~pre11ed 
inlenrion ro c:on~ider lhe "lllllural slruolure only". 
Like...,·i~c. reccnl c:b&.la ba~ work on "u~er vicwsu turn 
out lo be mainly concerned wilh vicw• on how rhe dala 
••• arran~cd for proceuing, a1 wc 1hall •••· A• lo lhc 
~mpectivc• or llruclured programming we may quore 
frum Ja<klon(2lJ: 

"The problem environmenl ls rhe real world ... The 
<U>Iomcr file i1 a model, inlelligiblc lo lhe oomputer, ol 
lhe ~et oC'cu~lomen; .... " 

Thi• 1<>1 aloo lUUCII> an ínformarional (or inlological) 
penpeorivc but, on rhe orhcr hand, lhe phra.e "in· 
lelliBible lo lhe cornpulcr" indicalel lhal lhe rhought& 
quickly rouoh upon lhe procn•ina of lhe dala rrprClenl· 
in¡ the inlormalion. Aa we lhaD sec-also in lhis work
lhc >iew oflhe dala and their >lrucrurc iúimilar lo lhc 
"um •i•w ol lhe data" ao di,.,uued in lhe dala bau 
work1. 

The inlcnlion bchind lhi• paper b lo propase lhe 
,.·iJtnin& of lhe conccptíons o! "user >irws of dala" and 
lhe "natural >lruclure ol the dala" rhal may be oblaincd 
by mer~in~ lhese concrplions wilh infolo~ioal concep
liom of information llrU<Iure and rhe pre·knowledge of 
lhc variou> inlended usen. 

We •hall see rhal "user vicws" are nol merely of 
impor1ance lo lhc wa~ dala are 10 be organized in lhe . 
llore. Thc)' are crucial ID lhe ponibílily lor lhc lllen lo 
inlerprele 'rhe dala. Thu1. no1 only mu11 lhe dala be 
arrang<d and ordered ro allow etlicienl proceuina of lhe 
dala, accordin~ lo oome view. The dala thrmselves wiU 
nced lo be ohan~cd in ordcr ro reprcse!ll lhe ••m• 
information lo u~eu wilh a ditfcrcnl \·icw. Morcovcr. 
•omc peuple may have lUCh a view lhal lhey are quire 
unooble lo huiJ any inlormation whalever data one mlihl 
lry to u .... Thi•. ol cour>C, h crirical; it is • threal ro lhe 
very 111umpliun ollarge IS or latae, 1hared dara bale&. 

)()~ll I.Uif ~tl.)l.()CIC".U. COSCll'TI A . .'~D TU.MS 

The b"'i' cot11.cph or modtls uf informal ion systcmli 
thL"OIY anJ infulugy ore inlim:.ltl)' u~ocialcJ with 
,.,m,ullh' .11 ..¡LJ~·,~¡~,n~ ;..nd U\C'( VÍC'Wl. Till.l~, bcfvrc di"• 

c:Uuin¡r somc aspccls or inform~rion user vac..:. wc ,, .. 
vicw sorne of lhc.e balic cancepta. 

Pd11kuldr roniUI of a Jiloglt dala ltrm . 
• L.er'úum ba<k lo lhe qucllion ol how an clemenwy 

dala ilem, lUCh u a numher, can repruenl inlormalion. 
11 ¡¡ clear rhar the traditionahicw,thatrhc lrnlmtnl o! 
the dala ilem by a eer1ain pro¡lram delcrmineJ Jhe .In~ 
lormalion, cannor providerheluU anlwcr.Hecrtain dara 
(foi ln,lonco a certain printed .. nrence) at• lo reprnLnl 
•omc knowlcdge of lhc ~·orld, rhi• musr be· achie>ed 
lhrough ;crercnoe to phenomena in lhe world a'nd not 
rnerel y lhrough ir. rclarion lo any specific compuler 
program. Thus, given a data irem or rerm, lor inllance 
rhe number 17. how can il inform aboullhe world7 

Two kindl of informarional quurioM arise in coa· 
neclion wilh any indi•idual data term: 

(A) Whal cilher dala lcrms are nceded In order ta 
combine wirh rhc parri<ulat lerm 10 thal to¡erher lhcy 
may provide informarioo? 

(8) llow may onc relrieve any spccillc lcrm 11 liOrcd 
in a dala •Y•Icm? (Rerricval may be requcsrcd by variou1 
applicalion programs or by various usen al compulCf · 
lerminals.) (Langelon(l-lJ). 

In ordcr lo diocu" lhe t~·o quesrions prelenled above 
we will inrroduce lome terminology. We lhalluy lhal a 
group of dala whkh i1 nece•ury and lUI!icicnt lor lhe 
relticval o! a 1pecific lerm ~,· i& a ~rtlrin·g/ dtlu· 
mindnl" (or kcy) for "!" ond a.group ol dala whicb il 
nece.,ary and sullicienl in ordcr to &Upplemenl "1" 10 
providc informarion is an "lnfonndtiD• dttrnnüoant"or 
l·dtltnninant for "1". · . 

11 is ~een lhal lome kind of dependency musl uill 
belween a data ICrm and ils relricval drlerminaDI and, 
likewi•c, a dcpendenoy musr uisl l:elwrco lhe term and 
ill i-delerminanl. · 

Fur1hermore, we may conclude thal lhe .oourcel ol 
lhe•e dcj>cndcncics berween lhc data are dependencic& 
belwccn lhe phenomena lhal the data relu to. These 
dependcncics givc rise lo corre&pond'tn¡ malhemaliul 
dependendn among lhe dala (BI lUCh dcperiilcncics are 
11udied in rcconl dala base work~ - -- -

l.el la con•ider a specillc dala lerin, such al rhe 
number 17 or, more prccisely, the prinred &ip "17". 
Whar does illcU us? 11 ;, nalurallo uy lhal, •• ol•ndin¡ 
alooe, il doe1 nol convey any information. On lhc olher 
hand ir doe1 ha ve meaning in rhc 11nse of rclcrrlna lo a 
concepl, lhe concepl of a number. Th111, ~·• '""' 10 
rcquire ¡omerhing more rhan mcanina (la ... .,. ~ense) 
lrom a picce ol informarion. Now, lcr Ul auun>t thal we 
are told lhal rhe rerm "17" is a quanlily. ou hand iaa 
store. Thil allache& lOme more lpCcific meanina lo the- • 
lcrm. Acoordingly if lhe dala lerm "IT' i• i'úpplemenlal 
with lhe dala rerrit "Quanrily-on·Hand, 17" oomc more 
preciJC Jpecificarion of munina il conveyed. Bul orín wc · 
do nol ol:itain inlormalion. Jn,lead, 11 wc are prClcnled l 
"irh lhe .enlence "Thc quanlily in slorc ol arricln or 
l)pe A i• 17 picces" wc fecl ha•íng htcn informcd. Wc 
michl Ur.aW 10mt conc:lu~inns hom \U.:h i 'IJirmcnt. 
pru•iJcd we pell'ti•c "ha! 11 "illlu"~ li~c in lhc llock 
''k'lll or how V~~ e nul!ht ('lliKCC'd if ~ t v.uuiJ "'""' lo 
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worilr lh• ..,.tcn<c. Thus 11 adds lo our rlt•• ofrltt tsuch as Ml7i In ordcf lo rcrrucnl a rlecc ni in· 
.orld. 11 •«m• lhen lhol a lnl •trin¡~. lhus a ,rour ol lormatlon. wc hove to iolcntilr (ni lca•ll an elonwnMr 
dal• tcrm•. in ordcr lo convcr lnlormallon nol only mu•l ''nlcncc ol natural bnpuo¡:c, conlnlnlnp lhc ~l•cn lcrm 
ha•l mc.ninp, il muol havc a lruth vulur ul•o-il musl ("17"). Howcvcr, tlli• a·ould rcquirc us lo h;l\'c lhc 
''"" a lacl and would bt rcrudcd os !aloe 11 contradic· comrutcr .handlinp, ond intcrrrctlnp. 11ntuml bnFU.tFc 
tcd by real hcts. Morc scncrollr, h should rrcscnt 1u11. Thls wos clcarlr imrr.>clicalln 19lotl and h •tillls. 
knowlcd¡tc ol a 1ys1c~ slnlc, · For iMillncc, n;¡tur.J lanpu.1pe ls hiphly om~l~u·••s. 

11 •ri'C3M now lhal lhc qucalion whcthcr somc dala Conscqucntly. lo study dalo onc nud• lo hne "'me 
coini'CY·Infurmallon l• cílhcr r_clulcd lo formal Ingle or formal dal• modtls and lnlormallon modrls lor c·mcs• 
,.,ks about· a vlcw ol lhc \O'Orid. Furthcrmnre, In la~íc "'~·· and c·rccurd• (IA~npdo,.lliJ. BWtll't ol lhc 'lo•c 

· thcrc ls somctímcs madc 1 di•tinction belwccn a rclatiun.hir t.:t"ccn e-mcua~n and tl,mcntar)· rrt>
Jrrlararil'l Jtnltnrl (which l• lnlenucd lo slolc a lacl) po•illons aa well •• t.:twtcn c-rccurd1 ·nd rlemrnlury 
•nd the prupoiítion which il (ormulolcd or reprcsented . 1entcnccs, une could turn lo huma! lopi. for hclp. This 
by the •enlence. The propo•ilion ia "lhr co¡nillva con·· would nccd sorne cauliun. lhou¡h. t.:coU\f il "'"' lo•und 
trnt" ollhc acnlcn<e and "lha lhou&hl ol a (act" whlch ncccuary nol lo be r .. trictcd. already by dcftnition. lo 
mar or mar noi prevall. h ¡, claar, now. lhat thc pro- lopicalc·mc"'J•• (prop<l•hi<'n>) onlr. Al•o .. hccuuot ills 
po•hlon (in lhc loalcal ,..,. o! obo>e) i•lhc lnfonnarlu• neccuary lo han~lc lnlormalion uboul lnl.ormali••n \U 

ro bt tnnvt¡·td by lhr >enlence and lhe Aentcncc ls a cannol acccpl to be locked in wllhin thc bounds of ~ni 
jrOUp ol dota uacd lo upreunl thal inhmnatlon (lha ordrr formal prrdiculc colcuiu• and becau.e the timc 
proposltlon). Howcver, evan 11 a prop<aillon · is a dimcnlion ls al so signiftcanl lo an IS lhls ls ant>lhcr 
parndigm ca .. ol an informalion unil, as wc lound. h reoson lor u•ins a "·idcr lrame lhon lradilional. lnrmal 
may nul be lhe only kind. Conceivcably, data mi¡¡hl be loGic.ln •Pite ol lhis. wc may ollcn ftnd lhal lormallnJic 
U~<d lo rcrrnenlinformation lh•ll• nol o( lhe clcar..:ul can U>clully be cmployed in IIUiny apcclalcastl. 
lo¡icul kind ol a propu•ilion. A ~iew al lhe •·oriJ mur be 
•omclhír¡¡ til< lh•n u prapo>hion. Thls wc du nol pur\UC 
hcrc, wc only wanl lo makc thc dcduwion lhal until 

. furthcr llud, ha• t.:•·n ~une un thlsluuc, ,., will "'' the 
conccpl ol lo¡ical P• opo>ilions mcrclr •• lhe simple>l 
CII.C o( Ín(ormalien unill-bUI not RC:CU\BJiJy the only 
po111iblc lypc tl.•n~dorsil.lJI. For lhi• reawn lhc lcrm 
"mcu>ge" (more rcetntlr l·mcuage) for a picce ol 
inlorm•lion or knowlcdgc was choS<n. Thc tcrm "pro
po'¡itlon" wns aec:n 11.• a !pcciol c:uc o( an "i·mcuagc". 
Cicarly, lhc qucstion o( whal b a picce ol lnlormalion 
would ha•c becn a lol <BSicr if one 1implífie~ oncsellto 
jusi a "proposition". Thcn, simplr. il would haYc becn 
po»íblc lo rrler lo IUibookl ·In lo~ic. llul importanl 
practica! IS de•isn qu<olioru lall ouhidc su<h a narrow 
lramework 10 we h••• lo be more aeneral. for practica! · 
rca.ons. Pcrhapa h would be bctlcr to "'" lhc term 
.. propcuiliun" lnslcad o( "meuugr•• ·but then with " 
sumowh•l M<ncralizcd mconins. Bcllcr still, perhap•. wc 
oould 010 "i·pro¡xliÍiioa" lo lndl<atc this gencralizatloa. 

Eltnrtnlary ln{onna tlon •nltl·l·mmagtJ 
A menase. likc a proposltion, may be a composillon 

al olhcr memsc1. And a vlcw may be a composillon ol 
vicw .. A m<osapc (or a propo•llionl which unnol'be 
dctompo"d lnlo ••••rol meuaaes la rclcrrcd lo as an 

.. elemcnl:u~ mcua¡¡c (t·nrm•gt) (or "" elcmcnlary pro
pOIÍiio......,r "e·pro¡•o>ition"_.-.,pcctivelr). Cor· 
rcspondinsl~ a d•l• ¡wup (su<h as a ~Cntencc) ma~ 

. • repmart- a compound mel\age In which ca•e U mar be 
.docompo•rd lnlo rlrmtntarJ ""''"~" (e·•entcnccs) oi 
l·ttrords:· An c-re<ord Of an c·.cntcncc is dala 
tCptC.COIÍILg &0 C·mCUUUC fa(¡;grding lO IOmC srn· 

laxl~<m•nlics). Obvlou•lr an c·mcuagc i> Ml"'d11clhl•" 
in thc .c'nM: dc~ocribtd ubovc. • • 

Wc art nuw In u pchitinn wharc wc c:ould ""'Y lhat to 
ftn~ lhc t·d<lcrminanl.lhal h, lo determine lhe adJilional 
dala h:·rm' u\·cdtJ .,, lht \Up{"llrmrnl of JO) ,¡:h&:n te1 m 

Eltmtnlary unrc·nrtl or l·ft(Otdl 
0c(orc procrcding lcl'l look ~~ lOme altcrnalht Un• 

tences formulalinl thc samc e·mrua~e asthc .\cnlehcc 
propos<d un p. IB.lnd column. Thi11hould ma~e·u clnt 
lhal sorne lvrmal modellina is needcd. 

(1) "Therc rcmain 17 picttS al artlcle typc A lor dis• 
posal" 
(2) "01 article A lhcre are 17 pieccs on h•nd" 
(3) "Wc are no..- ltll wilh 17 piecn" 

Wo nolíce lhal thr ••ntenco (3) clcarl~ prnuppo•n some 
p•nlcular conlell (in addition lo iht "pcncral cunlul" 
or "lramc-of·rclcrencc" lhal ;, alwars nccnuryl. 

From lormal loJic onc mar be lcd lo lhe formal 
senlcnce, or formula, 

(4) "Qty-on·Hnnd (A, 17)w 

In 14) Qty-on·Hand ls anumcd lo be lhc pudlcalc 
"quanllly-on·hand ol a 1pcclfted artlclt lype". Such 
lormulalion• u f41 do nol appcar convcnlcnlanouph 1« 
lhr general inlormation sy•tem uscr. •In addhion lhc u11 
ol lree varioblc• •nd quanlificn ol predic ••• lopic oppcar 
unncccuarilr cumplu for manr dalA ,: "lan •ituotionl 
(lhough lhcy are somc1imc1 hard lo ··•oidJ. Also, a 
llr<,.cd abovc, il waa nol lch lo be ••<cpt•blt lO bt 
lolaily con•lraine~ lo lhc Ul< ol prcdltalt lopic. Hcncc 
lorma( loplc waa rathcr uen ju11 ll a source ol IUI• 

sc•lions lor a sencral lnlormalion modal. 11 dld nol 
appcar lo be lea>iblc wilhoul 1ome modlftcolion and 
amcndment U.n~efor~!ll. 11 is wonh nolicins. lurthcr• 
more, lhalthc u.e of thc cummon lurm ol prcdicale logic 
llalcrncnl, 'u in (4), calls lur a partkul..r lyni•A/ICm•n· 
lln Jt~roL·iiplion fur C'.l~·h imlt .. tJu.al pruk 1ft 
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Tht struc/urt of t·mtssagtl 
a.,.d on or~umenl\ like lbose above it was concluded 

(l.an¡¡cfon (1, l)J lhal an c·mcssa¡:e,.however olhcrwisc 
fotmulaled musl makt tna•'ll, onc way or lhc olhct: 

la) Wbal object or cnlily il h inlended lo inform aboul 
llhe MSubjccl" of lhc e·mm•sc) 

(bl Wbal il malu knowa aboul lhal enlily, lhc 
characlcristicum par/ (or property part) ollhc c·mcssagc 

le) A lime durins which lhc Subjetl hol~s lhc charac· 
tcri~lic 

ldJ Becau.e lhc abovc slalcs lhc minimum conlcnl ola 
mcc.c.age it is impananr aho lo assign a name ridcnlificr) 
lo each c-me.sa~e !so lhal olhq mcs,.gcs may· be pro
vided which add inlormation aboullhís mcssagc). 

11 ;, imponanllo recognizc lhal how lhc aspecls (a),.(b), · 
(CI. (d) are madc known i• lcfl totally opon. Thus any 
e·mes~agc may be 5lrutturcd in many ways as long as 
lhc lhrec basic relcren<:cs (Subi<ct Rtfmnct, Chata<· 
ltristicum Rt/trtnct.. and Tunt Rrftrtnct) ~re 

e•t•blished. A group o( data lhat may bcu•cd lo makc 
kno'"'n 1he e-mc5sage is an t·ttcord or an t·stnlence. 
Obviously many dilftrcnt c-scntcnccs may be uscd lo 
repre.ent an <·meS\agc. Rtmarlc: The individual dala 
tc=rm~ or itcms. thal make up an e-record may be pur in 
dillinct place• in the "physical data slructure". Whcn wc 
wanl lo remind on lhis (aCI lhc lcrm "c-cnlry" may be 
U!ot:d, ralher than •·e-record" (borrowing ••cnlry" (orm 
CODASYL). 

11 onc looks al onc ol the cxample •enlences abovc: 
.. Quantily-on·hand ol article type A is 17 pieccs" it may 
be concluded lhal lhc object il inlorms about i• "arlicle 
1) pe A" and thc propcny or characleristic lbat it •tates 
about thal obj<el is "quanlity-on·hand = 17 picccs". 
Furthcrmore, thc time staled (implicitly) is "now". Thus 
"' may spccily, more lorm>lly: 

(ll e·me>sage i~cnlificr: cm 1 
Subjcct: Articlc-Type, A; 
Char aclcrislic: Quanlily-on·Hand, 17 piecn; 
Time; Prcscnt; 

This slructure may be presenlcd in many other 
way• providcd. ol cour>c, thal thc lorm used is 
madc kno>~·n through somo sort ol lormat slalc· 
mcnl. Sorne such lornts may be as shown below, 
Nos (2-4). 

(2) Formal: Jdentifier: Subjcct Rclercncc; Cbane-
l<risticum Rtlercnce: Time Rclertnce;; 

<m 1: 
Articlc·Type, A; Quanlily-on·Hand, 17; Time, 
Prucnl;; 

Of ' 

(3) Formal: ldcnlifier: Characleristicum-Type (Subject 
Rtlercn<:e, Timo Rtlcrcncc, Value); 

cm 1: 
Qu .• nritt·<>n·Hand (Article·T)'pc, A; Time, 
1_1/C",cnt, 17 pi(l·c~)·~ 

(4) Formal: ldcntificr: Characlcri•ticum·Type (0bjec1 
Class, íunc·Type) 
((Obj-id); (Time·Voluc); (Quanlily)); 

CID 1: 
Quanlity-oo-Haod (Article-Typc, Timo, Valuc) (A, 

Prc.cn~ 17 p~); . . . •. -, 
lt may be noled thal cach of lhc_.,,.,ge·rtprcsco

lationl (or SC'Qkn.Ccs) Pf~'cnlcd ahovt .. re in a wn~ 
bolh complete aAd minimaJ). Thcy are r1rinimal (ot ~e· 
ducible) in thc: scnsc U..l ir any or lhe lctml is delclcd 
(hencc i~noriiiJ! thc a.socialed rclcrcncc or knowlcdgc) 
thcn that which rcmain~ does not pro\'idc info11nation. 
Thc rcader should verity lhis hir him>cll. In out parti
cular illuslralivc case lhis means thal no locicaJ pr<>
position is represcntcd when any sin&lc term is dclcted. 
'fh= mcs~agcs ;uc complclc, cach o( lhcm. in thc sen~ 
lhal lhcy male known something tbat may be true or 
lalsc and lhal ihus is a propositio11. For instancc if lhc: 
lacl is lhat al prescnllherc are 18 piccts in inv<ntol')', off 
articlc lype A. thcn lhc: propo•ition is lalsc. Wt may thiss 
say thal any ollhc message reprcsenlations abovc (1, 2. 
3 or 4) defines il complele minimum 5Upplement to thc 
single lcrru "17" and.thus, makcs known rhc inlormatioo 
which "17" takcs part iu. In olhcr words, any ol thc: 
c-mcssagc rcprcscnlalions above defines an i.<felcrminanl 
ol lhc tcrm "17". 

lt lollows from thc: discussion thal any ol lhc abovc 
e-mcssagc rC'pn:scnlalions (as prinlcd) can be regarded 
asan e-record for the c-message cm l. Any ulller ¡roup of 
data whicb can be lormally mapped inlo any c-message 
represcntation for cm 1 may be uscd u an e~nlry lor 
reprcscntatioo ol cm 1 in • data sy5tcm (providcd lhc 
mappiag procedurc is defined). 

Thc c·messa¡e rtprcscnlalioo No. (4), abovc, has 1 

lorm which has stparaled thc variable terms as thc: 
Mvaluc luple" (or Mluple" lor short): (A, Prcscnt. 17 
pieccs). lt is seca lhat any c-mcssagc (and e-record) 
contains a relation inslancc as a propcr part. Thus any 
c·mcs'"ge typc defines a (data base) rclation"toncc valuc 
domains havc beco chosen). ··- __ , 

RI.Sti'IJtiDa of samt has/e conc<pll 
lnlolo~cal studiu caU lor alarge numbcr of conccpts. 

as a rcsult or analyziiiJ! lhc conccpls or inlormation into 
lhc aspects: rcprcsentalions, conccption, and rcality llnd 
inlo lhc typc and instan<:c lcvcls as wcll •• into distinct 
levcls of aggregalion and dcfini1io11. AU thc rcsultina 
concepts havc bccn lound ncuswy. Th,y art trutcd 
expli~iUy, alonos! onc by ooc. in lhc ··r•lcmatic io
lormation analysi>. Thcy call lor a corrcsponJing, large -
number ol tcrm5. 01 cour1c, this rcquirts soinc.mental 

· el!ort lrom lhc analySI belorc he: can makc use of thC 
conccpts, as thc reader. will bavc noliccd. This is 1 · 

,' reflcclion ol lhc complexity o! lhc probltm of inle>
modclling. To kccp do"n lhc: num!>Cr ol cnlirtly di>liócl 
lerms a s)·stcmatic sct ol prcfil<' has hccn inlroduccd. 11 
IIIJY be usclul to illustralc thc cmploymcnl ol thc terms 
by meoans o( an uamplc.·a~ an aid 10 lbt U\er's comprc
hcn~ion uf ihC Ín(UIIJgical framc or rdc11:01:C cmplo)c:d 
hcrc. · 

·,, 
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llJt nalutal-lan¡¡ua¡:t stnlmrt 
MI: "lbc CU>Iumtr e o<dcrcd $ pi..:n o( arliclc A 

tuday" may be inlerpreled as rcpruenling a real-lile 
evenl or (act. JI Chal is so lhe senlence M 1 may be ••id 
lo convcy a piece o( informalion whk:h islhe knowled~e 
o( chis lace. Thc facl, in chis case. is ailcvcnl in lhe real 
•·orld. Thc piocc of informalion is rclcrrcd 10 as a 
mtJJ0/1<- (In lhis spccilic case il b a proposition in lhe 
,.n..c of locical cexls.) A slructure of dala lhal may be 

.. u..cd lo ttpttstnl a messacc is a m:ord. The nacur:li
-IJn~ua~..: senlence MI is thus a record, by definilion. The 

h:rms record and ~enlence: may, in facl. be uscd ínter· 
chan¡:eably, a• a con .. 4uence of lhe definilion. The 
scnlence MI may now be regardr.d •• "refming lo" lhc 
evcnl in realicy as ~·cll » to che in!ormation. In ocher 
words, MI relers lo lhe lace (rcalily) and lo lhe messagc 
(in!ormalionHas wcll as lo lhe •enlence l. Any message 
may be represcnlcd by .. vera( distincl senlcnccs or 
rccords. ' 

The inlended users ol che record M 1 may conceivc or che 
facl in!ormed about as a composition of lwo (acls which 
may be referred lo by che two sencénces: 

M2. Thc cuslomcr C ordcrcd arlicle A loday. 
M3. The quantily ordcrcd in. Che e><nl MI was S 

piccn. 

Then the !acl is a combined lace or a conrolidaltd faCI. 
The ccrrespondíng mc~sage and sentcncc is thcn also 
regarded as a compound mmagt and a conrolidaltd 
ttcord, respectively. 11 thc uscrs do not regard the laces 
reprcsenled by the sentenccs M2 and M3 as compound 
!acts, chesc lace• are regardcd as elemenlary. Thcn lhe 
messages and lhc rccords (or sentcnccs) are also ele· 
mcnlac}'. Becausc wc ohcn nccd these distincl lerms. 
sorne abbrevialions were intmduced. Thus lhc prefix 
•·e-" is ustd to indicate ''clcmcntary" and .. ,. " is used to 
indicaec "compound" or "consolidalcd". Thus M 1 is a 
c·stnltnct (or c-rtcord) uscd lo represen! a c·mcuagt · 
which is ihe knowlcdgc o! a c-fact. The sentencc M2 
and M3 are t·stnltnets (o< t·ttcurJs) rcpre>enting c
mcssages abouc t·facts. The c-message rcpre.cnlcd by 

.. - lhe e-<enlence M2 may be reg•rdcd a• in!ormation about 
.. cuslomer C'\ but rrom anothcr pcrspcctivc it may 
inscead be regardcd •• in!ormalion about "arcicle A" or, 
indeed, abouc "loday" or abou1 the group ICustomer C, 
Articlc A, coda y). 1bc anai)·sis o! lhc c-scnten<e M 1 inco 
lhe e-scntences M2 and Ml madc il clear lhallhe parl "5 
pieccs" o! lhe sentence MI inrorm• aboul lhc evenl 
represenltd by che resl o( lhe •enlence (or represcnlcd 
by !>U) whcrcas che parl "ordered artkle A coday" 
Worms aboul lhe CU\Iomcr c. (This analysis is. or 
eoursc, essentiaUy a lind o! passing of lhe nalural
lan~uagc súÍtcncc t.l 

ne· C-.\~~lcnce M2 rdcrs to .. customcr C" 1$ íts 
subjocl (=cnliiy in!ormcd aboul). The parl "cuslomer C, 
loday" i-dclcrmincs !he p;ut "ordercd article A", thal is, 
it 111!1les known wha( inlormation lhe charactccistk: 
"ordercd arciclc A" belongs lo (or panicipalcs in). 
Simil.uly, lhc e-scnten<C 1.0 has "cvcnt M2" as its 
subjccl·plus-lime refercnce and as Che i-tlctcrminanl o! 

che chaQrleristir '~he quaatily or~ered .... "'' ~ 
piccn·. . 

Whcn wc wanl lo rc!cr broadly lo 1-ooth e-record' ond 
c·rtcord• we uJC lhc prcfil .. ¡.••, Thus c·~ntttk."t'· "' 
c·reccirds, and c-recurds are ea.ample. of i·rccurds (<lf 

senicnces). In connection with lhc lcrm .. .,.nlcn.:t" il is 
nol neccssary lo tmploy che prefil "i-~. Analo~''"'h MI, 
M2, ond Ml repre>enl a colleccion o! i·mtua~ .. lor 
i·propositions~ MI. Mt and Ml rtrre>ent a colltclion o( 
i-meuages (or i-propositions~ MI. M2, Ml ~·ore !ormtd 
accordinJ lo (a sub5Ct oO lhe ,.¡, of funn•tiun o! 
naturallanguage. Othcr rules ~r ·rormalion -..ere u•ed in 

M la: (Cuslomer, C: Date, 0: Order, Arucle, Al Quan· 
lit¡--ordcrcd, S pe•:: 

M2a: (Cuscomcr. C: o-.te. DI Ordtr. Arciclc. A:: 
Mla: (Event, M2a} Quantity-Ordmd, $pes;: 

The !ormatioo rule herc is such as 10 urlicill)' rtftcclll)e 
re!trcncc slruclure o! the i-mc~>a~es: lhc •u~i••• 
rc!erencc, !ollowcd by thc time rdercnct and llh<nlthe 
property (or rclalion,hipl r.Ccrtn~e. In addilion. che im
porlanl change wos incroduced thal the tim• rdcrcn« 
was madc: ab!.olutc. Thi: •. of coursc. is necc~sar)· v.hten 
che record• ure lo be slored. Thc brackell ait u>ed lo> 
enclosc the parl which provides both subjeCI and lime 
rderence. For cumple, M2 and M2a in,t:iliJtt l~o 
e-record lypes and ma)' aho be <een "' reprc.cnlaiÍoft\ 
o! two e·m"sa~c lypc instancc•. boch o! ,.·hich art the 
same piecc o! in!ormacion. Thc e-me»a~e rtpre.entcd 
by M2 or M2a .is an instancc o! an "elementar) in
!ormalion-kind" or t-concepl (in this case an elem'enlar)' 
predicatcl. This e-<:oncept may be descri~cd b)· lht c
concepl schema: ICuscomcr, Date, Order a Artk:lcc. We 
may represen! the e·musagc b)· )·ec anocher t·recQ(d 
formal which refteccs thc e..:oncepl: i 

M:!b: ({Cuslomcr, n.tel Order a Anicle) !!;, {l,Al:¡ 

In chis e-record formal che c..:oncept schema appcaB in 
!ronl o! thc "value 1uple" and all e-mnsain "belon~in1 
to" !he e-<:oncept may be repre\Onted b)' a sel o( suc~ 
tuples, each cuple bcing coupled lo lhe e..:oncepl 
!Cherna. (Herc lhc linkagc bec .. een e..:oncepl\ and rcla· 
tions is .ccn.l In lhh conncction ic will be noticed lhal 
lhc i-detcrmination or "ordercd article A" by "cuscomet 
C; coday", menlioned above, ¡ive. ri>e lo a fmulth·aluedj 
dependency (C.ó~ ... Á. where C.D.Á are domain' 
such lhat CE t, DE Ó, A E Á. The c..:oncepl M2b ls 
'een to givc risc toa 4NF rclalion on it• '"luc d\lmiains.. 
This is cypical o( e..:oncepls. rr wc inc .. >duce lhe •d· 
ditiona.l c-records 

M4a: {Customer, C; Dale, D; Order, Arciclc, A) Del· 
ivcry·Addrcss, Ad;; · · 

M5a: (Cuslomcr, C; Date, DI. A!ounc-Duc, Ami;; 

"'" find thal Mla and M4a have idencical \Ubjecl pilrls 
and \0 ha ve M2a and M5a. We may thus con\ider, durina 
the data dcsign, consolidatinc Mla with M4• and M2a 
wilh M$a: 

i 
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imlancel. Con.equenlly, any lime lhal •ome e-mcssagt 
t¡·pc i.s lo be documenled as required informalion, alllhe 
name• involved musl conform lo lhe diclionary. 
Howevcr, il ,..ilJ oflcn happcn lhal ncw names are 
n<eded, whca new e·mcssage lype& are inlroduced. U 
"ill thca be ncccssary lo hav~ .inslilulionalizcd a 
mana~crial proccdure for how lo introduce and aulhorizc 
new namc¡. These names will, lypically, be namcs of 
óbjecl cbucs or properly lypcs. Thus il is seen lo be 
nece•"'IY for any IS design process lo have a ,.·eJJ 
c;r.~blishc:~ infurmation managcmcnl proccdure 
ll:mcefors(J4)l. This nced for dala managemenl and 
information Rkln:t~cmcnl functions has also beca rccog· 
niu:d, more reccnlly, by (CODAYL( JSil nnd (ANSI· 
SPARC(J)]I. 11 i• dcsirablc lo havc .'the informalion 
mana~emcnl funcrioo •upporlcd · by a compuler 
(~tn~clor>(l4Jl. Of couue, lhe informalion diclionary 
will h••·e lo conl•in cnlrie• nol only for objcCI cla•sc• 
and rropÚiy lype• bul al"' lor c<on<epls and olher 
¡,,,n.:C'phi. Furlh&:rmorc. nol only · will che me:ming or 

each 'name have lo be doeumonled but V.rious quaJita. 
livc and quanlilalive chmelerislics will be pUl dowa BDd 
serve as a ba•is lor dala· and process dcsl¡n as weU u ror 
inlegrily con•lrainls. 

Purpos/rt lnformarlon barkgmu!UI 
We have discu .. ~d how lhe undmlandin¡ or dala, 

receiving lhc informalion, depend• oalhe pcno .. •l world 
views, S. Thi• is a kind or cognilive bac:k~u•td-whal· 
lhc dal• us.n know of lhe world. Bul lhe infurmalion 
r<ctivcJ will be used lo •upporl diiCisions and aclionL 
This. howivcr, doc• nol only in vol ve ractual informalioa 
bul also goal or purposc inlormalion. In managcm:al 
inlormalion •Y•Iem desi~ri onc i• inlcreslcd in jlrovid"m¡ 
~u:d informalion, in addilion-lo lhe larlu:d informalioa. 
io arder 10 innucnce or control 1hé dccisions or actioDs. 
Howcver, as 5hown in (Langelon ll4)) declsions madc 
by pcuple are n<Cessarily dep.:ndcnl on lheir pcnoaal 
"puiposivc irn:Jinoliun". Thu'- human bein~s have Ínlct• 
nalizcd goals lhol lhcy are 'u•ually un•w.re or ·and llwl 



,urumarico1lly inRucn~·c lhcir Lfcchiuni. So Jcd!i!ion' 
••"""' be fltl;olly cunlrulkJ b¡· cxplicir ~.,..¡ inl'""'·''i"n 
.noJ lhe elp<CieJ behoviur or dala P~~Crs P lhU' nol onl)' 
J.:renJ~nf on rhcir co~nirive world view ISI bur ai>O un 
rh<ir .,.,..¡ view•'·'; or <arcnlioWi. Tht< is reslificd, lor 
jo..tance by che racllhol rcorle normallr make Jecisions 
•ilh11UI ma~in~ cxplicirrhc unoJcrlying goa!. or aim• and, 
t\'tn • .. irhoul being ... .,. or lhem. 

. -- n1:uTrrtnrt porrs ofon t·mmoge and tht jnfa/og/ra/ 
b•r!gruund · · 

\Ve ,,,..,ed chal lhc relcrence parls ol an c-meuage 
mu>l nrut~ k11o•·11 whollhcy rcler lo bullhallhis may be 
.Jono in YMious wa)'s. We now may inlcr lhlll how il may 
be maJe kno,.·n will depcnd un che slrucrurc or che real 
,1·,rcm and oa lhe inrologicw •r•rem moJciiSI avuilable 
ro che users. We muy illu<lrale chis lacl in connecrlon 
•ilh lhe e;¡rlicr uample 

eml: QLI'Inlily-on·Hand (Article-Type, A; lime, 
Presenr: 17 picccsl -. 
Finl, che lime rclcrcnce. can ubviously nol make known 
che rime il rclen 10. ir che e·messagc rcprcscnlalion cm 1 
•·ouiJ be slored wilhoul supplemenwr lime rolerence 
Jora. in • dala base. . . 

Sccondly,lhe Subjecl rclcrence Arlicle·Type, Ai does 
nol make known, by ilselr, 1he objecr ir rclers ro. Firsr 
we nolice .chal we probably ha ve lo do l>'ilh an objecl 
whkh is, ihclr, • collwion al objecls lhal are articles o! 
lhc lype A. Furlhcrmorc we 8Uess lhallhis colleclion is 
slored >omewhere. Suppo>c lhis collcclion is slored in 
SI ore No. (1) and lhal such arlicles mayal so be slorcd in 
Slore No. (2). Now wc musl conduJe lhallhe expression 
"Articlc·Type, A" does no1, alone, make known lhat 
~·hich was inlendcd. h mus! be supplemenled 10 "Arti· 
cle-Type, A';Siorc, No. 1:" and the infological m~del al lile 
U>ers must be compatible wilh lhis. 

You m;¡y now uk whelher lh< nceded supplemenling 
•hauld be done by 11ie analysls or by· lhe usm. 
Obviausly, lhe unalysb could anly do lhis ir lhcy know . 
lhal lherc is more than one slore. Rcgardleu of who 
docs lhe specificalion, il ir has bcen vcrificd by lhe 
relevan! U\crs lhal the objccl rclerence choscn !or lhe 
c·mmagc lormul~lion does idcnli!y lhe inlcndcd objccl. 
lhcn lhc dala can be d .. icncd. 11 is nol required that thc 
dala system hos a slored sySicm rnodel (if thc data 
system is nol an artificial inlelligencc syslem). The dala 
•r,lcm will associ~le dala objccls wilh lhe object 
i.lcnlificr choscn and the uscrs will associale this 
idenlifier wilh lhe real life objecl as dcfined by lhern-
'clves. -. 

·- -SO~IE DIII'EIU:HT A.SPECTS OF USill \1EWS 

The inJormalion lhal 'may be conveyed by dala 
dcpends on che •iew of !he· world, hcld by che usen ol 
lhc daca, as well as il depcnds on lhe languagc rhar lhesc 
J>.Cople u'" to cxpress lhc views. This is one of lhe ba\ic 
points-ói..Jcporlure o! inlolo~y and informalion syslems 
lhcory bul, Qiso, il is a focal poinl o! hcrmcneulics, lhc 
"..:ience ol undenlanding". We prescnl somi: uspccts 

•:zr • 
pmvided by the!oC ficld> of <ludy. Mure dala J)'•lcm· 
~~ricnrcJ •ludic- 'uch u• dala t.;,,. ''"'"'Y unJ >lru..,u~d· 
pro~r•nlmi~ thct~ry spcak ol "u"'r vicws uf the dalia" 
and lhoreby conshln how che llóiiiiC dala ore rr«e•lled 
di,linclly in Jislinct arPiicaliuns. The aim ol lhis paper 
hll< !>ton lo cump;¡rc-vcry bridy-11\esc di11ln.:1 per
spc:Ciivés of "views•. 

Abstrart/S. rtal-•vrld modd and usn rln• 
The e·mess:~~es cornsponoJ 10 e-faces in che ;.·orld • 

Hencc che abstr...:rJS (AISl. con.shling ol all e·mc>sa~. 
e·alcorilhms anoJ e~on.:epts. forms a modol of a ik:l..:led 
parr of realily. This was tlic view ulilizc,l in tarl)· IS. 
lheory (loingclors(l.lll and ir sriU is a.ba•h: inlulo~cal 
•·i<~· (un¡:dors anJ Sunol&ren(l6]l. This vic•· ••~•sed,. 
~• we have <een. Chal thc 3bsi111CI JS Jor inflll~¡:iclll 
moJel) (AISI musl alwa)·s be ba~ed on anolher •orld 
model, lhc scmanric-..J background (or colleclion of per-
sonal world vi~wsl S. · 

The abslracl JS. AIS; wiU be assumed reprtscnlcd 
partly by dala 1 Dl and rrognuns, in thc lypicaiiS dcsi;n 
case. Conlrariwi<e.lhe pcr.onalworld view eollc..'li.>n. S. 
will nol bO represenleJ lhrou~h dala in che I)'JIIc-.d ~-. 
11 is only nece•sary lhal il cxisr!. in lhe minJo of lhe IS 
usús. or. more prccisely. that relevan! parls of il 1ft 

· invoked al relevanllimn. . . . . 
The 'dala ba•c liler•lure oltcn ignores lhe lcrm "ift

lormalion", in ils meaning o! knowledge in usc:d here. 
lnslead.ont spcaks o! lhc dala base and of a "rcal-world 
moJel" assumeJ 10 be reprcscnled by thc dala ba<e. 1t 
should be obsc.-ed lhal lhc -, ... , ... ·orld mod<i" or lhe 
dala base lileralur< corresponds ro our ab•lraCIIS c."ISI 

· and no1 lo lhe "scmanlic backBIOUnd ,¡·srem" S. 
Because lhe di>lincrion AJS/S is riever anicullued in che 
DB lileralure il is usually quilc .confuS.d. 01 10 ,..ha! 
should be reprmnred in tlic data base. :\s a coD
sequencc, ir i• ollen laken lor grantcd 1ha1 aU ol thc 
real·world model Uhus bo¡h AIS and Sl ou¡hrro be pUl 
in1a che daia base. This is obviously both undesirable and 
impossible. Behind an)' rep~senlalion af a WOfld ,.¡.,. .. 
•uch as S, lherc "ill aJ,.·ays have lo be anorhcr "orld 
vicw S". Thus, rcgardless of how much is pul in1ide the 
dala base, lhere musl always.· be a worldvic"· oulsiJe il. 
availablc la lhc.users. 

Ch•nging pmonal rlt••s, a con~tpl of conctpiJ 
A spccial problem wilh lile imporlancc af INr vle'"' 

lor lhe inlerpretalion o! dala is thal· personal vicws 
changc conlinuall)·. Thi> is somerimcs · inlendcd, <ame
limes not. In laCIIhc JS ilscll may well conlribulc lo IIU. 
changc. As a re•ull, uny IS willlend ro Jou1e <ome ol ir. 
relevancc ovcr time. · . 

One cxámple o! an inlended ehange of view would be 
lhe pos.ible cllccllhullhe elforu on reshapina thc 1N1JC 
o! lhe term ··uscr view" mighl llave upon !IOIIIC readcn 
of lhis paper. 

The phenomenon o! concepl (onnalion and chansc Ji, 
ol course, a prolound psycholoáical phmomeOOIL 
However, as >hown in lungdor>(l711 it i> po11ible 10 
explain much o! it ba-;cd •o.lely on simple data mo~cUina 





•nd "''umin~ lile ""vine of mcmory spacc lo be lile main 
criterion ~uidin# the concepl fcirming proccu. 

To illu,lr•lc, we bring an cxtremcly •imple example. 
Suppo"' we have an JS which reccives and •lores in
form•tion ·~ rcpre-.ntcd by c·records such as tllese: 

TOM has a hcad; 
NAUTILUS has a hull; 
TOM ha' a body; 

objcct called Pmon is oblaincd lrom tbe alsarithm, F"~&-
3. . 

BILL ha< a head; 
HARRY ha• an arm; 
TmJ "'cigh' ISO pounds; 
BJ LL has 2 Jcgs; 
etc. 

¡ 

Notke lhal lhe conccpl objcct. F"cg. 3, has oiiC co,;: 
slllnl cr do-.d, part named Pe"'1n-Basic and one opca 
parl caJJcd Pcnon-Form. The ckXcd part, Pcr\On·Basic, 
iont.¡i¡s a scl of complete';'· Dr-· closed, propcrty 
refertnces t.uch as "ann., qty, 2:"1 whern• the opca 
part :cont•ins names ol propcrty'íypcs bul lcavn ·1he 
p¡opcny value> opcn (such as "weight, pound• ();"). The 
opcn concept daw •1111Ciure pan allows reaJ.Iif e obj<!=IS 
lcallcd pcrsons in this case) lo be rcgarded as instancci 
of a conccpl even though they have distinct yalues fot 
those propcrties listCll in the opcn part. (For instance, 

· p<rsons may ha ve distinct weiehts. nevenhelm they all j 
ha ve the common chatactcri•tics of having 'omc wei¡hL) Í, 

Thc JS compile\ thc e-record• into interna! data struc' 
tur<\ •• depkted ·in FiJ. 2. Th«e structures wiD be 
referrcd lo a< data objem. A pallcrn analysis al1orithm 
operath on lh<>e dala objects and extracts structure> 
thal are found lo be common to severa! data obje~:ts. 
Thu< ncw ~ata objccts gel deñned and names are assig· 
ned lo 1hem. They will be rderred lo as COIIetpts. From 
lhe data base a>Sociated with Fi¡. 2. a concept dalJI 

01 course, the opcn propcny valucs will U>ually be 
conslrained lo stay wilhin speciñed bounds lfor instancc.l ! 
persons must ha ve wcight valucs betw~cn uro aJ>d .400 JÍ 

pound<). Such dcfined bounds serve. as inlegrity co11- · 
"rdinh for lhe d~ta base. 

- lO M 

11 i< intercstine lo ..,. lhat alrcady now we may 
recogniz• sume propcrti•• of lhe concepl dala obietts 
that have siBniñcance for JS desi~ Thu•, lhc concept 
objects (<uch •• in Fi~ 3) havo a deJSee of pcrmancncc 
which mak .. it poS<ible for pcople lo keep them avaij. 

' ' 
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ablc. They are obviously closely auocialed wilh lhe 
"semantic báckground" or "user •·iew" S as we dis· 
cussed earlier. lnstead, the open value posilions 
repre!oCnl intormalion thal cannoc usually he availahle lo 
people in advancc. 11 is thal inlormation which. call> lur 
particular messages and. hence, needs dala retorJs (such 
as sentencei) lor ils communication. Furthermore we 
now al so sce whal particular ron/W is needed ~ ith any 

. single ter m be! ore it can convey inlormation. This partí·· 
cular conlexl, we can now !oCc, will have lo identily the 
concepl objecr thal the value helon~s lo as well as the 

-proper place ol·the value in thai concepl object.,We may 
now also conclude thal the open parts ol concepl objects 
correspond, rou~hly, to dala record IYpe• in data bases. 
_Finally, the names, or lerms, appearing in a concepl 
object musl he names ol orher concepl objecrs thal are 
avaáablc lo thc informalion usen, in thcir minds or 
lhrough wme ulernal m<ans. 

.Ths.concepl objects, clearly, lorm semanlic. systems 
or · O.tworks bccause the property referentes tkt lhey 
Conlain re le[ lO J!lher concepl objecls. 

The intr9duction ot lhe "concepl-dal¡, objech" may 
be ju>lified >Oiely by the saving ol memory >pace (in 

human memory or in computer) thal lhey bring aboqt. 
For ins!ance, the data objecl Tom ot r.,. 2 ~-hich ~e 
may wnte as 

Tom (head; body; arms, qty, ~; l~gs, qty, ·2; "eig~l. 
pounds, 1501;; may be substituted by · 

Tom (per\on; ISO;?);; 

it it is assumed that lhe value terms !olio~ inr a conc•Rt 
name, belong lo the open value slurs o! rhe open parl o(. 
the concepi.objcct and "?" is used lo denote a mi\\ing 
valuc specification (which thus lea ves a value still openJ. · 

In general we willencounter data_objeco. lhat are at· 
mosl partly .consisten! wilh a concepl object. The 
differénce may he thal lhe object has anoth• r nluc lor .¡ 
properly !han one specificd in the clo\ed pon or ~~ 
concept. For example, the data obj~cl Harry, in Fig. l, 
specifies one arm only. Alternati•ely¡lhe object may be 
lacking a properly relerence allo~elher or il may corir•in 
property rderences nol containe~ in the concept obiect. 
For 'ucb objcct a reter<nce lo a concepl m•y >till be 
U\ed if tho•e (e>«P,Jion) properly rtlerence> th•t ~e>iatc 

¡': 
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from lhc · concepl slruclure or conlenf are .~~ed. For· 
inslance lhe objeel Harry in F~&. 2, may be wrillen 

Han y lpenon; ?; S.S) arm, qly" 1 

conlainin¡! aulomalic eoaccpl formina mtchani"'" wUI 
. chan;c ih scl or coac<pls conlinually ••• new ,,,,.,.. 1 ' 
mal ion ili rcccived. ·- . .. · · 

A famous work which is concemcd "'ilh .omc a'pech 
·-Q/~oncepl. changes and. hcoce, "~>er •iew•~ and lheil 

imporlance is IKuba(IBJ). Kuhn use• lhe lcrm 
"para~i~m" in sc:vcrJI ways, sorne of "'hi<h ;ue relaled. 
lo cflecl• o( varying infolocbllconceplu"l"uscr. view1~. 

To decide whclher a devia1ing dala objccl shoul~ be 
rcgardcd u u\OCialed wilh a concepl (while supplemen· 
lcd wilh uceplion data) or not, oiiC may assess lhe 
re>ulling dala space requircmenL 

For any given sel ol dala obJccls-any given dala HmntntulirJ, info/og¡ ontl • UJ« <invr" 
basc-and. any eslablishe~ concepl objecl, an algorilhm lnfology ·~~ IS ~e.i¡;n m concerncd wilh how ~au 
may idenlily all lhose data objecls lllal m.lY becomc .ma¡• be rclale~ lo lhe wotl~ and ID informalion aboul lhe 
re~uced hy rcfcrring to lhe conccpl las well as lhosc worl~. Hermcneulicl ¡,a ficld of inquiry ,.·hich i• uplj. 
bcinB increa>ed~ The lolal saving ma¡• lhen be·· com· cilly dc~otcd lo baw hwnaa beings can undcnland or 
pulcd. Now lhi¡ may be repealed for á number or inlerprcle bchavior .or.ICII< IUCh •• hiSiorical or la·· 
modified concepl objccls so as lo find lhe conccpl objccl ICII<, for insiance. Thus inlology an~ hcrmcneulic< 
which ;. mosl efficicnl in rcducing memory space. 11 is clearly bavc common inlei'C<b. Hermeneulical work is 
clcar lhallhis procedure will.nol have a unique rcsull so usually prcsenled in a verbo>e and cnlani;lcd prosc. This 
lhal >Ome malcgy for choosing one >olulion oul of a sel oll<n makcs il difficulllo kaow "·hclher an)'lhing can be 
ol equall)' efficienl solulions will llave lo be crealed. con1ribu1ed lo IS desi¡;n and, indeed, il is nalur.d lo a 

Obviousl)·, when a number of conccpt objcch have \CÍcnlisl'lo queslion whelher hermeneulical IClll carry 
l>cen crea le~ one may apply lhe same procedure again lo any precise mcaning al aD. Bul once lhe clase rclalion 
creale conceph lha! reduce groups ol canccpls. Thus a btlwecn IS.analysis and hermcneuliCI is reco~nized, il 
hicrarchic conccpl slruclure will emerge. Thc madcl btcome• de>irable lo scriously look inlo .hermeneulics. 
prcsenled may be seen as • possible, simplified modclfor Now hcrmeneulic• ilsell is perhaps more concerned lliilh 
ho" human,;,.,., ol lhc world are develaped. injceling' mcaning inlo a lell !Sinngebung) lllan with 

The conccpl ol "conccpiS" bascd on memory saving euraelirig mcaning oul or il tAu<legung). This o( course, 
onl¡·, appoan lo be .omelhing mucb mon: simplislic lhan implies lllal lhe queslion aboul precise meaning become• 
"conccpls" as commanly lhoughl of. However, severa! somewbal irrelcvanL Thu., in reading htrmenculical 
known characlerislics o( liuman conceplions are . worko onc should try lo sce if il is po"ible ·lo make 
reHeCicd by lhe modcl, simple lhou~ il is. Hence il is of sensc ou1 ol lhcm lhrough uplicil, conslruclive clforts 
inlerc>l 10 loo k al some slalemenls thal may be dcrived of inlerprclalion. In any case, il is dear lhallhe qutslioq 
from lhe modcl: of uscr world vicws and dala underslanding may be 

(1) The dcfinilion o( a conccpl will nol be unique, regarded'as a.hcrmencurical queslion. For lhis rmon il 
severa! concepls may bave approximalely equal appeared dcsir•ble lo lry lo ·sce if it was possible 10 
cffidency. allach concrelc, infolo;ical mcaning lo scleeled sec1ion1 

(21 Whclher a c<rlain obj<ct should btlong lo lhe ol hermeneulical lcxll and lo lry lo find oul whclhcr lllal 
cuension ola ccn.in conccpl or nol, is a queslion which field mighl be uoelullo lS clesign. Thi• lilllc sludy lumed 
may nol havc a unique answcr-hence cancepl logic oul la be rca>anably successfulll.angelon(I9J). 
sccms lo be lhree·valued Urue, falsc, nol decidable). 11 is Hermeneulics Slrcsses lhe crilical imporUnce ol lhe 
o( inlcrcSI lO no1ice lbal lhis 'is similar lO lhc answcr "pre·UndcrSianding" 1Vorvcrsl5ndnis) held by lhc ouJ>. 
possibilities ol Slalislical decision lhcory. jecl. A · lypical hcrmenculical view · is lhc onc (by 

131 Concepll will chango as lhe subjecl will e•pericnc:e Gadamer) "·hich claims lhal inlcrprelalioo is nol mcrely 
ncw ptrceplions. a looking lar an objeclive conlenl in lhe IUI fw·hich may 

141 Dislinct pc:rsons may gcneralc dislinct conceplians never have exisled), not is il merely a looling lot lhc 
••·en when lhc/havc 1he same cxpericnc:es. · lrue inlenlion• of lhe oulhor lwhich ht, him\tll, '"'Y 11111 

(5) Therc is no fixed scl al proP.rl~es lhal all instances llave been •"•re oO. 11 Í1 ralher som<lhing "belonging lo 
muSI posseu, ralher, any inslance mu•l have enou~ lhc currenl evenl of inlcrprclalion" and of ,:,. "bcing·iD
m.lny properlies in common ~<·ilh lhe conc:cpl. lhe·,.·orld" o( lhe inlerpreler .. 1! i< certainll nol easy (Qf 

-· --h seem< lilely lhal lhe•c fivnlaltmenl<. sul)!!e>lcd by a iéiénlisl 'lo· 31iain-a Gadamer lind o( · l>cing·in·lhc· 
lhe Hry •imrlc model .... ould .be slill more rcl<•·anl lhe world" and lo under>land in lbal sen><, bul howe>er lhat 
more compltxiry is addtd lO lhe modtl .. Hence lhc may be, one i• clcarly cancerned hcrc wilh "U<Ctviews" -
Slaltm<nls ap¡>Car lo be ~<ncrally lrue. All lhe<e con· ol sorne kind. 
du1>ions. are clearly con:o.i::.,tcnl \lo'ilh upcricncc and thus For a more pcnclrating di~\n~ion lcl"s pieL up'iothcr 
lhis <>r<ricne< ma)' he ••rlaine~ by lh< simple a .. ump- picil:e o( hermcneulicallell and lry lo alla<h inlolo~h:al 
lion ol • >lora~e economy cril<rÍ<In. 11 >Cem> :d<O clear m .. ning lo il (l..angdon(l9)1. Thc ltxl Í< from 
lhat lhis modtl .&ivu a 'lol ol ¡:uidanc:c for .lhe con- · (Apci(:!O)IImy lran,lalion fram' Gcrm>n~ 
~oi.Jeration of U!I.Cr vicw,. 01nd uscor conccrtions in IS .. A lam:uo..¡:c·htrmcncutical analy\is tt!.\Umts th.ll thc 
df'!ti~n an.J opc-r;¡lion. 11 i\ u.·orth noricing. csrcci.lll'f. thc unJcr:o.land~bl~ human h.:h:1vior rt'fiO"~' conlain. 
indÑ:';.Hion of conctpl variolli~ln \lo'ilh lime that hilllo lo b.: lhcm!o.tlvc'- lht rrurtrtY o( unJcr,l;mJin~. t.cin~. 11 

recloncd ,..ilh, according la lhe model. Any sy>l<m lhey are, l;oncuoo~e rdalc~ inl<nlional imagc. Tbi< 

,. 
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analysis ha• lo conduJe lhal lhc world knowlcd~c Cl<'CUiion nf lil. Connl"'ndin&Jy, r' "·ould 1>< ,¡¡,j¡¡,l 
1\\'tlldalcnl, a¡:ain'l which the bc:havior is lo be lwm' and would be a.'.ocialcd wilh a ""manlic "''"'"~· 
undcrslood, mu>l il>clf be undmlood againsl thc ·more l"'"'"lullhan lhc rrc•·ious on< ,.·irh "'r«r .,,, rhc 
unde,.l:mding ol lhis same behavior". undcrslandin~ ol f. Now, clcarly, lhc m•lllificd nh..Jcl 

Thi< riece ol 1u1 may, rcrhaps, be: watering the .moulh does C'cÚurrurl senselo lhcriecc of tcll h)' Arclrhal u 

0¡ 1 rccursion-lovin~ cnmpuler scicntisl bút lo "un- are discus<in~. thou¡;h il is doublful ":h<rh<r lhi> ~·•n· 
bundle" thi• spa~hcni ~hra><logy does nolaprcar lo be: slructcd mcaning was inlrnJcd by th< ~ulhor rArcll. 
usy. Sutthis is whal •hould be tricd. Ncvcrlhcl.,,, our hcrm<nulical ucrci>t JPI'<"" h> hJ•c . 
. To bring lh< problcm wilhin lhc ¡rasp of infolocy we becn quilc •ucce.,ful in ~en<rali~ >Omc d<<r<r und<r· 
111:1Y·''-~ bY assuming lhc simples! possiblc ""' whcn standing (as ~>·cll as su¡!¡'c'ting somc· inlcwlin~ rc,tar<h 
thc human bc:havior lo be undcrstood is a single e-facl of an artificial inlclli¡:cocc ~indl. 
tan "elemcnrory c.cnl" in lhis case) so lhal lhe undcr·. Thc phcnomenon lhol ,. .• hav< jusi di"u"cJ i<. in-
,~;~nding would givc ri>< loan e·mcssagc ,, The obscrved cidculally, a simple cumplo of wh11 is son.climc' rclcr· 
t-<h.vior may now be r<gardcd ás lhc dala f rerrcscnling red lo .,, lhc "hrn11notuliral rirdt". 
lhc c·me.sagc t· Wc m•r now pul down thc infological Thc inlcrprclalion urcrimenh madc ab.>vc indicalc, 
equatí~n through thcir poliitivc rciUhl. thoit htrmeneuti~.~l IC.\h 

should be: gi1·cn sorne extensivo •tudics h~ inl••rmali~n . 
analyols. Thc aulhors of such lcxls may nol be: aimin, al 
a very concr<lc, cnginecring ltr< of under,lanJin~. 
Nevcrlhcless, such a concrclc undcr<tandill¡¡ ""' u,il)· 
pouibl~ lo reath in lhe abovr intcrpftlalion C\r<ri· 
mcnl'- Furthcrraorc. lhis bc:c.rot po>J{I,Ic rhrou~h Cl· 

plitil hcrmcncutical ctrorts of conslruttin~ meamn~ l.hal¡ 
did fil in this auempL The outcome of thc •«••11• ""' • 
dceper undcrst:•ndin~ ol1he proce.s of inltrprciJIÍ••n. h 
scems re~sonablc lo exrcct thal whcn lhe small C\lra<h 
ol hcrmcnutical lext., uscd in thc exrcrimenh. turn<J 
oullo be: quile hclpful, more U\Cful knowled~e •h•>uld be 
oblained from more ellcnsive Sltidies. Be'""'• hcr· 
menulics is ••rr much a maucr of "vie" s" of •urhor. 
and lheir readcn il appca" lo be potcnliall¡ .J•••· 
tagcous fcn more CliCnsÍYC illkfics O( "u,er \'Ít..., .. •• g~ 

rclated to lhc use of d~ta in information ,·) \ltm ... 

which sar• lhol lhe informarion lundentandingl ~ will·be 
ob~<~ined lhrough a rroccu ~e. S.l) which works on lhe 
dala e, and cmplon lhe pre-undenlanding S during a 
pcriod of lime t. Now. once thc lnowlcdge e hos bc:en 
¡;cncrated, thc prc·undcr.landing by lhc subjecl may 
change lo S' • S+ C· This symbolizalion is, of course. 
mcrcly lo be undentood in an intuitiwc ICn!te bu& it is nol 
hard lo imagine how it could even be moJcllcd in a 
computer and lhu< be made very concrcle and formal. 

Wc are now led lo lhe new equalion 

which indicates that lhe knowlcd~e c'-which is 
generatcd by a rcileralion of lhe same P">Ccss (i) from .. 
lhc same obscivalion (el but wilh lhc new knowledge 
background !S+ ,1-mighl be: ditrerenl from c. This cor· 
reoponds, pouibly. lo lhc IUI ~ ... musl ¡¡,.lf be: under· 
stood againsr lhe undcrslanding of lhis same bc:havior". 
However. if we imagine a compulcr simulalion of lh< 
cqualion C a ~f. 5,1)-which we do in arder lo try ID lesl 
our undcr>landing in a concrele way--then we would 
think of S as beinc rcprc•enled by a ntlwork dab 
srruelure; S (e.g. a .. manlk nclworkl. •nd lhe undcr· · 
standing proccu lil would cslablish an inrcgrJtion of· f 
with S. Thuo e would be icpresenled lhrough S+ i!. Thcn 
it would be nalurallo a compuler scientillto a"ume lhal 
lh< rnodel would be <UCh lhal lhc rcpclilion ol lhe 
process (il: e' • i(i!. S+ f,ll would changc nothing al all: 
lhat is he mighl aS' u me iji!, S.l) = ite, S +f,l). Howcver, 
il'is casy lo conccivr of a changc of the abovc model. In 
laCI, thc cquation itsclf •uggesl> a more complcx moJel 

· bccau.c thc cllect of lime for inlerpretalion ltJ oughl lo 
be rcpr<>cnlcd also. A modificalion which •u~g<>h ít'clf 
¡, IQ. mwnc S lo be: 11orcd on an auxili:lry slore and lo 

· be searched by lhc proceu lil which bring• relevan! 
rarh of il inlo m:Jin memOry (corrc~ponding lo arc;.a,; of 
highcr awarcncss in the ~·m•• memorrl: ThU\, lhe time 
con,lrainl (1) will re<lriCI lhe lime allowcd fnr 'carch in 
lhe bacÍ-.ing slorc. In lhi> modificd modcllhc part of S+ f 
lh•l re>idcs in main memory mar wcll be Ji,tincl from 
(and more powcrful lh•n) lhal which rC>ullcd in thc fi"t 

Proctu-on'tnltd rit••s on dallJ and ustr l'it•rs mz dl.liiJ 
11 was poinlcd out in ll.ansclor>(l), Secrion 212.21 lh•l 

il is advisable 10 
"makc use of lhe lact lhal lhc record i> uniqucl) 
defincd to somt t.rltnl by'filt ond to sonrt uttnr ~)'lht 
aclual process. Thus onc should have a bolic rtrnrd 
dtsrriplion ~·hich i•· dcfined by th< file and Jn ad
ditional slruCiural dt>criplion ~ hich add, .... lo lhc 
ba\ic record dr>cription. Onlr lhc lancr "~uiJ rhcn 
ha ve to be dcfined lor thc procc" ". 

This idea w:u also .. forwa.rdcd in (OUc (lSJJ' and has 
much more rcccnlly. bc:cn · lalen up in thc d•la bo.e 

· ·mana~cment t.)'\lcm!i ~,ork. For in,t;,~nce lhc "b4t,ic 
record descriplion" conccpl in ll.angelon(l)l i, ,.,. 
clo>ely rclalcd lif nol idcnticaJ) lo lhc "phy•ical ,,ru.;. 
ture" or to lhc "storage schcrna" of lhe CODASYL 
DATA DESCRJPTION LAII:GUAGE Cmi\UTIEE 
19781Mctaxides(211J •nd olher CODA~YI te pon, durinr 
lhc 1970s. Likcwi,e. lhcrc is a tlear "'cmbl•nco he· 
lwccn lhe "addilional, 'lructural dc..criplo.on", mcnlioncd 
above, and "logic-•1 slruclurc" or 1he "..chcma'lond lhc 
•ub,chcm"") o! CODASYL An allcrn•rivc lcrm 10 
"•ub..cherm<", propo>td by IANSI/SPARC(IJJ¡ i' thc 
"exlcrnal .chema" and lhe a\\ocialcd "cxtcrnallnel" of 
lhe dala ba.,. archirccturc. In lhc ANSI/SP.~RC lcr· 
minology ,lhc "ba,ic record dc,criplion". menlioncd 
abovc, corr<>pond' lo lhe "inlcrnallc•·cl". The "cltcrn.d 

.. 
1 





lO 

lt'lcl" is. ~aíd lo be conccrncd wilh "incJiYidual U\Cr 
view\' 11>•1<122)1. JI i• lo be noliced lhal onc is, here, 
conccrned wilh user vic:w•· of lhe dala ba,e, nol wilh . 
U\cr world view• or infolocical U>er view• lhouph, un· 
lortunalely, lhis dislinclion i• usually nol mude clear. 

. . 
.tren~ slalcincnl lo make. Aod our prescnl di!ICuuion 
indicule> lhlll il is nol Jenable. 

In lhc illusl,.¡ion Codd """mes llwl "lhc communhy 
schema" conlllins lhc reblions RiA. 8) and S(B, C), which 
al a CCrlain momcnl h~VC lhe tsbuJulions: 

RIABJ 
Íl 
11 
.- and 

S(BC) 
lu 

•• 
-. "'·-

and lhal a user requc•ls lhe schema TIA. 8, Cl wherc ·T 
;, rhe nalurul join ol R wilh S on rhc common aunbulc 
B. Thc labulalion.ol T becomcs: 

TIABC) 
· slu 

slv 
llu 
l)v 

Th• common use or lhe rerm "user view" in rhe dala 
ba'e lilmiUre employs lile idea lhal lhe dala base is 
modclling parl or rhe "·orld and lhul an individual user 
see' only a subpan ol lhi• parl o( lhe world. Con- · 
,equcnlly, lhc u'cr "ould only "•ce" a parl ol lhc dala 
ba\0 \UCh lhHI of all lhc dala aboUI a r<ai•WOrld enlily, 
contdincd in lhe dillit bii'-e, un individual u"er will only 
•••• subsel el lhe dala base objcCis and enly a subscl or 
lhe propcrtics ol C><h ol lhcsc ebjecl•. Tbb may >u¡lgcsl· 
thc:. tcrm "'u~r lr'Íew". Howevcr. il !tccms im.porlanl to 
rccognize lh>l lhi< is enly a vcry spccial aspecl o( lhe 
user'• vicw o( lhc werM. 11 isnorcs enlircly lhe in- · 
lolegici!l insiphl lhal lhe inlormalien-whic:h ·lhc usen 
may oblain from lhc dala-is lolally dependen! oq lhe 
~·ner;d ">emanlic background" of lhe uscrs, as we havo . 
'cen. 11 lakc• lor granlcd lhal il dislincl pcoplc ore 
concerned wi1h dislinCI pariS ol lhc world lhc~ cach ol 
1hom ,.·ould be icrvcd by obluining lhose dala lrom lhe Now lhe assumplion is made lhal lhe uscr wanla·lo 
d¡,la ba1e lhal are mociatcd (by somebody.~lsc) wilh dclelelhclriple (1;1, v) and il is poinlcd oullhal if he wu 
1ho•c pans el 1he "'orld. allowed 10 do lhis T "'Ould chango lO a relalion lhal is 

The way lhe lerm "uscr view" is employcd in recen! nellhc join ol ••Y 1wo rclalions. 
dala base li1era1ure may be lurlher . illuslr.>lcd by . ·. Clearly, lhere is an implied mumplion hcrc llial lhc 
prescnling some que1u1ions lrom DalcJ22). "Thc cxlcrnal uscr is concomed wilh how lhe dala are slored:....or how 
ochema defines lhc user's view o( lhe dala base", The lhey migiu be conceived olas being slorcd .. This may be 
dala oricnlalion-raUier lhan inlormalion orienlalion~( .jrqporll!nl lo a user who is an applicalion propl•mmcr. 
lhis cone<plion ol "user •·icw" i• lunher cxhibiled by lhe · From an inlological poinl-of-vicw.lhe problcm illusllaled 
lollowin¡ 1wo quolcs lrom 1>•1<(22). "Suppo>c lhál lhc would be irrclevanl (simil:irly lo lhc abovc illuslralioa 
user .. aniS lo sec 1hc same informal ion as in rhe froni Oalel22). Froni lhe inlological pcrspcclive lhe data 
PARTLOC cxamplc, bur in rhc lorm ol a hicrarchy (e:rccords) in lhe dala base are lhoughl olas "PrtJtaling 
ralhcr lhan a rclalion" (p. 182~ "For inslancc, in lhe inlormalion enlilics (clemenllirr mcssa¡es) lhal are in
conceptual schema we may have llanees O( clemenlary informalion kinds (c<OIICCpla~ 

IXJMA/N WEJGHT NUMERIC (4) 

whcreas lhe corresponding domain in an exlcrnal schcma 
lo be used in a PUl applicalion may he defined as 

IXJMAIN WEIGifT, FIXED BINAR Y (14)". 

h is clear lhal lhe "user's vicw o( lhe dala base" whicb ls 
lhoughl o( in lhese pieccs O( ICXI--and severa! similar 
onc• in®la base lilcralure-is vcry dilfercnl (rom whal 
lhc lcrm "user vicw" would SUI'Jl<SI lrom an inlological 
per<peclive. 

In Codd 1101 lhere is anolhcr illuslr.>lion o( rhc dala 
orienled way in whic:h "vicws ol lhe dala" are in fa~ 
lrealed in dala base worb: "For applkarien propr,¡ms 
lhal do more lhan merely read lhc dala, lherc are 
lheorelicallimilalions which musl be observcd illhc dala 
l>a;e inle¡;rily (including consiSicncy el aU permillcd 
•·ic"'>) i• lo be muinlaincd'~. As we. shall scc, lhe 
""lhcurr.tical limÍIOiliunl" C'OnsiJcrc:d are mcrcly lhose o( 

o purcly rorn1al IJnd. No lheoretic:al limilulions o( a 
ps¡•cho·lin~ui•lic:<onceplual lor inlelo~ic:all kind are, al 
¡¡ll, mc:n·ai~.,ncd. Furtlh:rmore. il llC'tmliO he a5sumcd lhat 
"llll pcr.miU<d vicws" could be consi..rcnL This is a· vcry 

Thc user cxpcciS lhe dala base ro contain e-rccords or 
many dislincl kinrls and lhal he wilJ oblain 1 propcr 
scleclion ol rhem on requcsL He docs not rcquirc lhal 
lhe olhcr dala (c·rccordsl appcar as !!On-cxwenl nnd he 
wanls '1o disrcgard lhc way lhe dala are a¡grepled (inlo 
n·ary relalions or hjeran:hies o: whiltcvcíi.' 'nrus. far 
lnslancc lhc relalions R(A, 8) nnd S(B, Cl ml¡hl be 
rcprcscnllllions or. e<onccpls- aÍiil.lhc (inlolosfcal) ._ 
would expecl lhc mana~cmcnl o( lhcsC lo be unallected 
by lhc requeSI o( somo (olhcrl U!o<f lo be aDowed lo 
for¡cl a ccrraio luplc (such u 1,1, vl or a combinalloo o( 
c..fecord._ Furrhcrmorc, il lhe uscr ivanls lhc tuplo 
(1.~ v) he wouldn'lsarc whclhcrrhis lsaluple r.~m T ar 
ls combincd from c-rccords (rom R and S. He 1•robably 
al so would nol wunl lo lcarn al:oour 1hc ·na me T und lbc 
conlcni ol T. On ·lhe olhcr hand,lhe pr\)blems_ discuiiéc( 
in lhc illuslralion are real problims allhc slage Whcn ~ 
"implcmcnlaiion" is aboullo be'dcsigncd. ·,, 

11 may be ol inlcrc•l ro look al"' on an cumple of 
how, in lhc •lruclured-progr.imming lilcralurc, lhc 

. "problem environmenl and .... our underslanding or il" ¡; 
reprdcd •• dcfining !he slruclure o( lhc dala wh~c,lbca, 
a parlic:ubr processing slruelurc is dcfined !JliCkson(lJJI,. 
We quolc: · ' 

"(il consider lhe problcm cnvitonmenl and record 0111' 
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lnlo.al modch, a~ informa1i.Jn U\tr wicw• ]1 

unJcr•landin~ of il hy definin~ slriJ(Iuro> for lho 
J.1l:1 lO k flrllCC\\1.'~; 

tiil form • pru¡:r•m •tructurc ba••d on thc Jal~ 
\lfUC:IUfC~ "~ 

11 appun lhal thc undcr>landi~ of thc problcm 
'"' irnnmenl monlioncd, i< rdated lo ihe dala base tul'• . 
eon.:<rh of "uscr vlcw•"· Tbcn. when il is su¡q¡ested to 
rorm a pro¡:ram .rruclur• bascd on lhc Jalo •truelure. 
thi' indica! .. lhal lhe aulhor has alroady imposod sorne 

.. ·'"'""~"" aooul a •pecific proceuÍI1lJia•k upon hi• "dala 
.-lruclurr-•. Dul such a slruclurc may nol al all be 

inhrrrnl in 1ho slructurc of the information (or thc realily 
·rrrre•<nlod by thc dal~). For inslance rocouh on llore 
m.wcmenls are froni one poinlo()f·view independcnl.'of 
cJ<h oihrr; oach repre<cnl< an individualo•enl of inuing 
,,r recei•ing a ••• of parl\. Whcn h is decided lo sorl lhe 
rcrord• into pdrl·number order and lo compute dislincl 
,ummarics; lhi• means lo impo>c upon the d~la sorne 
,lructure which rcftecls whal onc wishcs 10 4o with lhe 
Jala. Ir is lhen nol surprising that this impo<ed. process• 
orienlcd, structure oflhe Jata can be used lo determine 
thc struclure of lhe progr•m ror lhi ... pccific applicalion. 
But, the same dala may be'procc.,ed for another prob,. 
lem allcr imposing quile anolher<tructure. Cloarly,lhese 
'"Úclures ure not inherenr in the inlormalion rcpresen
ted by the dala, or in lhe reality informed about. In facl, 
1hc lypicol examples of lhe' use of lhc basic structural 
cate~ories: •equence, iter•tion and · scleclion reftect 
Jecisions on how lo na1·igate acrou some data in order 
to .Oivc some specific problem and lhey have lillle lo do 
wilh lhe in(ological structure underlying 1he data lhem· 
...:lvcs. Thus the view of the dala and lheir relations lO 
reali1y ¡, r•ther distinct from lhe infolo~ical (or concep
iuaJ view). 11 seems, ralher, cJosely related lO lhe "user 
view of the data" as the term is employed in the dala 
hase literature. 11 appears lhal the siructured·procr•m; 
ming would beeome more systemálic-more struc· 
1urcd-ir one would define lhe inrological slruclures, 
indcpcndcnlly of thc iniended procming n .... before 
rroceeding lO lhe design of lhe proceningo()rienled dala 
<lruclurcs thal onc does nol slarl wilh. · 

A more ~enerul and ab>l r•cl'proceiS-orienled view of . 
.... · - the information structure (lhus not merely lhc dala 

,tructure) wa. dcvelopcd in lange(ors(l,3). lnformalion 
precedence relalions were analyzed by idenlifying the 
in(ormation units (precedenls) lhal may be used 10 derive 
specified information units. Thi• preccdence slruclure 
was u<cd hoth in order lo m•king lhe inrormation needs 
analysis •r•lemalic and lo finding lhe record and file 
eon•olidalion• and proceu groupines thal would be 
~fficicnl hom lhe dala transport (accen & transfer) 

.J'Óinl-of.vi<w. Tbus dala Jcsign and progr•m design was 
al>a made <)'\lematic by informalion preccdcncc anaJy. 
sis, .. lnforni>ílon precedencc graphs, conlenl graphs 
(componert gr•phs) as wcll a• lisis and matrices were 
U1ed as tool5for dcscribing the informalion precedcncc 
t.lructure. 

COI>CUi.\lON 

For somc years thc author's ideas or information sys
lems '!r ·:large sharcd dala ba,cs" llave been thal all dala 

in lhc ~ata ba>t •hould be •wiliNe lo all "lt¡!Oal" u~r<. 
To lhi>end a:l d>la •hould be adapled lo whal is usu:dl¡· 
called a "commun~y view". Acturdin~ 1•• rccenl dal:l 
básc .l-ritin~s. 1hc dala admini>lrdiOr i• •urposcd lo 
define this conununily vicw. Tbi• ¡,lo be done by rno:on~ 
of lhc conceptual .cherna (lhal i• lhe inf<>I<>¡:Í<:al m•loltiL 
Then each particular u•er view is aS>umcJ lo be ..:n•i<:eJ 
by a subscl of the data. that is arran&ed wilh con
sideration lo lhc proccui"lJ pancm a«umed lo be ••so
eiatcd "'ith lhe particular U<Cr view. Tbi< data lillbs,:l :mJ 
arrangrmenl is •upposed lo be Jcclorcd b¡· a~ ex1cmal 
schema, presumed lo modellhe parti~ul.r ur.cr vicw·. All 
d:ola in lhe dala base lhal are nol wilhiu lhc scope or aa 
exlcmal schema m assumed 10 be ln•·i•i~le-in.lced 
non-elistenl--lo lhe particular users associaled with 1he 
p•rticular externa! r.chema. 

Tbc infolo¡ri(al (Or (OIICeplual) á5pe(IS O( dala ~nd 
information-as well as or "user vicws"--lhal ha• lwn 
Jiscusoed . in this ar1icle imply oomc rundnmenlal dis
asrecmcnl wilh lhc curren! data base lhcory aspect aor .. · 
"datalogical aspeet") or uscr views, community vin.· ~nd 
externa! schcma. Delow four ••P«IS are dcscril>cd: 

(1) lf ¡he dala 10 be u sed by a particular user ha1 e 
been modified in order to be consisten! 11ith 10me ~ind 
or ·,ommunity view", lhcy may be uninlellisible 10 the 
uscrs, no · maller whal data selei-lion and re:uran¡:cmcnl 
is broushl aboUI by lhc use or the cxlemal "hema. In 
olher words, 11 may bt impossiblt lo mokl somt doto 
"shartablt". 

ti) Tbe uscr's view or dala depends on his view or lhc 
world. To such a Yicw.one or more seis or dala may t. 
adaptcd. Tbe user may lhcn Wlllll lO use 1hc same data 
for lhc solulion of distinetlasks. Ba1td on tht umt rk•· 
ojtM doto he may lhus wanllo prrx:m lhem in distin<l 
ways' and, ror lhal.reason, he may wantlo arranee lhem 
dil!erenlly. Tbis may call for distincl exlemals sc:hcmas 
thal, howcver, havc 10 be bastd on the •ame user vicw. 
Tht intt~prttotion oj somt·doto mMst III•'II!S bt bostd 111r 
tht samt (infolo¡¡icai/(On(cpluall Mltt rit~·-tht l'it••for 
•·hlch lht dota hau bttn dts/gntd. Bul lhese dala inay 
be rearranged for processing reaoons and lhe application . 
programmer inay view lhe dala rrom lhc proceuin¡ poinl ' 
~~ view. Tbus, tha progftlmmtt may view lbc d~la K

cording lo how lhey are lo be proce<scd-ralher than 
accordins 10 whal lhey mean. But lhe dala musl alwoy• 
mean lhe same while dislincl infercncu are drawn from 
thcm in distincl applicalions. . 

(31 Tbe idea of.ont community vicw, declared by ont 
·conceptual or inr'ologieal schema has lo be replaied by a · 
•ystem or conceptual lor infologicai) ·\chemas. <lile or 
more of lhese schemas, infological/conceplual sub
schemas, may de~cribc sucl~ inform¡•tion liS has bccri 
possible lo estlblish as "community" ;nrormalion. Tbis 

·nnnol be decided by lhc "dala base adminislrator". 11 
mu•l be delermincd lhrough learnins . and .ncsotiation 
•mong the relevan! users. Some olher infologieal/con
ceplual sub~.ehernas may descr~ informalion thal can 
be shared by distincl user groups but lhal requires dis
linct frnme5o()f·referencc for dislinc:l user ¡¡roups. Tbis 
a"umcs lira! lhe usen have "distincl ·but reconcüable" 
infologicllf views. Tbc impli,alion herc ls lhal dhtincl 
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u'er' willrcquirc dütinrt dala !O obtain lhe same in- 191 N.LfOII<IE4.): Nn·Horl:oasl.oU.,.WirLPrn&~~inBookl, 
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Further Analysis of the Entity-Relationship Approach 
to Database De.sign · 

' 
PETER A.NG 

Abslroct-TI1o nondctcrmlnlsüc or dctcnnlnlstic entfty·relalionshlp
modcl of a databa.se is formalJy dclincd as a user's vicw of thaC d:tlab~o 
tn Ccnnl of a collcclion of tlmt·v¡uying 11:l:tlions: the 'regular or weak 
entity reJatic;ms, or the rco~ulat or wcak ·r.:lacionshlp rclacions, Uoth 
noudetcrminisllc and d~terministic cnthy·relilltionsllip modcls have t.ho 
ame atrcnzth to charactctlze lnfom1ation c"lncernins entitics and :reta· 
tionshlps whJch exisl in ou.r mJndJ. An lmproved tablc form of tho 
rclations i.s lntrodu..:ed to provldc a cleu and conciso user's vJew of 
datab• .. •· llle b>slc concepl or tho onlity·rclaUonship approach lo the 
tugical dalub¡se dcsi¡.n ls provldcd, ond ls uiCd lo dcrlro lNF rclationa. 
FinaUy, a mclhod or rcpn.·.cntins physltally thuse rclatious, which aro 
gcncnlc~ by thc US< of ~10 ontlly•rclodonshlp approach lO the Jogical 
databoso d<sign, b pr<Scntcd, TI1us, ~10 enUty-rctadon~llp approach lo 
thelo¡¡lcal an~ phyolcal dalllbase dcsign can also be tcalized. 

/nd1x Tf'mu-Oecarminlsm and nondCtermlnlsm, entlty•rclatlonshlp 
approach, runctJonal dcpendency, loglcal and phyaicai lbubaso dcsign, 
normiJ·furms, rclalional, hicrarchlcal, Uld netw01k moduls. 

thc con~ersion of.nondetermin.Jsllc relaUons into determinisUc 
.ielations can be done with ease, and 3) transforming the en ter· 
prise-user schcma (or directly from lhe enterprise schema) into 

· a user schema. The user schema can be expressed by a coUec· 
lion of regular or weak en lit y reiatlons, or regular. or weak 
relatlonship reialions. These relatlons in an Jrnprovcd table 
form have a clear and conclsc description of lhc uscr viows of 
1hc dalabasc. Jndeed, thc user sch~ma also can be oxpressed 
by lhe nelwork, hicrarchlcal, or rclatlonal dlagrams [3). And . 
lhc lranslation process from lhc enllty-relatlonshlp dlagram lo 
'thc hicrarchiéal dlagram has reccntly bccn sludled [13) to 
· providc a unlficd approach lo tll• logical deslgn of the hlcr· 
archlcal model. 

In defining the enlerprlse schetna in terms of an cntlty-rela: 
tionship diagram, onc of lhe majar concerns ls lhat whethcr 
lhe diagram ccinforms lo lhe description of appllcation for an 
enlerpr!se [11), [12). Thc other concern is lhal'whe.ther the. 

l. INTJ<OUUCTION rclations, oblaincd by lransiating from the cnlity-rebtionship 

A DATA model, calied the entity-rclationship mod.cl, has· diagram, are "equivalently" corrcsponding to 3NFrclations of 
been p1oposcd in [2], (3]. And the recc~t dcvclopment the rehitional model. Within th~ realm ofthcse concerns, this 

of its use for systcms analysis and design has becn summarized papcr outiines the majar steps in (ogical database dcsign using 
In (IS). tho entity-rclationship approach. · . . 

In thc entity-reiationship modcl, one of the major character· In the course of constructing the physical represen tallan of 
istics is the cxistcnce of al tributes, each mapped·from 1111 éntity, . nn entity-rclationship modcl, a.'discipllncd data-slructurc dia· 
set or a relatlonship sct into a val u e set or a Cnr tesian product grain ·[2] is obtaincd by translating from the entity·relationship 
of valuo sets. In this paper, we shall describe formaUy that .a. diagram. ·(t has bccn shown lhat thb data·structure dlagram · ·. 
dcterministlc entity-rclationship inodel is a model, in ~hich can be used to rccognize the II)Uitivalued dependence [1 H., . 
cach of the al tributes is a many-to·one mapping. lfan a !tribute In addltion to the cntlty;relationshlp diagram, tltls data-struc· 
Js a many-to·nllny rúapplng, tlu:n it is a nondetcrulinistlc ture diagrum and the user acl!ema'can be used as majar campo· . 
model. The nondetcrmlnistic and deterministiccntlty-relation- · · Mnts of an intcgrated design toolto auist in ihe process of the 
ship models are defmed in lerms of entity-rclationship relaUons physical database dcslgrl. Thus! thc 'enUty-relationslllp ap· 
or rclotlons, each described by arcgular or weak cntlty relation, proach to the (oglcal aod phyalcal database desl¡¡n can be 
or a regular or weak relatlonship rciation, according lo the realized. 
diffcrent le veis of logical vicws of data [2), [14). 1t can be hi this paper, Sectlon 11 introduces the·nandetcrminlstic and . 
shown tJ¡at both nondctermlnistic and dcterministic models delcrministic entity:relatlonship ~elationsasan enterprise-uaer'a 
have thc samc sucngth to charactcrize the samc information viow of data. Doth nondcterminbllc and determinbtlc reJa. 
uboulthe rca1world. tions are shown to have the same strength to characterize in· 

The entlty-rciationship approach lo logical databasc dcsign, formation about thc real world: Seclion Ul describes a user 
dcscribed in this paper, consists of thrce major phascs: 1) schcma in tcnns of regular or wcak entlty relations, or regular 
defining thc cntcrprisc schcmo using the entity-relationship or weak reiotionship relations. An lmproved table fonn for 
dlagram that confonus lo the descriplion uf a databJse oppli· the relations ¡5 introduced. Section IV concludes that both 
r.lltion, 2) transiating th,· enl<lprise schemo into ·a,i entcrprise· dot~rministic 1 and nondcterministie relations for the user 
user schcnw, calkd the entity·rcialionsltip relations, such that schema havo thc samc atrength to charactprize information 

M .. naucrJpt JL'I.."Civi.."J July 31, 197'l: r~vh~·d Anr.u;r 22, 19~0. 
Thc aulhor ii wilh th~ ll"·rarlnn:nl uf ComputCI Sdcnl."\:i, Uniy~:rlliiY 

. or Mbsuurl, ('ulu mbia, MO 65 211. · 

concerning enlitiennd rclatiunships which exisl In our minds. 
Scction V describes an cntlty-rclationshi¡> opproach lo Ute . 
loglca.l databasc dcsign: · it 'c~n be use_¡! to construct tite rcla· 
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tions as a uscr's view uf Jata in the cntity-rclatiomhip modcl 
sudt that tltcir rclations are equivalen! to tltc.3NF tclations In 
tite rclational model. Scction VI describesa method of rcpre· 
senting physically tite cntity-rclatiansltip dlagr:un or Ita corre· 
sponding user scltcma. . . · · 

' . ' 11. ENTITY·RI!L.\TIONSHIP RF..LATIONS 

In this sectlon, we shall define formally tite nondetermlnlsllc 
and detcrmitÍistic entity-relationship models af a database as 
an enterprisc-uscr's vlew of that databa se In terms of a collcc· 
tion of time-varying re la tions of assorted degrecs. We shall 
show that both nondeterministic and determinlstic cntily· 
relationship models ha ve the same strength to charactcrlze tho 
informatlon concerning entitlcs and rclatlonShlps. . 

D<•finition 1: Given a collection of sets A1 , A2 , • •.• ,An 
(no1 necessarily distinct), R is a relation on tl¡ese n setj lflt ls 
a set of ordcred 11-tuples <a1 , a2 , • • • , a,> 'su eh that aj EA1, 
a, EA 2 , ···,a, EA •. Sets A 1 ,A,,··· ,An are the domaln1 
of R. The valuo n ls the degree of R. 

Definition-2: Let e 'denot~ an entity, wlúch is an object that 
can bé distlnctly ldentlfied. An entity set E ls defined as E a 

{elp(e)}, where pis the aforementloned test predicatc. 1 

Definition 3: Let E= {Etil .;;¡..; n} be a collccilon of en· 
lit-y sets. A relatlonship set R. o ver E is defined as R "' {<:e1, 
e,,···, e, >ie1 E E1,, 1 < i..; n}. Each tu pie of tntltles <e1·, 

e,, · · · ,.en> is a relationsltip. · 
. The role of an entity in a relationshlp ls the furÍction that lt 

perfonns in th'e relaÚonshlp. The ordering of entities in 'the 
dcfinition of relationship can be dropped if the roles of en ti· 
tics in the relationship are explicitly siated as foUows: <r1/e1 , 

r,/c,, · · · , r11 /en >, wherc r1 ls the role of e1 in the relationshlp. 
Example · J: Let e denote an entity which exists in oui 

minds. Entities can 'be classificd into diffcrent entity types; · 
each enlity type contains a set of cntitiu, cach satisfying a 
«t of predclined common propertles. Thc set of cntltics ls 
calle.d an entiJy SCI, such as EMPLOYE~, PROJECT, PARENT», 
and so forth. Because o'r different predefined properlies, the 
entity sets are of different types. Thus, we cal! an entity set, 
an entity ¡ypc .. 

In general, therc will be associations or relalionships Unking 
the basic cntlties together, For example, as shown in Fig, 1, 
a MARRIAGE is a 'relationship bctween two entltles In the 
entity set PARENTS. Their roles are HUSBAND and WU'E, Wc 
shaU call MARRIAOE a relatiónship set, ora relationship type. 
PROJ·tMP and PROJ·MANAGER are two different types of rela· 
tionship scts over two entity sets PROJ~CT and.EMPLOYEI!. 

Fig. 1 is an extemion of the entlty-relationshlp diagraminatlc 
notation in [2]. The entity sets PAI\ENTS and CHILDREN are 
shown as double rectangular boxes, each of which is connected. 
by a directed edge from the entity set EMPLOYEE an·d the rcla· 
tionship set E (existence uependency) and EMP·CHJLD, respec·· 
tivdy. Tite diagram expresses the oxistence and identihcation 
'.e pendencies of the entity set PARENTS on liMPLOYEE; it indi·. 

cates that the existencc of any cntity in thc cntity set PAitF.NTS 
dcpenus on the cotrespondlng cntity in the entity set EM· 
I'LOYEt:; Lhat is, if an cmployee leaves the. company, his 
paients may no longer be of interest. lt also indicatcs that 
parcnts are ·identified by thcir own narncs and by thc valucs 
of the primary key of thc employees suppqrting them. 

Fig. l. An cntity·rdaliooship diagram for an entcrprisc schcatL 

lf a relatlgnshlp set E, represented In a diamo11d-shaped 
box, ls introduced between · the entity sets EMPLOYEE and 
CHILDREN, then U exptesscs .the exlstence dependcncy of Lhe 
entity sct CIIILDREN on · EMPLOYEE, and the identifica !Ion 

· dependency of the cntlty set CHILDRJ::N on EM~LOYt:E does 
not exlst. lf the same dlamond-shaped box has tho narnes E 

·and EMP·CHJLD, then the relatlonship set EMP<HILD 'ar the 
entity 'sets ·EMPLOYEE and CHlL.DREN includes the exlstenco .. 
depcmdency of the entity sef CHILDREN on F.MPLOYEE. )f the 
sarne diamond-shaped box hasthe RllffiC EMP.CHILD, then the 
relatlonship sct t:MP-cHILD lncludes the existenco and ldentlfi· . 
ca !Ion dependcnclcs of the entlty sct CHILDREN on EMPLOYEE. 
Wlthout' this diamond-shaped ~oX, it lndicates the cxistenco 
and .identifica !ion dependencies of the cnti!y set CHILDREN 
on EMPLOYEE, . . 

Dc/inition 4: A va/u e set V ls defined as V=' {ulp(u)}, whcre 
p ls .the aforementioned test predlcate. 

Definltion 5: Let E= {E111 ..;¡o;;n} be a collcctioo of fi. 
ni te entity sets. Let V= Of!1 V¡, 1 ..; m, be a Carteslan product 
of value sets. Let R S:.: 07.1 E¡,.l ..; n. A mu/tivalued attrlbute 
F ls defined as F S:.: R X V. lf m a 1, then V ls a valuc se t. lf 
n.= 1, then R is an entlty set, and F ls á mapping from an entlty 
set lnto a value set or a Carteslan product of value .sets. lf 
n > 1, then R is a relationslúp set over E, and F ls a mapplng 
from a relationship set into a valuc set ora Cartcsian product 
of value sets. In particular,. if F ls a funclion which maps R 
into ·V, in notation F:R-+ V, then F ls ,called a sit¡g/e-valued 
attrlbute. 

Examp/e 2: Consider tite entlty seiS PROJECT and EMPLOYEK 
and their relationship set PKOJ·EMP, shown In Flg. 2. The al· 
tribute STAKTtNG·DATE is the date that an employee staits 
working Cot a particular projcct, and the attribute \\i-OF·TIME. 
is the percentage of time that an employee ls expected tci . 
spend· on a particular project. The concept of a !tributes of ti 
relatlonship is Importan! in understándlng thc semantlcs of 
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Fig.·2. Va.IU.e scu o( difrcrent types and auributcs' of entily ~ll and 
relatlonshlps. 

data. This concept ls similar to the relationship data In nel· 
work (CODASYL) type database systems, and similar to the 
intersection da.ta in hierarchicai typc (IMS type) databasc 
systcms. 

In sorne cases, an allribute may have more than onc value 
for a given cntlty. For lnstancc, the PUONE·NO ofanemployco 
x may havo more !han one value. In thls case, we pul 1 :N 
bcside the arrow to indica te that lt Ll a multlvalued attrlbuto. · 
lf the home phone numbers and the offlce phone numbers 
of the' employees are of lnterest, then HOME·I'HONE·NO X 
OFrtCE·I'IIONE·NO, which !s a repeating group, may be taken 
into consideration. Both vector (the Cartesian product of. 
value sets) and repeating group are data-aggregates of different 
types. For the latter, both HQME·PHONE·NO and OFFICE· 
PHONE·NO ar·e referred to be indiviclually addressablc groups 
of data items. Thus, in the entity-rciationship diagram, both 
HOM!c.:·PHONE·NO and OFF!CE·PIIONF.•NO should be created. 
Each of these attribijtes maps the entity set EMPLOYEE into 
a value set PliONE·NO. 

Definltion 6: An entity-relationsMp dlagram (ERO) ls a 
diagran• which consists of a collection of entlty sets and rela· 
tionship sets and their associallons, wlúch are In thc upper 
conceptual domains, and the attributes and value seis which 
are needed to describe the propertles of sorne of the entlties 
and relationships which rnay be of lntercst, in thc lower con· 
ceptual domains. 

l:.'xmnple .3: Fig. 1 illustrates tl¡e ussociations of the entlty 
and rclationship scts. Fig. 2 illustratcs thc attributes and value· 
seis ncedcd to dcs~ribc thc propcrtics of sorne of the entltles 
a~:d rclationships whlch m ay be of interest loan enterprise. A 
diJ~ram of Figs. 1 ancl 2 is ¡¡n ERO. 

Dt•/inition 7: A IIOIIdctrrm/niJtic entity-rclationship rclatlon 
M o1•er E (NERR) is Jcfintd as M= (JI, R, V, F), where 

E= {E1il .¡;; 1 .s;; 11} is a collection of countable 
entlty scts,' 

" R ¡;;; J 1 E¡ · is a prctlelincd rclatlonship set over E; 
. , .. 

lf 11 = 1, lhcn R = ¡p, 
1' = { V1il .s;; 1.;; 111} is a collcction uf countable 

valuc set•, 

and 

.. F "{FtiFt!: {EG UR} X f.¡ V¡/'¡.;; u¡.;;+ 
ls a nnile set of multlvalued attrlbutes. 

Let E1 be a finito set of distinct en tilles. Let El andEl' be 
subsets of E1• lf R f:; b'/ X El', then wc can always wrltc Er 
into entity sets E/ and E/'. For this reason, without'loss of 
generality, we can lmpose a restriction that. if E la a single ton 
set, then R = ¡p; that ls, no relatlonsh.lp set is to be dcfined on 
the single ton set E. 

Wo may restrict F into .a sct of functlons F1• Eáeh F1 1s a 
function which rnaps an entlty set ora predefined relatlonship · 
sel R into a val u e set ora Carteslan product of value sets. 

De/init/on 8: In M, lf F D {F¡IF,: {EQ u R} ... n;J. v,,; 1 < 
u1 <p} is a finlte set of attributes; thcn4/ is sald lobo a iJeter-· 
mln/Jtlc entity·relatlonshlp relation M o ver E (DERR). 

Definition 9: A determln/st/c enitty-relatlomhlp model 
(DERM) is defined as a collectlon cif dctemllnislic entlty-rela· 
tlonshlp relations; otherwL!e, 11 is a nondetermlnutlc endty• 
relatlonship model (NERM). · 

In the seque!, wo shall uso tho term, entlty·relatlonshlp rela· 
tloil, !f thc nondeterrninisrn and detorm!¡lism are not needed · 
to clarlfy. · · 

1t also should be noted that the entlty-relationship relation 
Jlf =(E, R, V, F) can be displayed in a table form, shown lil 
Fig. 3, which demonstrates informat!on about cntltles in an 
entity set or lnformation about relationshlps in a relallonsh!p 
se t. Each row of values is related to a relatlonsh!p, whlch ls 
lndicated by a group of entities; e~ch having a specific role and 
belonging 'to a specific entity se t. Each column is related toa 
value set wlúch, in tuin, ls related to an attributc. Thc arder· 
lng of rows (tuples) and columns is lnsignlficant. The whole 
table. shown in Fig·. 3 is a determlnlstlc entity-relatlonshlp rela· · 
tlort, lf cai:h di;stinct relatlonshlp has onc and only one valuc 
tuple. · · 

In F.lg. 3, that both the rclatlon names and thc ¡elation 
schemo In thc tableare used for descrlblng thc structurc oftllc 
relatlon .M= (E, R, V, F) ls c:illcd lts lntentlon, which ls static. 
That thc rclatlons in the table are u5cd for dcnotlng a set of · 
tuples having the appropriate structure,ls called its extliDJioh. 

·In thil paper, we shall use the term relatlon schemc to refcr to 
ail lntention; that is to refer to a structu111l descriplion or' an . 
entlty·relatlonshlp relation, and the term relational schorna to 
refer toa coUectlon of intcntlons.' .. . . 

Examplc 4: the entity-relatloflsh!p dlagrarn ·shown in Flg. 2, 
can be organlzed in a coUection of table forms, shown In Flgs. 
·4~6. Thcy. contaln lnformation about entltics in the entity 
sets, t:MPLOYE~: und PROJECT, and lnformatlon aboutrclatio~· 
sh!ps Iietween ;wo entity sets, EM~Í:OYEE and PROJECT,In a · 
rclatlon~hlp set PROJ-EMP. In Flg. 6, the a !tributes STARTING· . 
DATE and ~ .. o~··Ttt.tE are the attributcs whlch map the rcla· 
tionslllps. of the rclutlonshlp sct PROI·EMP lnto thc valuo seis . · 
MON'rtl X tlAY X ÚA¡>. and '!kW·TIME, rcspecthely. 'Thcy· 
are nelther thc attrib.utcs of EMPLOYEE nor tlae attrlbutes of' 
PROJECT, sh1cc thcir mcanln!lll depend on both the employéc 
and projccts involvcd. . · · 

In the rcmaining sectlon, v.ie shall show that botb NERM and 
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DER~ hav~ .l!l~ ~ame str~ngth to characterize tl;e informa !ion 
about cntiti~~ ,pf p givcn entity set oc the informalion abou.t 
relationship~ of a given relationship set. Giv.en aPY of these 
cntitics Pn~ .r~l~tiqnships,, thc asso~ialed lnform~tion can be 
r,tri.cv~~ ill "~'~·~llii.O.I .f<J.rm. 

Dejinirivn JV: Let H be on cnlity sct. Let R ¡;; ny,,E¡ bo 
a tdationship S<'l owr a culkcti"n ofentity setsl:"¡,l <l<n. 
!.el F = {F¡[l~ ¡;; {Hu R} X llj!1 V11' l < 1 <m, 1 <u¡} be ·a 
sct of atlributes. Let K e {F¡,.t:'2 , • • • ,Fn 11 <; 11} be-a subset 
ofF . 

Then, for any e in 1:", t!Je operator K of an entity e ls defmed 
as 

K(e)" {F1 , F2 , • • • ,F1j} (e) 
e (F1 (e), F2 (e),· · · , F,, (e)) 

={(x1 ,.~2 ,·····,xn)lx1 ~F1 (s) .and 

·x,en v11 •. H•;;i.,;+ . 

Let·r be a relalionshlp .<e1 ,.e,, ..... ,en> In R .. The opoiJ. 
tor 1' of a relarionship,rls defm~as 

K(r)" {F1 ,F1 ~······ ,F,j}(n). 
= (F1 (r), F1 (r),.· ··· ,¡;'11 @ 

;={(x,,:t,, ··· ,Xn)l~¡:lalf¡(!l) ~ 
~~e ñ v1,.:1,~~~1}· · li!~ . . l . 

Dejinlrlon 11: 'Let i}/<= (fi,.R, :Y.,:F) be an.enlity,relatlon· 
ship relatlon. l..et X be a tJ.tple ~1 i-':1• ••.• ,Xn). Wosay that 
the tuplc x, an information of an entity .e In thc .entiiy .setE 
(oc an information of a relationship r In the relationmip sc:t 
R), can be derived from M .if.F"" {F1 ,.F;2 ,.. •·• ,Fn} .is tho act 
of attributes of/11 su eh that x !i:.F(e) (orx í:.F(r)) ls.lnM. 

De/illitiotl 12: ·Considqr :tw.o .entity,relationshlp :~olatlons 
lrf., (E, R, V,F) and.M' F.(t:·~.R~,;V~.F'), wher~.E ... ·{E¡I.l~ 
1 <n} andE''= {Eíll "1 <m}. l.et.S~E ne'. (lf.R arul.R' 
1\r.e not empty, then let R_~~ x:ll'h1 E1, whe¡e :u;q-~n. 
E¡ t: E, and E1" S., and let.R'~.XI0~1 Ej, whete il..Op.:; 
m,Ej~E',anaej~J · . 

We say that M pmeTII~s.ltl' under.S:lf.arul only lf.any·lnfQr· • 
. mati.OO (X¡, X¡,''·' ,Xk) of S lll.'~othat.can b.ci dertvea-front 
'M', cnn also be derlve¡l from M, .~heto !1'~ k·.< IFI, :!<k•< 
IF'I, ~nd x1 E Dj'11.V1,.and x1.e!Oj.!, V!¡, ·v,1 E'V.JIIu¡:vt[-e;V'. 

We say that M stro11gly pr~$etv.es J\(under S .if .arulJmly,I!M 
preserves M' under S an¡IJ\f'·alsD1!morv.e'M·un!W~. . . 

Let /) = {MIM"' (E. R, :V; .F.) ls an :entity,relatlimlh!P:tlila· 
tion} and D' = {M' W' "·(I:.'~,:R~. :v~ .. F'.) Ls an onll~yr~latilm· 

,hip rclation} b.e the entity ,relatillnsl!ip ·moiÍeb. !I.AtiS"'·{~~l 
for .every M= (1:", ~. :I',.F) in.D.arui.M',.,.(E~,g¡,:r~.rF':)!InD~. 
$' S: e n E', (}r Jor ~v.ery.M"'·(E,li!f.,, E¡. ;JI,.F) arul.llf' •.(E~. 
n?.,Eí, V', F'), S'~ {E¡IJ ~J<p} n {Eíl:l <.'1-<.fil}. ·~ 
sáy thut tite moi/cl D presef.l!es .1/le .mode/·/)1 :under $ ilf.arul 
only if, for every entity;clationship ·r~lation 'J\/'tlnJD~. ~ 
corresponds somc entity,relatillmh\PrtlllatiJ:milf:in.P,uu~htlluil 

.M preserves M' undor:S~. 
We also say that rile tnodtli ¡fj) -J~Irongly prQ0/111:3 !lite ,madi!/ 

D1 u11der.S if ~nd Oll!Y if]) J101.\Qt.'OI:I.P' urulQr§.,.llrul.tD' ~ 
setves.D undcr S.. · 

l.t shpul\1 be noted thal, Íll:modllls.D Jlru!;tl',lS:Ia:apliUecihm 
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c,f subsets of entity sets of relations in D and D'; or a collec
lion of subsets of lnvolved enlity sets in the relationship sets 
inDandD'. · 

i11eorem 1: Let M= (t:, R, V, F) be a NERR. There cor
rJsponds a DERR M'= (E', R', V, F') such tluit M' strongly 
pescrvcs M under E U R. The converse al so hfllds. . 

Proof: For every F1 ~R X n¡!, V11 lri M, create arbitrarily. 
an entlty set Ej such that Ej and nj!t V1Lis one-to-one corre· 
spqnding. Then, let R' ~R X n¡!t V 'J. Construct F' ~R' X 
n;!t V1 as follows. Whenever r ER, F(r) = {Ft, F2 , • • ·, 

F,..}(rJ = {(x1 , x2 , • • • , Xm)!x¡ E nj!t v,1, 1 ..;; 1 <;m} ls In M, 
L1cn for each (Xt,x 2 ,·•·,xm)EF(r), we hnve<r,xt,x2•, 
• • • 1 X m> ER', F'(<r,x~,x2 : • • • ,x1_1,x1,X1,.¡, ···,X m>)= 
X¡ is defined by F/ ~ R' ~ nJ~t V11 for ! .;; 1 <;m, and F'(<r, 

K1(r¡) 

~nd 

for every 

ls undeflned for 1 <1*1< 1, 

1 <,¡o:; t, 
(1) 

(2) 

.K( <r1 , r 2 , • • • , r1>)" {K t, K2 , • • • , K1} 

·(<r1 ,r2 ,-;. ,r1>) 

.• 

=(K1(<r1 ,r2 ,· • • ,rr>), 
. . . 

1(2 (<r1 ,r,,···,r1>),~··, 

K 1(<r1 ,r1 , • • • ,r,>)) · 

=(K1{r1),K2{r2),·",K1(r1)). (3) 
x1 , x2 ,· ",Xm>)= {f 1 , F 2 , .. ·,Fm}(<r, x1 , x 2 , .. ·, 

X m>)= (x1 , x2 , ~ .. ,X m) is In .M'. Ciearly.-F/: R'-+ nj!1 V11 De[inltlon 14: Let M= (E, R, V, F) be an enllty-relallon· 
alld .111' strongly preserves M under R. From the deflnillons, ship relatlon, where E= {E¡I1 <; 1 <; n}; R ~ nr., E,, 1 < n, 
the converse also holds. and if n = 1, the Re</>, and F= (F11F1 ~(E., UR}X nj!1 V11 , 

Corollary 1: n.e NERM and DERM have the same strength 1..;; u,.;;p}. Thcn K, a subset ofF, la~ superkey of M if, for 
. tu characterize the same lnformallon about en tilles of a coUcc· every r and r' In Ea U R, r * r' ifa'nd only lf K(r) * K(r'), and 

tiun of entity sets or the same lnformation about relationships both K(r) and K(r') are singleton sets. 
of a collcction o f. relatlonship sets. In particular, lf E ls an enlity set (l.e., R ls empty), then F = 

l'roof: 1t follows from the deflnillons and Theorem 1. {F¡!F, ~E X ll/!t V,1, 1 0:: u, <;p}. Then K, a subse¡ ofF, is a 
In the · enlity-relatlonshlp approach to the logical datubase supcrkey of M if, for evcry e ande' in E, e* e'lfand only lf · 

deslgn, one of the major steps [2) is to ldenlify the propertles K(e)*K(e'),'and both K(e) and K(e') are slngleton sets. 
o[ enlitles and relatlonships, which are of lntcrest to the en ter· The set K is a key of M lf lt ls a mlnlmalsuperkey. K is thc 
prise. That is, we wish to identify atttibutes and value types pr/mary key of M if the mlnlmal superkey K ls selected as key 
fur th'e entities and relationships. In order to reduce the of M. · 
amount of redunduncy In the storcd data and .lo mlnln¡izc the Clearly, an entlty-rclationshlp ielatlon M can have many 
prol>lem of inconsistcncy in thc stored data, thc functional keys. A superkey of M ls any set of áttrlbutes In M that con· 
attrlbutes are deslrcd. However, in the process of logic&l data· tains a key of M. Every key ls also a superkcy. Furthermore, 
base dcsign, it becomes difficult to dcsign a database ifwe are .. if M Js·a determlnlstlc cntity-relatlonship relation, lheri K, a 
allowcd to use only functional aitributcs. By Thcorcm 1; wc subsei ofF, is a superkey of M lf, for every r and r' In Ea ~ R, 
can use rclational attributes and valuc types to idcntify the r * r' lf imd only lf K(r) * K{r'),'and both K(r) and K(r')'are 
properties uf en tilles and relationships, and then w~ transform singleton sets. 
these rclational attri~utcs lnto functional attributcs. · Qased on the. methods of identifyln¡¡ en tilles of relatlon· 

ships, thc entity-relationship relatlons can be identiflod 'lnto 

111. ENTITY AND RELATIONSHIP RELATIONS 

In this section, we shall ldentify an cntity-relationship rcla
tion into one of thc four types: a regular or weak entity rela· 
tion, or a regular or weak relationship relation. They are 
different from the enlity-relationship relation In the sense that 
they ldenlify thc entitics or rclationshlps of thc e'ntlty-rchi· 
tionship relation by values, whlch are elements of a Carteslan 
product of value sets or elements uf a value set. 

In Scctlon 11, we have deflncd the operator K of an entily e 
and the oper:ítor K of a relationship r. We extend the operator 
K ínto a sct opcrator {K,, K,,···, K,}; each K1 contalns a set 
of attributes F1111 • 

Dtfinition 13: Lct E be an entlty set. Let 1:.'1 = {E11! 1 0::/ <; 
11¡} be a coUectlon of cnllty sets, where 1 < 1 <;t. Let R ~ 
llj'.!1 E¡J be a relati>nship se t. •Lct R f;; 11}.1 {E U R¡}. . Let 
F¡ = {f,.., 1Ft,. ~ {1:' u R1} X n1!1•V1111 }, 1 <; 10:: t. Let K1 = 
Vi,~1·i,,···,F¡110 }.! 0::/0::t. LetK=

1
{Kt,K1 ,···,K1}. 

Titen, for any <r,, r,, • • ·, r,> E R, whcre r1 E/:' u R¡, tite 
opcrator K ofa rclatiumltl¡l <rt,Ti, • · • ,r,> ls dcflned rccur
sively as foliuws: 

· four types. Without loss of generallty ,let K and F be dlsjoint 
sets of attributes. . . 
· Definltlon 15: LetEa {e111 0::/0::a} be a countable entlty 

se t .• A IIOIIdetermlnistlc regular entfiy relatfon (NRER) Mover 
E is defined as ME= (K, R, V, F) where R a</>, V=i (V1!1 < 
10:: m} is a collection of value sets, K., {F;, Fi, · · • , F~ IF/S: 
E X llj!t V¡l' F/ ls not In F, 1 0::10:: n} ls tjte prlm&r).' kcy, and 
F= (F1! for evcry 1 <:t<;k,F1 t:.K(E)X lli!1V11' 1 <:u1} is 
the set of the attrlbutes. · · 

Defjultlon 16: In ME, if Fe {Ftl for cvery 1 O::IO::k, F1: 

K(E)-+ nj!t V11, 1 0:: u1} is. thc set of (fuñctional) attributés, 
titen ME is said lo be a determlnutic regular ellllty re/at/o/1 
(DRER).M ovcr E. 

Definltiou 17: Let E' a {E111 <.,1 < n} be a coUectlon df 
countable enllty scts. Lct E f. El be a countable entity se·t: . 

· Let K1 be the prlmury keys of the lnvolved entities E1• A non· 
detcrminlstlc weak en ti/y rc/ation (NWilR) Mover E andE' . · 
is defincd as ME E' 'f'.(K, R, V, F) where R S: 117.1E1 X 1:' ia 

• 1 . 

a rclalionship set over E and E, V= { V1!1 < 10:: m} ls a col-
lectlon of v~lue sets, K a {K t, K,," • , Kn, F;, Fi, · • · , FÍ; 1 
1 0::/0::u, 1 <:a<;k, K1 ~1:'1 X llj!1JI¡/' witere 1 O:: u¡ and 



\10 Wt:~ Tl<ANSAC'l"IONS ON SOl'TWAliE l'N<:!Nl<EillNG, VOL. S~·7, NO. 1, lANU.ARY 19ÍII 

1'¡ = fl~.,v;, ¡.;;,p,forsomeV;E V,andF~ ~¡:.;;.fi/.!'1 V01 ,. 
V~ E V} is thc primary key, and F = {F1i fllr 1 .;;. i.;;. q, F¡ ~ 

1 

'·" C""I.On"t·~N) 

I~IJ"Jo._, U\ 1 AnAIII!JTI'& 

/\tR)_X.fl/!1 V11 , 1.;;. v1} is the ~el ofauribut~s. 
D,•jt~ullon 18: In Me,E'• tf F= {F¡j for 1 .;;,¡.;;,q, F1: 

KlR)-+ fl/!1 V11' 1.;;. v1} is thc set ofattribut~s. th~nM~·.e' is 
•aiJ lo be a d•tcrm/nistic weak cm/ly re/alioli U>WER)¡I/ over 
E anJ E'. 

Dt•jinlrion 19: Let E={E¡jl.;;,l.;;./1} be n coilection of 
countablc entity sets. Let K1 be the primary kcys of tho In· 
vuiv~d en tilles ln the entity sct E1• Then a nollúctemtillistlc 
r··~~~lar rclations/Jip relatlon (NRRR) M over E is defined as 
Me" (K, R, V, F) where R ~ flj. 1E¡ is a relationshlp set over 
E, V= {V¡jl .;;.¡.;;, v} ·Js a scl ofvalue seis, K= {K1 ,K1 , • • ·, 

Knll <n, l-<1-<n, K1!;.E¡X fl/! 1V1 , wherc 1.;;.u1 and 
V1. = 11f.1 v;, 1 <.p and for some v; E Y} ls tite prln¡ary key, 
an

1
d F = {F¡j for 1 <. i.;;. k, F¡ ~K(R) X fl/! 1 V11, 1.;;, u¡} ls 

th~ s~t of a !tributes. 
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Fig. 7. A nondeterministic rc¡ular Cnthy rcladon EhlPLOYE&-&ECOaD.. 
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1141U71 .... . ....... 
A41,4U ,. ...... ,~ . D•finitlon 20: In Me, if F= {F¡j for ¡.;;.¡<.k,F1:K(R)-+ 

11)'!1 V1., 1 .;;. v1} is the set of attributcs, then Mb· is said lo be a · 
J••urmlnistic re¡,~1/ar relationship re/ation (DRRR) M o ver E. . Fig. s. A dct<rmininic regular entity retation raoJECNNFORMAttOii. 

Dt'/inirion 21: Let E~ {E1il.;;. i.;;. n} andE'= {E;¡¡.;;.¡.;;, 
m) be disjoinl coUections of entity sets. Let Kj be the'prl· · 
·mary keys of the in volved en tilles in e;. Lct K1 b~ the prlmary 
k~;-s of the in volved en tilles in E1• Then a IJOIIúetermütistic 
w<'ak relationship relation (NWRR) M o ver E andE' is defiried 
as M¿·,E' =(K, R, V, F), whcre R ~ flJ! 1E} X nr.,E¡is a rcla· 
tiunship sct .o ver E and E', V= {V¡ ji <. i.; v} is a collection 
oi value scts,K ={K; ,K;,··' ,K:,,K1 ,K1 , • • • ,K.Jl.;;.m, 
1 <n, for J.;;.a.;;.m,K~ ¡;:E~ X l1/.!'1V01 , whcre ¡.;;.u. and · 
V.1 =ll~. 1 V~, J.;;.p and V~EV,and for 1<.s.;;.n,K1 !: 
L:',X ll/~ 1 V1l, where ¡.;;.u, and V11 =l1~. 1 V~', 1 <.p and 
V.j' E V} ls he prinmy key, and F= {F1i for ¡.;;,¡.;;,k, F¡ ¡;; 
KI.R) X 11/!1 V1 , 1 <. v1} is the set of allributes. 
• De/inltion 2~: In Me,E'• if Fa {F¡j for 1 <.i.;;.k, F¡: 
K(R)-+ 0/!1 V,1, 1.;;, u¡} ls the set ofattributes, thenMe,E' ls 
sai<l to be a detemtinlsrtc weak relarlonship relation (DWRR) 
,\/o ver E andE'. 

E.<ample 5: Figs. 7-i3 demonstrale the table forms of tho 
regular entity, weak entity, regular relatlonshlp, and wcak reln· 
tionship rel3tions. Thls dcsign of lable forms does provide to 
thc uscrs a clarity, simplicity, and unily of the concepts and 
the uructure of the entity-relationshlp relallons. 
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Fig. 9~ A nondctcnninisdc rc¡ular rclationsbip Rlalion, !MPLOYIB~N· 
. PJOJICT. 
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: In Fig. 9, the involved cntltles in the regular relationshlp 
relatlon are represented by their prirnary keys, EMP-10 and 
PI<OJ-10 of theJr regular entity relatio'ns, EMPLOYEE·RECORO, . fi':·IO. A dctcrminillic re~:.;..~!~':.~. rclarion, UISTBNC&-DBPIN• 

and PROJECT·INFORMATION, respectlvely.· The role names 
provide the semantic meaning for the values in the correspond· 
ing columns. In the regular entily relation CHILOREN·RECORO, 

shown in Fig. 11, the dependents are identlfied by their chU· 
dren identific3tion, CHILO·ID; NAME and AGE are atlributes of 
th• dependents. But, the appcnrance of EMPLOYEE·RBcoRo 

afiUiated with the CHILOREN·RECORO indicate.s that the exis· 
tence of the eilllty set CHILOREN depends on EMPLOYEE. 

liowever, slnce this existence relallonship of the entity sets 
~MPLOYEE and CHILOREN without any identification pUl• 
po~e. il must be represented in a table forn1 given in Fig. 10, 
and <loes not have any attribute and value. In the reiation 

PARENTS.ItECORO, shown in Fig.l2, the parents are'identlfied 
by thcir names and by thc. values of the prlmary key of the 

. employees supportlng them. Therefore, the appearance of the 
llMPLOYEE·RECORO affUiated Wlth the PARENTS·RECORD in• 
dientes !he existence and ldentlficatlon depcndencies of the 
entity se! PARENTS on another entity Set EMPLOYEE. PHONS• 

.NO is the only attribute of the parents. Fig. 13 ls a weak cela· 
tlonship relation, in whJch, YI!.AR.QF-MARRIAGE ls an allrf.bUIO ' . 
of the relationshlp sel MARRJAOE ovor the entity set PARENTS. 

Each of the relationships is ldentified by the NAME of FATHER 

and NAME of MOTHER and their chUdren's EMP-11) sup!ll)rling 
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fiJ. 11. A dctc:rministic regular cntity rclation, CHILOREN•RECORD. Thc 
1ablc alsC? shows.thc existcncc dcpcnd~ncy o( CHILDREN on EMPLO\'EE. 
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Fig. 12. A deterministic weak cntity rclation, PAREN'TNtECORD. The Lable 
also !tllows thc cxistcncr: and identification dcpcndcndtt o( PAilli~11 
on EMPLOYEE. 
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Fis. 13. A detcrminiscic wcak rclalion•hip rc:lation, PARENn·MARIUAOII

ucoao. Thc lable alao shows the exiltcncc and idcntification dcpcn· 
dcncics of PARENTS OD E~1PI..OYiiE. 

thcm. The appearance of EMPLOYEE·IIECORD affiliated wlth 
thc rARENTS·RECORD also indicates the exlstence and ldenti· 
lication depe1ldcncies of the entity sct PARt:NTS on another 
entity sel EMPLOYEI·.. . 

!n conclusion, thcrc c~rrcsponds a rclation (of table form) 
for rcvery cntity sol or rclalionship sel In the entity-relation· 
shlp diagram. for any entlty scl E', thc ldentification of thc 
entltlcs in E' is dc;.cndont on anothcr entity set E if and only 
lf tho rclatiun for lho cnllty sct E' ls a wcak cnlity rolation in 
whkh the prima1y kcy is thc cornbination of thc primary kcy 
in lhc rclation fllr r anJ on attdbulc (ur pussibly a scl of al· 
tributes) in thc rda1iun fur E'. Funhcrrnmc, if thcrc ls a rcla· 
lionship stl R uve: thc entity set JI" and olhcrs, lhcn the 
relation for thc rcl: lionship &el JI ls u wcak relatiqnship re la· 

PI 

tlon, and vice versa. Otherwlse, thc relatlon for any entlty 
set or any rclalionshlp setls a regular enllty relallon ora regu· 
l¡¡r relatlonshlp relation, respectlvely. 

Définlllon 23: A dctenn/niJtlc ent/ty-relat/onshlp modcl D 
1s defined as D = {MI for cvery M,M ls one ofthe detenninistlc 
types: a regular or weak entlty relatlon, or a regular or weak 
rolatlonship rclation}. In D,lf one ofthe relatlons !J nondeter· 
rnlnlstlc, then D !J said to be a nondetennlnlstlc elllity-rela· 

· ttomhip model. 
Definition 24: l.etM = (K,R, V, F) be one of the regular or 

weak relation, or regular or· weak relationship relation. Let x 
be a tuple (x1 , x2 , • • • , x.). We say that the tuple x, an lnfor· 

· rnation of a givcn k, which ls a value of thc prlmary key K, can 
be derlved frorn M if F = {F1 , F2 , ·• • • , Fn} ls the set of allrl; 
bu tes of M such that x E F(k) ls In M. · 

Note that k 1s elther a valuc in V,. for sorne JI¡ In V, or a 
tuple In n¡., v,, for v, in JI, and Ir: repre~nts unlquely an 
entlty ora relatlonshlp, respectively. · · 

Definil/on 25: Conslder two relatatlons: M" (K, R, V, F) 
and M'= (K', R', V', F'l whlch are onc of the types: a regular 
or weak entlty rclatlon, or a regular or weak relationship rela· 
Uon. Let S!;; K n K'. We say that M preserves M' under.S if 
and only lf any lnformatlon (x 1 , x2 , • • • ,x~) of s, whlch !J a 
value of S, that can be derived frorn M',.can also be derived · 
fromM, whe¡c 1 o;;; k<; IFI and 1 <.;ko;;IF'I,andx1eny!1V¡I 
and x1 e fl/!1 v;

1
, V11 In V and VIl in Y'. We say that A 

strongly preserves M' under S lf ima only lf M preserves M' 
under S, and M' preserves M under S. 
· Sirnllarly, we say tlull the model D preserves the rnodcl D' 
under S = {S' JS' s;;; K n K'}, lf and only lf for every relatlon 

• 1 
M'= (K', R', V', F') in D', there corresponds sorne relation 
M=.(K,R, V,F) in D such thMM preserves M' underS~in S. 
· We also say that the mode/ D strongly preserves the nroiiel 

D' under S if and only if D preserves D' under S and D' pre· 
serves D under S. 

lt should be noted that, In the rclatlons M and M', S ls a 
subset of K, where K is descrlbed by a group ofattributes that 
are used to idenÚfy uniqucly en tilles In the entlly set, or rcla
tlonSiiips In the relationshlp se t. 1 ls an allribute value, which 
ls an element of a Carteslan product of value sets or slmply a 
value set. For thc rnodel D and D', S !J a·coUecllon of allrl· 
bu te sets S'; each nttribute set S' ls a subset of K' and K.·. 

IV. RELAT!ONSH!P BETWEEN ENTtTY (RELAT!ONSH!P). 
RELATION AND ENTITY•RELATIONSHIP RELATION .. 

In thls secÚon, we shall show that the entlty-relatlonshlp 
rehitions can be translated exactly lnto relatlons of the user 
schema. We shall derilonstrate the fact that each tuple of nny · 
enllty-relationship relation can beuolqucly ldenllfled by _somo· 
prinmy keys, Basically, any entlly key.ls a group of attributea. 
such that the rimpping from tito cntity set onto the correspond· 
lng group of value sets ls onc-to-one. lf we cannot rtnd such 
a onc-to-one mapping on nvaUable dala, or lf slmpllclty·ln 
idcnlifying enllties iR dcsired, we may dellne an artifical al· 
tribute and a value set so that such mapplng !J posslbly de·· 
llned, In lhc case whcre sevc111l keys cxist, we usually choose 
u semantlcally mcaningful key as the entlly piimnry key. · 
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In ~crlain casos, thc culitics in an entity sd ~annut be ./'roo{: In thc pruof uf Thcorctll 2, il can be shown that 
!'nio¡nely idcntiOcd hy thc valucs uf thcir Oll' 11 attoillutcs; thcn thc ~sct uf atlributes is iudccd a sctof fnncliuns. 
\\e IIIUSI use a rclatiumhip(s) tu iJcntify thcon. Thcurcll~ally, · Corollary 4: l'ur any NRER, NWER; NRRR, or NWRR.Ma 
oaany kinds ,,f rdatinnships may be us.:d to idcutify eutlties. (K, R, 1', F), therc currc>punds a DERRM' = (E',RJ, V',F') 
lhe mcthod ol' i<lcntilication uf cntities by relationships with .sudt that M' strougly preserves M under K(l:'UR) or l:'UR. 
uther cntitics can be applicd rccursivcly until thc cntitics The conwrsc is truc. 

1 1vhich can be ldcntiOcd • by thclr own attri~utes' values are /'roo}:' In 1h~ proof of ll>corem 2, it can be shown that 
r~ached. Thcrcfore, we ·have twu forms of entily rclations. lf thc sct of attrillutes that we have constru~ted for the NERR 
rdationship~ are uscd for identifying thc Cltlitics, we shDJI cali are functions, 
ita weak cntity relrilion. lf rclationships are 'not us~d for iden- Al this point, wc can summarize our results, wlúeh wc havo 
til'Ying the en tilles, wc shall call ita regular entily relalion. accomplished, in tenus of thc following graph. Let M andN, 
Sin~e a relatlonshlp is idenliticd lly the In volved eutltles, the respecli\'cly, be a nonueterminlstic anu a deterniinistic rela

primary key of a rolationship can be represenleJ by lhc prl· tlon, each describcd by <'Jlo of lhe types: a regular or weak 
mary kcys of thc In volved en tilles. We also ha ve two forffis of reialion, or n regular or weak relalionship relalion. Let P and 
r~blionshlp relaÚons. If aU enlilics In lhc relatlonsl{ip are Q be a NERR anu DERR, respectively. Let M-+ N denoto 
i~cntiOcd by their uwn attribuies' values, we shall caU it a · thal M can be lransformed into N such that N strongly pro
r,gular relationship .rclation. Jf so me en tilles in the relaiionshlp serves M undor K (E U R), where K ls u sed to identlfy uniquely 
m identilied by o1her rdationshlps, we shali call it a weak· entltles In tho entlty set E or relntlonships in tho relationahlp 
reblinnship rdallon. Thus, wc state the followlng. set R.· · · 

Tilevrem 2: Fo.r any entity-rclalionship rclation M= (E, R, 
r. f'), there corresponus a.reguiar or weak enlity relation, or 
a regular or weak relallonship relation M'= (K, R ', V, F) such 
that M' strongly preserves M under K(l:' U R), thc idonOfica
lic•n of enlities or reialionships. Thc converse islruo. 

enterprlse.user 
schcma 

p M 
·----+ 

user schema· 

Q N ___ _,. 

V. TBE ENTITY-RELATtONSHIP MOOELS VERS\JS 

ÜTHER DATA MOPELS 

Prvof: l.ei Me,E' =(K, R, V, F) be a weak relationshlp 
rolatiun over E and E'. Then, we can cunstruct an cntity. 
rolatlonship relallon M'';'(E", R', V,F') as follows. Let t1 

o~atuple.<e;,eL · · · ,e;11 ,e1 ,e1 , • • ·,e11 >inE'X E. Lett2 
l'~ a tu pie (z t, Zz, ' ' ' , Zm, X 1, X¡, ' ' ' ,Xn) in fii~l fi/!a V¡{ X 
fl~. 1 n:,, V, , where V11 and V, are in V. For cach K(td = 
t 1 , we ha ve E"= {E,II < 1.;; uf U {E}II o;;¡.;; m} such that 
: 1 E F:J., for 1 <.¡<.m and x1 E E1, for 1 <: ¡.;;,, and t2 ER' ~ 
llj'! 1 i:'j X llj'.1 E1• F' = (P1iP1 S:R' X ll/!1 V1 , 1.;; 1 ~k, 1 <; 
v1 such that for evcry 1, F1 E F,y1 EF1 (K(t¡)~, where K(t¡} ~ 
r1 is ~cfined by F1 ~K(~) X ll{!1 V11 :r an~ only _'f y1 EP1(t2 ) 

ti d~Jmcd by P1} U {P1¡ 1 < 1.;; 11, P¡ ~R X ll¡!1 V1 , 1 <U¡ 
;u~h that Pj(l,) = x1 E llj!1 V11 if and only if x1 E /(,(e¡) for 
~ .. r: 1:'1 and K(t¡) = t 2 }. For 1 t;;/<.u, K1 = {F11 il .;;¡.;;a}, 
P; = {PÍ¡il <JO:. a, ~Í¡ ~R' X 11f.1 v;, such t~al Pj(1 2 ) = 
.<o' = (X¡,, X¡,, • • • , X¡/-l , X¡/' X¡/+l , ' • • , X¡a) E fi¡! 1 V¡/' where 
1',

1 
= 11~. 1 v; if and only tf x1 e K(e1)" {F1,, F1,, • • ·, F,1_1 , 

fi1, F11 • , • • • ,F1a}(e1), anJ K(11)" r,}. Cleariy, M' is an 
cntity·relali'?nshlp relltlon such that M' strongly preserves 
.1/ unJcr K(R). Similariy, il can be shown in thé same man· 
uer that the olher lypes.of relatiuns can be transformed inlo 
cntily~relationship rclalions, wilhoulloss of infonnatlon. And 

In [2 J , [3 J,' [ 13 J. lhe uso of an entlty.¡oelationshlp dlagram 
is fully explalned, along whh rules and examplea for transli· 
lion. into hlerarchical or nelwork .struciUres. In. this sectlon, 
we shail modify 1he majar steps In logicai database Jcsign usir)g 
tho éntity·rclatiunship approach In (3), [14]. Thc modlfied • 
stcps lit logical daiabase design can be used lo derivo endty
relutionshlp relntions that correspond equivalenlly. ¡o 3NF 
relatiotis of the reialional model. Hcnco, the use of cntity-

sois thc converse. 1 

Cvrul/ury 2: For any entity.relationship model D, thcre cor· 
ro;ponus D', whlch contains a coilectlon of relalions At; each 
do1cribed by one of lhe typcs: a regular or weak entlly reta. 
tion, or a regular or· weuk rclalionship relation such lhal D' 
•lfongly preserves /J under thc coltection of prim.ary keys 
K(f.' u R). The converse if truc. 

·Provf: lt follows from Th~orom 2. 
Corollury 3:. For any NERR M= (E, R, V, F),lhere corre

>p0nus a DRER, DWER, DRRR, ur DWRR M'= (K, R', V, 
F') su"ch lhat M' strongly preserves M unde; K(E U /1). 1l1e 
converse is truc. 

. relationship dlagram for translatlng in lo JNF relations sup-
ported by the reialiunal database system can be rcallzcd. · . 

In' lhe rclationai model, to Ulustrate transitivc dcpendency, 
COIÍsidÚ a teiation scheme S, concerning information about 

'empioyees, dcparlments where ·they work, and the naluro •af 
the work withln lhe department [9]. 

S(E#, EN, JC, D#, M#, CT) whero 
. E#.= employee identiflcation number, · 

EN= ernployce name, · 
· JC ;, employce Job codc, 
. D# .e departntent number of employco, 
M#= ldcnliOcation number of department manager, and. 
. cr "contract type ( government or nongovernment). 

. . 

'In thc.description of the database applicatlon, the functional 
relationships omoug applicatiun attribulea are given as follows.·. 

¡ 
1 
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·Each employce is given only onc job codc and ls asslgned lo 
only one dcparlmcnt. Each department has hs own manager 
and ls invoived in work on either government or nongovern· 
inent contracts, not both. Tite non trivial functional depen·' 
doncles In S are as shown in Fig. 14 (tite nondepcndcncles are 
implied). Ciearly, S ls not in 3NF. 

· Using the proc,ess of further normalilatlon, the relation 
scheme S can be converted tci a rclational schema containing 
SI (§ji., EN, JC; D#) .and S2(QJ1:_, M#, CT}, whJch are In 
3NF. In addition, no esscntiallnformation has been lost, since 
al any time, the original rclatioris can be recovered by tákJng 
the natural join SI and S2 on D# . . 
·:Using the cntity-relationshlp approach to the logical data
bas~ design, without further consideratlons, we mlght define 
thc enterprise schcma for S, in terms of an cntity-relatlonshlp 
dia~ram for EMP (employee) wlúch ls glven In Fig. 15, and 
the!l translate thls tnterprlsc schema into a user schcma, de· 
scribed by the regular entlty relation F.MP, whlch ls given in 
Pig. 16. Clearly, all the undcslrable anomaliei, that can be 
created by lnsertion, updating, and deletlon of an tuple In tho 
rclation schcme S, can also 'occur in thc regular entity relation 
EM•'· To elimina te these problems, the relation scheme S must 
be pul luto 3NF. That ls, the relation schemo S must satlsfy 
the property: every nonkey a !tribute is fully functlouaUy and 
nontransitively dependen! on the primary kcy. In the regular 
cntity relation, EMP of the ERO for EMP, the a !tributes whlch 
map from E# into thclc own y¡¡Jue sets, are functional. The 
'ctcmlinism of entity-relationship relatlons, descrlbcd by the 
. ypos: the regular or weak entity relations, or ¡he regular or 
woak relationship rclations, do not guarantce that the entity
rclationship relations can ovcrcomc all anomalies wlth respect 
to storage operations. However,ln Flg. 15, the cntlty·r~iatlon
ship diagram for l:Ml' does not capture all the glven semantlcs, 
namely, the given description of the data base applicatlon in 
the real world. For lnstance, 11 does not include the fact that 
"each department has its own manager and ls lnvolved In work 
on cithcr governmcnt ·Or nongovernment contracu, not boU1." 
In conformlty lo thc givcn description of tlic datnbase appli· 
catinn, a numbcr of directcd edges can be added deliberately 
to the value sets in the cntity-relatlonship diagram for EMP. 
Jlowcver, the obtained diagram givenln Flg. 171s no longcr an 
eutily-rclationship diagcam. 

' In arder to confarm to the scmanllcs "cach department has 
its own managr.r and Js in volved In work on elthcr govcrnment 
or nongov..:rnmcnt conuaCts, nor both," and to preserve tho 
property of an entity-relationshlp diagram, a rclationshlp set 
Dl,PT-MANAGER mus!' be creatcd. The rclationship sct ls a· 
onc-to-one mapping dcfined on twu cntity seis DEI'T and f:MP. 
Tit~ rclationship SCI has a, fuuctioual attributo INVOLVF.D• 

·PI<Ol·TYI'F., whidt maps rclatiunships of lhc relationshlp set 
llEl'T·MANAGER in lo a value sct CT (contracl type). In Fig. 
18, the entity-r,:btiunship liiagr;uu docs cunform to thc func
ional dcl"'ndcndcs, ~iven in Fig. 14. lt shouhl be notcd that 

thc rcl~tionship sct lll-:1'1'-EJ\11' is a onc-lo·many mapping de, 
fiucu on twu Clllity scts l>EI'T anu EAII'; thJs construct justifics 
thc fact lhal lll:t•r is functinnally ucpcnucnt un EMP. The 
atttihulc ·INVOI.VEtHIIOJ-TYI'E maps functiunally rclation· 
ships pf thc rclacionsltlp sct nlwr-t-:~11' hilo thc valuc sct cr. 

93 

Fig. 14. Exompic of severa! lransilivc dependencia. 

" 
Fig. 15. An cntity·nlationship diagram (or EMP, whcrc U4P..ID is the pri

mar¡ key. a,.p, IJ, p, x, and" denote utP..I_D, EWP-NÁWE. JOBCO~!, Hls
DEPT•ND, HIS•DEPT•WANAOER1 and HlS .. WOUINQo-PROJ•TYPE. respeCUYCiy. 

... '"' JJJU. IIOdltiLL 

I'~IIUII't JZf Ananun 
l:000~10 IIULL-tfO 

••• " tWLCYit IJ:JU. IIULL-IolWL 

" ' • 
'""" . '"' 

" .. " 
1 ... • 1 ·ou 'e 

• 1 010 • 1 o u o 
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1 ... • 

Flg. 16. A n:guiar enthy relalion BMP • 

Fig. 1·7, A diagram eollformabic lo lhc funelional dependencca ¡iveo 
in F'.¡. 14. · · 

Fig. 18. An cnltty-rclatiopship diagram conc:emina intormation abou1 
WP and DOPT. 

Tite construct also conforms lo thc fact thnt CT ls functionnlly 
dependen! on !>EI'T and ls trnnsitivcly dependen! on FMP. 
lluwcvcr, thc allribute INVO~VF.IH'II.OJ·TYPil, whidt maps 
functionally rclaliunships in thc rclatlonship sct lli(I'T·I:MI' 
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-~ d6~ 
Fig. 19. An 'cntily·rela1ionship diagram concerning information about 

EMP and D!PT, 

lnto the value sct CT, is redundan! because of the exlstence of 
the attribute INVOLVED-PROJ-TYPE which also mnps func
tlonally relatlonships in the relatlonshlp set DEPT-MANAGER. 
Thc existence of thc al tribute tNVOLVED-PROJ-TYPE niapptng 
rclationships In the relatlonship set DEPT-MANAGER tntp the 
value set CT impllcs 1hat CT is transitlvely dependen! on EMP 
(bccause CT is functionaily dependen! on DEPT, and DEPT ls 
functionally dependen! on EMP) [4], [S]. The ellmlnatlon of 
the .redundan! altributo INVOLVW-PROJ-TYPE yJelds the 
entily-rclatlonship diagram as shown in Flg. 19, whlch cori
forms to thc givcn semantics of the real world. Flgs. 20-22 
illustrate the translat!on from the entity·relatlonshlp dlagram 
given in Fig.l9lnto a user scherna. 

Severa! problcms will arise from thls construct. 
1) In Eliminatlng rhe Redundan/ Relatiomhip Sets: Wlth

oui loss of generality, Jet ·rhe cntity set EMPLOYEE be partl· 
tioned lnto two entily scts EMP1 and MEMP, contalnlng non·. 
mnnagcrlal and managerial employees; rcspectivcly. Then, as 
shown In Flg. 23, crcato thre~ relatlonshlp scts DEPT·EMP, 
DEPT·MANAGER, and EMNIANAGER dcflned on tho cntlty 
sets DEPT and EMP', the entlty sets DEPT and MEMP, and thc 
entity sets EMP1 and MEMP, respectlvely.· Thls constructjustl· 
fles the facts that DEPT ls functlonaUy dependen! on EMP1 

(employec), that DEPT ls functlonally dependen! on MEMP 
(manager), and vice versa, and that MEMP ls functlonally de. 
penden! on EMP'. That is, this entity·relatlonshlp diagnm con· 
forms to the given semantlcs of the (Cal world; "liach em· 
ployee ls assigned to only one dcpartmcnt. Each dcpartment 
has its own manager ... ," However, the existencc of thc 
rclatlonship sct EMP-MANAGF.R deflned on the entlty sets 
tMP1 and MEMP ls redundan!, because the functional depon· 
dencie$ of DEPT 011 EMP1 and of MEMP on DEPT imply tho 
functlonal dependency of MEMP on EMP1

, Furthermore, thc 
diagram shown In Fig. 23 's equivalen! to the entity-reliltlon· 
ship diagram sh01•n in ·Fig. 24, which is obtained by combin· 
ing the entity sets MEMP and EMP1 lnto EMP. The el!mination 
of the rclatlonsl·'p sct EMP-MANAGER from both dlagrams 
docs not delctc tny scmantlc lnformatlon from the original 
diagrams: Thus, ;n the cutity-relatiomhip diagram shown in 
Fig. 19, the fun.:lional dependency of MANAGER· on EMP 
(nonmanagerlal e1· ployce) ls iinpllcltly delined. Thus, the 
claim that the existence of.tho .attribute INVOLVED-PROJ· 
TYPE · mapping C<.alionships In the rel~tionship sct DEPT· 

... ... 
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Fig. 20. A regular eatily rclalion ""''· 
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Fig. 21. A regular rcllltionship rclalion D!PNlldP, 1m dcnoles lypo of 
mapplag. 
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· . Fia. 2~. A reaular rclallonahlp .rclalion DIPNWIAOBL 

.. 

Fia. 23. An entity-reladorubip dla¡ra111. 

· MÚIAGER lnto the vaiue set CT lmpllos that CTis translt!vely 
depe11dent on EMP,Is vaUd. '· 

1t should be noted that, In Flgs. 23 and 24, lnstead of the 
relatlqnshlp set EMP-MANACER, the ellmlnatlon of the rola· 

· lionshlp set DEPT·EMP also docs not delete any semantlc 
lnformation from the orlglnal diagrams. Howover, tho eUml· 

· natlon of the relationship set DEPT-MANACER from the dli· 
grams will destroy, In turn, tho givon sem.antlc tnfocmatlon: 
"eaeh department has lts own manager •••• " In tho reallty, 
the lmplication of functlonal dependcnce fiom .others b not 

, quite obvious, especlaUy, lf a very large set of funcllonal do· 

1 

1 

1 

1 
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fiJ¡. 24. An onlily-n:lalion•hi.P dlagram. 

pendencies ls consirlered, and the crltcrla for determlnlng · 
whlch of the redundan! rclatlonshlp sct ls to be el!mlnated 
wit))out modifylng any glven· scmantlc lnformation, is non
trivial. 

Jn order to al!ow an additlonal illustration of full functlonal 
d~:pendency, thc descrlptlon whlch concrns employees, thelr 
skills and sklll levels (IOJ whlch is shown in Fig. 25,is udded 
t<• the descrlption of S whlch ls'given In Fig. 14. Flg. 25 reprc·· 
scnts the semantlc lnformatlon. "An employee may hold 
severa! skllls (represented by ihe skill number S# and lis skill 
namc SN) and a particular sklll may be held by severa! em
ployees. ·A particular cmploycc has dlffercnt skilllcvcls (repre· 
sented by SL) for thc skills he holds. A particular skiil ls held 
by severa! employecs each of whom may have a different skill. 
leve! for the skillln queslion." lt is clear Jhat SL is fully func· 
tlonally dependen! on thc concatcnated kcy E# .S#. As shown 
in Fig. 26, by creating thc relatlonshlp set EMP·SKILL, thc fully 
functlonal dependency '.of SL on E#.S# can be cxprcssed 
e"actly and lmpllcitly In lhe entlty·rclatlonshlp dlagram. For 
the dlagram sltown In Fig. 26, the corresponding reiations aro 
-givcn In Flgs. 27 and 28. 

2) In Constmcting rile User S cherna In Third Normal Form: 
Consider the reb'Ular relalionshlp relation DEPT·MANAGER. 
The correspouding relatlon schemc (in thc relatlonal model) is 
S2(Qft, M#, Cl'). in which only D# or M#, but not both, ls 
to be selected as lhe' primary key because of the fact that the 
llllpping between DEPT·NO/D!!PARl'MENT and EMP-10/MAN• 
AGER is a one-lo·one corrcspondence (JO]. Thls is one of the 
major reasons útal thc attrlbute tNVOLVED·PIIOJ·TYPE whlch 
maps r~lationships lnto thc value set CT ls kept away from 
the elimina !Ion. Howevcr, it is lrue that lf both 'D# and M# 
are prlmary kcys, ,he S2 is no longer a relatiÓn of third normal 
funn, ~ecause CT is not fuUy functlonally dependen! on (D#, 
M#). That means, the regular rclationship relatlon DEPT• 
MANAGER ls not similar lo a 3NF relation, evcn if lhe map
ping betwcen DEPT·NO/DEPARTMENT and EMND/MANAGER 
ls onc-to-many, many-to-one, or many-lo·many. 

Consider' again tltc entily·rclalionship diagram glven in Fig. 
19, in whidt thc attribulc INVOLVED·PROJ.rnE maps rela
tlonships In the rclaliono.hip selllf.I'T·MANAGell In lo thc valuc 
set CT. Tita! means, eadt of lhe cnlity palrs of thc cntity seis 
llt:PT and EMP/MANAGER ls In volved in work on clthcr govern· 
mcnt or nongovernmcnt contracts, not bolh. Sincc '1hc rela
tionships DePT·MANAGER ovcr lhe cntlly seis DEI'f and t·:MP/ 
MANAGER are onc-to-one corre•pondcnce, In ordcr to con
form to the givcn scmantic int'ormalion, it sufliccs 10 dcOne 
the attributc tNVOLVW.ri<OJ-TYI'E mapplng 1hc cnlity' sct • 
Dt·:J'T inlo lhc valuc sel CT, us shuwn In Flg. 29. Onc of thc 
major diffcrcnccs of lhls conncclion of thc valuc sct CJ' to the 
cntiiy sct E MI' fr,lln lhat in Figs. t H ;Jild 19 ¡, thal lile lattrr 
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Fis. '25. A doocripdon concomina emptoyeca, lhcit akUI1, and •kili levelt. 

. F'JS. 26. An entlty-rclatlo111hip dia¡ram. 

••• ...... 
.RliQ.IIY IIZ1' 

••• IKlLI.-1«:1 1 IIULI.....,. .......... .. .. ... "''&u 
' 010 pdftC.I' 

o u. '"'-' 
Fis. 27. A rcsular endly n:Iat.lon IEn.t. 

••• "" 
n.uu.ar 1 ... m'UioiiRI 

••• li'IP•lO 1 • 1 • l • 1 • T • ..... ... . .. .. .. .. .. CT 

l u • • u • • .. • • u • 1 "' • , .. • • • ft .. • u ' 1 .. • , .. • • " • , u • , ... • • u • • .. • • u •· 
F1a- 28. A. rosular n:lationlhip n:Iation, iw-s&w. 

connections do not satisfy !he fully functlonal dependency, 
and, therofore; thc problem that tho regular relationshlp reJa, 
tlon DEPT-MANAGF.R is not in 3NF could be avoidcd. Flg. JQ 
ls a modified ·regular rclationshlp relatlon DEPT·MANAGER,· 
whlch ls In 3NF. As a mattcr of fact,lt ls a non trivial proqlem 
of decldlng what are thc valuc seta and attributcs for thc enUiy· 
or relatlonshlp seis from úte given descrlptlon ofan appllcatión~ . 
For'. cxample, thc val u e set CT Bnd the attributc tNVOLVED· · 
PROI·TYPE are 4ssigncd to the relatlonshlp se! D~PTo/oiANAGER 
is lndecd an erroncous represcntation. 

Summarily, the user schcma in thc cntity-rclalionshlp modcl: 
as shown In Figs. 20 and21, Figs .. 77 and 28, and Flgs. 30 ll1ld 
31 obviously are slniilar tu JNF rclatlons in the rclational 
moJel, but the furmer relatioits havc clearcr reproscnlatlon, . 
and are obtalned wilhout uslng thc normallzatlon opcratlons · 
(4). (S], [9j: In thc normall:t;~tlun of thc rclatlonitlmodcl,: 

. ' .. 

' 
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Fig. 29. An cntity-rcl3&ionshiP diagram cOnccrnins information about 
EMP and DI!PT, 

••• .... '"' PEPT•twW:;Il 

tRtl'lo\II:Y &r.Y A'M'RIIUJR 

Ct."I'1'·MO 1111'•1D 

••• •• DlPAJI'f~HT IWIAata .... 
• " 

""" 
,,., 

•• " KC'i~ •. 11 

' ' u 
• u 

Fig. 30. A modlficd regulai rclationship rclatlon, DEPT·MANAOEa. 

... .... 
UIKAJI'i' IQ!Y ~ A'M'kiiiUTC 

••• PtPf-ttO - J JH','I:,LVlD·PIIOJ·TYPI: 

VALUI Uts 

•• C'l 

• • • ' • • • 
· Fig. Jt. A regut.r cnlily relalion DiPT. 

which we shall ou tllne as follows, ls a· hcurlsllc apprCXIch. In 
addillon, wc are oniy consldering ·lhc dctcnribJistlc caso, for 
1hc sake of slmpllclly. · 

Thc 'cnlity·rclallonship approach lo tJ¡e loglcal •4atabasc 
dcsign consista of lhe followlng major stcps. · 
· 1) Gíven a descriptlon o{ a11 applicatlon. The descrlptlon of 
a database appllcatlon. for an entcrprise can be formulatcd aa a 
'set of functlonal relatlonshlps a1ilong appllcalion atlributes, 
Whether lhe set of functlonal rclatlonshlps among applicatlon 
attribules ls complete, nonredundant, and mlnimal [4), [5)1s 

. of no concern. 
· 2) ldentify emlty seis. From the glven dcscrlptlon of an 

. applicatlon, ldcntify. all p.)$slble enlily seiS wlúch are of In· 
ter~st to the entcrprise.. · · 

3) Jdenti[y relatiomhip sets. Relatlonshlps may exls~ arnong . ll, 

the en tilles, and can be clasallled by the relalionship seis. In 
genc~al, therc are m-way relationships dellned on ontliY seta, 

· where m 1s greater than or cqual 10 l. Conformable lo the 
· . · glvcn descrip¡ion of an appllcatlon, idcnllfy all possiblc rela· 

tlÓnshlp seis and speclfy thelr lypca of mapplng (e.g~, one·IO· 
· one, one·to-many, or many-to-many). Elimina le lhc redundan! 
relatlonsh!p sets. 

4) Draw an entity·relatlomhlp dlagram.wilh enlity andrefa. 
tiomlllp seu. 

S) /denti{y va/ue sm ani altributei. From the glven de· ¡ 
scrlptlon of an appllcatlon;wo may decide what are thc ya!uo \ 
seis and attributes for the entlty or reiatlonship sets. Tho . ¡ 
funcrional artrlbutes, mapplng from tho entlty or relationshlp 1 

sets into rhc valuc sets 'or the Carteslan product of the value 
sets must conform to some functlonal dependencles limong 
appllcatlon ariributes. ·¡Ú tho end of this step, an eniliy-rela· 

SI (!lit., EN, JC, D#), S2(D#, M#, CJ'), S3(!fit., S#, SL),. tlonship dlagram wlth the entity and relationship seis,' the 
and S4(S#, SN), are.tho fewest possib!c numbcr of 3NF reta·· value sets, and the attributes are obtalned. 
tions (4], (5], (9]. Perhaps, rhe severe setback for the entlty· · ó) ldent/fy primar)¡ keysforentity sett 
relationship approach b thc tradeoff between the clearer '7) Clreck the entity-relationshlp diagrum in con{orm/ty IQ 
semantlc representatlon and tite fcwest possible number of · tlle description o{ the appliClllion. Moro speclllcally, does tho 
rclatlons. · entity-reialionshlp diagram lnclude all posslble functlonal tela· 

Conslder agaln rhe diagram givcn In Flg. 16. For thc entlty tloriships among the vatue sets? 1s the lran,~ltlve dependency 
set EMP, lmpJicilly, IJ!e valuc set D# b functlonally depen· . ainong appllcatlon attrlbutes "properly" representod In. the • 
denr on E# (the ¡.~rlmary key); but not vice versa. ltls easy to entlty-relatlonshlp dlagram? ls overy nonkey attribute va.luo 
show thal the nonkey va!ue sel CTis transitively depende\)! on sel(s) ·nontransitivcly or fuUy dependen! on the prlmary key . :. 
the primary key value set E#. Howover, such a transitivo de· · value set(s)? lf the answer of any of these questions b illaf. '· · 
pendency can be ellminated by inlrpduclng a relatlonshlp set flrmatlve, then go back lo step 2). · · · 
ot:PT·EMP, as shown In Figs. 18, 19, and 29. For each of the 8). Translate the entity-relalionsh/p dlagram lnto_ endty· 
entity sets EMP and DEPT and the rclalionshlp sets DEPT·EMP . re/atlonship relatiom. These relatlona aro doscrlbed by 8JlY 
and ·oEPT·MANACER, no transltlve depende0cy among value one of thc deteiminlstli: types: the regular .or weak ontlt)'., 
séts is ¡iresenl. Therefore, the uso of the entlty-relalionship "relations, or the regular or wcak relalionshlp relatlons. ·. · · · .. 
approach ls ellmlnatlng the transitivo dependency among value : For any entily·relationshlp diagrarn, 11 also cail be tran~ated '. · 
se·u ls more effcctive 'lhan the normallzation procesa for lhe inlo · data·structuro diagrams supporled by the CODASYL: 
relational model. Furlhermore, by the dellnltion of attribute, (nctwork) type. database syst~m or hlerarchlcal struclures sup· 
ihe entity·rclationshlp diagram always provldes the fact that po'rted by. o hierarchical databaso system such as IBM's IMS 
each nonkey value set lsfully functionaÚy dependen! on.the (2], (3]. 
primary key's value set(s). Although lt can be lranslaled lnto thc relatlonal acherna supo 

Now, we shall outllne the major steps In the logicai data base . ported by 1he rciational da¡abase system, 11 woufd be easler to , . 
design using the entlty-relationship approach. Givcn a descrip· obtain the relational acherna by lronsformlng dlrecUy from'the 1 

lion of an applicotion for an enterprise, we intend to find a entity-rclationshlp relations, descrlbed by tho regular or woak ; 
"good" schema that describes the structure of the correspond· entity rclatlons, or the regular or weak rclatlonship· relatlons. 
lng database. Unfortunaleiy;theentity-relatlonshipapproach, h should be noted thatlf~no wants to change.from one ·1·· 
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nondctern;inistlc relation to a dcterm!nlstlc rciatlon, one path dcpendency can be _representad by a bldlrected Une, 
would probably ha veto change the enterprise-user schema and whlch can Lo obtalned by adding a single arrow (pointed to 
thcn reconstruct the user schoma, since thc enterprise-user A) on tlte other end of thc dlrccted Une. 
schema ·using the e"ntily·relationship rclationi and the enter·. Fig. 32 is a data·structure diagram which corresponds par·· 
prlse sch~ma uslng the entlty-relationship diagram are indcpcn· liallY tó. the cntity·relatlonshlp diagram given in Flg. l. The 
denl of the primary kcys, thc unique identilicalion of entilles, structure demonstrates the M:N relatlonshlp sct E and EMP• 
and relatlonshlps. Tite chnngcs of the enterprisc-user schema CHILD on the entlly sets EMPLOVEE and CHtLDREN, and the 
.and enterprlse schema are one·to-onc corresponding,. ~nd, M:N rel~tionship sel E and 1 (the existence and idenUficalion 
thus, thc conformlly betwccn the enterprlse schema and the · 'dependencies) on the entlty set EMPLOYEE and PARENTS. · 
descrlptlon of the ieal world can be checkcd. Clearly, the entity relalionshlp model can be used as a too! 

9) Deslgn record [ormats. in the structured deslgn of databases using the network models 
From our discussion, clearly, we can stote the following [6]". The user firsl draws an enlity·relationship dlagram .and 

theorern. then may sirnply translate il lnto a data·structure diagram 
Tilcorem 3: For any entity·relationship relation M, described using the rules specified above. 

by one of !he lypes: the regular or wenk entily relation, or the In the remainlng section, we w!U use thc enlity·relatlon"shlp 
regular or weak reiatlonship relalion such that none of the dlagram shown in Fig. 1 to demonstratc the dcslgn of tho . 
noÓkey attribute value set (or Carteslan product ofvalue seis), record formats, and thc use ofpointers for reprc~entlng.assocJ." 
which is fully deperidenl on tho primary key value set(s), is atlons betwcen records or segments and usoclntlons betwecn 
transitively dependen! on the primary key value set(s), thenM data. 

· can be · transformed lnto a 3NF relatlon (in the relatlonal In the course of construcling the physlcal representalion of 
model) that strongly preserves M under the primary keys. Ího entity-relalionship diagram, the corresponding data-struc· 

ture dingram and the corresponding relatlons can be used as 
majc;r components of an lntegrated deslgn too! to assistln the · 
physlcal database design process. However, lt suffices lo use 
llie entity-relationship diagram and/or the corresponding reJa·. 
tions which are described by one of the types glven In the 
prevlous sectlon as a design tao! in deslgn!ng the physical data· 

VI. PH\'SJCAL REpRESENTATION OF LOGICAL 
STilUCTURES 

· In this sectlon, we will discuss physlcal representatlon o( 

logical structures. In the previous seclions, wc are concemcd 
with thé way the database administrator or thos~ system 
analysts who sce the entlre database and the appllcatlón pro
grammer vieV.·s of data. Ncither the entity·rclationship diagram 
nor the corrcsponding relations retlects the way tlie data are 
slored physicaUy. In the seque!, we will be concerned with 
how il is laid out on tire storage units. Th~t ls, for a given 
overall view of the data In terms of thc schemas, how do wc · 
represen! thls overalllogical organization physically. 

Given an entily·relatlonship diagram, lt can be lranslated 
in té> a data-structurc diagram [5}, [6} by the following rules. 

1) For each of the entlty (relalionshlp) sets lri the entity· 
rclatlonshlp diagram, there corresponds an entlty (relatlon· · 
ship) record type, called a'n owner (member) record 1y¡ie,ln 
the data·structurc diagram. 

2) For 1 :N binary relationships of a relatlonship set C de· · 
tlned on two entlty sets A and B, in the enlily·relationshlp 
diagram, two directed links, one wilh double arrows and the
other with a single arrow, are drawn from the entlty record 
typesA ar;d B,rcspectivdy,to tho relatlonship record type C. 

base organiza !ion. . 
The data·structure dlagrom such as that In Fig. 32, cari be 

represented pl¡ysically In a varlety of ways. Flgs. 33-35 illu· 
s¡rate one of these ways, which involyes parcrit, chil.d, twin 1· 

and cousin pointers. Fig. 34 is a physlcalrepresentation of thc 
data-structure diograr!l. of the record· types PROJ·E~ÍP, EM· 
PLOYEe, und rROJI.:CT. In the relationship record type PROJ· 
TYPE, two parent pointers are used from each relatlonsltip 
record to thal record's parents, whlch are of entlty record 
types EMPLOVEE and PROJECT. From these two parent 
polnten, the prlmary ·keys of eoch of the relatlonships can 
be accessed directly from lite entlty record record types Ei.f. 
PLOYEE and PROJECT. 

For M:N binary relationships, two directed links with double 
arrows are dr:~wr .. 

· For the existence and idenlificatlon dcpcndcncies of the 
enlity set PARENTS on the cntity set EMPLOYEE, al shown In 
Flg. 34, a relationsltip record typc Ls used torepresenl physically 
lite existence dependency and a cotUln polnter from each in· 
stance of lite entlty record type PARENTS to the lnstance.of 
the subordina te en ti\ y record type is used ta 'represen! the 
ldenlifica.tion depen"dency. Thatls, each instance of the entily 
record typc PARENTS is fdentlfied by the comb!nation of .the '· 
primary keys, one from the EMPt.OYEE and the other from 
ltself, PARllNTS, .as slrown in Fi¡¡. 12. lf only the exls.tenCll 
dcpendency occurs, thcn the coruln pointer wül not be used. 

-r. 

Likewise, for k-ary (k;;. 3) relalionships, the same rules 
apply. 

3) Jf the existcnce and ldentification of an entity sct B are 
depcndont on another enlity set A In thc entily·relalion•hip 
diagram, then a path d"prndency from the cutlty record type 
A lo the entity· record typc B is ~rcal<•l.in thc data-stmcturc 
diagmm. Thc' p:r~t úc¡wudency can be rqncsenlcd by a di· 
re~ted linc ll"ith single ••r d\lublc arrows puintcd tu B dcpcnd· 
lns u pon whcthcr thc m:rppiug from thc cntity sct A hilo the 
entily sct Bis of llllC or many ussociations, rcspct.•liv~ly, 

lf only lhc cxi•tcnce Jcpcudcncy of Don A occurs, tlicn tire 

In Fig. 35, ~11 the instances of the relallonship record type 
MAIHUAGE contain two physlcal paren! pointers. However, 
both paicnt pointcrs of cach of thc lnstanccs are pointing lo 
the diffcrcnt instancca of thc samc cntlly record typc PARENTS, 
sincc the r~lalionship set MAHI<tAGE js dcfuted on a single ton 
sct, thé_ cntity sct PARF.NTS. Again, each of tite rclatlonshlps is 
idcntlficd by thc combinalion of thc prlnmy keys, onc from 

,.;_ 1' 

. ·'--· ·---

.. 
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Fis. 32. A logical dala-slfucturc which corrcsponds partially to thc cntity
relationsh.ip diJgram givcn in Fig. l. 

1¡. 3J. A ph¡·sical rcprcscntodon o( thc data·structuro diagram o( thc 
record I)'PCI PROJ•EMP, EMPLOY5S. and PROJ.ECT, . 

"'PIInU 

· pnlnU4 &O 
1 1 IKP-allt.D 
••,..nu 

,· 

Fia. 34. A Physical reprcscntation o( thc data~atf\l.cturc diagram of thc 
record lypcs E"and 1 (fr.tPLOYEE·PA.RENTS), E~PLO'IÉS. and PAJ.ENTI.; 

thc entity set EMPLOYEE and the other from ilsclf, PARENTS, 
as shown In Flg. 13, the weak relatlonshlp relátion PARENTS· 
MARRIAGE·RECORD, 

VIl. CONCLUSION 
In thls paper, we have deflned formally the entily-relation

shlp modcl hl terms of the entity-relationshlp diagram as ú1e 
entcrprJse schema, the en lit y relationshlp rclations as lhe enter· 
prise-uscr schema, and four typcs of relat!ons as· the user 
schcma. We have described th~ cntity-relationship approach lo 
logical dalabase dcslgn. The fact that the nondetermlnlstic 

Fig. Jt A physical rcprescntoii'on o( tbc dato-alructurc diagram Ot tbe 
. . . . record l)'pes MABRIAOI and PI.JliNU. 

and detemllnlstlc llave the same strength to characteilie J¡¡for
mation about lhe real worhl enhancea the enlily-relatlonsh.lp . 
approach. because lhe databas• des!gner is not constralned by 
the functional attrlbutes to idenUfy thc ~ropertles of cnUUes 

. and thelr relationsh.lps. 
The entity-relatlonshlp approach wlúch prov!des an easy to. 

understand yet comprehensivc methodology for the loglcal . 
database design lndepen~ent of storage and efficlency CQR· 

slderallons is to add lo the loglcal database deslgn process, on · 
lrÍtennedlate stage between lnformailon, about enUtles In. !he 
real· world and the user rchema, tho final product. of thc 

· process. The product of thls lntennedlate llago la the. cotar· . 
· prlse schema, the dcscrlptlon of an enterprlse vlew of data In 

the real wor!d In lerms of entlty-relaUonsh.lp diagrama. In thla 
paper, .we have explored that the entlty,re!atlonshlp·dlagram 
can be used as an effectlve too! In describlng cxactly and con· 
clse!y the propertles of entltles and thelr n:!atl!Jnsh!ps, Jn 
ellmlnatlng the redundan! re!atlonships among thc entltles and 
In constructlng lhe uECr schema In thlrd normal form w!thoút 
uslng thc procesa of normallzatlon. In add!Uon, wo !Jav~ 
presented an lmproved table form of thc relatlons as tho user 

.schema'·to provldc a clear, and conclao, an~ bctter organlzed 
user's vlcw of databases. lt la easy lo undorstancl· and .~o 
modify. · ... 
· Flnidly, we ha ve demonstratecl thc proccu of physlcal repre· 

sentatlon of Joglcal structures. 'Íbe conslructlon o( tho souild· 
ness and · completencss of an entlly-rolaUonshlp approach lo 
the loglcal database deslgn requlros furthor ¡esearcn. lt seema · 
desirable lhal a thcoreUcal study of propertlos of tho niodol: 
be conducled In theframework of formallsm. . .: · \, 
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Chaptcr l. llSP Conccpts 

Business Systcms Planning is most oflen thought ofas 
a muc1urcd appru:1ch or lf!Cihodology. This l~lclh· 
odology, howcvcr, is basd u pon somc fundamental 
conc~plS, a goodundcrstanding ofwhich can give the 
USP study tea m mcmbers: 
1. A l>cller apprcciation of the "why's" of the 

melhudology 
2. lmprovcd confidcnce in applying variations to meet 

specific situations 
3. A bcller background wilh which to communicate 

the objectivcs and eventual recommendalions lo • 
senior manag•:menl 
The prcmisc for conducting a DSP siUdy is thatthere 

c.,isls within thc organiza !ion ·a nced for significantly 
i~1provcd computcr-bascd.information systcrns tl/SJ 
and a nccd for an overall st;atcgy to allain thcm. BSP is 
con10crned wilh how thcse information systcms should 
be mucturcd, inlegrated, and implemented ovcr the 
long term. Thc hasic conccpts orusp can be relatcd lo 
the long-term objeclives for 1/S in an organizalion. 

An 1/S Must Supportlhc Goals and Objccthes or the 
Bu,.:incss 
This mo>t basic concept undcrlies the "top down" 
philosophy of thc me1110dology as well as severa! of thc 
specitic stcps. such as executive imerviews and systcm 
prioritics. 

Sincc information systems can· be an integral part of 
a business and be critica! to its overall effectiveness, 
and beca use thcy will conliuue co represe m major 
invcstmcnts oftime and moncy, it is csscntialthatchey 
supportthc organization's true business nec:.ds and 
dircctly innucnce its objcctives. BSP, then, can be 
thought uf as a vehicle or process to translate business 
watcgy into r;s strategY, (sce Figure 1). 

Businen 
Strategy 

M1uion 
Goal' and 

objectlves 
Strategle• 

BSP 

1/5 Strategic · ~..., 

Planning Proc:tu 

liS Stralagy 

liS Objectivel 
liS Policles 
lnformation 
Architecture 

Fi,urc l. Tran:-huion o(bu)incss itnUc¡y lo 1/S suatcgy 

Obviously, it is importan! thal an organi·t.~tion be 
willing and able to express its long-term goals arid 
objcct1ves. Fur sorne organizations, this can be done 
principally through the business plan. For others, 
whcre a busincss.plan is not availablc or current, it can 
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be done ns a pan of the BSP mcthodology. In cither 
evcnt. a r~cogniti<ln of this basic nccd by senior 
management is critica!, for only with that rccognition 
will thdr conunitment and involvement Le greal 
enough lo guarantec a meaningful BSP stuJy. 

An 1/S Stratcgy Should Addrcss lhc NetJs of All 
Lcvcls of Munugcmcnl Wilhln thc Business 
This rcquirement has severarimplic~11uns rclative lo 
1/S structure. First, it is important to recognize th~ 
varying characteristics of information as needcd by 
different activities and managemencleveb. Typically, 
Jower levels need considerable dclail, vol u me, and 
frequency, higher levels need summaries, "exception" 
reporting, and inquiries. and >lill higher levels need 
cross·funcrional summaries, special requcsts, "whal ir' 
anályses, "externa!" requirements, etc. 11 would be 
impracticalto construd a single system tó accommo· 
date all activities or management lcvcls, and it would 
be crroneous to associate any one lypc of information 
requircment solely with one n•anagementlcvcl. 
Clearly, there is nced to establish sorne reasonablc 
framework u pon which the 1/S can be defined. 

First,the emphasis in r;s should be in support of 
managcmcnt dccision making. This is in contras! lo 
more traditional bookkeeping or recordkeeping 
functions. Business dedsions are made for various 
purposes, but most can be associated with eithcr 
planning or con/rol. PJa·nning, of course, is the cscab
lishment of various missions, objectivcs, and policies. 
and it occurs at alllevels. Gciod information is vital lo 
the .est.ablíshment of good plans. Control d~cisions, on 
the other hand, are made in order to guide an activity 
toward sorne implicit or defined (by the plan) objec
tive. Thc 1/S can provide che measurements of the 
current or actual condition lo the decision maker. We 
thus complete a planning, measurement and control 
cycle with 1/S potentially an integral part. Since 
planning and control are the keys to decision making, a 
framework for 1/S based u pon thesc activities can be 
utilized. lt has been proposed, • and wcll accepted 
tod~y. thatthrec distinct but concurren! planning and 
¡;ontrollevels exist in any organization: 

Strattgic p/anning, the proccss of deciding on 
objccrives of the organizar ion, on the resources used 
lo atta in these objectives, and on the policies that 
are 10 govcrn the acquisition, use, and disposition o( 

resources 

"Anlhony. R.N. Planning and Colllro/ Systems: A Frame· 
workfor A1w/y.ris.1Jarvard Dusinc~ School. Divi•ion ol 
Rcsc•rcb, 196.1 . 
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Management control, thc process by which managers 
assurc thul rcsources are obtained and uscd effi
ciently in thc accomplishmenl ofthe.organization's 
objectives 
Operational control, thc process of assuring that 
specilic tasks are carried out efTectivcly and 
efficicntly 
Funhcr charactcristics of thesc arcas are outlincd in 

Figure 2. An advantagc ofthis framework is thal it 
does not restrict planning and control activity to any 
particular industry, function, or managcment leve l. A 
conclusion atthis p01nt is that an l/S could convenient· 
ly address itsclf 10 any one of the above threc planning 
and control le veis. 

Resourcc managemenl is also key lo this philosophy 
and rcprescnts a major vchiclc for 1/S dclinition. Thc 
spccilic rcsources lo be managcd vary in nature and 
relative importance from ene organization lo the next. 
Examples of traditional resourccs to be mana·ged are 
pcoplc, facilities, materials and money. Their require
ments are based u pon thc nceds lo supportthe prime 
mission arca of the organization, c.g., its products or 

. serviccs. Beca use an organization's productor service 
arca has allthc auributes of a rcsource, i.e., alife cycle 
ofactivilics and dccision points, and yet drivcs thc 
othcr resourcc~. it is rcfcrrcd toas the "kcy resource." 
.Each resource, including the key rcsourcc, i~ managcd 

' through planning and control decisions ofthcthrec 
levcls prcviously discussed. Resourcc managemcnl has 
thc desircd characteristic of cutting across organiza
lional boundarics- vcnically across managemcnt 
levels and horiLontally across functionallincs. Thus a 
framcwork bascd on r<sources as well as planning and 
controllevels ~an be establishcd, and an liS architec
ture can be applicd within this framework. 

., 
An 1/S Should Pro•lde Conslstcncy of Informa don 
Throughout thc Organiza! ion 
The keyword in this objective is consisttncy. The 
implication is thal information derived from more. 
traditional data processing applications is not neccssar
ily con:;istent, panicularly whcn applied to 10cw 
business problems (decision arcas) of bread"' scope. 
The problcms in data consistcncy normally uise as a 
resull of a historical evolution of computcr u;age that., 
traditionally occurs. lsolated and inde¡;endt~l applica,
tion arcas are sclected and mechanized, typ•cally to 
reduce opcrational costs. Thc data liles are delined as 
nccessary lO Suppon the specific necds Of ca~h applica· 
tion .without regard to one another orto future applica
tions. Thc data itselfis con verted from manual lile$ 
located and maintaincd by the using organization. 

As computer applications are addcd, ncw data files 
are usually required sincc the data requircments for · 
difTerent applications are rarely thc same. Thcse are 
usually creatcd from spinoffs of existing mcchanizcd 
files plus any additional data that may·be required 
from thc using arca. Summary-type repons for higher 
management levels are the result ofsoning and merg
ing various existing data liles tÓgether Jo ere ate ncw 
ones. Rarcly is any existing data lile of the form or 
content requircd to providc ncwly rcquestcd informa
tion of any magnitude. Thus new data files are bom. 
Data redundancies and lile update requirements 
multiply. The continua! cry from managementthat "1 
know the dala thatl need is somewhere in data proc
essing, but 1 can't gel at it" may be basically true from 
thcir point of vicw. · The dala may be thcre, bul not 
ncccssarily detined as needed, of adequate summary 
level or scquence, or of proper time period or currency. 

Plannlng and Control Lovel 

Oocialon Strategic Menagomtnt Oporttional 
Charoetorllllc Pl•nning Control Conuol 

Managemont General management Gtnettl monogemont Functional management 
lnvolvomant func:tlonal management FunctlonaJ managomant Oporetlonal management 

Oporatlonal managemont 

Time Long ranga. Yoar-to-y11r Oey-to-day 
horl¡on 11-1 <>+ ...... Monthly w .. klv 

Oegreo of Umtructured and More uructured, Hlghly nruclurtd, 
uructure lrrogular; each problem cycllc, lergely repotlliOUI 

Oiffercnt ropeetlng 

Oeta Summarie1, estlmatel, cllf· SummoriH, deflneble, noed Oetail, operational, dofin· 
reqult~meont• flcult to prt·define, much for unonlicipated foun1, ebte, intornally gonenJ!od 

ex tumol 10 busineu largely lnltrnal 

R"ource EuaiJiishment of pollclu Allocllion of lho ro1ourc• Efficlenr u~e ol tho 
monagomont pett.ainlng lo the resource fiiOUfCI 

Fi¡urc 2. Charou;tc:riati~.:s ~f ploan~in& amJ cunlriJllcvcl• 
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u pon those proccsses nccessary lo manage lhc key 
re so urce. Ea eh re so urce of a business can be lhoughl of 
as having a "life cycle" madc up ofscvcral stagcs. A 
product lifc cycle, for cxample, has four stagcs: .rc
quirclllcnts. acquisition, stcwardship, and rctircmc~l. 
Thc time spread of thc lifc cyclc can vary greatly wuh 
thc particular producl arca but is of no consequcncc in 
Ibis approach. Business proccsscs can be identificd 10 
describe the major activilics pcrformed and decisions 
made by 1he business in lhc course of managing lhc 
resource lhrocghoul ils lifc cyclc. Thesc can normally 
be organi:<ed io10 a process hierarchy, and this is done 
w.ilhout reganJ tu organizational involvemcnl or 
responsibility. 

Thc above approach rcsults in proccss definitions 
lhal cncompa;s the three pla·nning and conlrollevels 
prcviously discussed- namely, stratcgic planning, 
managemcnt c.ontml, and operational comrol. Using a 
product ccsourcc as thc example again, the decision lO 
pursue a parlicular productarea would be "stralegic 
planning," thc planning and control decisions rclative 
lo product vol u mes or advertising' expenditures would 
be "managem<nl control," and the dccisions in arcas of 
enginccring contrql, manufacturing efliciency, etc., · 

. would be "opcralional control." By using this approach 
for allthe .csources it is possiblc to define allthe 
business proccsso; thattake place wilhin any organiza
tional scgn1ent. This m ay be tempercd by practicalily 
in thc a'ctu;d U SI' as there may be lilllc l/S support 
in te res! for some uf !he resources. 

Thc 1/S Strulcgy Should Be lmplcmcnlcd By Subsys' 
tcm Wlthin a Totullnformatlon Archltcclurc 
Therc are sevcral implications and concepts associated 
with lhis statemcnt. Thc firsl is that a totaii/S 10 
support the e mire business unil's needs is too big lo 
build in any single projcct. However, beca use of !he 
many probloms associated with a "bouom up" evolu
tion ofsystems (Jala inconsistencies, non-integratec.J 
system dcsigns, expensive resystcmatizing, priority 
diJ'ficulties, etc.), it is very imponantthatlong-rangc 
goals and objcctivcs for 1/S be cstablishcd. The basic 
concept. thcn. is tup·downi/S p/amring witlr bouom-up 
imp/ememaciut. ¡Figure 3). 

With this concq>l the long-rangc t;s goals and' 
objcctivcs are idcntificd throu~h a top-down planning 
process(thc nsr• approach). Thc idcntilied systcms 
are thcn impk111•'ntcd in a modular builJing-block 
fa.!lhiun o\·cr titnt: whilc rcmaining ~,;unsistcnt wilh the 
org~ni'latlon's business priorilics, availablc funds. and 
othcr shoncr-tcllll r,>n>idcratious. This philosuphy can 
be likcncJ to lhc dcwil dcsign anJ constru,·ticin ofa 
lar~c olfrcc IHiilding. which wuuld be unthinlahlc 
willmul ¡m ¡ar~hit~·1.:t's uppruvcd dr¡¡wins ofth~.: liuishccJ 
proc.Juct. 

Bu1inou 
objoctlvu 

.), 
Butineu Butlntn 
procenn objtctlva 

~ i 
' Buslna;¡ Susineu 

~r9'lniutlon procouo\ 

~ i 
O ata lnlormotion 
proce11ing 
applications 

aysUm1 

~ r 
Data Data 
filer boUel 

~ r 
Data 
e la un 

1---- Plannlng ---o+-- OuJgn and ----1~..¡1 
lmplementation 

figure 3.. Top--down analysis Wüh bonom·up il]lpleffientation 

Thc BSP methodology, although consisting of 
considcrably more steps aitd detailthan shown in 
Figure 4, is consisten! with this philosophy. Sicp 1 of 
Figure 4, defining the business objectives, is in tended 
lo ensure agri:ement among all exccutive levcls asto 
whcre thc business is going, so that thc 1/S strategy can 
be in direct support. Step 2, defining the business 
proccsses, establishcs the prime long·term basis for ltS 
supporl in thc business. Step 3, defining the data 
classcs, can be done on !he basis of thc processes to be 

· supportcd. A dala dass, as !he namc implics, is a 
major catcgory of data nceded lo support one or. more 
business procc5ses. For example, custoiner informa
don is a data class needed in severa! process arcas, such 
as order cnt,.Y, billing, and distribution. This step 
rcsults in a dcfinition of allthe data lo be managed as a· 
rcsourcc across thc businc:;s unit. Stcp 4, defining the 
informal ion architccture, beco mes a statemenl of thc 
long-{crrn t/S ohjectivc. This is normal! y in thc form of 
a group uf inlcrrdatcd 1/S arcas and the associatcd dJta 
lo be managccl. From the information ardJitccturc thc 
individual module~ can be identtfred, prioritized, an.J 
built as schcdulcd by thc t;s plan. 
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Ouflne tho Defina 1ho 
bu$ineu business r--
objectlvos prOCIIIel 

. 
S1ep J 

.... 
S1op 4 

Defino t.he Dufine the .... lnformatlon data .::lai)OI 
architectufl 

Figur(' 4. Gener¡¡l 1/S pl.annin& 4pproach 

A significant pie ce of the BSP methodology is the 
tom1ulation of a recommended information architec
ture. The intent is to dcvelop an implementation 
stra1egy that can be built in modules and yet provide 
justifiablc return to the business at each step. These 

'modules or implementable pieces are generally referred 
toas informatiun systems (1/S). Each could be thought 
of as the d<pository or management point for a particu
lar set of the data dasses. As the data classes are 
implemen1ed (assumcd through data base technology), 
it is pos.ible to provide the information needs for 
various business processes. Each t/S then normally 
becomes associatcd with one or more business process
es and onc or more data classcs (see Figure 5). The 
impkmcntation strategy should obviously be in tune 
with thc busiucs. nce<.ls. An identificd t/S is responsi· 
blc for thc cullcction and maintenance ofits data b~ses 
for th< emir e busineso. Other, or la ter implemented, 

systems can draw on thcse data b:ues. as well as new 
oncs thatthey will crea te and mamta1n. • 

Most ofthe identified 1/S arcas will normally be. in 
suppón of proccsses that are operat~onal in nature. . 
That is the decision arcas inhcrent m the processcs will 

. relate t~ the "operational control"lcvcl of planning 
and control. Thus these I/S's are somelimcs referred lo 
as operaliolla/contro/ systenrs. The managed data is 
also al an opcrationallevel and is typifieJ by much 
detail and quantity. A 1ilanagement control system, on. 
tbc other band (Figure 5), is in support ofa . 

. "management control" cutegory of processes. lts 
managcd dala would typically be summarizations of 
the internally generatcd operational data (dotted lincs · 
in tbe figure) plus any other data (compctitive data, for 
examplc) as necessary to support the processes. By 
having "business plan" data in tbc data base, the 
executive could effect control dccisions by comparing_ . 
actual versus plan for bis arca of rcsponsibility. 

In summary, therc are a number of basic conccpts 
and philosophies relativc to information systems u pon 
which the BSP methodology is based. The methodology 
itselfshould be considered.Oexiblc in nature. Tbat is, 
certain steps and tcchniques cpuld be altcred in ordcr 
to adap1 to specific situations without detrimcntto tbe 

. final outcome. However, these basic concepts them
selves should be considercd inviolate. They,' in effect, 
are BSP. 
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Thc top-down, bottom-up aspccts of thc BSP study 
are rencctcd in the follciwing: 

. au,ln&n .. _ ... ·-· --··· ·- -... Sulineu 
objectlws obJoc11veJ . .. .. _ ·- ··-··----

. . . -- \,¡ .. . ... --- f_ -· 
····- - -· ·- : .. -

' 
·····- Busine" . .. .. --- Ouslnell 

~~~~!.'~-~ proceues -- ., ..... - -·····-----·· 

'\ 
-· Organl_· -

zation 

' ), ... .. . 

O ata 
proceulng . lnformetlon 
support tYttems 

\ -r -· 

De la O ata 
11111 clano• 

\¡ r -

Data 

... 

Thc siUdy progresscs from thc vcry broad world in . 
whi<·h thc business exists down to thc'data rcquired lo 
run thc businc;s. The data is categorized into data 
classes that lcad to the definition of information 
systems tu support the business processes and business 
objcctives. The study starts with a collection of facts 
about the busine>S that are usually availablc in docu
mcntcd form throughout the organization. These facts 
are organized, ahstractcd, and analyzed by thc study 
tea m and enhanccd by ihc top cxecutive, who cxplains 
the business and udds thosc points usually not docu

.mcmcd. The >tudy progrcsses toan identificntion of 
thc móljur a<·tivitics and dccision proccsscs in the 
busin,·ss and then cach ofthc cxecutives is askcd to 
validó! te and enlargc u pon the facts that ha ve bccn 
gathcrcdand analyzcd. Thc analysis cnds with thc 
consolidati•>n and C<>mparison of thc facts from all 
sour,·es. Frum this undcrstanding thc study follows the 

,normal puth of lindings und condusions, rccommcnda· 
lÍ•>ns. ¡tctiun plan. and cxccutive presentation for 
coowurrcnc~ anJ support. 

Major Actil'itics 
As Fi¡;ur~ 7 inJi,·atcs. thcr~ are two m¡ojor activitics 
thlll prc,·cJc. a IISP study and cle\'Cil in thc study it>clf. 

~lnlng the ~ 
~mmllment_J 

. . ~ · ·-- ·· .. _ -·--- r Preperlng ""l 
.... -···--·-----·- -·. for the ~ -~- .. 

·- . _·_ -·-- .... Liludy . 

Rovlewing 
lnlormation 
Sys1em1 
Managomenr 

, 

Conducaing 
the klckoff 
meeting 

Oafining 
buslneu 
proceuoa 

Oafining 
dall claua1 

Analyling • 
buaineu/ 
IYitlm 
rtlll.lonshiPI 

Oetermining 
the e~tocutive 
perspectiva 

Aueuing bu&iness 
problems and 
benefiu 

Dovoloping rccom· 
mendationa and 
action pl1n 

Repotting 
rewlu 

fi,urc 7. Fluw uflhc: PSI' ~lu\.ly 

archllocture 

ll 



Whilc 1hc•c uclivilica muy be currlcd oul in varying 
dcgrccs, non~ can be omiued. Figure 7 shows lhesc 
ac&ivilies and thcir mosllpgical arnlngcmcnt. When 
one'bccomes fuirly familiar wilh lhc BSP approach, 

• however, he can, as approprialc, do part of a ,given 
activily and delay the balance. The remainder ofthis 
chapter is a brief commentary on these major activitlcs. 

Guining Cuuzmitment 
A BSP.sludy should nol be ~turted unless a top cxecu
tive sponsor and sume olher executives are commiued 
to being in volved in it. Tlic sludy must reflecttheir 
view of !he business, and the success of the study 
dcpcnds u pon thcir providing the business understand· 
ing anú informa !ion requircments to the tcam. Most of 
the input will come directly. odndirectly from thesc 
executives. 

Sin ce approval of study recommendations commits 
the company for severa! years toa certain direction in 

. the use of its dala processing resources, it is importan! 
at thc outset to gel agreemenl on the scope and objec
tives of thc.study and on its expected dcliverables, so as 
to mlnimize future misunderstandings. 

The most importan! action following commitment 
regards sdcction of the tea m leader, an executive who. 
will work fulltime in the study and directteam activi· 
ties. He sees thal coritact with other executives is on 
!he proper leve! and that in pul from them is interpreted 

· correctly. A kuer from the sponsor lo a JI parlicipating 
execulives seis lhe tone and significs commilment. 

Prepllriug fur tlze Study 
Considerable saving of time, avoidance of fruslalion, 
and higher quality ofoutput can be gaincd by propcr 
study preparation. All executive participan !S and thc 
tea m need to know what will be done, why, and what is 
cxpected ·ar them. Proper education and orienlalion 
will provide the best input from the executives and thc 
best use of il by the tea m. 

lnlervicwees are selected as soon as possible so as lo 
allow for thoir orienlation, scheduling of interviews, 
and lhe providiug of information lo the study team. 
For maximum efticiency on the parl ofthe team in 
working together fulllime during the sludy, informa
tion on &he company and on data processing support is 
galhered bciore thc study kickofT. · 

A control room is cstablished so lhatlhe team may 
work together, display relevan! material on &he walls, 
and conduct iuterviews. 

The majar out pul should be a study control book 
colllaining: a study work plan; a schedule of interviews 
anda schedule of check poi ni reviews with the sponsor; 
an outlin~ of the final report from the BSP study; and 
business and information systems data, analyzed and. 

• 
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charte,d, and ready for thc kickofT pcriod. This activity 
should end with a revicw by thc BSP study sponsor. 

Comlucti11g t/¡e Kickoff Meeting 
Tbe USP study itself and the full-time panicipation of 
the team members starts with thc kickofT •.• eeting, 
which consisls of three prescntations. Fir$t, thc 
executivesponsor reiterares the objeclives, expected 
outputs, and pcrspcctive ofthe study with relation lo 
other company activities and objectives. . 

The.nexl prcsentation is concerned with the main 
purposc of the kickofT, which is lo provide that ea eh 
tciam member is conversan! with &he informalion thal 
has bcen gathered and lo discuss !hose facts that are 
not part of the information supplied. To accomplish 
this the team leader "walks through" thc bu$iness facts . , 
that have been galhered and makes subjective com· 
nients and additions on facts 1hat cannot be readily 
documcnted - politics and sensitive issues, and changes 
planned and in proccss. He should also covcr thc 
decision process, how the organization functions, key • · 
people, major problems, the user's view of DP support, . 
and the image of the DP depanment. ·· 

The &hird prescntation is made by &he information 
systems director or one of his managers, who gives the 
leam a view of data proccssing analogous lo what was · 
presented for the business. He should also cover . 
projecl status and project control, history of major data 
processing projects staned in the last two years, major 
curren! aclivities, planned changes, and majar 
problcms. 

Thesc threc presenta&ions, added to thc faets that 
ha ve been gathered arid made readily availablc to the 
team, should give the team an overall understanding of 
the bu~iness and the presenl and planned data process· 
ing suppon. 

Defining Business Processes. 
No other activity during the study can be quile as 

. overwhelming oras importan& as the identifying of the 
business·processes. Sincc these processes form the • 
basis for executive interviews, lhe informal ion architec· 

. ture, problem analysis, data class identification, and 
various follow-on activities, everyone on the tea m must 
acquire an understanding of allthe processes, and they 
cau do so by assisting full time in their identification 
and in the wriling of their dcscriplions. The majar 
output from this step will be a list of al! the proccsscs, a 
description ofeach, and lhe identification ofthose that 
are key to the success of the business. 

Dejining Data Classes 
The definin·g of dala classes is the grouping of dala into 

. logically related categories. This class¡fication, a~d its 



;uhscquent mo<.Jitication during the"follow-on projects, 
hclps thc businc» Jcvclop data bases o.ver time with a 
minimum of rcdundancy and in a manner that allows 
systems to be addcd without a major revision to .the 
data bases. Sin ce data must be recognized as a corpo· 
ratc resource, it dc;crv~s the attention recommended 
he re. 

Whcn the data classcs ha ve been identified, they are 
rdatcd to thc busiuc» proccsscs in order to define the 
ioformation architccture, and they are·related lo • 
prcscntfilcs to a;;bt in the development of a migration. 
plan. 

Atralyzing Busifless/ Systems Relationships . 
Thc m a in purpo;o of this activity is to show how data 
prpccssing currcntly supports the business in order to 
dcvclop recommcndations for future action. Thc 
curren ti y existin¡; organizations, business processes, 
information systcms (applications), and data files are 
'lnalyzcd to idcntify voids and redund•mdes, help 
darify rcsponsibilitics, and further the understanding 
of thc business proccsses. 

The main analys.is tool is the matrix, and various 
matrices are devdopcd using combinations of the four 
elements. The kcy matrix for thc exccutive interviews 

· is the organi~;ation/proccss matrix, and its intcrccpts 
denote the dccision makcrs, majar and minor organiza. 
tional rcsponsibility for a proccss, and current data 
processing suppon. 

This activity will not only prepare the team for 
discus.ion with exccutives but will also help them 
determine requircrncms for information support. 

J)etermining the E:recuth•e Perspective 
This activity is an integral parl of the top-down 
approach. lts pu rposc is to valida te the work done by 
thc tcam, detcrrniue the objectives, problems, and 
information nccds and their value, and gain executive 
rapport anú involvement. The executive interviews 
provide the businc,.s undcrstanding nccessary for 
inrormution sysrc111!'i plunning. 

Thc major output consist> of notes from the in ter· 
views, an updak of thc contrnl room chans, anda new 
or improvcd rappmt bc¡·;_,ccn the exccutive and the BSP 
study lcam. 

Asl·essing !Ju>·ineH Prob/ems 
Sume uf thc business problcms wcre supplied as input 
·during thc fact·gathcring stcp. Thcse were expandcd 
upon and complcmcntcd by the·knowledge ofthc team 
~nd finally valiJatcd, cxplaincJ, and adúcd to in the 
cx'ccutive intcrvicw. Thc prnhlcms must now be 

• ;uÍalyzcd and rcl.ucu tu thc busincos processcs so as lo 
Givc guiJunc~ tu lhc sc:uing of pn.Jjcl.!t priorhh:~ and lo 

show clearly that bettcr information will help to wlve 
the problems. . 

One of the last activilies in asscssing the business 
proble~s is to divide them into thosc which are 
information systems support problems and tho>e wh~ch 
are non t/S problems. The non t/S problcms will be 
delincated and given to the cxccutive sponsor to follow. 

. up on while the information systems suppon problems 
continue to be addressed in the BSP study and by !he 
follow-on activities. 

Deflning lnformation Architecture 
This activity represents a major movement from an 
examination of the present toa synthcsis of the future. 
1t is here that we sketch future informal ion systcms and 
their accompanying data. · 

Systems may be viewed as the automated portions of 
proce5scs. Data bases are the computerized part of the 
total inventory of data in the business. lnformation · 
architccturc brings order and structure to the systems 
and thc data they create and use. On.:e it is structured, 
it allows for step-by·stcp devclopment to migrate from 
the appiications of toda y to the information systems of 
the future. 

Dccause this task involves drawing a blueprint for 
the future, it deservcs the attention of the whole team. 

Determitring Architectural Priorities 
Since a total information architecture cannot be 
developed an·d implemented at one time, the tea m must 
establish priorities for the development of the systerns 
and data bases. By deciding which of the data bases 
should be designed anú implemented first, the tea m 
establishes which subsystems will be defined during the. 
follow-on project. This allows an early implementation 
for a "pay-as-you-go" foundation and hclps establish 
credibility for thc balance of thc output from the BSP 
study. 

Prioritization is accomplished by developing a list of 
projects from the subsystcms of thc information 
a·rchitecture, 1hen establishing a sct of criteria and 
rating the prospectivc prujects against them. Thc 
arialysis of the business problcms is a major contributor 
to this proccss. 

Re1•lewing Jnformation Systems l>lanagement 
(ISM) 
The purpose of ISM is to eventually establish a con
trolled cnvironmcnt in whieh the information archit.cc· 
tu re cafi be dc,·elopcd, implcmentcu,'and opcrated 
cfficicntl>· and cflcctivcly. The intornlation systcms 
f~nctions are examincd Jurin¡¡ thc DSP stu<.ly to iJcntify 
( 1) any changcs that could be madc immedi;ucly ¡,, 
cnhanec sucecos In the folluw·on projc•u, (2) chan¡;cs 
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tbal are·ncccssary lo propcrly•managc and implemcnt 
thc high·priority information architccturc projec!S, and 
(3) majot activitics llmt will.becomc projccts in thc 
follow-on 10 lhc DSI' sludy. Fullillment ofthis step is 
vital lo thc succc.sful support oflh~ business ,by thc. 
data proccssing funclion. · . 

Thc majnr inputs are thc information systcms 
supporr problems from the cxccutive intcrviews, thc 
tSM problcms as idef11iticd by thc 1/S director, and the 
technologics and skill rcquiremcnls ofthe tirst systcm 
or syslcms. Addi1ions and/or changes to thc prcsenl 
information aystems fun.ctions that are rcquircd for 
planning, devcloping, and implcmcnting are then 
identilied and pul in priority scquencc. This forms the 
basis for the development of an action plan for tSM 
which fccds into thc action plan and report from the 
BSP study. 

Developing Rccommendations and Action Plan 
Thc purpose of thc action plan is to assist management 
in its dccisions regarding the recoinmcnded follow-on 
projccts. The follow-on projects will come from the 
ar<hitectural priorities and from thc information 
systcms management rccommcndations. Each ofthe 
rrojects will ha ve becn detined'as a rcsuh ofthc 
activities in those two arcas. Thc action plan brings 
these logethcr to idcnlify specific rcsources, schcdules, 
'nd intcractions of the projects. 

Another major part of lhc action plan should be the 
identilicalion of the steps preparatory to starting cach 
of the follow-on activilies. These must be examined 

, 
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and sized beforc 5tart dates can be pul on.thc foilow·on 
projccts, so that managcmenl can give thc direclion 

· necessary lo movc immediately into those preparatory 
activities. 

Reporling Resulls 
The purpose of the final report and executive presenta; 
tion is to obtain execulive management commirment 
and involvemc~t for implemenling recon1menJalions 
from the BSP study. The formal of the report was 
agrecd u pon befare the study was staned, but may 
ha ve to be modilied slightly now, on the basis of 1be 
study resuhs. Various parti of the report should be 
wriuen during the BSP study and finalized atthis time. 

The report should be prepared as follows: 
l. lt should include an executive summary. 
2. The supporting detail, su eh as descriptions of the 

business processcs, should be contained in 
appcndices. · 

3. lt should be possible to extract highly confidential or 
sensitive material easily and still ha ve 1he balance o~. 
the repon usable by all pcople participating in the 
follow-on activities. 
The report provides the basis for the execulive 

presentalion and the distribution of the final results to 
those péople designated by the sponsor. Afier lhe 
executive prescntation, whicb is normally given by the 
team leadcr, all o1her relevant material thal is nota 
part of the report should be indexcd and liled for ready 
availability in foliow·on projecu. 

. ' 
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Chaptcr 3. Gainlng thc Commitment 

The success of a Dusiness Systems Planning study 
depcnds heavily u pon the commitment ofthe business 
to compietc .allthe relevan! activities and beed the 
recommendations of tbc study leam. Thc steps de· 
acribcd in this chaptcr sbould be completed andan 
assessment m a de of the commitmenl of all panicipants, 
·befare !he final decision is rilade lo move into the 
resource dependen! activilies. Cenain situations and 
environments will be considcred unsuitable for a BSP 
study althis stagc. lfsuch is the case,the team should 
be prepared topostpone BSP untillhc situalion be· 
comes more suitable. · 

In sorne organizations lhere may be a problem in 
obtaining access lo exccutivc manageritentlo explain 
the objectives and expected resuhs of a BSP study. lf 
so, the following actions sbould be considered: 
• Arrange an exccutive visillo another business that 

has successfully completed a DSP study 
• Invite a senior IUM executive lo discuss information 

systcms planning with thc appropriate cxecutive in 
your organiz~tion , 

• Conduct an executive briefing session specilically 
for your executives 

• Conducl an cxecutive planning session- a service 
offered by IBM 

Olief 
¡--

ex&eullve 

1 
offlcer· 

1 

1 
. • 

General 
menagement 

• Invite !he executive loan execulive ioformatiun 
scssion conducted al an 18M Customer Execulivc 
Education center 
The 18M representative can help set up any of n,,.,0 

aclivities. 

Establishing the Study Scope 
Normally tlic executive sponsoring the study (callcd 
the executive sponsor) will selecl the scope of th~ 
organization to be studicd. This business unit mu>t hl!' 
defined·so thal all participants can recognize thc 
boundaries within which their aclivities will be 
concentrated. 

In general, the selected segmenl sliould extend tu 1 he 
upper levels ofthe organizatil:>n, include more than ,.,·,. 
majar function, and be of significan! importancc tn 1 he 
organization in that it contributes a major portion ur 
the revenucs, profits and/or services. 

Businesscs whose activilies are panicipated in hy 
mulliple functional units tend to gain more from a nst• 
study Iban those ·thal are more simply structurcd, 

Mosl companies performing a 8SP study choo.\c" 
majar operating division, a group of divisions, or 1 ¡,,. 
entire organization.(se~ figure 8, options 1·3 re,pc.·
tively). In each case il should be possible to define 

---, 

1 

·--}-------
1 Product/ . ll 
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boundarics' for thc,study seopc, including thc nteasure
ments for asscssmg cll"cctivcncss. 

Sctting Study Objcctlvcs · 
Study objcctivcs >houltl now be dclined. G~ objec
tives will be capablc uf bcing statcd clearly and con
ciscly. They will ha ve criteria that can be applicd lo 
m~asurc the tlcgrcc lo which they ha ve been met. In 

, atldition. thcy wdl be applicable lo the sP,Ccilic requirc
mcnls of the organiza !ion to he studicd. Finally, thcy 
will be capablc of bcing satislicd· by the BSP atudy team 
working wilhin the Jclined stutly scope. 

Sptcilically, a study team's objcctiyes may be lo: 
• ProviJe a formal, objcctive method for management 

to establish information systcms priorities without 
rcgartl for provinctal intercsts 

• Provide for the developmem of information systems 
. that ha ve a long life, protccting the systems 

investmenl 
•. Provide that the data processicg resources are 

managcd for the most eflicient and effective support 
of the business goals 

• lncrease executive conlidence that high-return 
information >ysterns will be produced 

• lmprove relalion>hip between lhe information 
systems dcpartmcnt and lhe uscrs by pr-oviding 
systems rcsponstvc 10 the users' requircments and 
priorities 

• ldentifydata as a corporate resource lhat should be 
planned, managcd, and conlrolled, in order lO be 
used cffectively by every9ne 

Developing Business Reasons for the 
Study . 
There are severa( faclors that may make a given 
busin~ss rnore difficult to do a BSP sludy for 'than 
olhcrs: 
• Major reorganization or transformation of control 

taki11g place 
• Geographical divcrsity, necessitaling signilicant 

travcltime -
• Wcll over 20 exccutives who mus! be interviewed 
• Multiple indepcndent sub-organizations with 

aulonomous dccision making processes and with' 
· unique lines of protlucts/services serving diversc. 
markets 
Thc;e faclors should be reOected in a briefreporl 

(lwo or lhrce pages) containing: 
• Slalemenl óf lhe sludy scope 
• S1udy objectives 
• J'o,ilivc contributions of a BSP sludy 
• Obstacles lo succcssful completion 
• Rccommcndalion cither lo procecd with BSP or 

poslponc it 

IS 

Current participants should presentthis rep<irtto an 
executive ofthe or¡¡anization and gain agreement on all 
issucs. Assuming thatthc report recommends procced
ing with DSP, th~ meeting should resull in a contmit
mentto: 
o Appoint a study tea m leader 
• Rcsourcc the study team as appropriatc . 
• Ha ve opcn communication of future plans and 

curren! data among alltcam members 
o Writc a study announccmentleller to exccutivcs o( 

thc organization ofthe form shown in Appcndix'A. 

Resourcing the Study Team 

C/iaracteristics 
(' 

sincc the study team is responsiblc for determining thc 
information needs of the entire business and recom
·mending the nature of its data processing operations 
for years to come, lhe selection ·or tea m members is 
very important. 

The peoplc chosen should: 
• Ha ve severa( ycars' experience within the organiza

tion, a sound knowledgc of their own arca, andan ' 
appreciation of the rcst ofthe·business 

• Be able to understand and deal analytically with 
problems 

• Be willing to committo conclusions arid recommcn
dations 1hat will ha ve a far-reaching effect on tbc 
organization 

• Be perce.ived by other management within the 
orga·nization as competent and rcsponsible business
meo whose opinions will carry considerable weight 
In short, the best pcople for the s1udy team are thosc 

wiÍo are already in high demand and_ diflic.ult lo makc 
available. . . 

Organization and Respotuibilities 
A possible organization structure for,thc study team is 
depicled by Figure 9. Whilc minor variations are . 
possible, the following fundamental responsibilitics 
need to be assigncd: 
o Executive Sponsor 

Visibly endorse and supportthe study eiTort: 
- Revicw progress and ftndings during the study. 
- Reccive the linal report and make the approval 

decision. . : . " .. , 
• Tea m Leader _ '': •· · 

- See thatthe study is succcssfully completcd. 
- Provide overall direction, make key business 

judgments, and act as liaison with other execu
tivcs of the organization. 

- Oirectthe stúdy effort on a day-to-day basis and 
organize all necessary administration for the 
tea m. 



• Team Members •• 

- Parlicipale in al lcasl sorne, if no! all, inlcrviews. 
- Analyz.c thc dala colleclcd and executive perspec· 

tivcs expressed duriug lhe sludy. 
- Draw conclusions ·and perform re por! wriling 

tasks. 
·• ·Tea m Secrelary 

- Do lyping, filing ilnd general secretaria! scrvices. 

. Executivo 
sponior 

Team 
leader 

Teom 1-- -1 lB M 

1 soc:rocary rtPI 

1 
Funuion¡,J functional 1/S 

rep rop rop 

St~mple 'tu..Jv tcam organlzatlon 

figure 9. Sample 11udy leam ortaniuLion 

·-

Con:.iderations for Full· Time or Part· Time 
Study 
To compound 1he probiem of leam seleclion, a BSP 

sludy is intensivo in nalure; and is bcsl performed on a 
full-lime basis. While part-time studies may appear to 
be easier lo rcsource and may.be succcssful, they are 
ofl~n characlcrizcd by deadline and continuity prob
lcms. Before ~rubarking on a parl-limc sludy, assu'r· 
ancc should be g;lined that: 

· • The lea m will be very well managed. Thal is, thc 
lime, effort and slills requircd lo lightly concrolthc 
work schedule mus! be available and commilled. 

• Momcntum will nol be lost as a resuh of inactivity 
during lhe study. 

. • Aslule use will be m acle of lhc administralive 
supporl availablc lo eiTeelively utilize thc time when 
lhe lea mis nol in scssion 10 prepare and 1ype drafls, 
updale charls, ele. One full-lime membcr may be 
helpful. 

ManpoH'er Requiremenr:s 
Jf lhe inlcnl and melhodology of DSP are reasonably 
followed, and lhe study tea m is full lime, lhe resources 
required should fall within lhe following limils: 
• Number of 1eam membcrs 4· 7 
• · Number of wceks 6·8 

Thcse wide variations can be cxplained by signifi· 
canl varialions in organizalional types and sizes, as 
wcll as study objeetives. · ' 

Selection ofTeam i .. eader 
The success of the sludy depends Jargely on thc person 
selected by lhe executive sponsor to Jead lhe team. Tht 
team leader will be knowledgeablc in business maucrs 
and ha ve a broad pcrspeclivc of lhe business. Wilh 
firsl·hand knowledge of how the various depanmenls 
of lhe business interacl, and whi:rc detailed informa~ 
lion aboullhe operation of lh~ business can be ob
laincd, lhe Jeader can save the tea m valuablc time. 

. AcliYilics oflhe lcam leader include: 
• Condueling the ~ludy tcam orienlalion scssion 
• ·Condu~ling a kickoffmeeling for 1eam mcmbcrs at 

the ou1se1 of lhe formal activilies ofthc BSP s1udy 
• Scuing and confirming cxcculivc session schedules 
• Managing lhe logislics of the study, including 

da y-lo-da y adniinislralion 
• Providing guidance and business pcrspective 
• Providing resource material 
• Mainlaining the schedule 
• Presen1ing lhe sludy repon lo management a11he 

comple1io11 of !he study 

Spon.sor 's Letter 
The lcam Jcader is now in a position lo compuse a 
iludy announcemenl Jeucr lo be signed by che chief 
cxeculivc officer and dislributed lo lhe execulives who 
control lhc major funclions wilhin the Seo pe of 1he 
study. Tbe lencrs should cover: 
• Objecl.ives of lhe program 
• Polenlial value lo lhc organization 
• Nccd for funclional cxeculives lo be lnvolved 
• Necd for candor and coopcration of execulives 

A samplc announcementleucr is includcd in 
Appendix A. 

1 ·; 
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Chuptcr 4. PrcpaÍ'ing for the ~tudy 

Using thc critcria cstahlishcd in Chapler 3, potcntial 
tcammcmbcrs are identifted. Final selection is nor· 

. nH&Ily pcrformcd by thc tcam lcadcr and lhp executivc 
sponsor. Thc mfurmation systems rcpresentative on 
thc study tea m will provide continuity for the activilies 
thal will follow thc HSP study. Each tcam member 
must be th..:>rou¡;hly bricfed on the magnitude and 
unpon~ncc of the >tudy arid on the executive sponsor 
commitmcntto BSP. 

A prepara tío•• plan will be prcpared by the team 
lcadcr wi&h as.istance from IBM pcrsonnel. Thc majar 
tasks are: 
• llricfing the study team 
• Gathering data on thc business and information 

systcms 
• Educating tea m mcmbers 
• Devcloping the study work plan 
• Dcfining the study report and ancillary output 
• Crcating an cxccutive interview list and schedule 
• Briefing panicipating·executives 
• Obtaining a suilable control room 

· • Arranging for administrative supporl 
• Reviewing wirh cxecutive sponsor 

Thcse tasks, many·ofwhich can be performcd 
, concurrently, are dé:scribcd in the remaindcr of this 
ci&apler. · 

Briefing thc Study Team 
Thc teamleader, assistcd by cxpcrienced lB M people, · 
snould halo a half- to full-day orientation session lo 
bricf lhe sludy 1eam on such' tapies as: 
• .Qverview of OSP. This can include development of 

1hc USI' concepl, study melhods used, outputthat 
may be expected, and references to resuhs obtained 
in olher OSP sludies. 

• Review of ac1ivities to dale. The tea m leader 
presents the seo pe of the study, stales its objectives, 
and lcads a discussion of the business·reasons for 
conducting the BSP S ludies a'tthis time. 

• Sludy preparalion plan and schedule. Generally the 
lcam.leader will ha ve prepared a draft plan and 
schedule. After 1his has been presented, the leam, 
operaling as a working commiuee, should crilically 
rcview lhe plan. · · 
The leader should also discuss with team members. 

lhe allocalion of lhe prcparalion activities. As a work 
¡;roup, 1he lcarn should divide the activities among. 
thcmselves. In general, distribulion of thc workload 
;.mong lhe vanous l~arn members dcpen.ds on how 
''"'eh lime lh•:y cJn.dcvole and how closely the tasks 
rdillC 10 lhc&r respective functions. · 

·~ 

Gathering Data · · · 
To provide a basis of information the tea m should 
establish a refcrcncc library ofbolh business and 
informalion systems documcnlation. Data ofvaluc 
will be of lwo typcs: .. , 

General Business 
• Environment 

Externa!- economic, customcrs, tcchnology, 
· competition, government, suppliers ._ 
Interna!- corporate policies, practiccs, conslratn!S 

• Jndustry position and induslry trcnds 
• Planning process and calendar 
• Business plan - goals, objeclives, strategy, resoun:es, 

schcdules, financial 
• Organization charts- position, names, numbers of 

people, and cxpected changcs 
• . Key decision makers · 
• Majar business measurcments and control 
• Majar sludies, lask forces, commiuces during tbe .• 

previous three years · 
• · Major problcm arcas 
• Producls and markels 
• Geographic distribution 
• Financia! statislics 
• Sizing slatistics (vendors, cmployecs, ordcrs, cus· 

tomers, shipmcnts, purchasc orders, etc.) · 
• Projecl iniliation and.funding process 

lnformatlon Systems 
• .1/S plan - goals, ·abjcctives, strategies, resources, 

schedules, finances 
• Policics and practices 
• Orsanization charts 
• Planning proccss 
• Majar studies, task forccs, commiuecs during 

previous lhree ycars . 
• Geographical distribution (equipment, terminals, 

communication facilities) 
• Software environmenl 
o Projecl initiation and funding process 
• Systcms justilication requirements 
• Standard.s/ guideli"nes . 
• History of majar projccts started in !he lasttwo 

years 
o Presenl and planned systems and data bases 
• Majar information syslems problems 
• Sizing statistics ( number of programs, jobs pcr 

pcriod, users, files, data elements, and turnovcr) 
\ 
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Educating the Team 
To enablc a smooth, coordinated entry 10 the BSP 
study, lhe lea m members should understand the 
1'' ínciplcs of thc usP mcthodology. Sorne understand· · 
íng of thc mcthod of implemenlalion, plus a review of 
the naturc of the outputthat can be expccted, will also 
be of advanla¡;c lo thc lea m membcrs. · 

Thc tcam leadcr, working witb IBM pcrsonnel, 
should cstablish an education plan for thc Jeam. 
FormallllM educalion is availatile and che locallBM 
oflice can supply details. 

11 is recommcnded lhat allteam rnembers should 
allend the same cducalion session. 

Developing the Study Work Plan 
lnlcnsive study aclivity requires appropriate planning • 
and assignmenl of tasks. A work plan will dpcument 
allthe kuown lasks and indica! e major re.source 
allocalion rcquircd lo complete the study. The tcam, 
working undcr thc guidance oflhe 1eam lcader, should 
devCJop a study work plan in keeping wilh the scope 
and objectivcs previously established. 

Therc are sorne study control points that should be 
ichedulcd in lhc work plan (e.g., see Figure JO). Thc 
tea m should consider whecher additional control points 

. should be eslablished in each panicular sludy. 
When lhc ac1ivi1y and projccl concrol checkpoints 

l••vc beon eslablished, they should be combined into a 
single aclion plan. This plan can be re'presentcd on a 

Control 
Poinl PardciPants ActJwiÍia 

Q) Stud'f toam Rttviow uudy to doza, 
dcxumantazion tland&rdl, 
and te~m undentanding of 
rosulu, Corlf~tm rliourc:a 
olloc:t110ill for tha nnt tllga. 

0 E~~~ec:utl"" Rotulu to duo. Updatt 1ht 
spontor uudy plan. Raview tht DXIC:U· .. : llvo lnttntlcrw obJM:thes . 

® EJ;8C:U1ÍVO Rapon on both que&tetlw .. " IPOOIOf lnd quantJunlvo rnulu of 
1he latéutlw lntllvilwt. 
Pr010n1 end vaDdall tho 
ouaument ol bustneaa 

. probloms ond bonofiu. 
(' .. Updito thG uudy plon. 

@) Suld~ie~ Toam osraomont on all moJor 
bsua. Rolritw all •upporllng 

. ' ¡, cloc:umentallon 10 be compil&td . 
Conflrm rhOurce tlloc:atiofl, 
UPdato the plen. 

® 
.. • ' ·e.acuJivo Rov4ow all m~or llndi~ and 

'· 'IPOniOt l'l!c:omrnondallons. D•monstrall 
,. lo . , ... an undantlnchng of thtl businlll 

: 1 ~ " ... ·. and 11• ftquh.manu. Gain 
o .. culiw 1ponsor't -waoment 
lhlt the toam 11 qualif••" to 
P'"'"' tho rocommand•IIOI'tl, 

hcurc: IU. BSI' •tUJy L"liOtrul puinlS 

Oantfchart similar lo that shown in Figure 11. This 
plan is developed under lhc control of the tcam leader, 
and agrced u pon by the team membcrs. 

, 

Jo.¡;.;;;. 1 
l_!ommltmtnt_J 

r r Proparlno 1 
lortht 

L- _j 

Conducdng 
thl kJc:koll 
tnHdl)g 

Dotinina 
busilwu ......... 

Anllv•lntl 
·buaineul 
svnem 

'relatkwuhiPI 

0 
Otttermlnlng 
lht aliocullve 
ponpectivo 

AIMNing bwa.inou 
problttnl and 
po&ontiaA bronofin 

o.v.&oping rocom
rnendatlona and 
~c:tlon plan 
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Docu-
Proparlng for Saudy Exoculion ...... 
tho BSP S&udy 0 (bued on luU timol 

lltloft Toslc .. 
2weoks 1 wOok " 

Wook& ,.~ 
Wook 1 WHk2 Wook3 Wook4 Wook& 

bofot• be foro ahtt 

Dcn.ormine scope, '· . 
10lec:t teqm and 
loador, and edu· .,.,. ---· 
Hold oxe-cutiw 
orienunion ¡.. ,, 
Preparo for study 

Conduct klckoff 
mee\Jng · ~ 
Ootina proceNet -
Defino data c:lesses . -1¡. 
Anatvzo buslnest 
¡yscem relationshlps· - A • 
Conduct lntervlewa•• ~--· f-. 

1 Aueu businen probl~ms 
and bonefill --· --¡ . 
Define lnformatlon 
architocture -
Determino archiutctural 
prioritiea -1-

Review ISM -- ~· 

Develop recommendutions 
and action plan -jl 
Report resulta --- -- ~--· - ----
• Preparation time 11 wrlablo ond not fullllmo. Legond: --- Variable tJme; _Tuk; 
••Time varill fram 6 to 12 day¡for 10 to 20 lntervlewt A Control polnt; - • _ Parailet ectlvity 

Fiaurc 11, Work plan for thc BSP study 
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Establishing a BSP Study Control Fiie 
The control lile should be establishcd to contain all 
matcriPI pertainin¡¡ to the 5tudy. ·,Pecausc ofthe nalurc 
and numbcr of the documents in volved, they ~hould be 
stored in a lockable liling cabinct. Suggcsted contcnls 
include: 
• Key corresponden ce 
• Statements of objcctives and scopc 
• · Project plan 
• Schcdules 
• Dala gathcrcd during preparation 
• Documcntation of complctcd analyses 
• Executive intcrvicw notes 
• Ex.ccutiVc intcrvicw summaries 
• Project control rcview meeting notes 
• Recommendations 
• Repon and presentation 

J?cfining the Structure, of the Final 
Study Rcport and Anctllary Output 
Thc outline (and tablc of'contcnts) should be cstab
lishcd as c'arly as possiblc. Tea m incmbcrs should be 
assigncd specilic respomibility for sccti<;·ns oi:the 
report. During the study pcriod, it is the assign~(r · . 
mcmbcr's duty lo coordinatc and dcliver their·section. 

A typi~al Study Repon will canta in thc following 
IOplCs: 
• Exccutive surnmary 
• l'urpose, seo pe and objectives 
• Method of study 
• Business pcrspective 
• 1/S perspcctivc 
• Findings and conclusions 
• RecommendHtions · · 
• Action plan for follow-on projccts 
• Appendiccs as rcquircd 

lleca use of thc naturc of a BSP study, documcntation 
created during thc study may provc valuable to func- . 
tions within the bu•iness. Whilc the data and analyscs 
are curren!, the tea m should endeavor to publish these 
documents as ancillary out pul !O the formal report. 

Crcating Exccuth·e Intcrview List and 
Schcdufe . 
A préliminary list of cxecutivcs to b~ interviewed 
should be prcparcd a~ carly as possible. The exccutivcs 
stlectcd will norma JI y be within thc top three levcls of 
thc company and he rcsponsible for the nuijor func
tions includcd within the study scope statc.ment. 
Executives with ,·r,tss-cumpany rc•ponsibilities should 
•also be considcrcJ. Since thc nccd is for a perspcctivc 
rathcr than spccilic d<·tailcd information. thc ideal 

· candidate is tbc. scniur executivc with di•crct.c functiun· 
al rcsponsibility, c.¡;., director of linance, manager of 

• production planning, director of marketing opcrations. 
Thc tentative cxecutivc lis! and schedule should be 

prepared by the tcam lcader. Some othcr namcs may 
be addcd to !he list during the sludy as the team gains 
·knowledge ofthe company's processcs. When ereating· 
thc schedule, thc leam lcadcr should considcr all 

· factol'llthat m ay inhibitthe full participa! ion of the 
uecutives -· vacation, importan! business meeting~ 
public holidays, etc. 

The lis! of proposcd cxecutivc participants should be 
rcviewcd and approved by thc executive sponsor. 
Additions or delctions should be madc and the support 
of thc cxecutive sponsor reemphasizcd. 

To cnablo the cxccutives to prepare for the inier
view, an invitation leller should be scnt atlcast one 
wcck befare the intervicw. The leller should also · 
con!irm thc time and place for the intervicw. Rcfer
cncc lo !he study announccmentlclter prcviously . 
sign_cd by the chicfcxccutivc officer should emphasize 
the tmportancc of executive panicipation in the study 
(see Appendix B). Either within the body of the 
invita! ion lcller oras an allachment, a list of topics for 
discussion during the intcrvicw should be included. 
8oth !he executivc andthc team members ~hould use 
.this topical outline to makc the discussions more 
fruitful. Possiblc tapies includc: 
• Responsibilitics 
• Objcctivcs and plans lo a~hieve rcquired results 
• llusiness problems and valuc of solving thcm 
• Opportunitics for improvement 
• Majar measurcments and controls 
• ldentilication of thc key business arcas 
• Anticipated changes (products, organilation, etc.) 
• Evaluation of currcnti/S support 
• RcquiremenJS for futurc 1/S support 
• Val u e of the required 1/S support 

Briefing Intcrviewccs 
T~e selcctcd exccutives'should allend a brieling scssion 
~nor to thc commenccmcnt of the cxccutivc pel'llpee
llve segment ofthe BSP study. During this preparation 
phasc, the exe~utive brie!ing session should be prc
pared, presentel'll selectcd and cxhibits preparcd, so 
l~atthe ~ssion may be dclivercd atthe appropriate 
lime durmg thc study activities. . . 

Majar topics which should be included in thc 
brieling are: 
• Exccutivc leve! ovcrview of BSP 
• Study scopc 
• Ol)jectives of thc study . 
• Business rcasons for conducting thc study 
• Rcvicw of the expcctcd out pul 
• . Executive involvcmcnt- why, and what is cxpcctcd 

of the cxccutivc · . 
• Schedule for cxccutive inlervicws 
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Obtaining and Equipphtg Control 
Room · 
EffctlivcnnH of lhc BSP Hludy dependa on havlng a 
workroom assigned for ils duralion. Thie room is used 
bolh as 1hc work local ion for lhc 1eam &Jld for execu
tivc discussion sessi.on away from lhe cxcculive's officc. 
This approach has proved very effcclive in allowing 
cxeculivcs lo rcview chans and·diagrams on display · 
and 10 concentra le on discussions wilhoul inlerruplion. 

Thc study room should be: 
• Locatcd away from trame and noise 
• Large cnough lo accommodale the study lcam plus 

one or two other people 
• Equipped with a largc table, blackboard, nipchan 

. stand, and lockable storage or tiling cabinct 
• Ablc lo accommodatc the posting of charts on thc 

walls 
• Sccurablc lo protect sensitive information 
• . Equippcd with a lelephone only if the lelephone can 

be disconnected during executive interviews 

.... 
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Arranging for Adminlstrative Support · 
Typing and general admini•lrativc support wilr b.: 
required by thc·sludy tea m. This support shbuld be 

· eslimated and organizcd berore thc major study 
activities nrc undcrtaken. Administrative activilies will . 
be concentrated toward the lauer part ofthe study and 
will include exc.cutive discussion summaries, work • 
plans. status reports, resuhs of analyses, charts, fUlal 
repon, conrtrmation ofintcrvicws, and general secrc· 
tarial support. 

Reviewing with Éxecutivc Sponsor 
. Completion of the study preparation is indicated by a 

successful review meeting with the e~ecuth·c sponsor . 
Any issues that may havc arisen during the preparation 
should ha ve bc~n resolved by this time. 

. ltems lo be reviewed with cxccutive sponsor are: 
• General resuhs of the preparation 
• Study work plan 
• Definition ofthe study oulput 
• Approval process 
• Exccutive selcction and discussion schedule · 
• Lencr of invilation to be serit lo selected execulivcs 

Evcrything is now prepared for thc start ofthe BSP 
study. Experience lias shown that if alllhe items 
discussed in Chapters 3 and 4 ha ve been completed, thc 
sludy results should be ofhigh quality. · 

·' 
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Chapter 5. Conducting· the Kickoff Meeting 

Conducling the kickoiT meeting is the firstmajor 
ac:tivity in thc formal execution of a BSP study. This, 
and thc nc>~tlive major activitics (see Chapters 6·10) 
are all aimed al understanding the business require· 
ments and data processing support as it exists today as 
well as business requirements for thc future. Since Ibis 
understanding is vital lo the suc:cess of the study, all 
thcse activitits must be carried out conscientiously. 

Sponsor's Opening 
The kickoff meeting should be attended by all study 
team members. The exec:utive sponsor opens thc 
mecling, emphasizes thc business reasons for initiating 
the study, and e>~plains the significance ofthis high· 
priority prograr,, to thc company. The sponsor may 
abo reilerate the objectives and scopc of the study and 
expccted out pul, and offer personal commitmenl and 
support in the intere>l of seeing a successful completion 
lo the study. 

Review of Study Work Plan 
The study team leader reviews the worl; plan and the 
Ganu c:hart or calendar developed during the study 
preparation phas'e. The work plan is us~d as a point of 
dcparture for discussing and finalizing: 
• Major events, major outputs, and schcdulcs 
• Individual assignments 
• Projcct control 

This revicw can also serve asan opportunity to 
discuss adminimativc dctails, such as secretaria! 
support, handling of phonc messages, workin'g boun, 
office sccurity, expense charge numbers, etc. 

Business Review 
The team leader should be prepared to present, in 
summary form, the business related information 
gathcred during the study preparation phase. This 
informal ion may be new to most team members and 
should serve to broaden thc business perspective ofthe 
team as a wholc. 

Presentation emphasis should be given to business 
goals, objectives and strategies; business problems; 
organizations; geography; environmcnt; and to infor
mar ion rclative to undcrstanding the major resources of 

thc business- ca~h, people, facilities, matcrials, and, 
producU/services. 

Sorne of the material prC!icnted will be continually 
• fócused upon throughout the study. This selected 

information should be posted in the control room. The 
team leader may also electto distribute hard·c:opy 
handouls lo eacb leam member for tbeir own personal 
rcview and/or research. In any case, all presentation 
material, includin¡¡ detail backup, should remain in the 
control room for conlinued reference. Much ofit will 
be placed in tbe Study Control File. 

Information Systems Review 
Thc director of 1/S, or thc tcam member rcprcsenting 
1/S, should present, in summary form, the material 
gathered during study prepara !ion. This will enable 
the study tcam to undcrstand how l/5 is currently 
supporting tbe bu~incss and planning lo suppon it in 
the futurc. 

The major projects installed or being devcloped 
should be discussed with thc study team. Tbe discus· 
sion should include whether these projects have met or 
will meet their objectivcs. 

Another arca that should be discussed is how data 
processing interfaces wilh its users, the responsibility it 
has in the development and justification of applica. 
tions, ~~nd who has responsibility for data within thc 
company. 

A copy of thc prescntation sbould be madc available 
lo the study team memben, as it will help thcm later in 
thc study- especial! y during thc interviewing and 
when thc lcam members are developing their conclu· 
sions and recommcndations. 

· Tbe following is· an outline for presentation of the 
1/S function: · 
• Mission and objcctivcs 
• History and background of data processing · 
• Organizations 
• Overview of major application systems installed and 

planncd 
• Relationship with usen 
• Project approval proc:css 
• Key problems and challenges 

' 
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Chaptcr 6. Ocfining Business Proccsses 

f'or purposcs of lhc us~ sludy, business proccsses are 
,J.:fincd ·as gruup.r uf laglcolly rtlultll clecisiu11S ami 
activitios rtqrtlre.ltu munu¡¡e tlw resour~es pfthi 
busi11eu. They are sludied and idenlified wilhoul 
rcgard 10 !he organization rcsponsiblc for lhem. The 
rcason for dclining the proccsscs is lhat doing so will 
provide or lcad to: 
• lnformation systems with a large degrcc of indc· 

pendcncc from organization changes 
• A comprchensive understanding of how the business 

accomplishes il> ovcrall missions and objectives 
• 11. basis for scparating thc strutegic planning and 

manugemeiu control proccsscs from operational 
control processes 

• A basis for dcfining required information architec· 
turc, ¡Jctcrmining its scope, dclining it so as to makc 
il modular, and setting prioritics for its devclopmcnt 

• 11. basis for dcfoning key dala requirements · 
Lists of proccsscs, a long with sorne sample descrip· 

tions from both thc public and priva le scctors, m ay be 
found in thc appcndiccs. 

Prcrcquisitcs to Oefining Processcs 
Thc following points are particularly rclev~ntto 
~ucL:ess: 

• 11.11 mcmbcrs mus! be present and panicipate 
throughoutthc exercisc and there should be general 
agrccmcnl on the expectcd outputs before the 
cxcrcise bcgins. 

• Note-t:ikers should be designated righl from the 
beginning so that decisions and detinitions of 
processes will not be forgouen or misundenlood 
la ter. 

• lnformation gathcrcd bcfore the stan ofthe BSP 

must describe and size the products and resourccs, 
and cleari,Y state or provide a now diagram of thc 
strategic planning and managcmcnl control proce· 
dures and schcdules. 

• The lea m ·must understand lhc concept of resources 
and their life cyclc. · 

Thc Product and Resourcc Life Cycle 
Th..; managcr'sjob is to manage the resources wiihin 
his real m of responsibilities ·lo mosl efliciently:and 
.cllcctively supporo thé goals of thc total business. By 
itJcntifying !he Jcdsion processes lhat he·goes lhrough 
""'~ thc activities that he performs in managing the 
rcM>urces, il is possiblc lo gain a C<>mprchensivc 
unJcrslanding of alllhc business pruces~es in volved. 

he products/scrviccs may be defined as key rcsources 
Jlllt occupy a major role in defining the business 
¡ ,.,,~c~ses. 
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· A four-stage life cycle ofthc product/scrvice and of 
cach ufthc supporting rcsoui'I:Cs i~ used lo logicaUy 
idcnlify and group thc procc:ssca. The life ~-yclo 

· normally used is: 
• Stage 1 - Requircmcnts, planning, measurcmcnt . 

and control 
• • Stagc 2 - Acquisition or im¡:.lementation 

• Stagc 3 - Stewardship 
• Stage 4- Retirement or disposition 
The following parngraphs refer to these stages as 
requiremenls, acquisition, stewardship. and retirement. 

A description of each ofthe life cycle stages follows:· 
l. Requirements - activities that determine how much 

of the producl or resource b requireu, the plan for 
gelling it, and mcasuremenl and control againstthc 
plan. · 

2. Acquisillon.~ activitios perfonned lo dcvelop a 
proouct or servicc orto getthe rcsources that are 
going to be used in its devclopmcnl. In manufactur
ing this would include procurement and fabricatioo; 
in pcrsonnel, the hiring or transfer of people; in 
cducation, the d~velopment of a curriculum and.thc 
enrollment of studcnts. 

3. Stewordship- activities to form, relinc, modit)r or 
maintain the supponing resources and lo store or 
track the product/s~rvice. In the insurance industry 
this could be policy maiotenance, prcmium notices 
and dividend statements; in lhe distribution industry 
il could include invcntory control and warchousing. 

4. Retirement- !hose aclivities and dccisions that' 
termina te the responsibility of an organization for a 
P.roduct or servicc or signalthe end use of a re.· 
sourcc. Thi"-might indude thc selling of space on an 
airline, the dischargc or rctiring of an employcc, lhc 
scrapping or selling of a capital assct, or the rcmoval 
of a service by a government agcncy. 
The life cycle serves as a vchiclc for struclured, 

logical, comprehensivc ideotification of the processcs 
by the tcam. ·' 

Basic Steps in Defining Processes 
An overvicw of process identitication is provided by 
figure 12, which shows the lhree main sources for lhc 
idenlilication of the business proccsses: planning and 
control; producl/servi~e: and supporting ¡csources: "' 
Taking the lauer two through their life cyclc provides a 
delinition oftheir respective business processes. 
Becausc stratcgic pl~nning and sorne of management 
control are nol solely productor resource oriented, 
they must be consider~d as a separate source to providc 
that all proccsses of thc busin~ss are identilied. · ·· • 1 
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Aficr rhe producr and cach oflhe supporting 
'rcsources ha ve bcen taken througb lheir respcccive life 
cycles and che proccsscs identilied and subsequenlly 
grouped, il is no longer necessary 10 rclain che 
process/stage relationsbip for proccss delining, but il 
wiJl be helpful later in idcntifying data classes. Sincc 
the life cycle is an artificial means for direcling che 
team's thinking, very lillle lime should be spent in 
deciding in which stage a givcn aclivity appears: Tbe 
recordin¡; of the activity is more importan! than its 
position. 

Thc measuremenl and control proccsscs identifiell 
undcr the requirtments slage will contain both man
agemcnt control and opcra!ional control activities, lf 
lhc processes as.sociatcd with strategic planning and 
management control are identilied lirsl, it will sharpcn 
thc distinction bctween managcmcnt control and 
opcrational control and reduce sorne ofthc redundancy 
in the management control proccsses. The following 
descriptions of steps correspond to tbc flow prcsented 
in Figure 12. 

Planning and Control Processes 

Define !he Processes of Strateglc Plannlng and 
. Managemenl Control 
· With the prcparatory work that was done in collecting 
th: inform•tion on planning and possible samples of 
the organization's plans, it should not be difficult to 
identify the processes involved. They will normally be 
grouped into strategic planning and management 
control. Strategic planning may be referrcd toas the 
long-range plan, the seven-year plan, or the devclop
menl plan. Managcment control may be rcferred to as 
lhc .opcrating plan, thc managerl)ent plan, thc resource 
plan, and sometimcs the contrae! plan. In sorne 
companies the budget may serve as a major tool for 
managcmcnt planning and control. Examples of 
planning and control proccsses are shown in the 

. following table. Further examples are contained in 
Appcndix D. 

Slloto¡lo Plonning Man•Qemtnt Control 

Economic forecnting ~' ke1/product fore<auing 
Orga.ni.union p/anning Working copharplanning 

Polic-y dovelopmenl ~taflleval planning 
Olwo•tl tuie/acquisltion Opora1ional planning 

Anolysl$ 

Aa1umplion1 mano~monl BudQOtlng 

Goah¡1Dvelopment J.Wasuremen1 and rlvltw 
f'rOducl line modelinQ 
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For a Jcwil<J Jiscussinn ufthc thcury ••fstrategic 
rh•nning an<l mana¡;cmcnl C<llltrolthc rc;tucr may wish 
h> rcfcr 111 Rnhcrl N. ¡\nlh•>ny'• book clllitlcd 
"l'lannin¡; anJ Cunlrlll Systcm~; A Framcwlll'k for 
Antllysis.'' 

1 

Prutlut·t/ Senit·e Pruce:sses 

Mcntlfy thc J>roduct/Scrvlce of thc Orgnnizatlon 
For purposcs lll'lhis C.\ercise il is assumed ihal thcre ia 
one major rrouuct ¡;roup or that the proJucts are 
managcJ through similar business processes. In the 

·case of thc public sector and so me service organizations 
il will hCtp to go back to thc goals to best spccify the 
prnduct or se1 vice. For exampfe, one mightthink thal 
the product of a health insurancc organization would 

, be its policies, hui an examination of its goals mighl 
show the producls to be ( 1) scrvice 10 &he subscribcr 
and (2) paymcntlo the providcr. In like manner, an 
examina& ion of &he goals mighl keep onc from assum· 
ing thatthe currículum is &he majar producl of a 
universily. 

lf thcrc are two or more groups or families of 
products and scrvices, thcy are discussed under 
"Exp;msions and Yariations" atlhc <·nd of this chapter. 

hlcnfify thc Proccsscs In Ench Stagc of th~ Llfe Cycle 

G
'') of &he Product/Servicc 

· U Thc general approach in .idcntifying thc processes is to 
>tan with thc rc4uircmcnts stage and work through the 
su,;cecdiug >lagcs. ('are should be exercised in gelling 
consbt~ncy in the levcl ofthc proccsses idenlilied in 
earh of the stagcs. Allhough thi:re is no prescribcd 
numbcr uf proccsses appc:tring in ca eh of the slages, 
most >ludies rcsuh in onfy 20-60 proccsses for the 
wholc businc,s.s. The tea m shou!c.ltcnd lo identify more 
rrucesses !han necessary, with the idea of grouping 
thcm la ter as nccessary. 

With thc tota!team working together it is sometimes 
hclpfulto !abe! each of four charls with the four stages 
and 10 complete thcm simultancous!y as each process is 
bruught into c.liscussion. This climinates the develop
ment of n1Jles for thc inclusion of certain itcms in other 
stagc• as thcy are workell u.pon. There is no secrel 
formula fur lhis idcntifying nf business processcs, so 

· '' . onc •huulll not be surpriscd ifthe lirst aucmpt resuhs 
in many more proccssc• than are needcd and also a 
greal inconsistcncy in the lcve(s. Do nol(et this dcter 
you: it will be corrcctcd during lhc grouping of 
pruccsscs. 

h is very imponantthat evcry tcam membcr partici· 
patc al alltimcs, since business pr~esses are thc basis 

t¡¡;',r practica JI y _cvcrything that follows in thc DSP study. 
v.lcuiug >lartcd isfar more impnnantlhan any theoreti

cal discus•iuns on thc delinition of a process gruup ora 
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proceso. logic. thcory. or othcr divcrsions. 
The fullowin'g cxample mighl resuh from pcrform· 

ing this analysis with a manufucturcr ofckctric:~l and 
electronic componcnts. · 

RoquJrcmcntl Acqulsltlon Sltwarcbh ip RetJrement 

Markering Engineerlng dfllgn lnventorv S.l!lng -planning and dovelopnltnt contr~ 

Marketing Product Aocelvlng Otdot 

reso1rch apocillcatlom Mtvlclng 

Forocutlng Eliglnetrlng Oudlty control Shlpplna 
rec01ds 

Prlclng Productlon Pocklng and Floe~ man· 
ochadullng norlng ogement 

Matorlal Producllon 
requlremonu oPDriJtiOnl 

C.pacitv Purctwlng 
plennln8 

Make a General •'Jowcbarl of the Produi:l/Scn!ce 
Processes 
A Oowchart ofthe product/service pr~esscs (sec 
Figure 13) serves severa! purposes: . 
l. h helps in providing thal allthc processcs ha ve been 

identilied. 
2. 11 hclps in determining it the tea m real! y under

stands the business pr~csses associated with the 
product/scrvice. ' · · 

3. h serves as a mode! for the subscquent delinition of 
thc information architecturc. 

4. lt helps in identifying the pr~esscs in volved in·· 
managing the supponing rcsources. 
Therc should be a box on the Oowchart for each of 

the proccsscs. ff othcr boxes seem lo be required¡lhe 
.delinition of thc processcs shou!d be rcexamincd. The 
Oowchart will result from the identilication of lhe 
above proccsscs and is not in tended lo show thc 
strategic planning and managemcnt control proccsses. 

Wrlle a Dcscription orEa eh Prócess 
A mcmber of the team should ha ve been making notes 
on thc decisions and activities associated with each of 
the proces~es as they were defined by the group. 

' · Ahbough this is a laborious task, it is abso!utc!y "' ·· 
mandatory if the process dcscriptions are going lo 
reOect the knowledge of the tea m and the amount of 
time that has been spcnt in dclining them. The note· 
takingjob can be rotated through the team and not be 
a burden on any one individual. The descriptions may 
be cither in lisl form Of verbal. · 

Completing lhese dcscriptions bcfore moving into 
the next step will help bring out the similarities and 
differences bctween these proccsses and thosc subse· 

' . 
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Consolidation und Anafysis 

Group tho Proc~sscs 
Thc proccsses ha ve bccn idcntilihl from lhc thrco 
sourccs: stratc¡;ic planning and mana¡¡cmcnt control: 
major product/scrvice: and s~pportlng resources. Thc 

· grouping should takc place along thc followin¡¡ lincs: 
• Reduce inconsi~tcncics in leve!. In thc abovc 

cxamplcs of thc proccsscs, thc proccss of manufac· 
turing and thc proccss of accourus payablc appcar al 
the same leve!. This should be corrected. 

• Combine thc proccsscs where commonalilies occur. 
Asan exan.plc, purchasing m ay ha ve bccn ic.lenti• 
licd as a process in the acquisition stage, not only 'ror 
thc product but also for matcrials and for facilities. 
Assuming the processes are similar, these should be 
combincd into one procesa. As the proccsses werc 
groupcd during thc rcquircmcnts stage, thcrc may 
ha ve appearcc.l proccsses enlitled manpower loading, 
devclop workflow plan, and schedule supply materi· 
als. These three mighl be grouped with the manage· 
ment control proccss of opcrational planning. 
A workablc maximum is 60 processes. There will 

normally be 4-12 process groups. Sorne will be associ· 
ated with the resourccs from which they were derived. 

l:isure 14. Samplc li3t ufprtlCCS5cl by proceu group 

Thc producl/scrvicc may rcsull in lwo or more groups, 
and pJ¡¡nning will accounl for onc or two groups. 
figure 14 is an c~ilmplc of grouping. Othcr c~amplcs 
are shown in App<'ndix C. 

Chartthe Proccss Groups and Complete Descrlptlona. 
Each proccss group and ita proccsses should be listcd 
on a chart and di>playcd for the wholc tea m to vicw. 
The tcam should agrce on the placcmcnt of cach 
proccss under the proq:ss group, as well as the name of 

· cach, and should ha ve a good undcrstanding ofall of 
thcm. The list should be divided among lhc team 
mcmbcrs and thc writing of the descriptions should bo 

, complcted in line with thc rc¡;rouping. 11 is a good Idea 
to ha ve the descriptions typcd so that each team R:~ÍIY 
ha ve thcm for quitk rcfcrcncc during subscqucnt 
activitics su eh as cxccutive intcrvicwing. lt is also 
advisable to savc the charts for subscquent activities. 

Relate lhe Business Processes lo lhc Organlzatlon 
Once the business proccsses are agreed upon and 
dcscribcd, thcy can be related lo the organizational 
mucturc of the business lo help thc study tea m idenlify 
any additional pcople that should be intcrvicwcd and . 
to furthcr clarify thcir undcrstanding of thc busincsa 
proccsses. Sorne tcams may. wish to complct~ this · 
matrix beforc complcting the proccss descriptions. 
Rclating lhe organization to thc proccsscs also helps . 
thc team determine thc information ncedcd from thc 
intcrvicws, such as verilication of cxccutive in vol ve· 
ment in thc processes. 

To relate thc business proccsscs to the organitation· 
al structure of thc bu>iness, the team devclops an 
organization/proccss matrix •. Euentiully. this ia a 
graphic reprcscntation of otie aspect of thc manage· 
ment system of the organization beca use it illustratcs 
who makcs the decís ion in each of thc processcs. 

Thc organization/proccss matrix is onc of severa! 
matrices dcvclopcd as part of thc BSP methodology. 
Matrices are uscd bccause thcy provide a convenicilt 
mcthod to analyze rclationships. They also providc a 
concise way to convcy findings to managcmcnt. 

To prepare thc organization/process matrix, the 
study team uses thc business processes already idcnti· 
fied. Using their knowlcdge and perspectivo of thc 
business and the organization charts from the study 
preparation phase, the team mcmbcrs identify the 
organizational cntities in volved in thc processcs. 

Since the USP aludy is in tended to providc a broad 
overview· of thc business, not every organizational 
enlity is identilicd. Furthermore, common similar 
organizations can somctimcs be rcpresented as one-,,. :. 
orgauizational unit. For cxamptc. 100 sale$ officcs may 
be li$tCd "'a single unit. Whcre fea•ible, plant• anc.l 
laboratories should also be groupcc.l into units. One· 
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unit repres~nlalion is also scnerally apprnpriatc whcn 
or¡¡anizalion• uf diiTcrcnl &copes u re úoing thc samc 
job. For cxamrle, a flnunciul plunnins <~rganization . 
muy ha ve thrcc departmcnts, each foeuMng on ~puratc 
divisions. Thc missiun of ull llucc ia still ftnanciul 
plunning, und thcy can be reprcscnlcú by4lnc organiza·· 
tional unil. Figure 1 S illuslrales thc organizalion/ 
proccss mutrix. . 

Once thc pro<.:cssés and organizational cntitics are 
arwngcd on the malrix, thc •ludy lcum completes thc 
matriK by indicaling the degrcc lo which each organi· 
zational cnlity i• in volved inlhc procc»c>. Thc 
followin¡¡ symbols u re uscd in Figure 15 to indicalc thc 
dc~cc of invalvcmcnl: · 

12SJ Majar rcspunsibilily and dccision makcr 
IZI Majar involvemcnl in lhe proccss 
1Zl Sorne involvcmenl in the process 
Whcn making this notation on thc malrix,lcavc 

room for lhc posling ofsy5lems numbers, as.explained 
in Chaptcr 8. 

Su eh indicalors do nol describe lhc actual rcsponsi· 
bilitics of ea eh of thc organizational units but serve 
only as a guide to assigncd responsibility for and 
involvemcnt in a praccss. Sorne businessc.s havé found 
this matrix lo bc·valuable afler the study asan index to 
a managcmcnt system manual, in which they develop 
responsibility and activily statements for ea eh ofthc 
organization/process intersects. 

The organization/process matrix helps ihe study 
tea m valida te thc lisl of individuals lo be intcrviewed 
and determine thc qucstions ro be askcd ofthe individ
ual> responsible for the processes. To authenticatc the 
matrix, each person intervicwcd by the team should be 
asked lo conlirm or corree! the ponion of the matrix 
showing his rcsponsibility or involvemenl. 

The organization/proccss matrix somctimcs wíll 
show ovcrlapping responsibility and decision-makíng 
authority for a process ora lack of decision-making 
responsibiliiy for a proccss wherc it normally would be 
appropriate. Such poten lÍa! problcm arcas are clarilied 
la ter during thc executivc intcrvicws. 

ldentlfy Processes Key lo Business Success 
This step willlater aid in selecting the area ofthc 
business to be studicd in more detail (architecturc 
priori! y), sizing the importance of the problcms 
identilied, and identifying items to be stressed in ¡he:·-' 
cxecutive intervicws. The strategic planning and 
managemcnt control proccsses will be so me of the 
outstanding proccsses. One method of doing this 
identilication is to rank thc objectives in order of their 
importance and then determine which of the processes 
are most critica! in reaching each objecrive. The 
process/organization matrix will also contri bu le lo this 
sclection. 

JO 

Outputs and Thcir Uses , 
Thc output t<> be expec!cd from defining thc buslncu 
processcs cunsisls of: · · 
1. A list of proeess groups and their processcs 
2. A typcd dcscription of each ofthe proccssea 
3. A list uf thc processcs key to the success ofthc 

businc>s or designatcd as such on thc chana or . 
proccss gruJps ai1d proceúes 

4. Pruduct/scrviccs Oowchart 
s.· Tea m understanding of ho·w thc whole busineu 

opera tes and is managcd and controlled · · 
As mcntioncd carlier, business proccsscs serve as lhe · 

base for most of thc activitics that follow. Thc ultlmatc 
· use of thc business pra«sses is to idcntify opponunilics 
and requiremcnts for thc use ofinformation systems lo 
support the business. That is also one of the basic goala 
of the BSP study. 

Thc tea m mcmbers should at all times kcep in mind · 
1hat they probably will not all be working on thc 
follow-un projects after the BSP study. The study 
should be rcgardcd asan indcpcndenl operalion and 
thc prüc<~ses delined in such a way that any expcri·. 
enccd pcrson can read the output and undcrstand lhc 
work that was done in the study. Thc fallow-on 
p~ojccts will starl wilh lhc outpul from the study ilnd 
further define the processcs, the problems associatcd 
with each of them, and lhc information requircmenll. 

Expausions and Variations in Approach 
Although following thc above proccdurc should result 
in well·dclincd processcs and supporting material, 
other considerations and variations are wonh mention· 
ing. The more salient of thcsc are covcrcd in lhc 
rcmainder of.this chapter. 

Diversity in Business, Prodilct, or Service 
lflhe various divisions or pana ofthe company or lhc 
product/services are too diversified 10 ha ve common 
processes, a grouping will be ncccssary bcfore proccss 
identificar ion is begun .. Whcn all the processcs are 
identilied, it is still highly advantageous lo look for, 
processes that might ha ve common information 
rcquirements. 

Outsiile Assistance · 
Evcn'though the tcam membcrs were sele~t~ with Lit•:: '" 
aim' of liuving·lhcir·combined knowlcdgc-covcnlié l > : 

' - '?·''~ . _, l' ', Jj . .,:; 

en tire busincss"unit,Jhere.may·be voidsiiúlial cover- ·:'' 
agc. lf so, thc lea m should gel outside help where 
necessary for a thorough understanding uf the proccss· 
es. Care should be taken, however, to limit thc time of 
any outsider invited in and lo kccp that person at lhc 
lcvel at wbich thc leam has bccn working on other 
proccsses. 
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Alt.-rmlfe !111!1/rml~ in /deutifyill¡: /ln,·htl!l'S 
l'rtJ!'I!.I'.YI!.f · 

l'rcddlncd chccklisls uf proccsscs nwy he u sed for the 
business be in¡; stuJicJ. Thcsc nwy be founJ· in thc. 
nr.!)cnllix, othcr IISl' studics, tnnlc pulolications, ur lUM 
imluslry publicati,HlS such us thc CnnMoorlcr llascd · 
lnforn\ution Systcm (l'UlSI or thc C'ommunications 
Oricntcd Production lnformation Coutml Systcm 
(COl'l<'SI:IfthismclhuJ is uscJ, ca re shouiJ be exer
ciscd so lhatthc proccsscs are wdlunJcrslood by ull 
lhc lcam mcmbcrsund do inc.lccJ rcprcscnllhe activi-. 
lics nnd dccisions of thc business bcing studicd. 

(}elleric Procrss Motlel 
An alterna te approach in idcntifying business proccsscs 
is 10 use n simple nhJdcl of che business su eh as shown 
in Figure 16. 

Thc modcl may be cxpandeá lo litthc business. For 
instancc, "dcmanJ" muy bccomc "merchandising" and 
"sclling," whilc "supply'.' mighl break into "product 
dc\'clopmcnt" and "manufacturing." The following 
furlher explains thc inodcl: 
l. Supply includes proccsscs associatcd with producing 

thc produce and obtaining thc rcsourccs ncccssary to. 
pruvidc the prqducls or scrvices of tlie business. 
Thcsc processcs nonnully relate lo externa! interfac
es such, as suppliers or vcndors. 

2. D,·mand includcs proccsses associalcd with making 
thc r:roduct or scrvicc availablc and relates dircctly 
lu cxtcrnul interfaces such as customers or clients. 

3; Rl'i¡ulrt•m••uts includca proc:casea nssociutcd wilh 
dctcrmining ami llcliningthc produces or scrvices oc' 
thc business. Thc~c pmccsscs normally involvc thc 
m•trkctplacc nnd othcr environmcntnl fucton. 

4. rf<htoiuistrat/IJII includcs proc:c~Sc» asaociatcd wilh tho 
ovcr¡oJI accoui\lability ofthc buaincu. Thesc nor
mally invulvc reporting activitics within thc organl-

. '· zulion, such as thosc c.lircctly assoc:iatcd wilh admiñ
istmtion as well as !hose associalcd with ti nance, · 
human resources, and facilities managcmenl. 

5. Mmoagmoent includes processcs lhattie togcther thc 
other founspccts of the business. This nspect 
cncompnsscs thc planning, control, and mcasure
ment activities of che business. 
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Chaptcr 7. Dcfining Data Classcs 

A dala class is a calcgory oflogically relaicd informa
líen. Examplcs of a dala class would be cuslomcr, 
vender, producl, ordcr, invcntory, cte. Sincc lhc 
purposc of informalion syslcms planning is lo a id in 
managing lhe dala resourcc, lhc dala musl be identi
licd. Dclininc lhc data classes is one approuch lo. 
identifying the data lo be managcd. 11 also provides 
valuablc assistance in rcducing thc possibilily lhal dala 
bases developcd for early syslems projcclS will requirc 
major rcwork ·to suppon lalcr systcms projccls. Once 
lhc proccsses lhal supporllhe business ha ve becn 
delined, lhc nexl slep is lo idenlify lhe dala crealed, 
controlled, and uscd by those .processcs. Asan a id lo 

· analysis, thc dala supponing l~e processes. is grouped 
into dala classcs. . 

Two approachcs lo idenlifying dala class candidates 
are prescrited he re, onc based on rclating data lo 

· business enlili~s. the othcr on relaling il 10 buSiness 
· processcs. 11 is suggeslcd lhal lhe lwo approaches both . 
. be uscd and lhallheir resulls be cross-rcfercnced lo 

arrive al a linallisl of 30 lo 60 dala Classcs. Data 
sharing is lhcn illuslraled by rclaling lhe dala classes te 
lhc processcs lhal crea le and use lhem. 

Business Elltity Approach · 
The lirsl approach lo idcnlifying dala classes is lo 
examine caler,nrics or lypcs of dula maintained by a 
business. lf lhc life cycle of rcsources, prcviously 
discussed, is reprcsenlcd as in figure J7,.thc 1ypcs of 
dala relalcd lo ca eh slage of lhc life cyclc can be 
delined. · 

P/annlng dala, which rcpresenls objeclives or 
cxpcclalions, supporls requlrements aclivilies. 
lnvemory dala, which mainlains lhe resource slalus, 
supporls stell'ardsiJip activilies. Transaclion dala efTecls 
changes lo lhc invcnlory dala causcd by at·quisillon (!r · 
di.<posillon aclivilies. Al pcriodic inlervals, summary 

.dala is exlra~lcd from lhc irivcnlory dala lo provide · · 
feedback on how well requircmcnls ha ve bccn mcl. lf 
each business enlily is examined for cach oflhcsc lypes 
of data, a scl of dala classes can be idcnlilicd. 

Enrlrics are simply things ·an organizalion or cnler
·prisc is concerncd aboul and lhercfore kceps informa
lion abou1, such as cuslomcrs, producls, malerials, 

Plannlng / 
data / 

//. 
/ 

Acqulsiclon 

" ' ' Tran~ection ' 

d••• . ', 

R1qulnmenu 

', 
1 Statlnlcel >' 
t- ••;.~:·v B 
1 0/tpOI/tiOII 

1 . 
1 .. // 
1 //Trenoectlon 

/ elata 
Stewollhhlp 

lnventory data 

figure .17. Jnformation life·c:ycle 

pcrs~nncl, ele. Enlilies usually. include, bul are nol 
limited lo, the resources around which thc busine.ss 
·processes were dclined. 

Sincc a dala class m ay conlain dala relevanllo a 
parl of a business cnlily, an enlire business enlily, ora 
group of related business cntitics, lhc lirsl slep in lhis 
approach is lo idenlify and lisl lhe business cmilies. A 
mínimum s1aning lisl can be' made by refcrring lo the 
resources around ~hich processcs were delined. This , 
lisl can then be cxpanded wilh any olher significan! 
entilies of the business thal ha ve dala related 10 thcm. 
Sevcn lo lifleen entities are IJSually idenlilied. · 

Nexl, to identify thc data classes related lo thosc 
cnlilies, a malrix is u sed, with lhe cnlilies lisled hori
zonlally and lhe major lypes of dala classes lisled 
venically. Six lypes of data class will covcr mosl 
enlerprises' requircmenu. lnFigure J81he six typcs 
are l'lans/Models, Slalislical/Summary, lnvenlory, 
and Transac1ion. Each enlily is cxamincd arid lhc' 
appropriale data nantes lilled iri for each dala class 
1ype under the enlily. lnven1ciry dala lypes are usually 
easies11o idcnlify lirsl, as lhcsc are thc "maslcr lile" 
kinds.of informalion. Trarisactions lhal afTecl ihe 
invcnlory dala can nexl be idcntilicd, followed by lhc 
summary and pla.nning types of data. 

1 

33 



DUSINROI 
. \ 

f.NTITiiS .. ~ . ) 

r . 
DATA Produol Cuttomtr Peollltln Molirlol Vond01 Cllh PIIIOMII 
CLAS~ ' • 
TVPES 

Plo~n1/ Produol .. , .. F10iii1Y .Matorlll \\ Budatl Ptnonntl 
Modlll plont ltrrllory plont requlremenu plt~l . 

Morkll CopociiV . Productlon ) 
plent plont tohodult 1 

Stedlllool/ Producl' SalOl Work In Opon Vtndor I/ Flnonolel Produotlvlty 
Su1nmarv domend hlttory PtOG:Iat ~aqultemtnu porformonc::e tllliiiiQI 

. 1 
Equlpnionl 

\ 
B.onolll 

ullllalllon hlll.,., 

lnventory Produol Cuttomor F101111111 RowMIIorlol Vonclor 1 Plnonolel Employlt 

Plnlthtd Moohlno Cotl 
) 

Oonorolltd• Payroll 
goodo · load ' 1111 ........ 

lng , ..... Routlnll' Blllt of 8klllt 
mtatar 1111111111 

Trtntaotlon Ordar lhlpmonl Purchlll Mllorlol 

\' Roclpu 
ordor rocolpt 

Pavnun11 

fi¡urc IK. Dutu ola>~/business entlty m•trll 

34 '' 



) 

' . 

•. 

Business Proccss Approach . 
The accond upproa~h lO idcnlifying data ciasscs UICI 

thc previpusiy dcfincd buMincss proccss.ca- spccifically, 
what data is crcutcd und/or uscd by c11ch procen. This 
approach involvcs conslructlna a series oflnput· 
proccu-output dia¡r11ms, one for cach of thc 20 to 60. 
proccsses ldcntificd In tho business proceu dcfinltlon 
(seo Figure 19), · 

Cross-Rcfercnclng and Regrouplng 
U y crosa·analyzina Fiaurcs 18 and 19 and rcaroupina 
on !he basls of..cornmonalhlcs or lnconsislenclcs in 
lcvcl, 11 la po~slblc lo compile a managcablo lis! of30 lo 
60 data claascs. · •. · 
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Outu Cluss to (Jroccss Annlysis 
Thc dala classc> should lhcn be placed on u malrix 
opposilc lhc business proccsscs, and .lhc lcllcrs C and U 
should be cnlcrcd lo indicalc whkh proccsscs Crea le 

1 &he dala and which Use il. Fi¡:urc 20 shuws llfis plot, 
wilh &he proccsscs arranl!cd lnlhc lifc cydc SC4llcnco 
or'thc kcy rcsuurce. As this matrix shows how dala ls 
sharcd by &he proccsscs, 11 will be uscd lalcr 10 dcvclop 
thc informal ion archileclurc. 

DATACLASS 

J 
.t i l PROCESS f & 

> .t a: 

Buslna11 plünnlng., 

Organlntion onalyala 

Ravlew and conÍrol 

Financia! plannlng 

Capital acqulsldon 

Rnearch u 
Forecastlng u u 
Oellgn and development u e 
PrOduct •peclflcation malntononce lJ u 
Purchasing . e 
Raceivlng l..l 
lnvantory control 

Workllow layout t.J u 
Schodulln¡ u u 
CapaéltV plonnlng \) u 
MeterlaJ requlrementt ·u u 
Operatlons e 
Tarrltory management e u u 
Selllng \) u V 
Salea Admlnlurotlon V 
Order servlclng u e V 
Shlpplng u u 
Gener111 occountlng u u 
Cost planning u V 
Budget uccountlng 

Perwnnel, plannlng 

Recru i tlng/dovelopmeni 

Compcn:ation 

Figure 20. Dilt<i ciOLss. by procc:!.S, r.howing ..Jouu crcation and usage 
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· Chaptcr 8. Analyzlng.Buslness/Systems·~clatlonshlps 
-~- .. ,. 

Up lo now, lhc lcum haK bcon dc~oloplng a ncw .. 
penpecllvc of lhc buBineBti- learnlnglo look althe · 
bualneuln terma of buslnm p'rocesscs and the dala 
clasies ncce~sary to pcrform thcm. Now thc 1cam must 
develop a nrm undcrstanding or how data procoaslna . 
c:urrently aupporls the business, in order to devclop 
rcc:onimendatlona for fuluro acllon. Thls acctlon · 
describes the use of dala ¡athcrcd and presenied aa 
parl or 1he 1/S rcview as wcll as the orgunlzation, . . 
process, and .dala cilla& informalion lo dcvelop penpe<;· 

.livea on: . 
• liS aupporl of proceuea. The or¡anization/proccss 

malrlx dcveloped In Chap1er 6 is anno1a1ed lo . 
indicale which currcnl ays1ems aupporllhe business 
proceasea. · 

• Usagc of currenl dala, A system/dala file malrix la 
dcvelopcd lo ldcntify lhc dala files currcmly In use 
or planncd for use by cxlslins ayatems. 
(A ayslcm herc lB an ~pplicalion or srouplns of 

severa! applicalions.) 
Each or lhcsc mu1riccs la describcd In more dclail in 

the followins pases. Allhough lhe mal rices providc an 
ovcrvicw of lhc curren& and planncd dala processing 

'suppon oflhc business, lhcy cannol indicalc lho cxlcnl 
of aupporl necdcd or lhc val u e or 1his tiupporllo ea eh 
of lhc proccs~es. Su eh lnformalion ls oblain~d la ter 

durlng lhe exccullve inlcrviewa. Uaed In comblnatlon, 
1hese matrices are vory helpfulln providins the tcam 
wilh a brand overview of cu¡renl ayate m a and dala . 
usagc. 

Undershindlng 1/S Support of 
Processes 
In arder to obtaln a buaincaa·wlde plcturc of cxlsllri¡ 
ánd planncid data proccsslng aupporl, lhe study ICI\m 
may optto annotale thc organlzatio!l/Proccss matrlx 
wlth clirrcnlsys!cms supporl (Figure 21). The nota• 
liana on'this malrix ldentify which organizRtions 
In volved In thc procc&Gcs are rcccivlns appllcation . 
aupporl. This enablcs the atudy tcam lo ldenllf')': · 
~ Proccsscs rccciving no curren& oyatema supporl 
• Proceascs recelvln¡¡ B)'Sicma aupporlln somo oraank 
· zalional unlts, but not all 

• Possiblc redundan&' syslcms · · · 
To creale thc notationa,thc leam as~gna a numbcr 

. lo each·of thc curren! systems, thcn poststhis numbcr. 
&o.thc approprlalc lntcrocctlona on tho organlzation/ 
procesa malrix. This may be fac:ilitatcd by flrsl crea&•. 
lng a syslcm/orgAnization matrix (Fi¡jure 22) ora 

·. systcm/proccss matrix (Figure 23). 
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ldcntlfylng Usagc of Current Data 
Thc tea m n~cds to und~rstuml'wh"ut data" is currcntly 
automatcd und whcrc, that is, wh!ch I)'Siems utilizc 
whlch portinns of thc data. The next mauix d~veloped 
by thc study team,thc systcm/dala"file matrix (Figure 
24), providcs this und~ri.tanding. The systems annotal· 
cd in Figure 21 form thc vertical axis of this mntrix, 
whilc the data files, groupcd by similurity, form thc 
horiz~mtul. An X is placcd in cach appropriate box lo" 
show which data files supporl which systems. 

This malrix shcds more lighl on how much data is " 
sharcd by various syslcms. Tliis, in turn, hclps point 
outthc n~cd for a dala base upproach lo providc 

' consislcncy of dala. Thc informal ion galhercd heni 
will al~o be" uscfullalcr in dcveloping implcmenlali"on 
priorilic~. 

DATA FILE 

:¡¡ 

S i SVSTEM ~ .t ~ ~ 

o ~ o 
= • 

l 
!! ! i ¡ ~ c3 l! = o 0: jjj l 

C1.1s1omer Orth:r Entry IX ~ 
IX" IX' rx: 

Customer Order Conuol rx t>< 1~ IX' X IX 
lnvoiclng X IX IX X 
Engineering Control ~ IX" X' X IX 
finilhcd GOods lnventory X >< IX 
Bilis of M¡uorial X [X ~ IX' X IX x 
Parts lnventory X IX !')( X 
Purchasc Ordur Comrol X )( )( r5( 
Routinga X >< C>< X C>< '.X 
Shop Fluor Control IX ~ )( X rx' 
Ctlpecity .fllannlng X 'X X X X X V 
Gencrol Lcdger X X X 
Expense 

Produc1 Costing X X X X 
Opcralinu Statellle'nu 

Accoun11 Roc::.tivsble IX X X 
Accounu P.Jyable 

Auet AccoUntlng 

Marketing Analysls X X X 
P&~yroll 

;·~:-~i: 
)f¡ "1 
''t-:-~-; 
'.··~ 

Summury .~.~; . " " · 
" Sorne tcams íind it convenientto u'ic varlous matrices 

as communications/presentation)~ls. DifTcrent 
combinalions of two or more (thóiie tllataha'rc common 
axcs) may be so used. ! ,¡ 
. Thesc charts and matrices pró~ide an ovcrvlcw o( 

the currcnt and presently plann~d data proccssins . 
support of thc business. Su eh information should be 
obtnined from thc exccutive intei-vlcwa regarding 
problems with currcnt dal¡~ processlns support and 
additional needs for information: Thesc charla, 
togcther wilh the cxecutivc intervlews, help the study 
lea m delerminc those arcas whcrc cmphasls should be 
applied in dcvcloping and enhancing appropriatc 
informal ion syslems. · 

Appcndix F contains examples of matrices fro~ 
other industries. 
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Chaptcr 9. Dctcrmining thc Exccutivc Pcrspcctivc 

llll~rviewin¡¡ ;tnd inl~r,·i~w unalysis consume more 
ti m~ du rin¡¡the ~tudy lh1111 un y 111hcr uclivily beca use 
thc,cxc•·utivc i111crvicws 11re thc primary /ourcc of · 
infnrmulinn for delcrmining thc bu~incss problcm and 
munu¡¡cmenl's nccll fm suprort in ovcrcuming their 
rrnblcmlind/<lr suppnrting ncw llf'(llHlunities. 

The inlcrvicws are nol inlcndcll lo galhcr ..Jata on 
thc spceilic d~tnils unll .cxacl form of thc information 
.rc<lllircd hy thc inlcrviewcel, 

Spe.-ilknlly, thc JHII'[IOsc ofthc imcrvicws is lo: 
• Vulidutc thc o.ln111 g•llhcrcoJ, analyzeoJ, un.J llocu

mcnlco.l in matrices and charts 
• Determine thc inf,mmllion nccdcd by individual 

exccutlvcs us well us thcir problems und priurities . 
• Oain cxcculivc rarpnrt imll involvcmcnt 
• Determine managemcnt vulues unll 'luantify 

h~ncfils tó be llcrived by mudifylng or allding 
upplieations. · · · 
Thc lasks lhat have 10 be accomplished in arder lo 

condu<'l thc inlcrvicws are: ' · 
'• Conlirm 'he lisl ofexccutivcs lo be inlcrvicwcd lhat · 

was developed during study prepnration 
• Rcvicw the intervicw s•·hco.lulc lo be certain it is 

practica!, and conlirm il with thc intcrvii:wees 
• Org¡tllilC wall charls in control room. 
• Rcvicw thc qucstions lhnt apply lo all inlerviewees, 

and Jcvelop inoJividualized quc~tions f'or ccrtain 
executivcs, as appropriule 

• D~tcrminc lhe role of study tea m ~cmbcrs for each 
interview and .the characlcristics ofindividual · 
intcrvicwees 

• Conduct the inlervicw.itself 
• Prerarc a summary of each intervicw lo bc.ap

proved by lhe intervicwcc 
· This chaptcr is dévolco.l 10 a discussion of these 

lasks. 

Confirmlng thc Llst of Executlves To 
Be lntcrviewcd · . · 
During HSP study prcparution lhe lea m idcntificd the 
exccutivcs thal shouiJ be interviewed. The tea m mosl 
likcly selecled managers no more than two lcvels bctow 
che presiden t. Now, aidcd by lhc organization/process 
matrix, che lcam can cunfirm its carlier lisl of inter
viCw~~s and identify any other executivcs thal should 
be indudcd. 

Two qucslions can be answered using this approach: 
• What orgnnizations are in volved in ca eh of thc 

proccsscs? 
• · Within thosc organizalions, who must be inter

vicwcd lo· determine thc problems, obicctives, and· 
rcquircmcnts7 
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Som~limcs ills diffic~ll 10 assign final rcsponsibilijy 
for a pro.:~>s tu one sp~eilic organizutional entily. 
s~vcral organizutions may rcach a dccision tosether. 

In somc cases it is necessary lo inlcrview ccrtaln •. 
managers f<Jr politicul reasons; if they don't ha vean 
opponuni1y 10 participule inthc study, they may 
opposc any recummendutions that rcsult fr\)nt 11. 11 
may aho be udvi~able 10 intcrvicw 11 particular CliCCU• 
·ti ve simply beca use othcr executives ofthe samc lever 
will be intcrviewed. Thia decision normally ls made by 

.the cxecutive sponsor. 

Rcvicwing the Intervlew Schedule 
Whcn th~ lisl of executives to be lntcrviewcd has been 
updatcd nnd confirmed; lhe sludy leam confirmathc 
intervicw schedule.· lntervlew preparation time should 

· always be allowed. Exp~rience lndicatcsthat an 
effeclivc interview ·rcquires two 10 four hours, uclud
ing prcparaliun. Therefore, only two intcrvicwa should . 
be schcdulcd for a given da y: Normally, 1010 20 · 
intcrvi<ws are conducted during thc study, althouah 
t~is numbcr varíes greatly with the sizc and rcqulro- . 
mcrits or lhe business. ' . . 

li is recommended that highcr execulives be lntcr
viewcd last. For one thing, interviewers' lcC:hnlques 
and prucedures improve with practicc, and thc lcam · 
should be worldng al its bcst'bcfore intcrvicwlng top . 

:. managers. Second, any suspicions or doubts thé leam 
· may ha ve about information obtaincd from the first , 
'execulivcs intcrvicwed can be resolved by rormulatlns 

· specific qucstions for top managcment. · 

Prcparing Questions for Interviews 
Bcforc thc.interviews are conducted, the study lcam · 

. prepares a list of general questions that apply 10 aU· 
interviewces. Thc team also may prepare spcciftc · 
questions for cerlain exccutivcs, as nceded. Tbd 
follu,wing general qucstlons, while furnishcd only GIG 

gulde,. usually apply lo all intc..Viewees: · 
l. . Driefiy, what is your arca ofresponsibility'l. 
2. What are its basic objcciives? · 

.. 
3. What are thc lhrec grcatcst problcms you have 

4. 
5. 
6. 

mcl in achieving thesc objcctives wilhin the last 
year7 · 
Whal has prevcnted your solving them? 
Whal is nccded lo sol ve them? 
What va! u e (in man·hours savcd, dollars saved, or 
prngraons enhanced) would bellcr information 
ha ve in ¡hose areas? · 

7. In whal uther arcas ofyour responsibilily could 
. thc greatest improvcin.enls be rcatized, glven the 
nccded inlormalion support? · 

.' :.: 
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8. Whal would be lhe valuc of these improvemcnla In 
man-houra saved, dollars aaved, or pro¡¡rama 
cnhanced7 · · 

9. llow would you ralc your info(mation support 
wilh rcspcctlo udct.juacy, validily, limcliness, 
eonslstcncy, cosl, aríd volume7 . 

lú. Whal is thc mosl useful informulion you reccivc? 
11. How are' you mcasurcd? · 
12. How do you mca~urc your subordinatcs? 
11. Whill other ki'nd1 of mca~urcmcnlarc yo u c!lpcel· 

ed lo makc? 
1-t. What kinds ofdccisions are you cxpcctcd 10 

make7 
1.5. What rnajor chan¡:cs are anticipaled in your arca. 

in lhe ncxt ycar7 Thrcc ycan? · 
ló. What do you cxpcctlo rcsuh from this study? 

Whal doca h mean to you and to thc business? 
17. Do you ha ve any additionalthuughll or com·. 

mcnts? · · 
The interviewcr must u1Ídcrstand thc. purposc of thc · 

,cneral qucstións in order to be sure thatlhc nccdcd 
iuformation is cllcited, lf an intc,..iewcc's responso 
docs not providc !he information dcsircd, it may mean 
thatthc question sh\)uld be worded diffcrently. Lcl's 
·examine thc purposes ofthc general qucstions and 
kinds of responses needed: 
• Questions 1·2, Thc intervic.wcr asks thc cxccutivcs 

what thcir rcsponsibilitics ;¡re beca use conclusions 
druwn from the or¡¡ani1.ation chart may not be 
correct. Also, thc objcctivcs that cxccutivcs scl for 
themselves in performing thcir functions may havc a 
largc bcaring on thcir information nccds. 

• Qucstions 3-6. Whcn asking about problerns, t~c 
team should be su re that thc·exccutivcs do not 
indica te only thcir last problcms. Somctimcs pcoplc 
overlook more scrious problcrns lhal occurred 
months befare. 

• Qucstions 7-9. Thc information satisfaúion and 
nccds qucstlons ahould focus on thc additional costs. 
that m ay be incurred from inaecuratc und untimcly 
informntion. Thc valuc of any udditlonal informa· 
lion dcsircd shouiJ ulso be de.tcrmincd. 

• Qucstion 10. The tea m must determine wherc thc 
curren! information suppon is ndcquatc so lhat 
thcsc bcnclits are rctaincd. 

8 Qucstions rl-13. The t.jUcstions concerning mcas
uremcntnrc in tended to .Jbdosc how thc cflective· 
ncss of rcsourcc allocatilln and use is mtasurcd. A 
. major factor in business succcss is cfficient use of 
rcsourccs. 

• Qucstion 14. The qucstion on what dccisiuns are 
madc is intcru.kd h.l üisdosc whclhcr C.\cculivcs 
rcccive a.Jequalc informatilln on which to base 
thcm. 

:; 

• Qucslion 15. The qucstlons on antlclpaled chin¡a 
are imporlant bcc•u•e major lnformallon aystems· 

· dcvclopmcnl cycles can takc from IWO lo Ove ycan 
lo complete. Rccommendulions for informatlon . 
systcms dcvclopment could be lmpactcd by· plana lo 
ceiltralizc, dcccntralizc, change tlic organlzatlon, 
illtroducc new products, cte. · · ·· 

• Qucslion 16. The qucslions rcgarding cxpcclatlona 
for thc us~ study muy help thc study tearn ascertain · 
how likely managementls lo accept and implcmenf 
thc study recommendations. · 

• Queslion 17. Additionalthoughts and commcnta 
make un approprlale way to lermlnatc thc l~tervlcw. 

Determining Tcam Membedntervlew 
Roles nnd Intervlewee Characterlstlcs 
Onc of 1hc tasks'that must be performed whcn preptir· 

. ing for interviewing is 10 asslgn roles for lea m nicmben · 
to play during the intervicws. Thc.ro are several factora 
lo considcr when muking lh~se assignmcnls. · 

Thc intcrvicw team is drawn aolely from sludy Lcam 
· membcn¡ and may include IÚM rcpresentativcs. Re; 
giudless of thc numbcr ofpcoplc on thc studytcam, 
thcrc are usually no more than four active team · 
membcr~ prescnt al any p~rticular intcrvicw. 

A givcn tcam mcmbcr nced noL play the same role 
in cach inlcrview. Furthermorc, sorne rnembcrs are 
usuully·a~~igned to nlorc than one role in an intcrview, 

: Thc following roles should be filled: · · 
• An individual to prcsent the sludy objcctlvcs and 

approach lo thc intervicwcc. This pcrson may havo · 
anothcr role in the interview as well. 

• An· intcrvicwer. 
• A backup intcrviewer to listen carefully to thc · 

proccedings.to makc sure thal all questions are 
asked and that all answcrs are understood. Thc 
backup intervicwcr asks any addilional qucstlons ... 
nccessary. . 

• Somconc to take notes durina Lhc lntervlciv arid .· 
ha ve thcm organizcd, typed, and prcscnted 10 the 
intervicwee afterwards for approval. 

·• • Asupplcrncnlary notc·taker if the situation requlres. 
Somelimcs t~e interviewec is a mernbcr of a depan

·.ment ·in which a tea m member serves. Because of11ic · 
possible scnsitivity of so me of thc information, it may 
nol be adl'isahlc for tluu tcam mc·mbcr 10 be an 
intcrviewcr during thal session. PcrhilllS Lhe individual 
should not e ven be prcscnt. Similnrly, lf thcre are an·y 
pcrsonnlily d;tshcs betwccn an i~tcrviewce anda 
particular tea m mcmbcr, lhutlcam rncmbcr should 
próba!>ly rHll be prcscntcd :11 the session. 

.In dclcnuining who will serve in wlutt roles, consid· 1 

eratior1 ~hould be ¡;iwn to individual abilitics. Sorne 
peoplc otrc hcllcr spcakcrs than olhcrs; sorne u re fusl 
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~nd a~curutc'notc·tukcrs. Thc intcrviewcr fur ilny 
~~ssion should be choscn for knowle.Jge of the arcA or 
the bu~incss 111 bg invesliflulc<l an<l for ability to 
nchicvc rnpport with thc lntcrvlcwcc. 

Befo re cuch lnlcrvlcw scs~ion, thc stu<ly )Ca m should · 
mccl 111 discuss various muncrs thal u re spccilic lo lhat 
interview. Thc responslbility of individunlteum 
mcmben durina.thc intcrview has airead y been 
covercd. Thc study lcum sh11ul<l ulso revicw: · 
• Ducksround of thc intcrvicwce 
• Responsibilities uf thc inlcrvicwce 
• Proccss in which thc intcrviewcc is involvcd 
• Data pr11ccssing support providcd to the 

intcrview~c'a urca of rcsponsibilily . 
• Spccilic qucstions 111 ask the intcrvicwcc, which may 

be bascd on prior inlcrviews with othcr cxecullves. 

Conductlng lntcrvlcws 
Thc bcst locution for intervicws h the study control 
room, whcrc lntcrruptlons are leust likcly ami whcrc 
lhc matrices nnd churts. can be displuycd on thc walll 
fur refcrcnc.c. lfthe control room is closc 10 exccutlvc 
officcs, il should be convcnicnl for thc intcrvicwecs. 

Thc following·sequcncc ofactivitics will normally 
uanspirc ancr thc intc'rvicwcc urrivcs and has bcen , 
introl.luccl.lto the intcrvicw lea m: 
• Thc interviewee shoulo.l be wulkcd throu¡;h the wall 

churts by the interviewer and he should be usked 10 
vulidat~ thc data on thc churts. Thcré shuuld be 
agr.:cment hctwcen the intervicwcc and thc study 
tea m un.the business proccss dclinitions an,<l thcir 
rclatiou to the organizational cntitics, particularly 
within the intcrvicwce's urca ofthc business. Makc 
chungcs to lhc wall charts ifneccssary. (Sce Appen· 
dix 0.) 

• The interviewec is scated so that he can sce thc wall 
charts during the interview. This should makc thc 
intervicwec more cÚmfortable 11nd thus enhuncc 
support. 

• Allthc general qucstions und un y specilic questions 
previously formulatcd are nskcd. Many qucstions · 
are likely to arisc in the course of thc intcrview and 
thc~c are also askcd. 
As indicatcd before, thc intervicwer onen necds lo 

as k more qucstions Iban wcre prepurcd. 11 is impossi· 
ble to predict allthe possible responses that an ex.ecu
tive might offer. From stutements ma<.Jc during the 

. intervicw, new qucstions are boun<.J lo arise. Furthcr- . 
mure, questions oRen must be formulatcd or restatcd 
during thc intcrview to elicit the exact infurmation. 
ncedcd. This is particular! y true whcn tryin¡¡ lo sccurc 
•·al u e statements that can be quantifictl, cspccially 
>l'hen <.liscussing intangibles. 

'Following are some·tcchniques th:tt can be uscd'to 
prompt an intcrvicwec to exprcss vulues quantiliably: 
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• l. lave thc intervicwec cxpreKs u polenllal benefil aaa 
pcrccnlage. . . 

• 1 lowc thc interviewcc expresa a polcntlal bcnefllla 
tcrms of a range- for cxamplc, u savins of $200,000 
tu $400,000. · · . 

'• lfthc interviewee gives an exccptlonally hlsh vah10 
thut might nol be ncceptublc 10 othcr manasen. 
sug¡;csl usin¡¡ 50 perccnl of thal figure. · 

• )n ;o particular operational arca, cite a well·lr.nowo 
imlustry average, · . 

· • Determine thc company's prcsent posilion In iho · 
industry an<l ask whal 11 would be worth lo be In a. 
stron¡;cr position. . 

• Employ in·dcpth loglcal questioning. lfthe valuo ot 
a particular benelit cannol be quantUied by tho . 
interviewee, try lo break down thc varlous costa of 
nol huving the benent. 

• Determine thc objccllvea agalnst whlch lhe exeev·· 
ti ve is mcasurcd nnd what h would be. worlh lo 

· . uchicve thosc objeclives. . . · 
o D~terminc whalthc compnny ls currcntly spendln& 

whntthe forecnsts are, and how thc~e spendin¡ . 
lcvcl; woul<.J be aiTected if a certain' capabilily weto 

·. nvaibble. 
.Thc interviewer must be sensitive lo lhe responiCI of 

· the e.,ccutivc in order to probe more dceply into any 
.· subject urca when approprialc• Tcam membcrs ahould 
. be attcntive to the execulive's'tone ofvoice and facial 
~xpressions, which are oncn a· lr.ey to 11nderlyins 

· fcclings. 

Prcparing lntervicw Summnrles. 
The study tea m should kecp currenl with lhe documcn• 
lation of the interviews. lmmediately aner lhc inter
vicw has bcen concluded, thc lwo study tcam mcmben 
who were ·taking notes during the intcrview should puU 
the notes togcthcr and hu ve l~cm aummarized and 
lyped. 

· ·summarics should be forniatted so thal problem 
stalements and key points appcar In separatc para• 
graphs. Each problem slatemcnl and key point can· · 
then be casily extractcd for latcr analytical worlr.. Tbo 
summaries are rcvicwed by the lcam leadcr, lhen 
presentcd to thc interviewee for approval. The inte~ 

· viewecs should·approve and relum lhcm lO lhe study 
team wit·hin two days aftcr the interview so lhat all 
tea m mcmbers can keep informed. Copies should be 

· givcn to allthe tea m membcrs and one copy lilcd as thc 

' 

ollicial study tcam documcnt. . 
· . In addition, any changcs resulting from the inler• · 
view should be posted to the wall chans to kecp thcm 
·as accurate as pQssible. 

As thc intervicw summnries are rctumed, thc study 
team mcmbcrs can· bcgin 10 asscss thc business pro¡,; · 
lems and/or opportunitics (sec Chapter 10). · · 
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.' 

Chapter 10. Asscssing Business Prob~'an~ 
Bencfits :, 

' ,, 

Thc rcduction and use of data obtained durin¡lhe IIP '·: . cd by each end-efTecl may lhen be quaniifled as far •• 
intcrvicw proccss is cxtrcmcly imporlant. ThinhaJI!er . . possiblc, amllhe'relative conlribuliona of root cauiCIIO 
pn:scnts a struclurcd and provcn proccdurc lo orpnlzc .' .' · lhat loss m ay be asscssed. 
inlcrvicw data and proyidc a uscful formal for laler lile,· Figure 26 illuslratcs the workshectlo be used in l~il 
in dclermining i~formation architcclurc and priorilia. r slcp. Thc lcam,.as a unit, then considers thc individual 
figure 25 prcsent6 a logical flowchan ofthc data · analyses and drafts a composite lisl ofproblems, · 
rcductinu proccd!JrC and is keycd lo thc lcxl by slep solutions ánd valucs. The team musltak,c ca re lo sclect 
numbcr. · ,: · ' only slatcd probleins and not implied problems. lfthe 

,•, 

. ' 
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Stcp 1: Summarize Interview Data 
Thc tea m scle~ts out of ea eh set ofintervicw notes 
(1) the prublcms. (2) solutions (ifgiven), (3) value 
statcments- tangible or intangible- if givcn, (4) lhe 
proccsscs impactcd, and (5) the processes causincthit 
problcms. 

tea m deCides that an implied problem is of a magni· 
iude and importance that il should be further clarilied, 

.cominunication with the interviewee on a formal or 
informal basiS should be undcnaken in arder lO 
cstablish the spccifacs and/or magnitude of thc. 
"implied problem •. " lfthe communication.cstablishcs 
additional significan! data not in the originai notes, it 
must be added asan addcndum to the validatcd 

· original notes with refercnce to the follow-on commu• 
· nications. A copy ofthe addendum must be forwarded 

to the intervicwee for his validation. · · 
The en tire compositc list should now be typcdwilh 

doublc spacing betwecn entrics. Each cntry must be 
code-connected lo the original intcrviewce. Assignin¡ 
a number or letter or combination of same to each· ·. · · · • 
inicrviewee allows his idenÍity i:ode to be attached 10 
each entry. while maintaining conlidcntiality. 

Stcp 2: Classify Interview Data 
Using thc interview notes and worksheets. the tea m ' . 
now examines cach line entry and eslablishes whether 

. it is in the category of: · · 
l. t/5 probl~ms/solutions and values (cxisting syslems) 
2. 1/5 nceds and values (no system exists) 
3. Non·t/S 'problems · · . 

· Sometimes a problcm )llill have both an organiza· 
lional solution and anl/5 solution. Example: ''Therc 
is a need for bcuer marketing rcscarch information." 
This may require that a rescarch group be establishcd . 
lo gather information and an information systeni be . · 

. developcd to store and manipulatc the information. ·Al · 
, thc end of step 2, the line en tries cxtracted from llic · 

inlervicw process should be in the thrcc cati:goriea · 

1 
·' 

¡ 

Problcms. as statcd by thc busincssman may be 
"pcrccivcd problcms" (lhat is. pcrccived from the · 
jm1>actthey makc on a particular proccss) or thcy may 
be actual root-causc problems. "Perccived problema" 
are ncccssarily thc staning point for problem asscss
mcnt in os~. A pcr~cived problem is something a 

named abovc.. . ·. . . 
. 11 is critica! atthis pointthat.thc "non-1/5 problems" ... 

be logically grouped, strippcd of all identily. and very ·· :· · 
1
. · 

, businc~sman sc~s as a problem; 11 may turn oullo be a 
real problem, an inc•>mplcle version of a real problcm, 
or jusi a sym¡>ll>m of uue. 

In arder to :&sscss pmhlcms objcctivcly, thcrcforc, 
pcrcdvcd problcri1s must lirst be lra,·ed back to root 
Ciluses and forwnrd tá cnd-etrects: Thc loss r.cprescnl· 

carefully handlcd. 11 is not the mi~ion of the DSP stu~y .. •. · 
. lcam to solve the non-1/S problems, However, tlic · . 

infor¡nation.obtained in thc interView proccssca, which 
relates to these problems. is im ponanl and should be. 
propcrl)'prescntcd to thc appropríate· individual 
(usually thc sponsor) for his consideration and appro- · 
priatc action. 

•' ,¡,· 
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lnterviewt~u: Mr. H. R. Zimmor, Vice Pretident of Productlon 

Team Mcmt:er: Pollel Akurben Date: Auoun 24, 1978 . 
Mojor Problem Problem Solutlon Valuo Statament lnformation Pr-./Qr- ProcNIIGroup 

System Naeds lmpic:lod · Cautlnt 

Lllck of effectlve Mechanized pro- lmprove profit; Productlon Productlon Productlon 
production planning dutlion plannlng imP/ove customer plannlna 

1 impain profit· .. ttlo:.tlons: lmprow · 
oblllty sorvice olsupply 

.. 

lncreasing account· Better information lncrease value from c;:ost tystem Flnance flnance. 
iJbility ot bÓ11d of ouuide dlrecton • directors; damand 
hu financia! and 
rnan01gement 

' uuditing 
,, 

. -
lack of "whot if" Moc:hanized online lmprovi Proflt: beuer Co•t ayatem Flnanca Admlnlstratlon 
c:npability on c~t cou theot capa· cuuomer relationa. · 
sheeu bility 

lnability to look at Finoncial modallng Raise prOtit; cunail Plannlng simula- F inance/managempnt Management 
enough alternalives ( "what if" cap• loneJ; improve growth tlon 
in business planning bilityl . IÍ 

Lack of ability to Better information Retaln good pooplo; Skills lnventory Human Resourcet Human Reso~~ 
iden&ify and pro· on penonnel r .. i~prove morolo • ay~tem 
mote qualifled sources 

\ peoplt: 

Lack of uperlis• in More marketing Satisfy cuttomert . Marketing Human Resourcet 
marketing impairs awareness and more .. 1 • 

Qrowth a'nd profit1 peopN with market· 
lng expertlse . : 

LOII of obility lO Oescription of work Manage people proP,. Order ttatus Human Resourctl Solos Oporatlons 
effectively tramfer to be done in ·uch erly; improve qualhy 
people; low produc· are a of work; increase pro-
tivily. Long training ductlvlty 

Poor cuuomer re· Better ~alea analysis liJlprove customer Ceder stat~s Marketing '. Salet Operations 
lations; Ion of and productive relations .-
profit; ex~;cuive planninv: better .. 
inventory buyer reports 

Poor cuu01ner re· Bettor sales analysis lmprovo cunOmer Production ~arketing Productlon 
lationi; lou of and productive plan· relationt plánnl.na 
profit; excenive ning; ~ner buyer 
inventory reporu 

Ponr customer Better 11111 analysis 1 mprove custo~r Sales analysis Markotint Marketing 
rel~'rions; loss of and productivo plan· ralationt 
profit; oxceuiVe in· ning; beuer buyer 
ventory repons 

Smaller, more Otdor irend Control cost better Territory analysis Solos Optratlons Saln Oporatlons 
f1equent orden; lead analysis/costt 
limes 100 critical: 

' hlgher cose of 
han di ing ordetl 

figure 26. lnh:rview analysis and ~ala rcduC"lion workshccl 

• 

'· 
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Stcp 3: Relate Data to Proccsses 
All ofthosc in'tcrvicw entrics whic~ wcre groupcd as·l/S' 
problcms/solutions or t/S nccds and values should now 
be cut from thc WOJ k sheet Exa~1plc: 

K·2 
lock of oUcctive Mechenizod pro· lmprove proflt; 
productiqn planning ducliun ~h,nning improvo cuatomlt 
lmpaln profit· relatlons; lmprove 
obility ~ervic:o of supply 

Next a llip~han pH(le should be created for cach 
business process group and ils proccsscs. These should 

. be arrangcd awund 1hc control room al a leve! handy 
lo "post" to. Tea m nacmbcrs thcn take each of the' 
preparcd inlervicw cntrics and stick thcm onto thc 
llipcharl for.thc business proccss that causes the' 
problcm. lfpossiblc, the cntry should be placcd within 
the proccss most.appropriatc. 

Don't worry about being too precise on the first 
"postín¡;." Additiunaltcamwork is rcquircd to finalizc 
thc procedurcs. 

Whcn al! en tries ha ve bcen "postcd,"the team 
concentratcs on o.nc business proccss at a time to 
cnsure thal all cntrics ha ve bcen postcd lO thC righl 
proccss. lt is normal lo ha veto go back to thc original 

ProQuction Productlon Producdon 
plennlng 

validatcd intcrview notes Ór evcn the original hand
written noies to firmly cstablish the topic arca and 
background thattriggered thc intcrvicw commcnt 
(entry). The need for mobility of the ítem cntrics 
quickly becomes obvious during this finc-tuning stcp. 

Summary 
1t is possiblc to group the intcrvicw data cntries in 
severa! ways. Thcy may be related to thc causing 
proccsses or thc impactcd proccsses using matrices as 
illustra1cd in Figure 27 or in othcr summary formats u 
appropliatc. This data will provide valuablc perspcc
tivc as the tcam develops rccommcndations on infor· 
m~tion architccturc and systcms prioritics. 

' 
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PROCESS GROUP 

g .. e 1 e· J • ·; 1 i! j '& 
~ e 

PROBLEM '" 
M.trk.et/Customur Solactlvhy 2 2 
Ouality of Forecanlng .3 
Ordor Entry Log 3 
PrDfJIJcl l1ne Profitabllily 1 
Markat Shafe Deterlorello.n 3. 
~rodto~Ct Oevalopment Support 4 
External Reportlng Aequlrementl 

Control of Ordera 4 . .3 
Faclllly PlannlnQ r 
lnva~uory Lovel Conslnoncy 

Purchasing Control 

Control of Production Casts 

Labor and M11c:hino Utillzoilon 

Plam Perlormance Mea&uremef'ltl 

Shop Monpower Utlllzatlon 

Assot Performance 

Vario~nco Anolysis 

Work•na Capital Manaoement 
. 

Manpawer Odvelopmtnt 

Job Oescrlptlons 

Total 9 9 8 

fiGure 27. Prublcm/proccss matria, showina thc number of limes 
thc rroblc:m' wcrc stated 
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Chaptcr J J. Dclining lnformation Architccture 

llavín¡¡ ac4uircd an undcrslanding ofthc business 
proccssc~ and lhc dala rcquired lo supporl lhcm, lhe 
1eam shouiJ conlinue its analysis by dctermining how 
the data will be managcd lo supponthc proccs~es. The 
dala classcs 1ha1 ha ve beco i<lcntilied can be logically 
groupcd inlo dala bases. lnformalion·syslcmslhen 
!>ccomc lhc \'chicle• u sed lo inserl data in lo and extrae! 
it from dal" ba•es, and formulatc useful managemcnt : 
informal ion lo supportlhc business proccsses. 

~ 
l.E:_j 

lnforrniltion · 
&vstem 

Butinen 
process 

In arder lo ic.lcntify lhc information systems and 
subsyslems arcas lo be devcloped, an lnjormatiotr 
archirecture is ddined, using a diagram lhál shows lhe 
relationship of data lo systems and lhc proccsses 

. supported by each. The archileclure diagram, lhcn, is 
lhe blueprinl 1ha1 oullincs l'or ca eh syslcm arca ( 1) lhe 
dala crealcd, conlrollcd and used, (21 !he rclationship 
ofsyslcm lo syslem. and (3) lhe syslcms lhal support a 
givcn proccss. The architcclure diagram allows us lo 
lakc in lo considcriuion lhc dala requircmcnls of la ter 
subsyslems allhc lime of dcvcloping earlier subsystems· 
in arder lo maximile sharing.ol' dala. 

Firsl, !he archiiCCIUre is dcvelopcd by cvolving . 
lhrough scv~ral ilcr'alions al' a process/dala class 
malrix. ,Dala llow.is lhen addcd 10 1hc arch'ilcclure, 
followcd by subsys1cm iderllification and analysis of 
subsyslcms for prcrcquisitcs. 

Dcv~lo{ling the Archltccturc Diagram 
llcgin willi 1hc proccs~/data class malrix wherc the 
·proccss axis is in life cyclc·sequencc bascd u pon the 
, key reso11rce, as in Figur~ 28. Next, arrange thé data 
axis by laking all data classes created by the lii'SI . 
process and grouping lhem lo thc lefi, or origin of thc 
matrix. Group aUdala classcs created by lhc sccond 
proccss nextto those crcated by the first process and 
continuc this grouping until all data classcs are cov
cred. Figure 29 shows lhe result, wilh all "creiucs" 
groupcd diagonally from the matrlx origin lo lhe 
opposile corner. 

Ahhough thc néxl step is somcwhat a mátler of 
judgmcnt, lhe object is to group lhc processcs and.data 

·. inlo major syslems arcas: Thi's can be accomplished by 
looking.at lhe process groups and the dala crcatcd by 

·them, then boxing in lhese groupings as in Figur~ 30. 
Wherc a proccss group crcatc~ no data, the box is 
arbilrary. The boxes represen! logical subsyslein 
groupings with rcsponsibility for crcating and main- . 
taining spccilic rclaled classes ofdala. 

'.·. 

. :·:. ~ ...... . 
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Buslndn plannlng u u e 
Organlzutlon onaly&ll .. u 
Rovlow ond control u \.) 

FlnanclaJ plannlng u u e u 
Capital ocqullltlon e 
Reseorch u V 
Forecest.lng u u V u 
Oealqn and dovelopmont u e u e 
Product spoclflcatlon melntenance u u e ~ 
Purchasing e V 
Receivlng u u 
lnventory control e c. \,) ·~ 

Workflow l1~out u u e 
Schcdullng iJ V e u u 
C•pac:lrv plannlns u u u u c. 
Material requlromentl u u \.) e 
Oporatlona e .. u V U . .. . . 

Terrhory managtment e u \,) 

Solllng u V u ~ 
Sa~• Admlnistratlon u u 
Orr;ier serwlclng u e V 
Shlpplng u u u 
General occountlng u u ' u u 
Con pla~nlng u u e 

.• 
Budge~ a'ccountlng o u u U. u 
Peiaonnel plannlng c. u 
Recruitlng/devolopment u 
Compensatlon IJ u .. 

Figure 28. Dat~ clau by pcocess, showing dati cceation a.nd usage 
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Data Flow 
Whcrc 1he U fa lis ou1side a syslem boK, a means lo 
represen! dala Oow from onc syslcm arca lo anolhcr is 
desirablc. This now is reprcscnl~d by arrows in Figure 
31. Thc lhinJ systcm down uses "l'roducl" dala 
crcalcd by lhe sccond syslcm. The arrow shows dala 

DATA CLASS 

¡ 
= ~ ¡ • 

f ~ 
~ E E ~ PROCESS '~ e o 1l = el: • ¡¡¡ .. ... .. 

Businuu p11nni~ e ll 
Organiutio.n anolysll \) 

Reviow and con troJ u u 
Flnanc:lei.Piannlna e u 
Capi\11 acqulaition ~~ 

· Reseorch u 
Forecauing u u 
Ouign and dc'W'elopmeOt e e u 
Product speci,fication malntenance u e e 
Purchasing 

Receivlng 

lnventorv control 

Workflow layout 

Sc:hedul,ing u 
C.pacirv ptanning 

Material roquiremenu u u 
Operetlo~s 

Te~rltory mano~oemtnt u 
S.lling V 
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Order servl4;:ing u 
Shippina l) 

General accoun_&ing u 
Cost pt.JnninQ 

Budgel accounting V \) 

Pwnonnel plannlng u 
Recru 1 l!,ng/developmen 1 

Compcnution u 

F'i,;ure 31. D~1a n~~w ~clcrmin:uion 
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1. 

Oow from lhc second lo lhc '¡hird syslcm. Thc second 
syslem uses "Cuslomcr" dala crealed by lhe fourlll 
syslem, so an arro)'l inilicales lhis dala Oow. Figure 32 
shows all dala Oow from syslem lo syslem reprcscnlcd 

· by one-way arrows, · This figure wiU be uscd laler for 
subsyslem idenlifl~ulion. 
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With data crealion and use indicated by thc boxcs 
and arrows, lhc Cs and Us may be climinated and . 
namcs applicd 10 the majar systcms arcas (Figure 33). 
While Figure 33 rcprescnls thc complcted informal ion 
architccturc, a final rearrangemcnt of axcs and use of 
two-way arrows allows prcparation of a simplified 
graphic ofthc archilccturc. Figure 34 shows such a 
graphii: with rhc same sy•tcms. Such illustrations ha ve 
preved u•cful in managcment communications regard-
ing thc information architcciUrc. ' 

DATA CLASS 

'l; 
·~ 

~ ! • m ] E e u ~ E ·¡; e • • PROCESS e 
.~ '!l e o 

• ¡¡: .:: • ¡¡; ... .. 
Business planning 

Organiza1ion analysil . 
Man· 

Review and control IIQO• 

Flnancl&l planning 
m&nt 

Capital acquishion 

Resear..:h 

forecauing 
Requirements 

Design and d~tvttlopment 

Product specilication 'lnalntenance 

Purchas.lng 

Aecehling 

lnventqry conuol . 
Worktlow layout 

Scheduling 

Capacity planning 

Ma1eri.il rvquirements 

Oper111ona 

Territory inanagcment . 

S.lling 

Sales edminiuration !· 

Order servicing 

Shipping 

Gener•l a.::counling 

Cott_plonning 

Budget ;;u.:counling 

Penonnrl p1,1nning 

Recruitin~ldt.•v.:lopment -

Comp..:rt•.Jiton 

Figure 33. lnli.ttn~ottinn ;lh:hah·,:tun: 

i 
e • ! .. 
t 
; 

~ E 
'!! ~ • • > a: 

1:' 
ti o 

;: e E • ~ 1:' • .5 ~ 1 ·~ .¡¡ o. ·; 
~ 1 

~ • .g a. 8 .5 e .5 E ~ "' .. :¡; ll t 
o 

"' e ;; e ;¡ 
.S ·~ o u • • 'O s 

i!:: • o. o • ;; c5 E ... ... :¡ o a: u 1/l u w 

, 

Manufacturing 

f+-

1 
Sales 

.. 

'--+ 

, • Aa.ninilhbt•on .J-

~ 

Porsonnal....-j""' 
.....,¡ 



9S 

r;> m ;r ~ i :!! ll f .. 
f. f ~ .. ~ 1:' o p 3 • ~ s· 

~ = a , 
l f • i ¡¡ 11. ~ • .. ~ a e 

f !1: !!. ~ 3. !1: i· il 
,. ¡; .;: ... 

~ J> 
1 f ¡ ! ¡¡: ~ ~ ~ " i 

.. :1. 
~ E. R 

.. 
1 l a n . ll 

·[ ¡ 
! < i g 

J 
• i 

j' m a ~ 
• g 

' Terrltory Mtn~gemeft1 

' Selllng 

f S•l• A!fmlnlstretlon 

.... Ord er S trYite 
' 

+ Shlpplng 

Resetrch 

l For.eattlng 
e 
j' Onlgn tnd Oeyelaplnl!nt 

• Product SpecUicttlon Melnten•nce • 
" lnformatlon Control 

1:: Gonertl Accountlng 3 
•• Con Pltnnlng " ~ • Bud~t Aeeountlnf "' o • 

Buslnea Plennlng 

• I Orgtnllltlon Anelyslt .... ReYiew end Control • i Flnencltl Pltnnlno. a 
Cepltel Aoqulshlon 

1 
P .. rtonNI PltnnlnQ 

l Rtcrultlng/Dnelopment 

Compentatlon 

(• 

, .......... 
" 

R-Mng 

~ 

f 
' 

.._ 
lnwntoty Control 

Wo~~fl0w Llyout 

1 lcllodullng 
i CtpHity Plennlng 

M1terlal Raqulrementl 
• 

Optl'ltlonl 





Subsystem ldcntificatio.ri 
The first c:ul al idcntifying subsystems is again an 
arbitrary classification. Using the arc:hitcctun: devel• 
.opmcnt.diagram suc:h as Figure 30, define each C u a .. . 
·"eate subsystcm. Define each U associatcd with a 
-given proccss as a single usagc subsystem. 
· With this •tarting point, logic:al combinationa 
and/or splits can be made. Usage subsystems can be 

· .combined whcro use of lhe dala is similar. Whcn: 
·ereale and usagc subsystems are highly interdcpcndent, 
a c:ombinaliori may be logical. Wherc a usagc subsya· 

·¡cm has dissimilar funclions includcd, it can be splil 
inlo lwo or more subsystems. . ·· · 

When the subsyslems ha ve becn identilicd, a. 
descriplion of thc funclions of cach.(approximatcly OIIC 
paragraph) should be wrillen. 

Analyzing for Prcrequisitcs 
With an oulline of subsystcms al hand, lhc final Slcp la 
a prerequisile analysis, i.e., which a;ubsyslcms muse be 
in place bcfore others can be crcatcd. By using che 
informalion archileclurc justdevclopcd and thc leam's 
underslanding of lhe bu•incss, lhc intcrdepcndcncica 
among subsystcms can be analyzed. Once more, a. 
matrix can be uscd lo labulatc lhc rcsults ofthc 
prcrequisilc analysis. Thc vertical axis oflhc malria 
should lisl all subsystems, whilc lhc horizontalshould 
listthe prerequisitc subsystems (figure 3S). 

PREREQUISITE • 
SUBSYSTE~ 

( . --.--.... ···········- t .• -f. 
- 1 f 1 I 1 ALL ! ! SUBSYSTEMI ... ... .. 

Engi-rlng clttlgn X 
Onlor opocilicaiiOfl X 
8iUs of me1wial X 
Routlngs X 
Producl dilO COfllrol X 
Solos enalysia X ·-...... 

_, 

Order entry . X 
Bu&intsi plen DlltllmDn X 

fi&urc 3~. Prcrcquisilc oubsyucmanai)'IÍJ 

Architccturc Use 
The information architcctun: idcnlifics thc systcms and · 
subsystcms with rcspcctlo lhc data thcy crcalc. control 
and use, and with rcspcct 10 thc business proccsscs thcy 
súppon. Thc inlerdepcndcncies havc bccn analyzcd as 
a· basis for lhc prioritizing and planning thal now takc 
place. Thc infornwtion architcclurc provides an 
cxccllent foundation for analysis of disuibulcd infur· 
mation systems rcquircmcnts and dala base plannin¡. 
·subjects c:ovcrcd funhcr in C~ap1er 16. As cach stcp is 
la leen in developmcnl of thc infum1ation syslems, lhc 
archileclurc provides a blucprinl 'howing wherc ""h 
piecc of thc system fill and whal i~ relalionship to thc 
other pieccs is. 

1 



Chaptcr 12. Dctcrmining Architccturc ,fírlorlties 

Thc tea m should sclccl and rccommcnd lo managc
mcnl a pnnion of thc infvrmation architeclurc 10 be 
implcnicntcd lir~t. Thc purposc of identifyi6g and 
recommcnding such a fotlow-on projecl is lo begin 
implc•ilcnlaliun as carly as practica l. This will estab

.li>h a :'puy us ypu go" foundation for implementation 
d infórmation systcms. 

The aclivity of selecting lirst subsystem(s) sh'ould 
r.ty primarily on a valuc analysis activity following tho 
•••tcrvi"ws. lis purpose is lo produce a priority Se· 
4"cn'e of subsystcm(s) that were identified in ihe 
.nformation architecture activity ofthe DSP. The cub 
lo llc ¡>crformed are: · . 
1. :Jctcrminc sclcction critcria and documcntl~c, 

tcd1nique 10 be uscd 
2. Apply crilcria 10 thc subsystems 
3. List suhsystcms in priority sequcnce 
4. lisl de pendencies or projccts that are prerequisitc lo 

thc firsl suhsystcms 
5. r:iocumcnt or describe 1he rccommended subsystcms 

Determine Selection Criteria 
Since data is now being trcated as a business resourcc, 
t/S projccts should be able lo be cvaluated b~ mariagc· 
mcnt in thc samc way othcr business projects are 
cvaluutcd. Thcrcfore. it is rccommended thatthc leam 
use whatcvcr justilication techniquc prcsenlly exisls 
wi1hin lhe organi1.a1ion for cvaluating ncw projccls. 
This will case dccision making as executive managc-

. mcnl makcs the ncccssary trade-oiTs bctwccn, say, 

. dcvcloping a ncw producl, expanding a facilily, 
making an acquisition, or implcmenting a major 
information systcm. 

Sorne of che questions lo be answcred in delermin· 
ing thc lirsl subsystem(s) are: 
• Willrhe subsysrcm provide a significan! ncar-1crm 

saving ~nd a substantiallong·lerm rclurn on 
in vestmcnt? 

• Whom will il impacl, and how many pcoplc will be 
in volved?· · 

• Will itl¡¡y thc groundwork for an initial dala base 
structurc for lhc archileclurc?. 
A me1hod of determining logical priorities is lo 

group lhe major criteria into four ca1egorics: 
l. Potcnlial benelils (valucjudgmcnls) 

• Tangibles 
• Intangibles 
• KOI 

2. lmpacl 
• Numbcr of organizations and peoplc aiTccted 
• Qualitarive effecl 
• Effcct on accomplishing overall objeclives 
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3. Succesa 
o Ocgrce of business acccplancc 
• }>robabilily ofimplemcnlatioa 
• Prcrequisiles 
• Lcnglh of implcnicnlation 
• Risk 
• Resources availablc. 

4. Demand 
• Value of cxistiñg syslents 
• Relal ionship with olhcr syslcma 
• Polilical ovcrtones 
• Nced 

Apply Criteria and List Systems 
Thc major syslcms comprising 1he architcclurc can 
lhen be analyzed as polcnlial first-subsystcm candi
datc:s and ranked on a ¡cale of 1 lo 10 for cach of lhc 
four categories abovc. Some lypc of pictorial represen• 
lation can thcn be drawn lo emphasizc lhe mosl necded 
subsystems. Figure 36 is an examplc ofthis analysis. 

List Prer:equisites 

-

During lhe archileclurc dcvclopmcnt activicy, lhc lcam 
prcparcd a matrix 10 idenlify syslcm prcrequisitcs 
(Figure 35). Once a firsl system has becn idcntificd, 
lhe tcam should revicw thal matrix. Any steps or 
projccls necessary for succcssful implemcnlalion of.lhe 
selccled lirsl syslcm should be sequcnccd and lislcd. 
This will be ncccssary for dcveloping a meaningful 
action plan. Prerequisitc projecls should lhen be · 
clcarly dcscribed and their relalionship lo the sclectcd 

• 

firsl syslcm dcfincd. · 

Document Recommended System 
Finally, thc rccommendcd first system (or firsl subsys•. 

-lems) should be funher documcnred. Thc syslcm 
should be described in sufficicnl dctailthalthc exccu• 
livc can ptopcrly evaluale il. Thc description should · 
includc an ovcrview of syslcm funclions, major purposo 
es and proccsscs supported. h should idcnlify any itcw 
lechnologics and/or special skills 1ha1 nccd lo be 
acquircd or dcvcloped in order 10 implemenl or opcralo 
the rccommended ncw systcms. A general descriplion 
of perceivcd bencfils anticipatcd should also be 
includcd. Thc recommendation, documcnlalion, and 
prescnlalion should be in a formal consisten! wilh 
llandard company practicc. 



• 

IJccuu~c of rc~ourcc Jimllations, thc dcfinition of 
more than thc vcry highcsl priorily ~ystcms may be 
impossiblc initially. Howcvcr, thc same mcthod can be 
uoc<i in making latcr selections. · A'ncr thc implementa· 
tion oflhc lirst systcm has bccn complctcd, thc prioii· 
tics of thc rcmaining systcm should be rcasscsscd. For 
cxample, aftcr the lirst four systcms havc bccn imple· . 
mented,the system initially listcd liflh may no longcr 
be al thc top of thc lisl beca use thc rcquircmcnts and 
problcms of the business ha ve changcd. 

· Expansions and Varlatlons 
Anothcr mcthod that may be uscd for priority sclcction 
is to foeus primarily on financia! ju5tilication. Uaing 

Po1entlal Benefiu lmpe:ct 

. thjs tcchniquc, thc tcam aucmptalo foi:ua on tangible 
. bencfits as providcd in thc valuc atatemcnta during thc 
cxccutivc intcrvicws. Thia tcchniquc, called risk· 
bencfil analysis, is dcscribed in Appcndix H. 

Succou 
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Chaptcr 13. 'Rcvicwing lnformatiou Systcms 
Managcrncnt 

Th~ dcvclopmcnl and implemenlalion of4he informa· 
lion archilcclurc cannol be accompiishcd wilhoul 
adcqualc phmning. mcusurcmcnl, and conlrol in lhe 
inforq1a1ion syslems funcliOn$. This chaplcr dcals wilh · 
1hose aclivilics rcquircd lo adcqualely rcview lhe 
lnformalion Syslems Managcmcnl (ISMl funclion so as 
10 rccommcnd immcdialc changca and lo spccify ISM 
ac1ivi1ics 1hn1 are parl of 1hc follow-on projccls. 

Thc u~•· s1udy will nol cncompass all1he lSM · 
funclions. Thc ISM analysis shouhl be althc lcvcl of 
1he 1/S director's vicw and should include only lhe 
planning and concrol aspcciS of che major 1/S proccssc:s. 
To pul che ISM aclivilics inlo pcrspcclivc, Ibis chaplcr 
slarls wilh a dclinilion of ISM and lhcn gocs on lo lhe 

· objcclives oflhc ISM module in lhe BSP sludy. 

Purposc of ISM in the BSP Study 
The purposc of lnformalion Syslcms Management is lo 
managc the 1/S rcsourccs for lhe most cfficicnt and 
effeclivc •uppon of che business. The managcmcnt 
sys!em hclps. provide lhc conlinuóus planning, concrol, 
mcasurcmenl, and opcralion of lhe informalion 
systems funclion. An uamplc oflhc lolal spcclrum of 
JSM proccsscs is represcnted by Appendilll. 

/SM as Part ofthe ·BSP Study 
Thc objcclives of lhe JSM module are to: 
• SlUdy 1he fa~ls rclaling lo ISM produccd in olhcr 

modules oflhc BSP sludy. 
• Undcr•lan.d che tindings and conclusions on 1/S 

suppon oflhc business in rclaüon lo ISM 
• F unhcr specify 1/S objeclives 
• Ensure lhal 1he tirsl subsyslems selecled will be 

supponed by 1he currenl or planned lSM funclions 
• ldemify lhose ISM projcc1s lhal have high priorily 

and should be follow-on JSM projeccs 

ISM lnputs 
Thcre are aclions in olher sludy modules prerequisile 
lo pcrforming lhe ISM aclivilies in Jhe BSP sJudy: 
• Fr01n scudy prcparalion: 

1/S mission and objcclives 
I/S plans and slralegies 
1/S mcasurcrnenls 
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I/S organiza! ion 
l/S budgcls 
1/S lrcnds (rcsourccs, cxpcnJCll) 
1/S invcmory and localions (equipmenl, software, 
systcms, personnel) 

o. From delcrmining business rcquircmenls: 
Dcscriplion of businw objcclives 
1/S support problems (from uecutive inlerviews) -
Major ISM problcms/rcquircmenls from llP 
director's 1/S review) 

• From dclcrmining archilcclural prioritics: · 
New lcchnologies and skills rcquircd lo suppon lho 
devclopmenl of lhe tirsl subsystcm(s) · · 

Flow of Activitics in thc ISM Module 
figure 37 givcs an overview ofthe aclivilics in volved In 
che ISM module. The activilics in ilalics are no1 pan of 
lhis e)\crcisc bul are included lo help lhe readcr see 
whcrc tSM tils wilh the other aclivilies. As no1ed in the 
figure, lhc requircd:ISM changes aredcvclopcilluough 
lince channels: · · 
l. I/S objeclivcs 
2. lnformalion archileclurc 
3. Problem analysis 

1/S problems 
ISM problems 
The changcs required by cach of1hcsc are lhen 

consolidated in lo a Jist for dcveloping ISM priorilics, 
which serves as input to Jhc ISM portian of the aciÍQn 
plan resuhing from the BSP sludy. 

Compiling the I/ S Objectives 
Thc 1/S objeclives ·are rcquircd lo providc lhc fr¡¡me- • 

. work lo providc consislcncy in che dcvclopmcnl and 

. employmcnt of liS resourccs in suppon of lhc busincu. 
1/S objcctivcs musl be consislcnl with the objectives 
and managemcnl syslcms of the business so as lo serve 
as a guide for the dcvelopmenl of I/S plans and Sira le· 
.gics in the BSP follow-on activilies. 

Thc currcnli/S objcclivcs were documented in the 
BSP sludy preparalion phasc and discusscd in 1he 1/S 
direclor's presemalion. 

In determining lhe prcsenli/S objectivcs 10 be 
moditicd and addilional objeccives 1ha1 should be 
delincd, lhe following lisc can be u sed as a gu id e. The 
objcclivcs can be spccilicd by detining che long-term 
view ofeach oflhcse calegorics in informalion systcms. 
l. 1/S Personnel 

Organization 
Skill mi~ 
Devclopmenl and training 



() 
't 

\] 
' 

(_) 
) 

:·; 
' r:::;--------1 ..-. ... blom Analylil · 

r;:;;;-..:.!.....-=r l , ... ormation ~~·11m& ObJaCiiW.I l lntormaiion Archillc:ture -----1 
• ,.. .... 

bu•l-
problema 

1 
• 

Non·I/S 
probtaíns 

Conduct 
1/S IIYitW 

1 
EatrKtiSM 
prot,lems 

l. 

Do lino 
requlred 
15M changa 

. - - - -L_ 

·. 

,. 

•Not lnvohfGd in lhtl ... ,, ... 

• bYt addcd to lh• ch•Uior 
putPOICI•OI p~rnpc:CitVII un ISM 

fiJUr< 17. l'luw uf ISM in 1 BSP study 

~lit. 

·1¡\'·t. 

1 
Jcünufw 
~-uin~ liS 
Ob¡tccivll 

1 

1 
' 

lcjenlify 
1/S support . changos and 
ptobltms 

1 ;.'{aiJóitiON lO 

, !'¡!objectivetl 
' ' 

1 ' .,J 

Rtorrenge-1/S · f ' 
1 

support prob- Define 

IOIN by IVPI 

1 
required 
ISM chane-• 

' 1 

1 

1 

1 

1 
- - -- !- - - -

Con1olidate 
• ISM changes 

Establish ISM 
roc:ommendationa 
and ac:tion plan 

• Oevclop reporl 
and mtkt ex· 
ecutivt pruan~ 
tetion 

- ---¡-- -
• BSP nudy 

foliow-on 1 

projucu 

1 

1' 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
-~ 

' 

.. 
·' . 

• Define 
iniOfmatlon 
~rchlttCiurl 

. 
Eu•l)¡ilh 
architecll.~ral 

priorltin 

Show ltehnologiu 
and m.nagement 
practica rtq.Yiring 
IUPPOI'I 

Define ISM 
en.nges requirtd 
IOt erchitectural 

·priori e; u 

_;... .-f--

' 

•. 

1 

·1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
...J 

61 



C• 

~.· . 

. . 

(} 

. . . . ~ 

,e·· 



CC$ involved, and probability of successful implementa
tion. Apply weights for each factor and determine the 

. total wcight and priority.associalcd with cach of tbc 
·15M changes. This sclccuon proc~ss should ~ar~~lcl 
thal used in cstablishing the archucctural pnonues. 

· DeYeloping Recommendations and Action Plan 
Ahhough thc above activity will givc priorities, do not 
cstablish ~chcdulcs untilthis Jist is combincd with 
actions rcquircd for othcr follow-on activities. Th~ 
dcvcloping of rccommcndations and an action plan is 
covcred in thc next chaptcr. 

ISM Outputs of a BSP Study 
Thc following list summarizcs thc outputs thal should 
rcsuh from thc tSM pon ion of thc BSP study: 
J. Firidings and conclusions 

Major ISM problcm analysis . • 
ISM problcms dcduccd from thc vs suppon prob· 

lcms 
2. liS objcctivcs 
3. Dcfinition of high·priority ISM projccts 

First systems suppon rcquircments 
Projects addrcssing major ISM problcms 

.Jmmediate actions rccommcndcd 
4. Action plan for follow-on projccts 6 3 

Chaptcr 14. Dcvcloping Rccommcndations and "Action Plan 

Spccitic IISP study recommendations may ccnter on thc 
arcas of: 
l ... nformation architccturc 1 

a. Dctailing thc subsystcms of thc information 
nctwork · 

b. lntcrim improvcments to curren! systems 
2. lnformation systcms managcment, including: 

a. Data managcment to controlthc data rcsourcc of 
the organilation 

b. lnforrnation systcms planning proccss lo ensurc 
that thc information architccture rcrnains res pon
si ve to changing conditions 

c. Measurcment and controrto providc a system of 
procedures, controls and structurc for (uturc 
implcmentations · 

3. Architccturc priorities- dcvclopment ofthc firsl 
systcm to be irnplemented 
For cach rccommcndation, there may be an assoei· 

ated proj~ct. and for cvcry projccl an action plan 
should be developcd idcntifying the key dccisions and 
activities reqttircd h> hclp managcment.providc proper 
dircction. Thc action plan should give lhe project 
manager a lirm basis for a sri10oth transition from the 
study work pro<luctto the panicular projcq. The plan 
should dc>eribc the costs, potenual bencfits, and 
sche<lulcs fllr cach project in cnough detailthat an 
inf<>rmc<l exc(utive decision can be ma<le lo approve or 
rejcctthe project. 

Each action plan should include thc following: 
s,·ope uf pruject. Describe subject of projcct, includ· 
ing size and purpose. 
Delilwabfu. List and define each output or result 
expectcd of the project. 
s,·h<'<iule. h.lentify cxpcctcd start and concluding 
dates as spccifically as possiblc. 

Potelllial benefits. Describe anticipated benefits or 
rcasons for doing thc projccL · 
P"ople ami ,·J..il/s. Describe manning of project in 
tcrms of management as wcll as staffing. 
Tools anJ tc.:hniques. Describe any rcquired prac· 
tices or mclhods as spc.:ifically as possible. 
Training. Describe spccific oricntation, education, 
and study ncccssary for succcssful execution of tbc 
projcct. · 
Communications. ldcntify coordination, liaison, 
interface points, or functions as wcll as documenta~ · 
tion rc<¡uirements. 
LogiJtics. Define matcricl and facility suppon 
necessary and indica te when it is necdcd. 
Control. Dd"me projcct control methods and respon- · 
sibllitics as well as rcvicw/approval requircmcnts. . . . 
The amount of cmphaslS placed on thc recommend· 

ed follow-on projects varíes grcatly from onc organiZ.a· 
tion to anúther. Norma JI y, m u !tiple follow-on projccts 
will run concurrently. Thc .number ofsimultaneous 
syslem projects varíes with the nccds of thc organiza· 
tion, the rcsources and time availablc to perform each 
projcct, and other factors. 

The completion of tbc activities abovc enablcs thc . 
BSP study tea m lo procced to its final activities: prepa
ration of the study repon and prescntation of the stu<ly 
results to cxccutive managcment. Thorough prepara· 
tion of 1he action· plans, potential bcnefits. and costs 
enables the eucutivc sponsor to cvaluate the recom· 
mcndations. Thc study tcam can thcn ask for and 
cxpecl a prompt approval ofthe recommendations ;u;d 
a prompt commitment by managemcntto implcmcnt , 
them. 



Chaptcr 15. Rcporting Rcsults 

Having dcfined thc information archltccture, identificd 
the architccturc rriorities, rcviewed and assessed 1/S 
managemcnt, and developed recommendations and the 
action plan, the HSP study tea mis ready to complete its 
mission by .prcparin¡¡ !he siUdy repon and preparing 
and delivcring an cxecutive presentation. The purpose 
of the report and presentation is to obtain further 
execulive managcment commilment and involvemenl 
for implementing recommcndations from thc USP 

~tudy. 
The following'activities'are performed in prcparing 

thc sludy repon and cxccutivc prescntation: 
• Report oulline is prcpared 
• Rcporl is wriuen 
• Executive prescntation medium is deterrnined 
• Exccutive presenta! ion is prepared and delivered 

Report Outline 
During thc initial steps of preparing for the study and 
developing a work plan for conducting tite study, the 
tcam prepared a prcliminary repon outlini:. Since the 
reporl now rnaterializing from lhat outline is to be a 
consensos of thc entire tea m, cach of its scclions should 
be-rcvicwed by ca eh of thc members >O thalthe final 
documcnl rcOccts alltheir comments. 

The repon may be structured in many ways, de
pending upon preceden! and methods ofprcsentntion 
within the business conducting thc study. However, to 
assist the tcam in its consideration of pertinent arcas, 
. an cxlensive list of topics is prcsented in Appendix J. 

Thc mosl significan! tindings, conclusions, and 
recommcndations should be ~ummarized in the first 
few pagcs of the repon for the use of top managemenl. 
Supponing dctails should be included later and in the 
appendices for other members of the organization and 
for tea m members who will participare in future 
follow-on ai:tivities. 

Rcport Prcparation 
The primary writing responsibility for each ofthe 
sections of the repon was assigned during study 
preparation. As the study progresses, changes, addi
lions, and deletions can be made to the prcliminary 
oulline. Uy thc lime thc cxecutive intcrvicws ha ve bcen 
compktcd, agrccmcnt shouiJ ha ve bccn rcached on lhc 
finaltable of contcnts. anJ !he individual study tea m 
membcrs shouiJ havc available to thcm mnst ofthc 
inf,>rmation nccdcJ to complete thcir assigncd scctions. 
Thc study tea m k;,Jcr usually assumcs thc rcsponsibil· 
ily for writing lhc hack¡;round and ovcrv1cw hccause 
mud1 ofthis material n>mcs dircctly from thc oricnta
tion information prcscntcd to thc tcam atthc kickoff 
meeting. 

( 

The conclusions, rccommcndations. and an ac:tion 
plan should be reviewcd with the cxecutlvc sponsor 
bcforc the team drafls thc final report. Controversia! 
arcas or arcas of high impact on the business may be_ 
rcviewed with the executive involvcd, lo determine 
how besl lo present the recommcndalions. 

Prescntation Medium 
Thc principal factors lo consider in determining how 
the rcport should be presented are the typc and size of 
the audicncc and thc accepled ways of making su eh a 
presenta! ion in the particular business environmenl. 
Consulta! ion with the exccutive sponsor early in the 
study 10 obtain bis advicc on this subjccl can be: most 
helpful in establishing thc propcr dircction. 

lf thc prescntation is madc toa small ¡;roup. eascl 
Oipcharts are adequate and popular. lf the audicnce 
numbers more than a d.ozcn, vicwgraphs or slides 
should be considcrcd. lf slides are lo be: u sed, adequatc 
time should be alloned 10 ha ve them prcpared. whe1her 
in-house or by an outside vendor. 

Exccutive Presentation 
The cxecutíve presentation can be: developcd complete
ly from material contained in the final drafi of thc 
re port. The principal aims of lhis prcsentalion are to 
inform managemcnt oflhc lludy's findings, makc 
recommendations, and secure approval of the action 
plan . 

The prescntation should be c;onsise- prcfcrably no 
longer ihan an hour. h should be logic:al and factual 

. and sh:>uld end with rccommcndations for the follow· 
on activities. For examplc, it may take lhc followin¡ 
form: 
l. lntroduction 

Background and overvicw ·! i\ 
Objcctivcs ' 
Seo. pe .11¡ 11, 

S1udy team '~H 
2. Study approach i\1 

Business and 1/S rcview 
1~ 

Business processes \ {. 
Busincss/inform~tion syslC'ms relp.¡ionships 

3. Major problem identified \\ 
4. Conclusions and recommcndations '· 

lnformation architecture and priorlties 
· 1/S management rcquiremcnts 

S. Actign plan for follow-un projcc:t activitics 
Description(s) 
Deliverables 
Resourcc rcquircmcnts 
Schedulcs 

6S 



Chaptcr 16. Ovcrvicw of Follow-On Activitics 

Thc ns~ s1uJy endcd wilh thc llevclopmcnt of an aclion 
plan ftlf lhc fi,llow·on ~ctivi1ics anJ a prescnlalion for 
managcmenl approvalto procccd in the eieeulion of 
lhal plan. This final cltapter oflhc BSP Planning Ouidc 
givcs an ovcrvicw of lhc follow-on aclivilies anll serves 
thrcc purposes: 

· 1. To relate lhc follow-on activhies 10 thc DSP s1udy 
2. To show how 10 capitaiize on lhe rcsuhs of lhc BSP 

study 
• 3. To furlher explain lhe major follow-on projccts 

Thc following scccion helps in polling lhc follow·on 
acci,·ities in pcrspcccive and in cmphasiLiug lheir 
imporcancc. ll also expiains how co gecche maximum 
use ofchc outpuc from.che BSP scudy. The laucr pan of 
this chapcer auempls lo give enough of an undcrstand
ing of che follow-on projcc1s co allow for scheduling 
thcm in lhe action plan and 10 help preparing for lhcm. 

Pcrspcctivc on Follo~v-on Activitics 

Relation of BSP Study to Foflow-on Activities . 
Thc foliow-on activilies are· a conlinuacion an~ cxpan
siun of lhc major accivilies in lhe BSP scudy. The major 
lhruot of che >ludy was onc of underslanding, devclop· 
ing lindings and conclusions, and making rccommen· 
dation.,. Whilc thc lhrusl in foliow-on projccls is slill 
lo undcrstand, greater emphasis is pul on dctailed 
ddinitiuns amJ planning. 

Therc is a greal need for communications among the 
projcct'tc'ams if projecl implementation is 10 be suc· 
cessful. Therefore, the information systems director 
ohouid take overall responsihiiicy for the projec1s, since 
the functtuns performed during che follow-on activilies 
are a pare of thc ISM responsibiiities. Because the 
foilow-on activicies buiid u pon the resuhs ofand thc 
infurmacion gathcrcd in the DSP study,lhere is a need 
for continuity of tea m members. Atleast one pcrson 
on lhe DSP scudy tea m should ha ve been chosen from 
lhe data proccssing function, with 1he idea that he 
wouid rema in for lhe foilow-on activities. 

The fun•·tions performed by the executive sponsor 
for thc OSI' study should be pcrformcd by a stccring 
commillec for lhc foilow-on projeccs, unless lhere is a 
managcmcnl cummiuee that will perform them. 

!lusmcss processes conlinuc 10 be thc ve hiele for 
undcrstan<ling delailcd business rcquiremcnls and for 
further dclining the informalion archicecture with 
special emphasis on thé definition of the first system. 

Preparationfor l'ollow-on Activities 
Dccauoc of thc variacions in che lindings and conclu
sions ch•tl may rcsuh from usr studies, thc follow-on 
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activilics anll thc cmphasis pla•-.:d on cach ofthem will 
vary from one USP study l<> anochcr. For purposcs of 
this discussion. thc fullowing assump1ions are made: 
l. ISM functions must be chan¡;cd or added to providc 

a controllcd em·iwnmcnt fur thc development and -
impiementatiun of lhe information architecture 
idcntified in thc BSP s1udy. A detailcd information 
systcms plan will be dcvclopcd thal wUI reOect lhese , 
pianned changcs. 

2. Thc informalion archilecturc musl be funhcr 
dcfined and Jata bases identilied. 

3. A firsi'Sysccm has been chosen for development and 
implemenlation. 

Oriental ion of Teams 
Defore the beginning of ea eh of the follow-on· projecls, 
lhe l/S director should pro,·ide orien.cation for project 
team members. Since many of the tea m members will 
not·bc familiar with BSP, its principies and objectives 
should be summarized. 11 is vcry imporlant that 
everyone on thc projeclteams undcrstand cuclly how 
the BSP sludy was conduele.! anJ become familiar wilh 
thc oulpucs so asto be ablc lo build u pon 1hem. 

A review of the DSP study repon for lhe arcas lO be 
sludied in thc follow-on projecls will hcip lo determine . 
whclher team members necd special education. A 
specification of lools and lechniques may also reveal 
thc necd for spccial cducation. lf requircd, appropriale ' 
classes can be scheduled on an individual basis. lf1hc 
1/S direccor was nota member of thc BSP scudy tea m, it 
might be advisable for him lo auend the 18M lnfonna
tion Systems Piannirig course. 

The folluwing is a sampie list of topics for project 
team orienlation: · 

lntroduction by the sponsór 
Objeclives of lb e orientation 
lnformation syslems concepts and perspectives 
Data base concepts 
bverview of the BSP study methodology 
Detailed discussion of the BSI' sludy 

Business cnvironmenl · 
Objeclivcs 
Major processes idenlified 
Major problems 
Currenll/S suppon for 1hc business 
lnlerviews 
Jnformalion architecture 
Major findings and conclusions 
Rccommendations 

lntroduclion to the foliow-on activilies 
Rcialion to thc bSP sludy 
Reiation tu the HSP sludy deliverablcs 



) 

) 

Di~cu•,iouuf dclivcrublcs from lhc follow·on 
aclivilies 
Explanation of follow-on projcciS · 
lnlroduclion of lools and techniqbcs 
lntroduclion uf preparalion aclivitics 

Activitic> airead y performcd 
Aclivilics lo be pcrformcd by leam mcmbcrs 

lnlervicwing slrategic> and seleclion of inlervicwces 
Use of matm:cs • 
Pilots offorms, tools, lcchniques and intervicws 
lntroduclion lo lllPO and ils use in thc follow-on 
projccts 
Assi¡¡nmcnl of rcsponsibilitics 

·• Devclopmcnl of task dcscriptions by leam membcrs 
Explanalion of projccl control syslems 

Information Systcms Managcment 
lSM is !he kcystone of effcclive support of the business 

1 by informalion systcms. ll can be ucliu~d as !he 
managcmcnt of thc information syslerns resources for 
lhc nu"t cnicicnt and cffcctive support of the business. 
Thc imporlancc of continua! cn:phasis on lSM is 
summarizcd by lhc following statemcnls: 
• JJcvclopmcnt of the inforrnation architccturc will 

lakc place ovcr a pcriud of ycars. 
• . Chauges lo business stratcgres and plans as well as 

l/S lcthuolugy will be cominual during the develop
ment ofthe inlormation architocture .. 

• The procc"cs of managing 1/S will ha veto be 
refin~u and ~hanged continually to properly plan, 
mcasurc, and cunlrol rcquircd 1/S rc~ourccs. 

• Thc usr• study is a onc·limc effort that should be 
followcJ by continuall!S planning lo fully capitalizc 
un lhc r~~ults. 

1 SAl i11 Perlpecril•e 
As covcred in Chaptcr 13, lhe lSM follow-on projccu 
will emana te fro111 ( 1) rcquiremcnts lo support 1/S 
objectivcs, (2) changcs rcsulting frorn tire dcvclopment 
and implerneutation of thc first system, and (3) recom
mendcJ charrgcs to sol ve I/S support problcms and tSM 
problcrns. 

From lhis it is safc lo assurnc that thc recommenda
tions induJcd: 
l. Emphasis on inforruation systems planning and 

coutrol aru.J on data administration. 
2. Somc ,·lose-in flll>jccts. such as the cstablishm~nt of 

a st&:cring rumrnittcc ¡lfld·rcfin~mcnts lo projcca 
control. Crp¡¡ciry plannin¡; is also a natural follow
ou tu a U SI' ~lth..ly ~iru.·c it c>-.amincs thc dala pTOC'fSS· 
ing l:61p;.u.:ily <.11al JL·tcnuinL'S whcthcr dwngcs are 
rcyuirL·J lu ;.u.:üHHIHoJ:¡Ic thc ar.:hilc-.:tur~d priuritics 
orlo ~uh t.: !>~Hnc \lf 1 h&: 1/S ~upport ph.1hlcms. 

3. A maj,)r proj~.'d(-") 111 tSM, c.g .. c:>f¡¡bli~hillg an action 
plau h~ mov~ hl Ji:-.trihut&:J Jata proi..'CS!\illg. · 

• Pcrhaps the most importan! action to be t~ken aficr 
thc BSP study is to decide whal person or group of 
persons is rcsponsiblc for continuing the 1/S planning 
using the HSP s111dy as a base. Whilc thc·BSP study 
culminated in an approvcd aclion plan, the overall 
objectivc of an lSM project will be to dcvelop a long
range t/S plan thal will dircctthe dcsign, dcvelopment, 
and implcmentation of an information architecturc. lt 
should includc sufficient dctail on projects, resources, 
and schcdulcs to guide alllcvels of managcmcnt on 
what is to be done, when, and by whom in the organi
zation. Since thc long-range l/S plan is an integral part 
o( lhe business plan and is prepared with fu 11 manage· 
mcnt involvemcnt, it should help to provide thatthc 1/S 
rcsources of the business will be used lO effectively 
support the business. 

Also, since data management is a complex arca 
requiring long lcad times, the data adminislralor 
should be decidcd u pon as early as possible so thatthis 
function can be propcrly coordinated. 

Thc importance of t/S planning and data adminis
tration cannot be overemphasized, and they will nearly 
always be a part of lhe follow-on activity. The activi· 
ties wrll nol be cxplained further hcrc since lhcy are 
covcred thoroughly in lB M, G UIDIO. S liARE, and trade 
publications. 

Sorne of the clase-in projccts should be done 
immcdiately aflcr the BSP study rccommcnuations are 
approvcd and befo re most of the follow-on activitics. 
are started. The establishment of a stcering committce 
and a project control syslem are exccllcnt c~amples 
since a stcering commiuec should be availablc to direct 
lhe follow-on activitics and a projcct control system 
should be in place 10 help thc 1/S director adcquately 
control and coordinatc thc activitics. 

Thc major lSM f<?llow-on project will probably be a 
long-range activity such as 1/S planning or data admin
istra !ion ora combination of both. 

Beca use of the size of lhesc projects a~d thcir 
interactions with alllhc 1/S processes, it is importan! lo 
fully understand allthe functrons of ISM before under
taking any recommcnded changc to any pan of lSM, 
jusi as it was importantto fully understand the busi
ness befare starting to fulfill the information rcquire
ments. Sorne mechanism should exi;t to getthc broad 
view of lSM, and 8SI' can be u sed as lhat mcchanism. 
You may treati/S as a busincss-within·a·busincss and 
apply lo itthe same BSI' tcchniqucs that you have 
applicd to thc business in which it is located. 

lnformúrion Systems as a Busi11ess 
Many ufthc activitics for pcrr'orming a USI' study in thc 
1/S function ha ve alrcady bccn'accomplishcd: 
• Facts rclatin¡; lo inf,>rmation systcms wcre gathered 

as part of ti" study prcp;¡r;rtion phasc. 
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crcatcd and uscd, dependcncies on other subsystcms, 
general requircments for implemcntalion, and priori! y 
ofthc ~ut>system with rcspccllo all othcr subsystcms. 

Curl'ellt Systems Exami11ation 
Fur data processing systems curreritly in use ór under 
devclopmenl, a careful examination should be con
ductcd 10 determine how each one relates lo 1he 
subsysle1Í1s dcocribcd in the information architeclurc. 
f'ossiblc modifications lO curren! systern~ should be 
documcnted with rcspect to inlerfacing them to 1hc 
fulure architect4rc. Wheré modified sy~tcna could be 
uscd in licu of ncw ~ubsystems, a dcscription should be 
indudcd in the architccturc documcntatiun. For 
syslcms airead y undcr dcvclopment, an cvaluation 
should be maJe 0f pos.ible modilications 10 make thc 
dcvcloping sys1cm compatible wilh lhc new 'informa· 
lion architcclurc. Analysis should be maJe of thc 
impact on curre u! dcvclopmcnl schcdulcs versus lhe 
avoidancc of mouifyin¡;,lhe syotem aftcr i,;,plementa· 
lion, kecping i;, mind present commitmcnls ami fu1urc 
priorilics. · 

Data flase 
Jnlcgralto inforl)'lalion archileclure Jclinilion in the 
USP stuuy we1c thc dala classes suproning the business 

O 'pruccsscs. A logical grouping of rdatcJ data cla5ses 
will yicld the set of dala ba,cs that will supporlthe 
archilc<:>urc implemcntation. 

A dala base can be dclincd as a nonrcdundanl 
collection of inlcrrclaled data ilems proccssable by one 
or more applications. Some of the tcrms in the delini
tion ilsclf m ay nccd explaining: 
• Nonrrdundullt means lhat individual dala itcms 

appcar only once (or allcast lcss frcquently than in 
normal lile organization>) in the data base. 

o lnterrdarcJ mcans thalthc liJes are conotructcd with 
an ordered and planned relationship lhat allows 
data elcments to be licd logether, e ven 1hough they 
may twt ncccssarily be in the same physical record. 

• ProCL·s.wble hy one or mure! app/icatic.m.r means 
simply that dala is sh01rcd and uscd by severa! 
differcnt subsystcms. 
Dcwlupmcnt uf a dat• base has sorne obvious 

bcnclits .. U y consolidating liJes. the u ser can obtain 
bcucr control of data and reduce stora¡:c spacc and 
procc>sin¡; time. Equally importan! are thc resulta m 
data syndar••ni1.a1ion and limelinc>S. Uscofa single 
inf01 matiun sou-rrc nlala~s processing m un,; accurate 
beca use all subsystcms rcfcr to the samc data. 

A Uata base ~ystcm 1.:an hclp ovcrcomc sou1c llf thc 
Q con~p_k:\iti~s ofd¡tla _tnani.l_gcmcl~l. lt _.:~n p~ovidc: 

~dthlwnal data rd.¡tu.mslups whalc nun&mJt.tng storag..: 
rcdund;mcy. Fi¡;urc JX illustratcs how a data IMsc 

system can support subsystem necds indcpendcntly and 
currently. 

A comparison of !he data base environmeni with the 
traditional approach to systems dcvelupment and 
mainlenance revcals the advantagcs o( thc data base 
concept. In !he traditional approach, a syotcm is 
usually dcsigneJ. rrogrammed, lestcd, anJ thcn 
·implemcntcd asa total cntity. lts advanla~cs cannot be 
rcalizcd by thc cnd u ser unlilthe cntirc syslem is 
completcd. The amount of time invol\'cd can cause 
frustration, sin ce busines. rcquircmcnts cannot be l<.crl 
frozcn long cnough to avoia.l changcs. de la y>, and fal;e 
slarts. A !so, when data or lo¡;ic eh auges are rcquired. ' 
considerable lcoting may be nece>sary 10 <ktcrmirio 
how !he changc alfccts other programs or syslems 
functions . 

. By contrast, lhe data base approach allows a gradu~l 
transilion from cxisling sy!)tcnls lo online. tr&.~nsa~.·tion· 
drivcn S)'Slems. The data ba>e is createJ gradually, 
withjust a fcw transactions implementcu al a time. 
Currcnt data base techniques facilitale this typc ofdal~ 
base anJ >ystem implemculation. With gradual 
implemcnlation uf transacti<>ns, u ser dcpa nmenl 
signoff<·an he obtained more easily and thc u ser can' 
enjoy the bcnclits earlicr. Thi> approach al>o hclps 
overcome the problem of not being able to frccze 
bu!)incss rcquircmcnt~ anJ tc•.:hnological ad\'aoccs 
during.thc dcvdopment C)dC. Changes lhat mus! be 
made a long !he way impa.-t mdíviJual!fan>aclions or 
.becomc ncw transactions thcmscl\'es. Ch:lllging Jata 
needs can be accommodatcd withouL aflccting pro
grams thal do not use that spccilic arca or scgmcnt uf 
lhe d;¡ta base. Thus. thc data hase environmenl ca u be 
a bellcr way to <tccommoJ•tc chan¡;e. delivcr bcnclits 
lo 1he uscr, and control de\'clopment costs. 

Distributed lnformution Systems 
The general purpose uf distribuled infurmation systems 
is lo pro\'iJe thc user wilh a leve! of cumputing re· 
so urce hes! suitcd lo his opcrational rcq uircmcnts. Thc 
elements thal can be considcrcd for distribution 
includc hardware, pn,gram cxe.:ution. p•u¡;ram 
devclopmeut, and dala. Dcgrcc of dislributi,,n can 
vary frorn tutallr cen1raliLCd tu tolally dccentr;aiÍI.c<l. 
Thc information archilccturc dctincd in thc U SI' siudy 
can proviue a g0od foundation for Lhc adJiti,mal 
plannine ncl..'cssary 10 ;H.Iúr~~s J;S di.stributilH\ rcquirc
ments. 

lf thc information architecture follow-on rrujci:t is 
lo add ~islribu!od l/S rarai)>Clers lO thc architccturc. 
!he proJcd ll'an> must: 
o l'hurou¡;hly undcl>lanJ thc degrcc of di,trihulion of 

cach dl.!'mcnt 
• Undcr;taud thc ar¡;umcnts for and agaínsl d1strihu· 
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lion of lhe various elemenls 
• De able lo pul in lo persp~clive.alllhe factou lhal 

affecl dislribulion and sharing ofdala processing 
resourccs ' 

• Apprccialc the need for a long-range 1/S plan and 
for dev.:lupment of a facilities plan lo suppon the 1/S 
plan . 
Severa! oflhe matrices developcd in lhe BSP study 

can be very useful in developing the architecture 
ex1cnsions with respect lo distribution. The process 
and data tlow analysis should be extended to includc 
physicallocations for systems and data requirements. 
Location/organization, location/process and 
lqcation/data matrices should be prepared. A 
proccss/data matrix for cach location (or group of 
similar location~) should be prcparcd with additional 
paramctcrs on the axcs to inc!ude data use, sec!Jrity, 
auditability, data occurrence (al! or partial), activity 
v~lum~s. response required, and criticality. Figure 39 
shows this type ofmatrix for a manufacluring p!ant 
si te. 

Thesc additions lo the architectural description of 
the informiuion systems can then be inputto.the 
individual subsystem rcquirement studics to dctermme 
detail distributed systems rcquiremcnts. Thcy will a !so 
give an ovcnall fcel for the applicability of dis~r~buted 
sy~lcms lo the information architecture. 

Dcveloping the First Systcm 
The DSP leam has recommendcd that a particular 
high-priority systcm be dcvelopcd and implemented 
firsl. As devc!opment of that systcm begins, ca re 

,should be taken that this system is not devcloped "by 
itsclf." The us~ study has sct a certain direction for 
implcmcntation of systems.· This first dcvclopment and 
implemcntation must support the business proccsscs 
and must: 
l. Fit properly into.and interface with the othcr 

(future) systcms of thc overall architecture described 
in thc DSP sludy 

2. Providc for propcr implementation of the appropri
ate data basc(s) 
As dcscribcd in lhc ISM section ofthis chapter, these 

concurren! projects must be carefully mana¡;cd IISMl to 
'cnsure t!lat lhey lead loward an intcgrated wholc rather 
than pcrpctuale "scparatist" or "slandalone" applica
tions dcvclopmcnt. 

Systcn> dcvclopmcnt is a complcx proccss. h 
1 rcquircs lechnical cxpenisc. effcctive communications, 

and skil!ful handling of conflicling objectives of users, 
managcmrnt, and data processing. 

Tedmicul Fut'lors 
1'hcre is nu duublthat ,Jcvcloping infurmation systcrns 
is more complcx toda y Iban inthc.past. Factor> Sllch 

as data security, data inlcgrity, data communications, 
'rapid availability of large amounts of data, and backup 
and recovery requirements comphcate the tasks that 
musl be pcrformed on a projecl. They 1\lso add lO 
requircmems for skilled pc1 sonnelto pc'rform suc:h 

·tasks. 
In many arcas technical risks may be rcduced by. 

incorporaling aprropri~IC hardware/Software products, 
produclivny tcchuiques, and proceJures. An inveil• 
ment of tin ... · i~t cv .. duating ~..: ..;i~Lin¡; pruducts and . 
applyu¡g lhcm H.' lt:¡,; 1 t:(..:;unu;nOcU syslem will rcap 
ampJc rc:w:uU~ in a bettcr ;¡1 ~tcm imPicm~nlation. 

h}fectil't! Cúllrtnunicution 
Elfcctivc ClliJlnlllr.ication is indispensable 10 succcssrul 
sy:ilcm dcvdo¡·:;J.::nt, · .... ¡¡;eh er¡talis_the ~:ommunicalton 
and tran:itlltt~:) .._,f ;n:1nJg:rnc:nt 3nJ t.: ser busincs~ 
requirc:m.::Jit!:) 111to J.ct-.ie· •. d .. llc: Ú;ttJ proces~ing ~oluliOftL 

Ü!1ly u~c;¡.') L<il ~..:.~..uni1.¡; the busin~:ss requircnu;nll 
oftho sptcno lu be dc'''!-·pcd. Thcir invo!vcment ilnd 
continucd pan1L1pation are, ther_~i~re'. esscntial. 

Dc...,·clupa!, som¡;Üme~ try lo SChmd-guess thc nccds 
ofu'""· and to """'" >)>:,·111s tlí~'y:be!ievc wiii.Jo thc 

•'::i '{- • 
job. ~iú!c ~1fi~!i lhan I~Lll. ~111~ af>pr"ua¡;h is unsatisfacto-
ry. v. i.;ic lht: t~·~'lwú.:a/ ..t.spt!cls of~~éh a sy:.tcm may be 
sounJ, lhc 1cal ¿,naWJJ ae¡,:J~ ofth~ organi:t.;uion ma'y 
nol be aJJrc"cJ or met'. .. ·-

UseT' and dc\d0pcrs :.ceJa mutual undcrstandinc 
of what is lo be J,ne and a lcllll'rrlllmcnt to lhcir 
respective r<>pvmtbilití<>. The:diyéjopment process. 
itself must cnsure communicJtior{aiid commilmcnt 

~~;:~ ~: '1 
betwecn thc two gruups. :,q:!: :f 

Cornmuni,JitOns may be gr~:ÍÜy fucililatcd by thc 
use of standardizeJ documentati'ci'1.t&chniqucs such as 
HIPO, structurl'd walk-,hroughs. a11d .the h~e. These 
not only reduce ""'""Ja>landings;but contribute lo 
in<:reascd pwJuctivity, which in turn·'should spced up 
implemcntatiu•• u( thc system or application. Whcre 
appropriate, su eh ai.Js should be evaluated, adopted, 
and incorporatcd in thc devclopment project. 

Prioritics u11d Co11jlicts 
The need to scl prioritics for conllicting objectives is 
crucial. Conllicts can make cv<n simple situations 
complex and can cause many serious project difficul· 
ties. 

Evetl befo re a project ¡, undcr way, the new systcm 
must compete with thc dc!llJnds of traincd pcrsonnclto 
maintain old 'systcms. Applicalion developmcnt 
resourccs are in short >uP!Jiy. and experienced <levclop
ment sl~ll> m ay be harú tu tinJ l>ccausc evcrybody has 
a backl<>g of applicatiuns w•utin~ to be Jevclopcd. 

Thc projcct niauagcr, thcrcf<>rc. must be qualilied 
both iu projcrlmanaecntcnt lcchniqucs and in thí: 
businc;s •u ca tu he· supp.;11cJ t>y thc tirst S)'Sicm. 
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Ample cducatlon, d()j:umenlatlon, and producta are 
avallablo for botll. A thorough analy1la of aupport 
ahould bu madc and a tcchnlcalaupport planahould bo 
Plllto¡cthcr to utilizo tho cducation, documcntatlnn, 
and produc11 whercvcr ponlblo. You ahould worlt 
wlth your IUM markctins rcprcscntallvo lo devclop 
auch a plan. . · 

. . 

·,r • 

Tl>t t>ioject mana¡cr and approprlato 1cam mcm· 
bcrJ ah .. ·vld be thorou¡llly prcpared in lhese a real · · 
bcfurc .. ,,. itart ofthc rroject. Thia ahould reault In 
cffcctivc projcct managcmcnt, which lnturn will 
red ti ce ~iaka and optimizo thc buslncn val u e o( the flnt 
lmplcmcntation. 
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Introducdon 

The Cbanglng Envirnnment 

The mpidl)' chansins eccnamic environment ond tho 
constant need for businesses to adjust quicldy to it 
make it necessary for executive management to ha ve 
up-to-datc inforrnation available at alltimes, so that 

• through meaningfuJ analyses and resource allocation 
tradeoff& they can mañage their businesses more 
effectively. With organizalion-wide availabitity of 
informauon, strategies can be improved, decisions made 
more soundly, and operalions performed more effi-

. ciently. 

From Operation lo Mll/Ulgement Control 

Data processing is in transition. Until comparalively 
recenUY, most businesses considered it a service 
function and used it lO support single-operation units or 
locations. In the last two decades apptications have 
been developed independently, with very tinle regard 
(oc thc ~upporl they coúld givt• othcr functions and for 
the information they could supply fo< management 
control. Functional autonomy has been the rule. This 
has resulted in fractionalized and redundant data files 
and in the inaccessibility of data from the many opera
honal appücations instaUed in the various funclions. 

Today, however, businesses are recognizing data more 
and mOre as a resource th'at is as important as person
nel, casb, fac.ilities, or materials. Tbey see the need to 
consoüdate tbe key data files and make informalion 
available not just to individual functions or departments 
but throughout the business, in arder for management 
to gain an overall view of the business and be able to 
make multifunctional decisions. 

Many companies ha ve recognized· the need for 
compi10y-wide information systems but ha ve been 
unable to develop them for one or more of the follow
ing reasons; 

• Failing to obtain executive 'commitment and 
inv( ·lvement 

• Estabüshlng objectives and strategies that were not 
in üne with their overall business objectives 

• Allempting to irnplement information sysiems 
without first understanding the business from 
general management's viewpoint 

• Setting out to implement totally new company-wide 
information systems rather Iban a comprebensive 
plan evolving from current syatoma 

• Failing to put in place those information resource · 
management functions required to ade<juately 
manage the information' resou.rces 

A JustiFted Appt'OQCIJ 

In an article entitled "Blueprint for MIS,"' Dr. William 
Zani states, "Traditionally, management information 
systems ha ve not really been designed at all. TI¡ey ha ve 
been spun· off as by-products wbile improvmg existing 
systems witbin a campan y. No tool has proved so 
disappointing in use. )trace this disappointment to the 
fact that most management information systems ha ve 
been developed in the "bottom-up" fashion·- an 
effeclive system, under normal conditions, can only be 
born of a cardully planned, rational design thatlooks 
down from the top, the natural vantage point of the 
managers who wlll use it." 

In most instances the current operational systems ha ve 
been justified and have been perlorming.effectively lar 
their specific intent. even though their maintenance and 
interfaces may ha ve become urunanageable. An 
inforrnation ~ystem plan should allow a modular 
approacb to implementation, providing confidence that 
each module will fit and function properly to fonn an 
integrated system and willmterface properly with the 
present operational systems·. The plan should alsó · 
allow for bett<r decis1ons conceming the efficiem and 
effective commitment uf information systems develop
ment resources. With sucb a plan, tbe required infor
mation can be more readily obtained. 

Business Systems Planning (BSP) is geared to help 
pro vide such a pian through: 

• A top-down approach to ( 1 l getting people com
mitted and involved (startmg with top management 
and working down through the organization) and 
(2) studying tbe business (working from the overall 
to the detail level) 

• A bottom-up approach lO implementation 

Use of a structured methodoiogy proveo in hun-
dreds of studies · 

1 Harvard Bwi~.u Rnu:w. Noveinber/I:>ecember. 1970 

lntmdu'-1.ion 



• The translation of business objectives into informa
tion requirements 

Tbe effectiveness of tbe BSP methodology can be 
attributed to two components: 

• 

• 

The fundamental principies and concepts- the 
unvarying ideas and logic that form the basis for 
BSP, including tbe standards upon wbich the proce-
dures are based · · 

The sequenced activities, techniques, disciplines, 
time, output, planning, team composition, etc., 
established to fill a particular organization's need 
and situation (although consisten! with BSP's basic 
principies and concepts, the procedures are flexible 
and·vary with the particular environment) 

Orlgin of mM's Business Systems Planning 

Function 

Learning from its own niistakes and those of other 
companies that attempted to implement large informa
tion systems in tbe 1960s, IBM realized that a disci
plined approach was required, using proven principies 
and methodologies. In 1966 a business-wide lnforma
tion Sysu:ms Control and Planning Department was 
established at IBM's Data Processing Group headquar
ters. The Data Processing Group was a total business 
unit comprisíng the engineering, manufacturing, 

. marketing·, and service divisions respoilsible for all of 
IBM's domestic data processing business. 

Until the control and planning department .was estab
lished, IBM had little overaU direction in the interna! use 
of computers. In fact, little coordination took place 
between divisior.s; most data processing activities were 
confined to locations and units within divisions. Corlse-
quently, each manufacturing plant and marketing . 
region developed and operated its own system. Al
though tbe individual systems carried out similar 
functions, !bey differed in design and performance; 
!bey could not be used interchangeably and cotild not 
communicate With each .other. 

Tbe result was a redundancy of data and excessive use 
'or tbe data processing resources required to develop 
and m~tain' such systems. E ven with !bis Iarge 
expenditure of resources by each division, tbe systems 
were inainly satisfying the local department needs of 
the business, rather !han doing an overall data process
ingjob.· 

When steps were taken to improve tbe data processing 
within a division (for example, development of a 

2 

-.,nsolidated order entry system witbin the marketing 
di vis ion), little serious attention was given to an 
effective interface of that system with input from · 
engineerlng and output to manufacturing. Tbe business 

. was not getting tbe return on: investment from·data 
· processing that it could have because tbe information 
needs of tbe business, and particularly !hoSe of the 
general'manager responsible for the bUsiness, were not 
being accommodated .. 

' . 

Tbe first effort of the control and planning departmeilt 
was to inventory and profile tbe systems existing within 
the business and the plans for tbe future. At the same 
.time, recognizing that the data processing effort must . 
be directed toward satisfying business needs and not 
solely toward individual functions and departments, the 
control and planning department established a set of 
information system strategies covering five major areas: . 

1. · Fixed data responsibility 

.2. Single source and parallel distribution of data 

3. Central control and planning of information 
systems 

4. Organizational independence of data 

. S. Resource sharing of data, equipment, and 
communications · 

With the knowledge of what was being done with dall¡ · 
.processing; and thc directÍon established through the set 
of strategies, tbe department defmed an integrated set · 
of information systems and assigned responsibilities for 
the development of the systems. Tbese systems 
addressed tbe operational, functional, and general 
· management needs for information. 

As the deflnition and design efforta for !bis business
wide set of iiúormation systems got under way in the 
late 1960s many of IBM's customers showed interest in 
learning bow they might better manage their informa-· 
tion system resources. In an effort to assist !bese 
interestcd customers, IBM established the Business 
Systems Planning (BSP) program in 1970. · 

To conduct the program,' the.nucleus of the control and 
planning department tbat developed tbe internal · 
information systems plan was transferred to tbe Data 
Processing Division headquarters. Tbis group proceed
ed to document proveo methodologies lind institute a 
tralning program to educate regional and branch office 
personnel and customers in the approach. Executive . 
briefings and seminars were established to show 
custorrier executives tbe potential benefits of the 

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



approacb ami tbe reasons wby tbeir involvement was 
vital 10 successful irnplementation o( ipformation 
systems. 

The metbods used in developing Ibis information 
systems plan and tbe lessons learned bave since been 
used by many IBM customers. Application of BSP 
metbodology has bel~d tbem 10 formulate tbeir 
infonnation system pi~ and control mecbanisms and 
to irnprovc their use of information and data processing 
resourcea Studies using tbe BSP methodology -and 
guldelines bave been conducted successfully by profit 
and nonprofit organizations, of varying' size, in many 
industries. 

Objectlves and Potential Benefits of BSP 

Witb a reasonable amount of planning and control, tbe 
user of Ibis BSP approach should be able to attain its 

- objectives 'Uld realize its potential benefits. 

Objectiver · 

Tbe first _and most importan! objective of BSP is to 
provide an information systems plan tbat supports tbe 
business's sbort- imd long-term information needs and 
is integral witb tbe bilsiness plan. Tbere are otber 
objectives tbat belp to justify and clarify tbe approacb: 

l. Provide-a formal, objective metbod for manage
ment to establisb infonnation systems priorities 
witbout regard to provinCial interests. 

2. Provide for tbe development !lf systems tbat bave a 
long lite, protecting tbe systems investment, be" 
cause these systems are based upon t)lc businesS 
processes that are generally unaffected by organi
zational cbanges. 

3. Pro vide tbat tbe data processing resources are 
managed for tbe most efficient and effective 
support or tbe business goals. · · 

4. Increase' executive eonfidence tbat bigh-return, · 
m~ur inf onnation systems will be produced. 

5. lmprove relationsbips between tbe information 
systems department and users by providing for 
systems that are responsive to user requirements 
and priorities. 

6. ldentify data'_ as a corporate resour<:e tbat sbould be 
planned, managed, and controlled in order to be 
used effectively by everyone. 

.... 

Figure ¡· sbows tbe overall flow of BSP and relates tbe 
BSP study to tbe activities tbat follow. Tbis relationsbip 
is expanded upon in Cbapter 16, with an explanation of 
the ropow-on activities. 

Stop 

Evaluation of BSP 

Exocutive 
committrient 

Pntparation for 
BSP lludy 

BSP study 

Output 

Analysis 
Scope ol study 

ObjoctivH · 
Team leader 
Study team 

Educatlon 
-. Work plan 

Business facu 

Buslnea requlrements 
lnformetlon archltacturt 
Archltectural priorltles 

.lnformedon raource mar\aaoment 

---1----------
• 

Follow-on 
projectJ 

Raource pl•n• 
Prlority l)'sntms 
lnfonnation mourci man.,.,.nt 

Figure l. Reladoosblp ol BSP study to lollow-oo acdrilleo 

Potential Benefits 

Application of tbe approacb and metbodology con
tained in Ibis planning guide offers many potential 
benefits to tbre~ management groups: 

To e:ucutive management: 

• An evaluation of tbe effectiveness of current 
information systems 

• A defined, logical approacb Jo Bid in solving 
management control problems from a· business 
perspective 

• An assessment of future information system needs 
- based on business-related irnpacts and priorities 

• A planned approacb ihat will ~ow an early return 
on the company's information systems investment 

lnuoduclion l 
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• Information systems that are relatively independent 
of organization structure 

• Coofidence tbat informatlon system directlon aod 
adequate management attentlon exist to implement · 
the proposed systems 

To functioiiiJI .and operatioiiiJI IIIIJIIJ.lgement: 

• A defined, logical approach to ald in solving 
maoagement control aod operatlonal control 
problems 

• 

• 

• 

4 

Consisten! data to be used and sbared by ~:.usen 
: ·~ •: 

Top maoagement involvement to establish orgaoi~ 
z.atlonal objectives aod directlon, as weU as agreed
upon system prioritles 

Systems tbat are management aod user oriented 
rather than data proces8ing oriented 

:¡'!;c.-;: .. , ..... 

To informallon sy31erru maM;;ement: 

• Top management communlcatlon and awareness 

• A better long-range plluining base for data process
ing resources and funding 

• Personnel better tralned and more experienced In 
planning data processlng to respond to business. 
needs 

• U ser involvement In ·information systems priority 
setting · · 

Tbe plan that resulta from a BSP study should not be 
considered unchangeable; it simply representa tbe best 
tbinking at a certain point iD time. Tbe real valúe of Qle 
BSP approach is tbat it offers tbe opportunity to (1) ·· · 
create an environment and an lnitl81 plan of action tbat 
can enable a business to react to future changes in 
priorltles and direction witbóut radical disruptioos in 
systeios design, aod (2) defme an information system 
function to continue tbe planning process . 

• 

'··' 



Chapter l. BSP Coocepts 

Business .Systems Planning is most oftcn thought of as a 
structurcd approach or mcthodology. 1bls methodolo
gy, howevcr, is based u pon so me fundamental concepts, 
a good undcrstanding of which can glve the BSP study 
team members: 

l. A better appreciation of the "why's" of the 
methodology · 

2. lmprovcd confidence in applying variations to meet 
specific situations 

.3. A better background with which to communicate 
the objectives and eventual recommendations to 
senior management 

The premise f"r conducting a BSP study ls that there 
exists within thc organization a nccd for sign.ificantly 

. improvcd computer-bascd information systems (1/S) 
and a nced for an overall strategy to attain them. BSP is 
concemed with how thesc informatloó systems should 
be structured, integrated, and implemented over the 
long term. The basic conce¡its of BSP can be related to 
the long-term objectives for 1/s in an organization. 

• An 1/S must support the goals and objectlves of thc 
business. 

. • An 1/S strategy should address thc nccds of aiJ 
levels of management within the business. 

• An 1/S should provide consistency of informatlon 
throughout the organization. 

• An 1/S should be able to survive through organiza
tional and management changc. 

• The 1/S strategy should be implemcnted project-by
project to support the total informatlon architec
ture. 

EaCh of these items is discusscd in tum. 

Support the Goals and Objectives of the 
BusineNS 

This most basic concept underües the "top down" 
philosopby of the methodology as well as severa! of the 
specific steps, such as cxecutive intcrviews and system 
priorities. 

Since information systcms can be an integral part of a · 
business and be cri.tlcal to its overall effcctlvcness, and 
beca use they wil1 contlnue to represen! major invest
mcnts of time and money, it ls essentlal that they 
support the organization's true business nceds and 
directly influence its objectives. BSP, then, can be 
thought of as a vehicle or process to translate business 
stiatcgy into 1/S stratcgy (sec Figure 2).2 

Business 
Strategy 

Milslon 
Goals and 

objectlves 
Strateglet 

BSP 

1/S Strateglc 

Plannlng Procen 

1/S Strotogy 

1/S Objoctlves 
1/S Pollclos 
lnformation 
Arcnltoc:turo 

Ftaure z. Tnaladoa. o1-... -uu to 1/S -uu 

Obviously, it is importan! tbat an organizatlon be 
willing and able.to express its long-tcrm goals and 
objectlves. For 8ome organizatlons, this can be done 
principally through the business plan. For others, 
where a business plan is not available or curren!, it can 
be done as a part of.the BSP methodology. In eithcr 
event, a recogrution of this basic need by senior man~ 
agement is critical, for only with that recogn.ition wil1 :' 
their commitment and involvement be great enough to 
guarantce a meaningful BSP study. 

Address the Needs of All Levels of 
.Management. 

1bls requirement has severa! impücatlons relatlve to 1/S 
structure. First, it is importan! to recognize the varying 
cbaracteristics of information as nccdcd by düferent 
actlvities and management le veis. Typically, lowcr 
levels need cOnsiderable detail, volume, and frequency, . 
higher levels need summarics, "exceptlon" rcporting, 
and inquiries, and still highcr levcls necd cross
functional sunimaries, special requests, "what ir' 
analyses, and "ex!Cmal" requiremcnts. lt would be 
impractiCal to construct a single system to accommo
date a11 actlvities or management levels, and it would be 
erroneous to associate any one type of informatlon 
requirement solely with one managcment leveL Clcar
ly, there is need to estabüsh somc reasonable frame
work upon which the 1/S can be def~ 

'Klng. W.R. "Sttalegic Ptonning for MIS." MIS Q_,.,¡¡,, Marcb 
1978. 
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First, the emphasis in 1/S should be in support of 
managemenl decision making. This is in contras! to 
more traditional bookkeeping or recordkeeping func
tions. Business decisions are made for vario~;S purpos
es, but most can be associated with either plannlng or 
control. Planning, of coun;e, is the establishment of 
various missions, objectives, and palicies, and it occurs 

· at alllevels; good information ls essential to the 
establishment of good plans. Control declsions, by 
contrast, are made in órder to guide an activity toward 
some implicit or defined (by the plan) objective. The 
J/5 can provide the measurements of the current or 
actual condition to the decision maker. We thus 
complete a planning, measurement, and control cycle 
with I/5 potentially ait integral part. Since planning and 
control are the keys to decision making, a framework 
for 1/S based upon these activities can be used. lt has 
been proposed,l and well accepted today, that three . 
distinct but concurren! planning and controllevels exist 
in any organization: 

Strruegic planning is the process of deciding on 
objectives of the organizatioil, on the resources used to 
attain these objectives, and on the policies that are to 
govem the acquisition, use, and disposition of re
sources. 

Management control ls the process by which managen 
assure that resources are obtained and used efficiently 
in the accomplishment of the organization's objectives. 

Operational control is the process of assuring that 
specific tasks are carried oút effectively and efficiently. 

Further characterlstics of these arcas are outlined in 
Figure 3. An advantage of Ibis framework ls that lt 
does not restrict planning and control activity to any 
particular industry, function, or management leve!. A 
conclusion at Ibis point is that an 1/S co!J)d conveniently 
address itself to any one of the above three planning 
and controllevels. 

Rcsource management is also key to Ibis philosophy 
and represcnts a major vehicle for 1/S definition. The 
specifiC resources to be managed vary In nature and 
relative importance from one organization to the next. 
Examples of traditional resources to be managed are 
pcople, facilities, materials and money: Their rcquire
ments are based upon the needs to support the prime 
mission arca of the .organization, for example, its 
products or services ... 

'ADlhooy, R. N. Pituriun, anJ CON1f)/ S)olmu: A FI'Qirle'NtN/< ¡., 
A~ú. Harvanl BaaiDoa Scbool, Divisioo ot Resean:b, ,1965. 
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Because an organization's product or service arca has 
all the attributes of a resource, that is, a lifc cycle of 
activities and decision points, and yet drives the other 
resources, it is referred to as the "key resource." Each 
resource, including the key resource,ls managed 
througb planning and control dtclsions of thc three 
levels previously discussed. Rcsource management has 
the desired characteristic of cutting across organization
al. boundaries -· vertically across management le veis and 
horizontally across functionallines. Thus a framcwork 
based on resources as wcll as planning and control 
levels can be established, and an 1/5 archltécture can be 
applied within Ibis framcwork. 

Provlde Consistency of Infonnation 

The kcyword in Ibis objectlve ls consl.stency. The 
implication is that information derived from more 
traditional data proceasing applications ls not nccessari
ly consisten!, particularly whcn applied to new buslneils 
problems (decision arcas) of broader scope. The 
problems in data consistency normally arise as a result 
of a historical evolution of computer usage: lsolated 
and independent application arcas are selected and 
mechanized, typically to reduce operational costs. The 
data files are defined as necessary to support the 
speciflc needs of each application without regard to one 
another or to future applications. Thc data ltself is 
convertcd from manual files located and malnlllÍDed by 
the uslng organization. 

As computer. applications are added, new data files are 
usually rcqulred since the data requirements for differ
ent applications are rarely the same. These are usually 
created from spinoffs of existing mechanized mes plus 
any additional data that may be requlred from thc uslng 
arca. Summary-type reports for higber management · 
levels are the result of sorting and merglng various 
existing data files together to create new ones. Rarely 
is any existing data file or the form or content rcqulred 
to provide newly requested information of any magni
tude. Thus new data files are bom. Data redundancies 
and file update rcqulrements multiply. The continua! 
cry from management that "1 know the data that 1 need 
is somewhere in data processing. but 1 can't get at it" 
may be basically true from their polnt of vie\\ . ~ 
data may be there, but not neceBsarily deflned as 
needed, of adequate summary leve! or scquence, or of 
proper time period or currency. 

Data, then, exists in most organizations In varying 
form, defmllion, and time. The form may be nncap
turéd raw data, in""hani:red data files, detalled DP · 
reports, summarized DP reports, business documents, or 
knowledge in someone's bead. The definltion of any 
given data can have as many variations, and thus 
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inconsistencies, as there are users of that data. Por 
example, "salary" to the payroll department may mean 
an employee's actual monthly pay, to the project 
manager an annual figure plus burdcn to be charged to 
a customer, to the department manager a budget üne 
itcm representing total expense for all reporting em
ployees. In addition, a lime inconsistency is very likely 
to exist between wbat may otberwise be comparable 
data. D!lta may be captured by such varying methods 
as the mail, telepbone, data temúnals, or satellites. lt 
may be "batched" over varying lengths of time by the 
user or by DP bef ore processing, or it may be ente red 
"onünc" as cach transaction occurs, direcúy from its 
sourcc. Data may be processed daily; weekly, or 
monthly on a predetemúned schedule, or it may be 
incapable of being processed until a series of prior 
computer runs are completed (for example, the month
end closing). The output itself may be mailed or it 
could be immediately available as the result of an onüne 
inqulry. Finally, tho report may be up to the second, .aa 
whcn reading from a temúnal, or it may have 1ain in a · 
dcsk for three weeks after last month's processing. The 
combinations of time dcvistions between data capture, 
data prncessing activity, and actual data usage are 
many. 

With all thesé potential data inconsistencics, it is no 
wonder that rcports frequently don't "match" between 
using departmcnts and managers. This becomes a 
problem most often during int~rdepartmental decislon
maldng or at higher reporting levcls where consolida
tion of multifunctlon activitles is Importan!. Aitempts 
to provide better data consistency usually result in 
"resystematizing" or "consolidating" existing applica-

··· . ·.: '··¡ 

resource 

tions into larger ones with broadcr problem scope and 
data definltions. 1bis may yield a satlsfactory system 

· withln the defmed scope, but again, as still broader 
problems are addressed, there will undoubtedly be data 
inconsistencies between the larger systems. Resystema
tizing at this scope may be e:itrcmely expensive and 
difficult to justlfy, Iet along accomplish, Comments 
prevail such as "our systcms cannot talk to one 
another." 

What has been described ls the classical "bottom up" 
evolutlon of data processing systems. In arder to begm 
to address the data consistCncy problem, a different 
philosophy must be Íldopted relative to data manage
ment. 1bis is commonly referred to as managlng (/QJQ 

tu a resource. 1bis concept suggcsts that data ls of · 
. considerable overall value to an organlzation and 
should be managed accordingly. It should be potcntial
ly avililable to and shared by the total business Wlit on á 

·consisten! basla. It should.not be controlled by a 
Umited organizational segment but by a central coordi
nator, much like other corporate resources, such as cash · · 
and personnel. The management functlon would · 
includc formulating policies and procedurcs f¡~r consist
en! dcfinition, technlcallmplementation, use, iúld 
security of the data. 

Surrive Organizadonal and Management 
. Chimge 

Many data processing systems and applicatlons are set 
up lO provide the information needs of a spi:cific 
department or other organizatlonal entity. Othcrs are 
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built solely on the.specüic output report requirements 
of a particular manager. Both types can become 
inimcdiately obsolete upon a reorganization or manage
mcnt change. A ilew manager may have bis owli ideas 
as to what information is need~d to run the department. 
Although this kind of change is inevitable, it can be 
expensive from a data processing standpuint. TbC data 
processing system, however, should in no way· inhlbit 
management flexibility in a dynamic enterprise. Thus, 
the 1/S must be capable of evolving through the long
term organizational and management changes of a 
business with minimum impact ü the expected retum on 
investments is to be realized. 

1bis objective cannot be realized without the proper 
support vehicle for 1/S, and this vehicle must be inde
pendent of the vapous components of the organization
al structure. The BSP vehicle is the bwiM.JS proce:u, 
that is, a basic activity and decision area irrespective of 
any reporting hierarchy or specific management 
responsibility. A logical set of these processes can be 
defined for any type of business and will undergo 
minimum change as long as the product or service area 
of the business remains basically the same. 

One example of a business process is purchasing. A 
particular business might define this as "the process by 
which raw materials are acquired from vendors." There 
may or may not be a separate organizational unit to 
accomplish t1Jis process, or indeed there may be severa!. 
lnherent withln this process are the various activities 
and decisions necessary to accomplish the process. 

Defining the organization's business processes is one of 
the most important parts of the BSP methodology, and 
the method for doing so is tied directly to the previously 
discussed 1/S framework, that is, one based on re
sourc:cs and plannlilg and controllevels. With this in 
mind it is convenient to define an organization's 
business processes in association with each of its 
defined resources. 

Emphasis in BSP is normally placed upon those process
es necessary to manage the key resource. Each re, 
source of a business can be thought of as having a "lite 
cycle" made up of severa! stages. A product lite cycle, 
for elUllllple, has four ~tages: requirements, acquisition, 
atewardship, and retirement. The time spread of the 
lit e cycle can vary greatly with the particular product 
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area but is of no consequence in this approach. Busi
ness processes can be identified to describe the major 
activities performed and decisions made by the business 
in the course of managing the resource throughout its 
lite cycle. These can normally be organized into a 
process hierarchy, and this is done without regard to 
organizational involvement or responsibillty. 

1bis approach results in process definitions thal 
encompass the three planning and controllcvt!l• 
previously discussed- namely, strategic planniJog, 
management control, and operational control Using a 
product resource as the example again, the decision to 
·pursué a particular product arca would be "strategic 
planning," the planning and control decisions relative to. 
product volumes or advertlsing expenditures would be 
"managcment control," and the decisions in arcas such 
as engineering control and manufacturing efficiency. 
would be "operational control." By using this approach· 
for aiJ the resources, lt ls possible to defme aiJ the · . · !> · 
bÚSiness processes that take place withln any organiza, · . , 
tional segment. 1bis may be tempered by practicallty ... 
in the actual BSP as there may be little.l/S support 
inte.rest for sorne of the resources .. 

lmplement Project-by-Project to Support the 
totallntormatlon Archltecture 

There are severa! impllcations associated with thi• 
concept. The first is that a total 1/S to support the 

· entire business unit's needs is too big to build in any 
single project. Howeyer, because of the many problems 
associated with a ''bottom up" evolutlon of systems 
. (such as data inconsistencies, nonintegrated system 
designs, expensive resystematizing, priority difficulties),_ 
.it is very important that long-range goals and objectl~es .· 
for 1/S be established. The basic concept, then,ls ¡ · . 
top-down IIS pkmning with bottom-up lmplemmlation 
(Figure 4). .· .· · . 1 · ' 

With this implementatlon strategy (the BSP approach), 
the information support is implemented in a modular 
building-block fashlon over time, whlle remalnlng · 
consistent with the organization's business priorities, 
available funds, and other sborter-term considerations.' 
1bis philosophy can be likened to the. detail deslan and 
construction of a large office building, which would be 
unthinkable without án architect's approved drawlng of · 
the firiished product. 

-· . 
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The BSP methodology, although consisting of considera
bly more steps and detall than sbown in Figure S, is 
consistent with tbis pbilosophy. Step 1 of Figure S, 
defining the business objectives, is intended to ensure 
agreement among all executivc levciS 8s to wbere. the 
business is going, so that the 1/S strategy can be in 

dircct support. Step 2, defming the business proccsscs, 
establisbes tbe prime long-term basis for 1/S support in 
the business. Step 3, defming business data, ls done by 
ldentifying wbat things (entities) are importan! to the 
business and wbat data ls required to manage these 
entities. Loglcal groupings of thls data about entities 
are called data classes. Step 4, defining the lnformation 
arcbltecture, becomes a statement of the long-term 1/S 

· objcctive. From the lntormation arcbitecture the 
individual modules can be ldentified, scbeduled, and 
bullt according to the 1/S plan. 
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Define the 
lnformatlon 

buslneA data archltecture 

Fl¡uro 5. Geaeraii/S plaooohoa eppnooodo 

In summary, there are a number of basic con~pts and . 
pbilosopbies relativc to informit.tion systems upon · 
wbicb the ssp.methodology is based. Although the 
methodology itself should be flexible (that ls, certaiil 
steps and tecbniques could be altered to adapt to 
spccific situations without detrimcnt to thc fmal 
outcome) these basic concepts themselves should be 
inviolate. They, in effect, are BSP. 

/ . 
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Cbapter 2. Oven1ew of the BSP. Study Approach 

Tbe keys lo success in planning, developing, and 
implemenling an information archltecture lhat effec
lively supports lhe business goals are: · 

• Top-down planning wilh bouom-up 
implementalion · 

• Managing data as a corporale resource 
• Orientatlon around business processes 
• Use of a proven, comprehensive methodology 

Chapter 1 examined lhe firstlhree at sorne lenglh .. Thls. 
chapter gives an overview of a proven melhodology for 

· lhe BSP study whlcb will be covered in more detall in ·: 
lhe following cbapters. 

Major Acdvldes 

As Figure 6 indicates, lhere are two major activities · 
lhat precede a BSP study and eleven in lhc study itself. 

Althougb these activities may be cariied out in varying 
degrees, none can be omiued. l'igure 6 shows lhese 
activilies and'lheir mostlogical ammgemenl When 
one becomes fairly familiar wilh lhe BSP approach, 
however, he can, as appropriate, do par! of a given 
aclivity and delay the balance. Tbe remainder of lhls 
cbapter is a brief commentary'on lhese major activities. 

Gaining Commitment 

A BSP study should nol be started unless a top executive 
. sponsor and sorne olher executives are commiued lo 

being involved ln.it. Tbe study must reflect their view 
of lhe business, and lhc success of the study depends 
upon thcir providing an undcrstanding of lhc bu5iness . 
and its information rcquircments to the teain. Most of 
the input will come directly 'or indirectly from these 
executives. 

Sin~ approval of study recommcndations commits the 
company for severa! years toa certain direclion in the 
use of its data processing resources, it is importan! al 
the outsetto get agreement on.the scope and objeclives 
ol the study and on its eipected deliverables, so asto 
minimizc future misundcrstandings. 

The most importan! action foUowing commitment 
rcgards selection of thc tcam leadcr, an exccutive who 
will work fullli.me in the study and direct team activi
ties. He sces that contact with other cxecutivcs is on 
the proper leve! and that input from them is interpreted 
corree ti y. A leuer r rom the sponsor to all panicipating 
executivcs seiS the tone and signifies commitment: 
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Considerable saving oC time, avoidance oC Crustration, 
and higher quality oC output can be gained by proper 
study preparation. A1l executive participants and the 
tcam need lo know what will be done, why, and what is 
expected oC them. Proper education and orientation 
will provide the best input Crom the cxecutives and the 
best use oC lt by the t~. 

Interviewees are selected as soon as possible so as lo 
aUow Cor their orienlation, scheduling oC iÍlterviews, 
and the providing oC inCormalion lo the study team. 
For maximum eCficiency on the part oC the team In 
working together CuU lime during the study, informalion 
on the company and on data processing support is 
gathered beCare starting the study. 

A control room is established so that the team may 
work together, display relevant material on the walls, 
and conduct interviews. 

The majar output should be a study control book 
containing: a study work plan; a schedule oC interviews 
and a schedule o( checkpoint reviews wlth the sponsor; 
an outline of the final report trom the study; BSP and 
búsiness and information systems data, analyzed and 
charted, and ready for the study start. This aclivity 
should end with a review by the BSP study sponsor. 

Starting the Study 

The BSP study ltaelf and the fuU-time participalion of 
the team members starts with a business review meet
ing, which c:pnsists of three presentalions. First, the 
execulive sponsor reiterates the objeclives, expected 
output, and perspectivo o( the study with relatlon to 
other company actlvitles and objectives. 

The next presentalion ls concerned with the main 
purpose o( tbe review, which ls to provide that each 
team member ls conversan! with tbe informatlon that 
has been gathered and to dlscuss tbosc tacts that are 
not part ot the informatlon supplied. To accomplish 
thls thc team leader "walks through" the business fac15 
that have been gathered and makes subjective com
ments and additlons on tacts that cannot be readily 
documented - polit!Cs and sensitivo lssues, and changes 
planned and in process. He sbould also cover thc 
dcclslon process, how the organizatlon functions; key 
pcoplc, major problems, the user's view of DP support, 
and thc image ot thc DP department. 

The third presentation ls made by the informa.tion 
systems director or one ot bis managers, who gives the 
team a view o( data processlng analogous to what was 

prescnted Cor the business. He should also covcr 
project status and project' control, history oC majar data 
processing projects startcd in thc lasttwo ycan, majar 
curren! activities, planncd changcs, and majar 
problems. 

These three presentations, added to the Cacts that ha ve 
been gathered and madc readily available to the team, 
should give the team an overaU undcrstanding oC thc 
business and the present and planned data proccssing 
support. 

Defining Buslnesr Processn 

No other aé:tivity during thc study can be quite as 
overwhelming or as Importan! as ldcntiCying oC thc 
business processcs. Since these processes forro the · 
basls Cor executiv.e iítterviews, the lnformation architec:
ture, problem analysls, data class ldentiCicatlon, and 
various foUow-on activities, evcryone on tbe team must 
acqulre an understandlng ofaU the processes, and tbey 
can do so by assisting fuU time In tbeir identification 
and in the writing of their descriptlons. Thc majar 
output from Ibis step wiu be a llst oC aU the processes, a 
description of each, and the identiCication of thosc that 
are key to the success of the. business. 

Definlng Buslnesr Datti 

The defining of business data lnvolves thc ldentification 
of entities (thlngs that are slgnificant to ihe business) 
and the gr0uplng ot data about these eniitles lnto 
logicaUy related categories caUed data classes. This 
classification, and its subsequent modification durlng 
the toUow-on projects, hclps tbc business develop· data 
bases over time witb a minimúm ot redundancy and In a 
manner that aUows systems 10 be added without a 
majar revlsion to,thc.data bases. Slnce data must be 
recognized as a corporate resource, lt descrves the 
attention recommended here. 

The dcfinition of tbe informatlon architecture involves' 
the relating ot processes 10 data classes. This enables 
the evaluation ot data sharlng wltl!ln thc entcrprise. 
The architecture also provides the toundatlon Cor 
toUow-on resource and tacÍical plannlng, which enables 
the orderly lmplementatlon of the IDtormatlon architec· 
ture. 

Anidyzlng Clli'I'MI Systemr Support 

The main purpose of Ibis actlvity ~.¡¡, show how data 
processlng currently supports thc business In arder 10 

Chapter ~ •. Overvlcw or !he !11iP Study ApproaCh !1 



develop recommendations for future action. The 
currently existing organizations, business processes, 
information systems (applications), and data files are 
analyzed to identity voids and redundancies; hel)) 
clarify responsibilities, and further the understanding of 
the business processes. 

The main analysis tool is the matrix, and various 
matrices are developed using combinations of the four 
elementa. The key matrix for the executive interviews 
is the process/ organizatlon matrix; and its. interceptS. 
denote the decision makers, major and minor organiza
tio~al responsibility for a process, and current data 
processing support. · 

This activity will not only prepare the team for discus
sions with executives but will also help them determine 
requirementS for information support. . · 

Jnterviewing Ex«udws 

This activity is an iÍitegral part of the top-down ap
proach. lts purpose is to validate the work done by the 
team, determine the objectives, problems, and informa
tion needs and their value, and gain executive rapport 
and involvement. The executive interviews provide the 
business understanding necessary for information 
systems plannlng. 

' 
The major output consists of notes from the interviews, 
an update of the control room charts, and a new or 
lmproved rapport between the executive and the BSP 
study team. 

· Deflnlng Findings 41111 Conclusiom 

Some or the business problems were supplied as input 
during the fact-gathering step. These were expanded 
upon and complemented by the knowledge or the team · 
and finaUy validated, exPlained, and added to in the 
executive interview. ··The problems must now be 
analyzed and related to the business processes so as to 
give guidance to the setting of project priorities and to 
show clearly that better information will help lo solve 
the problems. 

The problems must now be divided into severa! cate
gories, and f~¡~dings and eonclusions musl be drawn 
from lhem. The results of these laSks provide lhe base 
for developing recommendalions and for setting 
priorities among the subsyslems of lhe informalion 
architecture. 

Among the problems identitied by lhe execulives are 
many that do not pertain 10 information systems 
suppon. These will be delineated and given lo the 

execulive sponsor for foUow-up while lhe information 
systems support problems conlinue to be addressed ID 
the BSP study and in the foUow-on activities. 

Detennining- A.rcllitecture frioritie:J 

Since a total information architecture caanot be 
developed and implemented at one time, the team must 
establish priorities for the development or applicatlons 
and data bases. By deciding which of the data bases . 
should be designed and implemented flfst, the tCam 
establisbes !hose applications that will be defined 
dllring the .foUow-on phase. This aUows an early 
implementation for a "pay-as-you-go" foundation and 
helps estáblish credibility for the balance of the outpu¡ 
from the BSP study. · 

Priorities are determined by developing a lis! or projects 
from the applications ihat make up the information 
architecture, then establishing a set of criteria and 
rating theprospective projects agalnst. them. 1be 

. ftndirigs and conclusions are a major ~ntributor to Ibis. 
process. 

Reviewing Jnfomrlllion Resolli'Cle Management 
(IRM) 

The purpose of IRM is to eventuaUy establish a con-
. tioUed environment in which the information architec
ture can be developed, implemented, and operated 
efficiently and effectively - and to deftne the enviran- .. 
ment wberein data is managed as a corporate resource. ·, 
The information systems functioits are exantiDed during .. 
the BSP study to identify ( 1) any changes that could lie 
made lmmediátely to enhance success ID the foUow-on 
projects, (2) changes that are necessary to properly 
manage and implement the high-priority informa tion 
architecture projects, and (3) major activities that will 
become projects in the foUow-on to the'BSP study. 
Fulfillment of this step is essential to the_successful 
support of the business by the data processing function. 

Developing R«<mnrendatiom 

Tbe purpose of this step is to_ássist management in its 
decisions regarcjing the recommended foUow-on 
activiiies. The foUow-on activilies wiU come from. the 
architectural priorities and from the information 

. · resource management recommendatlons. 

. Reporling Results 

The purpose of the final repon and executive presenta- · 
tion is to obtain executive management commitment 

'·. 
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and involvement for implementing recommendations 
from the BSP study. The formal of the report wa.s 
agreed1 u pon before the study wa.s staned, but m ay ha ve 
to be modilled sUghtly now, on the basis of the study 
results. Various parts of the report should be written 
during the BSP study and completed at this time. 

The report should be frepared as foUows: 

l. 1t should include an executive summary. 

2. Supporting detall, such as descriptions of tbe 
business processes, should be contained in 
appendixes. 

Chapter 3. Gaining the Commitment 

The success of a Business Systems Planning study 
depends heavily upon the commitment of tbe partici- . 
pants to complete aU therelevant activities and heed 
the recommendations of the study team. The steps 
described in this chapter should be completed and an 
assessment made of the commitment of aU participants 
before the final decision is made lo move into the 
resource dependen! activities. Certain sltuations and 
environments may be considered unsultable for a BSP 
study al this stage. U such is the case, the team should 
be prepared to postpone BSP until the situation becomes 
more suitable. 

Gaining the commitment starts with a BSP presentation 
to executive management relating the objectives, 
advantages, expected output, and résóurce require
ments. One or more of the foUowing activities wiU 
provide the executives with a base for understanding 
the need for a BSP study and assist them in their decl
sion: 

• Arrange an executive visit lo another business that 
has successfuUy completed a BSP study. U so, the 
foUowing actions should be considered: 

• Conduct an executive orientation session specifical
Jy for your executives 

• Conduct an executive planning session - a service 
off e red by mM 

• Invite the executive to an executive information 
session conducted at an mM Customer Executive 
Educatbn center 

The IBM representative can help set up any of these 
activities. Either the executive planning session or the 
executive briefing is an exceUent preliminary toa BSP. 

(}_}) 3. It should be possible to extrae! bighly confidential 
or sen5itive material easily and stiU ha ve the bal
ance of the report usable by aU people participating 
in the foUow-on activities. 

The report provides the basis for the executive presen
ta !ion and the distributlon of the rmal results 10 those. 
people designated by the sponsor. Alter the executive 
presentation, wbich is bormaUy given by the tea:m 
leader, aU otber relevan! material that is nota part of 
the report should be indexed and filed for ready 
availability in foUow-on projects. 

FoUowing is the list of tasks to be performed in gaining . 
commitment for a BSP study: ' 

• Establish the study scope 
• Set the study objectives 
• Develop the business reasons for the study 
• Select the team leader 
• Select the study teain 
•. Brief the study team 
• EducaiF the team 

EstabUsb the Study Scope 

NormaUy the executive sponsoring the study (caUed the 
executive sponsor) wiU determine the scope of the study 
for a particular organization. Conversely,lt sbould be 
recognized that the scope may determine the execlitive 
sponsor since he is usuaUy the c:bief execuUve officer of 
the unit being studied. This business unit must be 
defined so that aU participants can recognize the 
boundaries within wbich their activilles wiU be concen
trated. 

Businesses whose activities span multiple functional 
units tend to galil more from a BSP study Iban !hose that 
are more simply structured since 8SP ileals weU with 
complexity. It ls deslgned to ldenUfy the requirements . 
for data integration across multiple fÚOctions. 

Most companies performing a BSP study ehoose a major 
operating division (whieh may also be a profit center 
within a division), a group of divisions, or the entire 
organization (see Figure 7, options 1 to 3 respectively). 
In each case it should be possible to. defme boundaries 
for the study scope, including the uieasurements for· 
assessing effectiveness. 
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Set Study Objecdves 

St11dy objectives should now be defined. Good objec· 
tlves are clear and concise and serve as critcria for 
measuring the degree to wblch they have been met In 
addltlon, they are appUcable to the spccific require· 
ments of the organlzation to be studled and can be met 
reaUstically by the BSP study team working within the 
defined ¡¡tudy scopc. 

Generally, a study tcam's objectives may be to: 

• Provlde a formal, objectlve method for mailage· 
ment to estabUsh informatlon systems priorities 
without regard for provincial interests. 

• Provlde for the development of information 
syst~ms that ha ve a long Uf e, protecting the systems 
invcstmcnt 

• Provlde that the data processing resources are 
managed for the most efficient and effectlve 
support of thc business goals 

• Increase executive confidence that high-retum 
information systems Wi11 be produced 

• lmpro~e the relatlonsblp between the informatlon 
systenis departmeni and thc users by provlding 
systems responsivo to thc usen' requirements and 
priorities 

• ldentify data as a corporate resource that should be 
planned and controlled in order to be shared 
cffectively by everyone 

• ldcntify thosc data proccssing functions, such as 
query, report generation, and personal computlng, 
that the user dcpartment personncl may perform 
for themselves when adequately aupported by tho 
data processing departmcnt · 

Develop the Busin~ Reasoos for the Study 

Thosc pcrsons promoting or planning for a study should 
dlscuss thc following factors with an appropriatc senior 
exccutlve of the organlzation to gain agreement on _the 
following: 

• Scopc of the of study 

• Study objectives 

Chapter 3. Oalnlnathe Commltmcnt U 
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Posltlve contrlbutlons of a BSP study 

Obstacles to successful completlon 

Recommendation either lo proceed wltb BSP or 
postpone lt 

lbe benefits of a BSP are weU defmed under "Potentlal 
Benefits" In the "lntroductlon" chapter. They may be 
made more specific and quantif,ied for a given business. 

There are severa! factors that may make one business a 
more düficult subject for a BSP study Iban another: ' 

• 

• 

• 

Major reorganiza !ion or transfer of control taklng 
place 

Geographical diversity, necessltatlng significan! 
travel time 

More tban 20 executives wbo must be lnterviewed 

• Multiple independent suborganizaúons wlth 
autonomous decision-maklng powers and with 
unique Jlnes or products/services servlng diverse 
markets 

Should lhe senior executive agree to proceed with the 
BSP study, the meeting sbould result In an agreement to: 

• Appoint a study team leader 

• 

• 

Provide the study team resources as appropriate 

EstabUsh open communication or business facts 
and plans between executives and team members 

• Write a study announcement letter to e:iecutlves of 
the organization in the r orm shown In Appendix A 

Select the Team Leader 

The success of the study depends largely on the person 
selected by the executive sponsor to lcad thc tum. Thc 
tcam leader will be knowledgcablc in business mallcrs 
and have a broad perspectivo of thc business. He can 
save the team valuable time wilh bis first-hand knowl
edge or how the various depanmcnts or thc business 
lntcract, and where dctailed information aboutthc 
operation of the business can be obtained. Organiza
tionally he should be a functional vice-president or 
equivalen!. 

.O.ctivities of thc team lcader includc: 

• Conducting thc study team orientation scssion 
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• 

• 

• 

• 

• 

• 

• 

• 

Conducting a business review for team members al 
lhe start of thc study 

Settlng and confirming executive scssion scbedules 

Managing the logistica of the study, including 
day-to-day administration 

Providing guidance and business perspective 

Resolving confficts and impasscs 

Providing resource material . 

Maintaining the schedule 

Maklng lhc presentation to management at the 
completion of the study · 

Select the Study Team 

Cluurlcterlstia of T«1111 

Since the study tcam is responsible for dctermining the 
information needs of the entire business and recom
mending thc nature of its data processing operations for 
years to come, lhe selection of team mcmbers is very 
imponant. 

The people choscn sbould: 

• 

• 

Have several ycars' experience within the organiza
tion, a sound knowledge of thcir own arca, and an 
appreciation of the rest of thc business 

Be ablc to understand and dcal analyticaUy with 
problcms 

• Be wllling to commit to conclusions and recommen
dations that wlU ha ve a far-reaching effect on lhe 
organization · 

• 

• 

Be perceivcd by other managemcnt within thc 
organization as competen! and rcsponsiblc busi
nessmcn whosc opinions wlU carry considerable 
weight 

Be from upper and middle managcmcnt 

In shon. thc best people for thc study team are lhose 
who are alrcady in great dcmand and least available. 

Sf111Ct11n 111111 Respomibilities 

The structurc of a study team is depicted in Figure 8. • 



Although nünor variations are pos$ible, the foUowing 
fundamental responsibilities need to be assigned: 

• Excc:utive sponsor 

• 

• 

Sigo the study announcementleller 

Vlsibly and verbaUy endorse and support the 
study effort by malting inlroductory remarks at 
the excc:utivc orientation 

Revicw thc state of thc business with the stildy 
team al the start or the study 

Participate in an intcrview 

Rcvlcw progress and findings during thc study 

Act as tbe communlcations contact bet wecn 
thc study team and othcr cxeculives in thc 
organization as appropriate 

Rccelvc thc filial rcport and make nccessary 
declslons 

Team leadcr 

Sec that thc study ls successfuUy complcted 

Providc ovcraU dircctlon, make key business 
judgments, and act as liaison with othcr cxecu
tivcs or the organizatlon 

Dircct thc study effort on a day-to-day basis 
and organizc aU necessary admlnistration for 
thc team 

Takc a lead role In cxecutlvc interviewing 

Tcam members 

Partlcipate in atlcast some, if not aU, inter
views 

Analyzc thc data coUectcd and cxecutive 
perspectlvcs cxpresscd during thc study 

Draw concluslons and perform report writlng 
tasks 

• Tcam sccretary 

Do typing, filing, and general secrctarial 
sérvices 

Asslst in gettlng graphics, sucb as matrices and 
information architecturc ' 

Confirm and foUow up on excculive interview 
schedulcs. 
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Upon complction of thc BSP study, the business bas 
only just begun thc contlnuous planning proccss of 
managlng data as a rcsourcc. Like any planning 
activity, it demands the allcnlion of a fuU-Iimc staff. U 
a fuU-Iime starr ls not commilled to planning, an 
cnvironment is created wbereby people are sptit 
between plannlng for tbe future and "puuing out fJJ"eS." 
Peoplc cannot cffectlvely perform in such an environ
ment and, consequcntly, plallning becomes sccondary. 

Tbc commitmcnt and involvcmcnt or thc chicf cxcc:u
tlvc otricer are probably thc most slgnlficant rcquirc
mcnt for a successful BSP study. ll !le is not willing to 
make a fuU-time cffort for thc 8 to 12 wcekso bis 
comulitmcnt is queslionablc. This Jaclc or commitment 
can doom the BSP study to failure. In short, BSP should 
not be attempted on a part-lime basls il it can be 
avoided. Its importance to thc business dcmands a 
fuU-Iime activity. 

Howcver, should it become apparent that the study wiU 
be made on a part-time basls, then assurance should be 
gained that: 

• Thc lime, errort, and skills requircd to tightly 
control and m'aintain the work schedule wiU be 
available and commilled. 

• Momentum wiU not be Jost as a result of periods of 
BSP inactivity. 

Chapter J. Oainin¡ lhe Commitment 17 



• 

• 

Effectlve use will be mado o( the administrative 
support avaUable to prepare and type drafts, update 
charts; and peñorm related actlvitles when the 
team is notln session. One full-time member may 
be helpfulto manage this actlvity and provide 
contlnuity between sessions. 

Executlve commltment is galned to relieve team 
memben o( some o( th~lr normal responsibilitles. 

. M1111J10wer Req11irements 

U the lntent and methodology of BSP are foUowed 
conscientlously, and the study team is worklng full time, 
the resources required should faU wlthln the foUowlng 
Umlts: 

• 
• 

Number of team memben: 4-7 
Number ór weeks: 8-12 

These diff eren ces can be explalned by variatlons In 
organizatlonaltypes and sizes and In study objectlves. 

Comm11n/Cillion to Mtu~~~gD~W~t 

The team leader is now In a positlon to compose a study 
announcement letter to be signed by the chic( executlve 
officer and distributed to the executlves who control 
the major runctlons withln the scope of the study. The 
letter should cover: 

• 
• 
• 
• 
• 

Objeclives and scope o( the study 
Team leader and team memben 
Poleotial value lo the organization 
Need for functional execulives to be lnvolved 
Need for candor and cooperatlon of executlves 

See Appendix A for a sample announcement letter. 

lB 

Brlef the Study Team 

The leam leader, assisted by experienced IBM people, 
should hold a half- to full-day orientation session to 
brier the study team and discuss such lopics as: 

• Overview o( BSP. This can include developmenl o( 

the BSP concepl, study methods used, oulpul thal 
may be expected, and references lo results obtained 
In other BSP studies . 

• 

• 

Review of activities to date. The team leader 
presents the scope o( the sludy, states its objec
tives, and discusses the business reasons for con
ductlng the BSP studies al this time. 

Study preparation plan and schedule. The team 
leader will have prepared a general schedule. After 
agreement on the schedule, the team memben 
should start clearing thelr calendan and prtpart to 
auend c/a.u. 

Educate the Team 

To enable a smooth, coordlnaled eniry to the BSP sludy, 
the leam members should understand the principies o( 

the BSP methodology. Some understandlng of the 
melhod of implementation, plus a review or the nature 
o( the output that can be expecled, will a1so be o( 

advantage to the team memben. 

The team leader, worklng wlth IBM personnel, should 
establish an education plan (or the team. FormaitBM 
education is avaUable and the localtBM office can 
supply details . 

lt is recommended that aU leam members attend the 
same educatlon session. This aUows for a daUy review 
lo assure understandlng and discussion o( specüics 
applicable 10 thelr panicular sludy. lt also helps lo 
mold the team loto a productive, responsivo uniL 



Cbapter 4. Preparing for the Study 

Preparation coven that time from lhe completion or 
education to lhe actual start o( thc study. By now lhc 
scopc has been established, lhc leam leader design!lled, 
lhe team selected and educated, and the study start and 
completion dates established. 

Preparation is nota fuU-time leam ertort; much of il is 
done by the team leader. lllakes a few meelings of tbc 
team and may cover a period or two to four weeks. 
Many or the preparation activilies are accomplished in 
one planning meeting after relurning from tbe Informa· 
tion Systems Planning class. The roUowing list of tasks 
will give a quid.: view of whalis lo be done in Ibis 
phase of lhe study. The recommended sequeni:e is on 
the first task control sheet in Appcndix J. 

• . Obtain and equip thc control room 

• Review lhe study objeclives 

• Outline lhe final repon 

• Determine lhe facts lo be galhered 

• Select and orienl interviewees and develop 
schedule 

• Develop a study work plan 

• Complete lhe task control sbeets 

• Sel up a study control file 

• Establish adminislrativc support 

• Review lhe status wilh lhe sponsor 

o . Prepare ror starting lhe study 

These tasks, many or whlch can be pcrformed concur
rently, are described in lhc remainder or Ibis cbapter. 
Task control sbeets for thcse activities can be found in 
Appendix J. Eacb or the sbeets is pcrforaled ror casy 
rcmoval ror use in scheduling. 

Obtaln and Equip a Control Room 

Thc ertccllveness or lhc BSP study dependa on baving a 
work room assigned for its duration. Tbls room is used 
bolh as a work Jocation ror lhe team and for cxeculive 
intcrviews away rrom lhe executive's office. This 

approach has proven very ertective in allowing execu
tives lo rcview the work thatlhe team has done and lo 
inlerview executives without interruption. 

Thc team wilJ also nced adjacent work space during 
intervicwing, since aU leam memben do nol panicipate 
in eacb interview. The olher memben are either 
swnmarizing lhe last intervicw, preparing ror the ncxl 
interview, or pcrforming some coroUary lask. This 
extra space is also an advantage for breakout aclivilies 
after aU lhe interviews are completed. 11 can be anolher 
smaUer room or office, but should be in lhe immediatc 
vicinity or lhe control room. 11 should not be needed 
before interviewing slariS. 

The control room should be: 

o Located away rrom traffic, noise, and interruplions . 

o Largc enough lo accommodate lhc sludy tcam plus 
one or two olher pcople 

o Havc a large arnounl of waU space ror lhe posling 
orchalu 

o Be cquipped wilh a telcphone only if it can be 
disconnected during cxecutive intervicws 

o Secure lo protecl confidential or sensitivo material 

Tbe control room should be equippcd wilh: 

o A large table, blackboard, two flipchart stands, and 
Jockablc storagc or fding cabinel (Fli¡icharts are 
prcrerred lo blackboards since mosl work is saved.) 

o One-inch lined flipchart papcr, magic marken, 
corrcction tape, scisson, glue, and a long straighl 
edge. 

o A supply or malrix rorms, IBM rorm numben 
OX20-23SO and GX2G-23Sl. 

o Three·ring binden wilh dividen, scratch pads, 
plenly or pcncils, pcncil sharpcner, and erasen. 

o Sheets or acetate lo cover matrices and grease 
pcncils for annotation. (These are nol mandatory 
bul do racilitale changes.) 

o Corree maker and papcr toweis. 
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Revlew the Study Objecdves 

The team should expand the study objectives developed 
by lb~ team leader. Great care should be taken that 
every member of the team understands the objectives 
and agrees that the o~tput wiU meet these objectives. 
Although the BSP study objectives in Chapter 3 are 
comprehensive, they may not be specific enough for 
every study. Asan exllmple, the sponsor sbould make 
it clear to the team members wbether they are expected 
to recommend changes to the management systems of 
the business or to restrict their recommendations solely 
to lnformath;~n systems cbanges. 

Outllne the Final Report 

The culmination or a BSP study should be ao executive 
presentation lo gain approval of the team's recommen
dations and to set plans in action. Depending upon the 
management practice of the business, the team may 
make an initial presentation to the executive sponsor, 
supported by a draft of a fmal report, or they may 
create a final report aod make the presentation toa 
group of executives. The approach should be agreed 
upon by the executive sponsor and the outline of the 

· report should be established during the preparation 
state. The outline delineates the contents and establish
es the sequence of the sections. Thus, as material 1s 
generated, it can be placed easily in the report. 

Al this time, team members should be assigned specific 
responsibilities for sections of the report. lt ls their · 
responsibility to coordinate and delivcr their sections. 
Appendix 1 is a recommended outline of the report. 

Determine the Facts to Be Gathered 

To p~ovide a hasis of information, the team sbould 
establish a refercnce library of botb business and 
information systems documentation.· With the BSP 
methodology, aU of the information required for thc 
study must be availablc in the control room, cither in 
the knowledge of the team or in thc documcnts that 

·ha ve been gathcrcd; the exception ls the information 
provided through executive interviewing. Therefore, no 
time is aUotted during the study for going outside the 
control room to gather facts. 

Facts will be of two types-general business and 
information systems. AU the iteriu listed below under 
"General Business Facts" wiU be appropriate a1so for 
the information systems arca, and tbose unique to 
inf ormation systems will be lisled afterward. · · 
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The team should consider the use of a data dictionary 
for recording and manipulating gathered and derived 
facts during a BSP. The benefits of Ibis are discussed in 
Appendix L. 

The major business facts to be gathered may be classi
fied into 5even categories. 

• Environment (defmed as those items outside the 
scope of the study aod over whicb the business has 
little or no control)- economy, govemment regula
tions, labor, consumerism, competition, industry 
positlon and industry trends, suppliers, and 
tecbnology. 

• Objectives- statement of company mission, major 
goals and objectives for the business aod objectives 
for eacb of the majar functions aod product Iines. 

• Organization- organization cbarts for the total 
company aod for eacb of the people to be inter
viewed sbowing position, names, numbers of 
people, expense budget, aod expected changes. 

• Planning- planning process and planning calendar, 
business plans showing major projects, resources, 
scbedules, and financial. Also major studies, task 
forces, and committees formed during the previous 
three years. (Each of these should show a reason 
for the activity, members, status, and results.) 

• Measurement and control- names and general 
contents of aU major business measurements and 
controls sucb as reports, project initiation and 
funding, and type of project control. These should 
provide measurement of the status of each of the 
critica) success factors. 

• Operations - products and markets, geographic 
distribution of the company showing major physical 
locations anda general indication of functions 
peñonned there, financia! statistics, and sizing 
statistics showing the number of vendors, number 
of employees, orders, customers, shipments, pur
chase orders, and related infonnation. 

• Information systems support- availability to the 
user of major applications and data processing 
facilities, sucb as tenninals, programming lan
guages, text processing, word proc:cssing. financia) 
and business planning systcms, and qucry services. 



lnfonnmion SyStmu Fat:á 

Although most oC the information systems fac:ts to be 
gathered are the same as those for general .business, the 
CoUowing is a list oC items that are unique to informa- · 
tion systems. 

• Mode oC operation (data base, conversational, 
distributed, user capabWties, others) 

• Systems justification requirements 

• History oC major projects started In the last two 
years 

• Current systems descriptions 
Title 
Major Cunctions performed 
Major input and output · 
Users supported 
Technology (batch, online, query, data base, 
other) 
Age 
Swnmary of known weaknesses 
Swnmary oC committed enhancements 
Source (other location, developed on-site, 
purchased, leased) 
Critical táctors ("Must execute and process aU 
orders by 2:00p.m. in order for warehouse to 
puU .stock.") 

• Planned systems and data bases 

• Sizing statistics such as number oC programs, jobs 
. per period. users, files, data elements, and tumover 

Many of these business and inlormation systems facts 
will be valuable in assessing the abWty of the company 
to implement the recommendations oC the study. The 
business priorities need to be matched to the inlorma
tion systems abilities. 

ResponsibWties for gathering data on each of the items 
on the list should be assigned to the team members, but 
they should not be expected to do aU of the data 
gathering themselves. In many cases, executives will be 
asked to prepare and submit facts, particularly if the 
Cacts are voluminous and the team needs summaries or 
extracts. A1l many of the f acts should be charted as 
practical and should be put on the control rooni waU for 
ready reference, particular! y those that will be used in· 
interviewing, such as objectlves or critical success 
factors. 

After the facts are gathered, code each one of the 
items, make. a list of them, and gel them prepared for 

review or explanation on the study start day. During 
the presentations by the tcam lcadcr and the director oC 
information systerns at the start oC thc study. they may 
wish to rcfer to cach oC these itcrns so that aU the tcam 
members know oC the cxistcncc or that data, itJ pcrti· 
ncnce, and general contcnt. Sincc much or it wiU be oC 
a confidential nature, it should be !iled in a lockablc 
cabinet or within a lockable control room. 

Select and Orient lntervlewees and Develop 
Schedule 

Se/ecting the lnterviewea 

A preliminary list oC executives to be interviewed 
should be prepared al this time. The cxccutives select
ed will normally be within the top two or three levels oC 
the company and be responsible for the major iunctions 
included within the scopc oC the study, or they may 
occupy major staff positions. The number oC interview
ees will range from 20 to 30, ~ith an average or 2S. 
Conducting more than 30 interviews should be done 
with great caution as each additional interview seldom 
adds new or significantly different iruormation. Also, 
more and more detail is added that is not needed and 
may detract from the general objectives or BSP. 

Schetlu/ing Executive lnteJ'IIiew.J 

When scheduling the cxecutive interviews, the team 
should consider aU factors that may inhibit the fuU 
participation oC the executives, such as vacations, 
annual planning meetings, or public holidays. Although 
the chief exccutive is usuaUy interviewed last, there is 
no sct rule for the interview scquence for the othcr 
executives. The team should schedule an easy interview 
with ·an amenable executive Cor the Cirst and possibly 
the second uiterview. 

Schedule the interviews to aUow time for a checkpoint 
review oC the results and procedures. A good way to do · 
this is to schedule the first three intervicws and thcn · 
aUow a half day for review. While the ihird interview is 
going on, aU the material from the ftrst rwo interviews 
can be completed, typed, and ready for review and 
discussion. Also, aUow a half day midway through the 
interviews to analyze the problem analysis sheetJ and 
summaries oC the interviews to date and to determine if 
the team is getting everything from the interviews that 
it sbould and to allow time Cor making any changes. 
Lastly, allow a half day Cor the extra preparation that 
goes into the chief executive officer's interview. Since 
be should be interviewed last, this balf -da y slot will be 
scheduled near the end oC the interview process. 
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Plan sl.x to elght boun to prepare for, conduct, and 
summarize eacb lntervlew. AUowlng time for tbe tbree 
balf -day revlews makes lt posslble to conduct 17 
lntervlewsjn 1 O days' time. 

Developing the Ex«ldiJie Orlentation 

AU intervlewees sbould be briefed prior to tbe start of · 
executive lntervlewing. Exécutives otber Iban lnter
viewees may also attend the meeting. The executlve 
orientation ls prepared, the presenten selected, and 
exhlblts prepared so that tbe orienlatlon may be 
reviewed with the executlve sponaor. 

Major tapies that should be included In the orientation 
are: 

• Executive leve! overvlew of BSP 

• Study scope 

• Objectives of the study 

• Business reasons for conductlng the study 

• Review of the schedule and expected ol!tput 

• Executlve involveoient - why and what la expected 
of the executive 

• Schedule for the start and completlon or the 
lntervlews 

• Tapies to be discussed In the lnterview 

The executive orientatlon should be scheduled as soon 
as possible after the sponsor's revlew so that the · 
executlves understand the lmponance of the involve
ment or their subordinates In the study, the requests Cor 
inCormatlon that they may receive during the fact 
gathering, and to mlnlmlze misunderstandlngi or the 
BSP study that might otherwise arise. 

Conducting the ·Orientation 

The orientation la normally given by the team leader 
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and may involve one other team member. The execu· 
tlve sponsor should open the meeting, iritroduce tbe 
team, emphaslze tbe business reasons for lnitiating the 
study, reiterate the objectlves, scope, and expected ' 
output, and offer bis commitment and support to a 
successful completion of the study. The executive 
sponsor should máke lt clear that the study team will 
not complete Ita work in isolation in the planning room. 
The role or the study team la to be a catalyst to provoke 
and document the best thinking of a11 the executives in 
the business. Their final recommendations will be 
based on the needs of the entire business, independent 
or parochlal interests. 

U all of the interviewees caMot get to the one session 
because of conflicts in schedules or residcnce at remole 
locations, then a second briefing should be conducted 
or a personal call made on the executives by the team 
leader. 

The allotted time should be one to two bours for tb1s 
session and sbould concentrate upon the objectives, the 
output, and the expected executive participation. The 
team sbould prepare a handout outlining the majar 
topies to be discussed. 

Executives should come out or the briefing with a good 
knowledge of what is going to bappen during tbe 
lntervlew, what material they will see, the types of 
questions that w,ill be asked, and what will be expected 
of them. · 

Develop a Study Work Plan 

Now thatthe team knows how many people it will 
interview (pending approval by the sponsor), what tbe 
presentation and final report willlook like, and the 
facts tha.t must be gathered, lt can proceed to the 
development of a work plan. The plan covers all 
activitles and their schedules, from preparation to final 
reporting. The detailed tasks to be completed in each of 
the phases are used to further delineate this work plan 
atthe appropriate time. The general Oow of the study· 
and the control points are shown in Figure 9. 
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Preparing for S1udy Eucution 

Task 
the BSP Study• tbiMd on full timel 

2-k• 1 -k Week 1 WHk2 Wtek3 Wook4 Wook5 WHk6 W•k7 WookB befCHt befo re 

Dottrmlno ocope, 
aelect team end 
leader, end edu-
cate - --· • 

' 
Prepere for nudy• --- f- ---

Sto r1 tha 11 udy f--

Define proceaa 

Define busln011 dota 

Define lnformation f-¡ archhecture 

Analyze present --:. ----1ys11m1 IUpport 

Conduct lntervlew~•• --. 
Defino llndlngs ---and conclu1ion• . .. 
Datermlne erchitecturel ~ 
pdorltlaa 

Reviow IRM r----~ 
Oevelop recommendatlon1 ~ 
Prepare report --- -- ------- ---· -·.,...... --------

•Preparation time 1• variable and not fulltlme. logand: --- Vttiobla tima; -T•~: 

••Time varl11 ~rOm 12 to 18 daVI for 20 to 30 lntervtevw 4 Control point; - • - Perallet ectivity 

fl¡ure 10. Work plaa f0< the BSP llhld¡o 

When the activities oC this study and the project control 
points have been established, they sbould be combined 
into a single action plan and represented on a Ganll 
chart similar to that shown in Figure 10. The final plan 
should be put on a chart on the waU so that it can be 
referenced during the interview. A copy should be 
made for review with the sponsor. 

Complete the Task Control Sbeets 

Ir the study is to have an adequate project control 
system, the BSP study team should develop task sheets 
showing scheduled completion dates and the. team 
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member(s) responsible for each task. The task control 
sheets in Appendix J list the activities the team normal
ly will peñorm. The team may wish to add other items 
orto separate sorne of tbese items into subtasks. The 
first task control sheet in Appendix J is for the prepara· 
tion activities. The otber task control sheets cover 
activities ranging from starting the study through 
analyzing the curren! information systems support; 
executive interviewing, and the last phase ranging from 
the development or the recommendations and action 
plan through reporting results. 

One or more members of the team will be responsible 
Cor each oC the activities on the task control sheets. 



This responsibility'includes ensuring thatthe compleled 
task represents the beslthinking of lhe'team memben 
alter analysis and any required documentation. Alter 
completing lhe lask control sheet, check lhe final.date 
againsl lhe study plan to be sure thatlhere is no 
conflict in the completion dates for lhat phase. 

Set Up a Study Control FUe 

A control file should be established to conlain all 
material penaining to the study. Having and using.this 
file a\·oids considerable cluuer in the control room and 
prevents loss of materials .. Becausc of thc naturc and 
number of documcnts involved, tbey should be slored 
in a filing cabinel that can be locked. Suggested 
contenls include: 

• Administralive 
Key correspondence 
Objectives and scope of the study 
Study work plan · 
Task·control sheets 
Sponsor reviews 

• Data gathered during preparalion 
• Master copies · 

Processes 
Business entilies 
Data classes 
Matrices 

• Analysis' 
Executive interview notes 
Executive interview summaries 
Problem analysis sheets 
Findings and conclusions 

• Repon and presentation 

In addilion, the team may fmd lt beneficlalto give each 
member a lhree-ring notebook wilh dividen for such 
lhlngs as study work sheets, task control sbeets, 
processes, enlitles, d;lta classes, matrices, interview 
summaries, and problem analysis sh.eets. Tbese note
books are particularly handy when lhe team memben 
are worldng in differenl places, as during interviewing. 

Establlsh Admlnlstrative Support · · 

Typing and general administrative suppon (mainly 
copying) wil1 be requircd by thc study team and should 
be eslimatcd and organized beforc lhe study. Tbe 
lypist should have a<;cess lo a typewritcr wilh a memory 
device because of the number of corrections lo such 
items as lhe descriplions of business proccsses and of 
data classcs. lf lhe formal of thc final repon is noi 
established early, lhe memory device wil1 aid thc lypist 
In retyping in lhc formal and type stylc rcquircd. 

Adminislrative activities are usually concenlraled 
toward the lattcr part of the study and wiU include 
exccutive discussion summaries, work plans, status 
repons, resuiiJ of analyses, chans and matrices, final 
repon, confirmation of interviews, and the generating 
of the fmal presentation materials. 

Since the BSP melhodology develops information on 
many subjcciJ tbat are interrclated (for cumple, 
objectives, critica! success factors, processes, problems, 
organizalion, data classes, subsystems), the team may 
wish to consider the use of an automation tool such as a 
data dictionary. The advantages of using the tBM Data 
Dictionary are covered in Appendix L and in the tBM 
Los Angeles Scientific Center Repon, G320.2705, dated 
July 1980 .. 

Revfew Status with the Sponsor 

Before conducting lhe cxeculivc briefing, gathering of 
data, and scheduling of the executive interviews, all 
plans sbould be rcvicwcd with the sponsor. Any issucs 
lhat may bavc arisco during lhc preparalion should be 
resolved during Ibis lime. ltems to be rcvicwed with 
lhe cxecutivc sponsor are: 

• Study work plan wilh cmpbasis on dates 10 elimi
natc conflict wilh other major company aclivities 

• Planncd participation by thc sponsor in starting thc 
study (a general list of topics for bis discussion with 
lhc tcam should have beco previously prepared and 
reviewed wilh him atlhis lime) 

• List of execulive intervicwces including a tentativc 
intcrvicw date for lhc sponsor 

• Study objcctives 

• FaciJ 10 be galhercd 

• Thc approval process so lhat il can be determincd 
wbat fono lhe presentation wil1 take, wbo it will 
bavc to be prescnted to, and in what sequence in 
order lo gain approval · 

• Oulline of lhc fmal repon 

• Oullinc of lhe executivc orientation 

Prepare for Starting the Study 

Up untillhis lime, many of thc activities had beco done 
by the individual team memben or had not demandcd 
thc prcscnce of cveryonc. At thc stan of the study, all 
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team me m bers inust be present whenever lhe team is 
meeting, In preparing lo starlthe study, recheck lo 
ensure that the sponsor is ready lo presentlús overview 
of the business, see tbatlhe material is ready for review 
by the team leader, and ascerlain lhattbe informatioo 
system director is ready to present a profile of present 
data processing. lf aU of lhe actlvities listed in tlús and 
lhe preceding chapter bave beeo strictly adhered to, 
lheo lhe team sbould be weU prepared ron successful 
study. · 

' . :: :~.:¡ .. 



Cbapter S. Review tbe Business Environment and Objectives 

Conducting the start-up meeting is the fii'SI major 
activity in the formal ~lecution of a BSP st.udy. 11 is the 
start of fuU-time activities by the team; until now the 
team haS meta few times to prepare·for the study but 
has probably not worked continuaUy as a team. This, 
and the next five major activities (sce Chapters 6 to 10) 
are all aimed at understanding the business require
ments and data processing support as they exlst 
today as weU as the business requirements for the. 
future. 

The primary purpose O( the Slart-up meeting is lO 
review the business and the data processing support. 
This can be accomplished through three prescntatlons. 
The executive sponsor should presentthe status or the 
business and his views or the future or the business 
unit. The team leader then provides more detail by . 
discussing the materialthat has been gathered and his 
views of the business. The director or lnformation 
Systems gives a review of the data processing support. 
Thcse tbree presentations and the review of the study 
work plan are covered In the foUowing paragraphs. 

Obtaln the Sponsor's Vlew 

"ibe executive sponsor gives the flrst overvlew to the 
team. Hls presentation gives the team a base and 
direction for many o( the succeeding activities. He 
should cover the foUowing topics: 

o 

o 

o 

o 

o 

o 

o 

o 

lndustry trends 

Major strategies of the business 

Actlvlties that are critical to the success of the 
business 

Key measurements 

Dlrection of the business in the future 

Major problems or inbibitors today and In the 
foreseeable future 

How better lnformation can help the business 
succeed 

Wbat output (results) does he expect from the BsP 
·study 

Since the executive sponsor is one o( the last people 
interviewed, this presentation aUows the team to 
understand his vie.ws as an aid to lntervlewing the other 

executives. Thc tcam can then check othcr vicws o'r thc 
business with those of the cxecutive ~ponsor in the 
formal interview. In essence, his is thc first and last of 
the executive perspectivcs gained by the team. 

ReYiew the Busine~ FaclS 

· The team leader should be prepared to present the 
business-related facts gathered during the study prepa
ration phase. This information should serve lo broaden 
lhe business perspective of the team. While time wiU 
not permit aU the material to be reviewed in detail, each 
item should be discussed as to content and importani:e. 
This wiU give the team an awareness of what informa
don is available to them. To facilitate recovery from 
.the study éonuol file, each item may be coded and a list 
may be givcn to each team member. 

Sorne of the material wiU be used frequen!ly throughout 
the study. During preparation for the study, much or 
this material wiU have been charted and put on the waU 
of thc conuol room. The team leader may also elect to 
distribute selccted handouts to each team member for 
review and/ or research. AU presentation material, 
including detailed backup, should remain in the control 
room for continucd reference. 

ReYiew the Inf ormation Systems FaclS 

The director of information systems should prescnt a 
summary o( the information systems facts gathered 
during preparation for the study. 11 should be directed 
toward helping the study team understand the support 
thal information system provides the enterprise. 

Thc major projects instaUed and being developed · 
should be discussed with thc study'team, as weU as thc 
appUcations that are being developed and used, that is: . 
batch, conversational modc, and data base technology. 
The discussion should includc whether lhese projects ·· 
ha ve mel or wiU mee! their .objcctives. 

Another arca that should be discussed is the informa
tion systems inteñace with its users, thc responsibility · 
and Jnvolvement thc user has in thc development and' · 
justification of applications, and who has responsibility 
for data within the conipany. 

A copy of thc presentation should be m a de a vailable to · 
each of the tcam members as it wiU help them in 
intervlewing, in developing findings, and in di-awing 
conclusions and recommendations. 
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The foUowing might be used as an outline for presenta
tion of the lnformation systems function: 

• 

• 

• 

• 

Missíon and objectives 

Hlstory and background o( data processing 

Organlzation of the iu[ormation systems function 

Overview oC major appUcations systems instaUed 
and planned 

• Present distribution of data processlng and data 
ownership 

• Functions now available to usen (for example, APL, 
query, text processlng, and other applications) 

• Relationshlp with usen 

• Project approval process 

• Key problems and chaUenges 

¡'•,. 

' 
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Revlew the Study Work Plan 

u the work planwas not developed by the whole team, 
the team Jeader reviews both the plan and the Gantt 
chart developed during the study preparation phase. 
· The work plan is used as a polnt of departure for 
· discussing a!ld completlng: 

• 
• 
• 

Major events; major output, and schedules 
Individual assignments 
Project control 

1bis revlew can a1so serve as an opportunity to discuss 
administrative details such as secretaria) support, 
handling o( phone messages, working hours. office 
security, expense charge numben, and the like. 

.. ~ 



Cbapter 6. Defining Business Processes 

Business prcx:esses are defined as groups oflogica//y 
rela¡,d decisions and actMt~s m¡uired lo manage tire 
resources ofthe business. They are studied and 
identified without regard 10 the organization responsi
ble for them. The reason for defining the processes is 
thal dolng so will provide or lead lo: 

• lnfonnallon systems lhat are latgely independent of 
or¡¡anizational changes · 

• An understanding of how lhe business accomptish
es its overall missions and ~bjecllves 

• A basis for defming requircd information arclútcc
lure, determining its scope, making il modular, and 

· setting priorities for its developmenl 

·• A basis for defining key data rcquircments 

LisiS of processcs, along wilh some sa,¡nple descriplions 
from both lhe ·pubUc and prívate sectors, may be found 
in Appendixes C, D, and E. 

Prerequlsltes to Deflnlng Processes 

The foUowing points are parllcularly relevan! lO 
d~veloping good prcx:ess definltions: 

• AU members musl be present and parllcipate 
throughout lhe exercise and lhere should be general 
agreement on lhe expected. outpul before lhe 
exercise begins. 

• Note-.takers sbould be designaled right from lho 
beglnning so lhat decisions and deflnillons of 
prcx:esses wiU nol be forgotten or misunderstood 
later. · 

• The team musl understand lhe concept of resources 
and lheir life cycle and must idenlify lhe key 
product(s) and/ or service(s). 

Product and Resource Llte Cycle 

A four-stage life cycle of lhe product/service and of 
eacb of lhc supporting resources is used to logically 
idenlify and group lhe processcs. The life cyclc nor
mally uscd is: 

• Stage 1 - Requirements, planning, measurement 
and control 

• Stage 2 -. Acquisilion or implementallon 

• Stage 3 - Stewardsbip 
• Stage 4 - Retirement or disposition 

. A deScription of eacb of lhe life cycle stages foUows: 

l. RequiretMnU - activities lhat determine how much 
of the productor resource is requircd, the plan for 
getting it, and measurement and control against lhe 
plan. 

2. Acquisition - aclivilies j!crformed lo develop a 
product or servicc or to gel the resources lhat are 
going 10 be used in its dcvelopmenL In manufac
turing lhis.would include procurement and fabrica
tion; in personnel, the biring or transfer of people; 
in educalion, lhe development of a currículum and 
tho ensoUment of students. 

3. Stewartbhip - activities lo fono, rcfme, modify or 
maintain lhe supporting rcsourccs and lo store or 
track the product/servicc; In lhe insurance indus
try lhis could be poUcy maintenance, premium 
notices and dividend statements; in the distribution 
industry it could includo inventory control and 
warebousing. 

4. RetiretMnt - !hose activities and decisions lhat 
termínate lhe rcsponsibility of an organization for a 
product or servicc or signa! the end use of a re
sourcc. Tbis might include the seUing ofspace on 
an airline, lhe discbarge or rctiring of an employcc, 
the scrapping or scUing of a capital asset, or lhe 
discontinuancc of a scrvicc by a government 
agency. 

' The life cycle serves as a velúcle for structured, logical, 
comprebensive idenlification of the processcs by the 
team.' 

Baslc Steps In Defudug Processes 

An overview of process idenlification ls provided by 
Figure 11. Taking the product/ service and eacb of tbc . 
support resourccs througb their life cycle provides a 
definltion of tbeir respective business procc~. 
Because strategic planning and somo 'managemcot 
control are not solely product or resource oricnted, they 
must be considered separately to cnsure lhat aJJ proc
esscs of the organization are idenlificd. Two cxamples 
of prcx:esses lhat involve aJJ enterprise 
products/services and resourccs are determine carpo
rote strategy and formulate resource policy. 

Cbaptcr 6. lleflnins Bwiness Proccucs l9 



After the product and eacb of tbe supponing resources 
bave been taken tbrougb their respective four-stage life 
c:ycles and tbe proc:esses bave been ldentlfied, it is no 
ionger nec:essary to retain tbe proc:ess/stage relation
ship for proc:ess deflnitlon, but it wili be beipful later in 
deflning tbe information architecture. Sinc:e tbe life 
cyclc is an artificial means for directlng tbe tcam's 
thinking, very littlc time sbould be spent deciding in 
wbicb stage.a given proc:e!jli appears. Tbe recording of 
the proc:ess is more ~ponant Iban the stage is appears 
in. 

Tbe measurement and control proc:esses identlfied 
under the requirements stage wi1i contain both manage
ment control and operatlonal control proc:esses. Tbesc 
requirement proc:esses sbould be compared to tbe ' 
managemcnt control proc:esses identified flrst and any · 
redundancies sbould be ellminated. 

When identlfying tbe proc:esses, tbe tcam sbould use a 
verb/ object form for tbe proc:ess name. For exampie, 
ratber tban calling a proc:ess engineering, tbe proc:ess 
sbould be called engineer product. Tbis verb/object 
forms belps eliminate confusion between tbe proc:ess 
and an orgailizational unit. · 

ldontlfy 
product/Mrvic:e 
and supponing 
re50urcn 

~ 
ldentify 
plannlng 
and control 
proceues 

~-
ldentify 
product/tervice 
and rnource 
po'DCe1181 

¿ 
Group/aptit 
procenea 

~ 
Wrlta 
dn<rlptlon 
of tach proCON 

! 
Relate 
proc::eun to 
orgeniulion 

· f'l¡¡wo JI. Doflaldoa ol- pop¡roce-

JO 

JdendfrProdud/Servit2 111111 Supponlng Re
source.s of the Organiz.otion 

For purposes of Ibis exercise it is 'assumed tbat tbere is 
one major product group ~r tbat tbe products are 
managed tbrougb similar business ¡;roc:esses. In tbe case 
of tbe public sector and some servic:e organizations, _lt 
wi1i belp to go back to the goals to best speci!y tbe 
product or servic:e. For exampie, one migbt think tbat 
tbe product of a bealtb insurance organization would be 
its policies, but ati examination of its goals migbt show 
tbe products to be ( 1) service to tbe subscriber and (2) 
payment to tbe provider;ln like manner, an examlna
tion of the goals migbt keep one from assuming that tbe 
curriculwn is tbe major product of a university. 

If tbere are two or more groups or families of products 
and services, tben eacb group or family sbould be taken 
tbrougb the identi!ication analysis. ' 

In addition to tbe produc:t/service, tbe suppon re
sources also need to be identifJCd. A resource is best 
described as that wbicb a business consumes or uses in 
meeting its goals. Tbere are four basic resources tbat we 
deal witb: 

• 
• 
• 
• 

Materials 
Money 
Facilitles/equipment 
Personnel • 

Altbougb tbe use of tbese four sbould be adequate, 
some organizations may find lt appropriate to break 
tbem down furtber. For example, a university may 
cboose to divide personnei into faculty and administra· 
tive personnel; a manufacturer may cboose to divide 
facilities/equipment into buildings and production 
equipment. Such divisions can be useful i! the team 
feeis that the management of these resources is handied 
di!ferently by the organization. ' 

Jdentify the Procmn of Strritegic PIIUIIllng 
111111 M111111gement Control 

With the preparatory work tbat was done in _coUe•:ting · · 
the information on pianning, critlcalsuccess factou and 
their measurement, and sampies of tbe organizatlnn'a 
plans, it shouid not be difCicult to identify the prO<·esscs 
involved. They wili normally be grouped into ltralegic 
pianning and management conuol. Strategic planning 
may be referred toas the long-range plan. the se ven· 
year plan, or the development plan. Managrment 
control may be referred to u tbe operaling plan, the 
management pian, the resourcc plan. and aomrtimes the 
conuact plan. In iomc: companies tbe budgel may scrye 



as a major too! for management planning and control. 
Examplca of plannlns and control processes are sbown 
In Figure 12. 

Strateglc Plannlng Managomont Control 

Forecast oconomv Forocast produi:t 

Devolop organlzatlon plan Plan worklng capital 

Plan dlvesturetlacqulsltlons Plan stafflavels 

Develop organlzatlon goals Devalop operetlonal plan 
and obfectlves 

Develop budgot 
Determine product llne .. 

Measure and ravlew 
performance 

F1¡ureiZ ........... IDCICGIIIrulpr 11 

For a detailed discussion of tbe tbeory of slrategic 
planning and management control tbe reader may wlsh 
to refer to Robert N. Antbony's book entiUed Plannlng 
and CanlrOI Systewu: A FrotMWOrk far Analysú. ' 

J.dentify the Product/St!111ice and Resource 
PNcesm 

Tbe general. approacb in identifylng processes· is to take 
eacb product/service and support resource tbrougb tbe 
lite cycle, startlng witb tbe reqUJrements stage and 
worldng tbrougb tbe succeedlng stages. Altbougb tbere 
is no prescribed number of processes· in eacb of tbe 
stages, most studies result in 30-60 processes for tbe 

organization being studied. Tbe team sbould tend to 
identify more processes Iban necessary, witb tbe idea of 
grouping tbem later as necessary. 

Witb tbe en tire team wm'ldng togetber, it is belpful to 
draw a large matrix witb tbe product/service and 
support resources listed across tbe top and tbe stages of 
tbe Uf e cycle down tbe vertical axis. Tbere is no seatt 
formula for Ibis identifylng of business processes, so 
one should not be surprised if tbe fust attempt resulta in 
many more processes Iban ase needed and a great 
inconsistency in tbe levels. Do not let Ibis deter you; it 
will be corrected during tbe grouplng/spliltingof' 
processes step. · 

lt is very impórtant tbat every team member participate 
at all times, since business processes are tbe basis for 
virtually everytbing tbat foUows in tbe BSP study. 
Getting started is fas more importan! Iban any tbeoreti
cal discussions on tbe defmition of a process group ora 
process, logic, theory, or otber diversions. 

Figure 13 is an example tbat migbt result from perform
ing Ibis analysis witb a manufacturer. 

Group/Split 1M l'rocases 

Tbe processes ha ve been identified by considering what 
processes ase required for slrategic planning and 
management control, product/service, and tbe support 
resources. Tbere may be a need to group or splil some 
of tbese processes to: 

Produ•tiSordc:o S..pportlng R--
Men'IAPJ*WI RIW Meterills l Feciliríet C.th Personnel 

Requiremen11 EIIAblith Bulineu Oiroction 
Comply with Legal Roquirementt 

ForeoanProd""' Plan S.UONI Producdon Determine and Determine 
Requlremena Determine Control Pononnol 

Anelyze Mlt'ketplace Fac:ilittn and Fin.leill Requu..ntntl 

Oesign Produc:t Equipment Requiremenn 

Requlrom~:ntt 

Acqulslllon Schedule and Purchuo Raw Acqulro Monegoc.th Hiro 
Control Materials . flcllitleund Roceipts Por-
Productlon Equlpment 

S-.blllp Control Produ<t Control Raw Malntain Determine Mon.,. 
inYIJl!Ory Materiels Equipmont Product P-· 
Ship Product lnventory Mon.,. Profi~ility 

Facilities .M-
Accoolnu 

Oilpolidon Advertlse and Schedule lnd Dbpo• of ManegeCalh T•min~te 
Promott Produc:t Control focllltle .. nd Disbur.ments p ........ 

Mlr\tot Product Production Equlpment 

Entor end Control 
Customer Order 

Fl¡¡uro 13. Sample procealdeniiRcallon Cor a IIWl~flduror 
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• 

Reduce inconslstencies in level. lf, for example~ a 
manufacturing firm·has idenlified a process. called 
prOduce the product and also one called ad_mini.rter 
health benefiu, Ibis would indicate a difference in 
leve l. The produce-tbe-product" process sbould be 
broken down into severa) processes and/ or tbe 
administer-bcaltb-benefits process sbould be 
grouped with otber pcrsot¡nel processes to bring 
tbese processes to tbe· S\Uile level. 

Combine tbe p~sses where commonalities occur. 
As an example, purchasing may have becn ldenti
fied as a process in tbe acqulsition stage, not only 
for tbe product but also for materlals and facilities. 
Assuming tbe processes are similar, tbese should be 
combined into one process. As tbe process were 
grouped during the requirements stage; tbere may 
bave appcared processes entitled manpower load
ing, develop workflow plan, and schedule supply 
materials. These tbree might be grouped witb tbe 
management control process of dnelop ope~aJionJJI 
plan. 

Wrlte a De.scrlption of Each Prou.u 

A member of tbe team should bave becn making notes 
on tbe decisions and activities associated witb each of 
tbe processes as tbey were defined by tbe group. 
Altbough this is a laboi:ious task, it is absolutely 
mandatory if tbe process descriptions are going to 
reflect tbe knowledge of the team and tbe amouilt of 
time tbat has becn spcnt in defining tbem. The descrip
tions may·be eitber in list or narrative form. 

The·following are examples of process descriptions 
(filrtber descriptions may be found in Appendix E): 

P/1111 prodiiCiiott - The activity of planning for and 
coordinating materials, personnel, and m•chines in 
order to produce tbe finished products needed to meet 
forecasted requircments. Included in this process are 
tbe activities of: 
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• Capacilies and capabililies plannitJg - tbe balanc
ing of production need witb ability 

• Scheduling - tbe scheduling of labor and material 
needs to meet production and sbipping req~e- · 
ments; also, tbe scheduling and balancing of tbe 
product m1x 

• MaJeriDI requiremenu - tbe calculation ol raw 
material needs to meet a schedule, recognizing 
optimum inventory levels, cconomic ordet quanti· 
ties, substitutions, and related information 

• Co.sting - establishing standard raw material costs 
and product costs on tbe basis of tbese and otber 

· manufacturing and administrative cost facton 

Purdflzse """ IIIIIILIWb - The activities or acquiring. 
materials, machinery, and supplies of specified quality 
on a timely hasis at tbe best price. Included in Ibis 
process are tbe activities of: 

• Supp/ier eWJIUaJion and se/eclion - tbe searcbing 
for, evaluation of, and selection of supplien who 
meet requirements for materials, packaging, equip
ment, and delivery at compctitive prices (includes 
intemal liearch) 

• Order p/acemeni and follow-up - tbe actual 
placing of purcbase orden witb approvCd supplien 
for quantities of raw materials as specified (may 
include raw material routing) by production pian
ning, or for equipment acquisitions approved by 
management (includes release of customer
purchased materials) 

• ReceipU and inspeCiion - tbe receiving or retum
ing of purcbased materials, macbinery, and sup
plies, verifying quantity and quality, and doeument
ing tbe activities 

'"· ·, 



·Relate the Bmine.u Proce.ues to the 
Organ/Ziltion 

Once the business processes are agreed upon and 
described, they can be related to the organizational 
structure of the business lo help the study team identlfy 
any.additional people that should be lnterviewed and lo 
further clarify their undentandlng of the business 
processes. Some teams may wish to complete this 
matrix befare completing the prix:ess descriptions. · 
Relating tlle organizatiÓn to. the processes a1so helps the 
team determine the informatlon needed from the 
interviews, such as veriflcation of executive lnvolve
ment In the proceases. 

To relate the business processes lo the organiZatlonal 
structure of the business, the team develops a 
process/organizatlon matrix. Easentially, this ls.a 
graphic representation of one · aspect of the manage
ment system of the organizatlon because lt illustrates 
wbo malees the declsion !n eacb of the processes. 

To prepare the process/organizatlon ~trix. the study 
team uses the business processes already identified. 
Uslng their knowledge and perspectlve of tbe business 
and the organlzation cbarts from thc study preparation · 
pbase, the team members identlfy the organizatlonal 
units involved in tbe processes. To slmplüy this task, 
tbe following mM forms are available: BSP Matrix 
Form, Large Grid (GX20-2HO) and BSP Matrix Form, 
Small Grid (GX20-2Hl). 

Slnce the BSP study ls lntended to provide a broad 
overview of the business, not every organlzational unit 
1s identlfied. Furthermore, common similar organiza
tions can sometlmes be represented as one organiza
tional unit. For example, 100 sales offi.ces may be 
Usted as a single unit. Where feasible, plants and 
laboratories sbould also be grouped into units. ·one
unit representation iil also generally appropriate wben 
organizatioós of diff erent seo pes are doing tbe same 
job. For example, a financial planning organization 
may bave three departrnents, eacb focuslng on separate 
divisions. Tbe mlssion of all three is still flnancial 
planning, and tbey can be. represented by one organiza
tiorial unit Tbe process/ organization matrix is illus-
trated In Hgure 14. · · 

Once tbe proceases and organizatlonal units are ar
ranged on the matrix, tbe study team completes the 

matrix by lndicating tbe degree to whicb cach organiza
tinnal unit is involved in tbe processes. Tbe following 
symbols are used in Figure 14 lo indicate tbe dcgree of 
lnvolvement: 

181 Major responsibility and dcclsion maker 
181 Major involvement In tbe process 
1Zl Some lnvolvement in tbe proccss 

Tbe above deflnitlons define the levels of decision 
making within the organization. U tbese definitions are 
not suitable, tbe team sbould customize tbem. 

Sucb indicalors do not describe tbe actual responsibili
ties of each of the organization units but serve only as a 
guide to assigned responsibility for and involvement In 
a process. Some businesses bave found this ma'trix to 
be valuable after tbe study as an lndex to a manage
ment system· manual, In whicb tbey develop responsibil
ity and actlvity statements for eacb of tbe 
process/ organization lntersects. 

Tbe process/organizatlon matrix belps tbe study 'team 
validate tbe Ust of lndividuals to be interviewed and 
determine tbe questions to be asked of tbe lndiYlduals 
responsible for the processes. To authenticate tbe 
matrix, eacll person interviewed by tbe team sllouid be 
asted lo confirm or correct the portion of tbc matrix 
showing bis responsibility or lnvolvemcnt. 

Tbe process/ organlzatioo matrix somctlmes wi11 sbo\\1 
overlapping responsibility aod decis.ioo-making authori
ty for a process or a lack of decisioo-making respoosi-

. bility for a process where it normally wouid be appro
priate. Such potential problem arcas are clarified latcr 
during the e:i:ecutive lnterviews. 

Results (Output) and Their Uses 

Tbe output to be expected from defming tbe business 
processes consists of: · 

l. A list of processes 

2. A dcscription of eacb of the processes 

3. A process versus organizatioo matrix. 

4. Team understandlng of how the organlzatioo undcr 
study operates and is managed and controllcd 

Olap¡cr 6. Deflllin¡¡ BwiJlCSI Proccssa 33 
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As meotiooed earlier, business proccsscs serve as the 
base for most of tbe activitics that foUow. 1bc ultimate 
use of the business proccsscs is to ideotify opportunities 
aod requiremeots for ·the use of informatioo systems to 
support the business. That is alsó ooe of the basic goals 
of the BSP study. 

ExpaDSioas and Variadoas In Approach 

Although foUowiog the.abovc procedure should result 
in weU-defined processes aod supportiog material, othcr 
consideratioos aod variations are wortb meotiooiog. 

· The more salieot of tbese are covered in the remaioder 
of this chapter. 

Develop/AM/yu Prodlld and/or Tl'tiJUildion 
Rowduuá · . · 

A Oowchart of the product/ service proccsses (see 
Figure 1 S) serves severa! purposes: 

• lt helps in verifyiog that aU the proccsses bave beco 
ideotified. 

• lt helps in detenniniog lf tbe team reaUy uoder
stands the business proccsscs associated with thc 
product/service. · 

--
---· 

• lt serves as a model for the subsequeot defJDition of 
the ioformatioo arcbitecture. 

• 1t helps in identifying the proccsses involvcd in 
maoagiog the supportiog resources. 

Eveo thougb thc team memben were selected becausc 
or their koowledge of the eotire business uoit, thcre 
may be gaps in that coverage. U so, the team sbould 
gel outside help wbere oecessary f or a thorougb 
uodentaodiog of the proccsscs. 

AlteT71Dte Meihodr in ldentif~ng Busine.a 
Proamn 

Predefined cbecklists of proccsses may be used for the 
business being studied. These may be fouod in Appco
dixes C, D, E, other BSP studies, trade publications, or 
IBM industry publications sucb as tbose for tbe Con
sumer Based loformatioo System ( CBIS) or tbe Commu
oications Orieoted Production ioformation aod Control 
System (COPICS). U this metbod is used, care sbould be 
exercised so that tbe proccsses are weU uoderstood by 
aU tbe team members and represen! tbe activities aod 
decisions of tbc business beiog studicd. 

------------------------------------TIME----------------------------------· 
flaqre 15. Eumple or lbellow or. 'procluct/iomc:e tluoo¡b ··-

Chapter 6. Dcfllling Bwinesl PTO<CUCI lS 



Cbapter 7o Deflning Buslness.Data (Business Entides and Data Classes) 

Once tbe business proceases bave been ldenllfled, tbe 
nextstep lB to ldentlfy and define business enlllles, data. 
cl81&es, and tbelr relallonablps. 1 

A bw/111111 •nt/1)1 lB sometb,lns of 18111n&lntereatl0 tbe 
enterprlse - sometblnB atlout wblcb data can be stored 
and whlch can be unlquely ldenllfled. Business enllllea 
are what lbe enlerprlse manases and lbey serve 81 a 
basls for ldentlfylnslhe data needs of tbe enterprlae. In 
addltlon, business enlltles provlde a foundallon for tbe 
deflnltlon of tbe enterprlse'slnformatlon 11/Chltecture. 
Thls archllecture, whlch normally la developed foUow· 
In& lb e BSP study, wW provlde the suidance neceuary 
for onsolns data base deslsn. Tberefore, tbe ldenliflca· 

1 
tlon of entllles and tbe def1n11lon of tbose enlllles are a 
valuable outpul of tbe BSP study. 

A data cla.u lB a loglcal grouplng of data relaled lo 
tblngs (or entllles) tbat are algnl(lcantlo tbe organiza· 
llon. Such grouplns permita a lons·range lnformatlon 
archltecture to be ldenllfied. Tbe data clasaes ahould 
represen! data Iba! must be avaUable for buslneu 
activilles and declsion maklng. Tbey sbould MI 
represen! a particular format (e.g., repon or display) of 
how tbe data lB currently belng used, BiDce tb1s would 
conruse tbe exlsting implementallon wltb tbe data ltself. 

Data cl81&eS are ldentiried ID order to: 

o Determine data sbaring requirementa across 
processes. 

o Determine data tbat 1s necessary but eltber wiavall
able or insufficient for busioess use. 

o Establisb the groundwork for data poliey formula· 
tion (including data integrity responsibility). 

To enable assignment of responsibility for data integri
ty, data classes must be defmed so tbat tbere is one and 
only one process tbat creatcs each data class. 

The BSP study should include all required data. Curren!· 
Jy, some of it may be auiOmated, some may be proc
essed by manual systems, and some may not be rccord
ed at aU. Furtber BSP analysis (particularly exccutlve 
interviewing) will enable tbe team 10 determine wbicb 
data classes need to be enhanced (or upgraded) to 

· lmprove business decisions. 

The study team sbould defme eacb data cJaSs identlfied. 
The definitlons should be in complete sentences, witb 

· enougb detall 10 differentiate clearly one data class 
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from anolber. In most cales, tbe study team wiU 
ldenllfy 30 10 60 data clwea. 

Once buslneu enlllles are ldentified, each busloeu 
procesa 1.1 eWIIlaed for data tbat tbe busioe81 prOCOSI 
uses and creates. Th1s data lB tben IIIIOCiated witb tbe 
entltytbat lt describes. Data clauea are tben ldcnllfied 
by grouplng data ID aucb a way tbat one and ouly one 
proceu creates eacb klnd ol data..FinaUy, tbe def1n1· 
tlons for eacb data class can be wrltten. Data claia and 
busineu enllty cumples can be found in Appendll E; 

In summary, tbe del1n111on of data ci881111Bkea four 
steps, 81 loUowa: 

l. ldenllfy and define buslneu entllles 

2. Determine data usage and creatlon for each prOCOSI 

3. ldenllfy data claues 

4. Define data classes 

Tbe balaDce of tb1s chapter coven tbese steps In detall. 

ldeotlfy and l>efloe Busloess Eoddes 

A business entlty is •omething' of lasting intcrest to an 
organization - sometblng tbat an organizatlon wisbes 
to keep data about. Entltics may be intemal or extemal 
to an organizatioil, and can be categorized as one of tbe 
foUowing: penan, place, tblng, concept, or event. An ' 
organlzatlon must be able to identiry eacb occurrence 
of an entlty uniquely. Therefore, eacb entity sbould 
ha ve a unique identifter associated wltb it. For example, 
tbe unique ideotirier for tbe employce entlty could be 
employce number. 

The BSP tcam can use tbe above categories of entitles to 
help structure tbeir entlty discussions. ·A parUallist of 
entlties for a manufacturing company tiligbt include: 

o P~n; employec, customer, supplier 

o PIDa: retall store, warebouse, plant 

• Thing: equipment, part, product 

o Concept; job, legal requiremeoll, organizatlonal 
unit 

o Event: pur~ order, shipment, customer order 



Alter identifying an initial set of entities, the team 
should review the list and combine and/or split entities 
as necessary to arrive at a useful number of entitles
comprebensive enough to cover the scope of the study 
and roughly equivalen! in leve! of importance. Eacb 
entity should be carefully defined in detailed and 
complete sentences. 

Determine Data l!sage and Creaüon for EaCh 

Process 

The second step in data class definitlon is to ldentlfy 
what data must be available and what data is created by 
each business process. To do Ibis, a data usage analysis 
sheet is completed for each procesa (see Figure 16). 
The BSP team must identify, for each procesa, the types 
of data that are used to perform the procesa and the 
types of ~ta that the procesa generates. Each type of · 
data identified is matched to the entlty it describes. 

At least two advantages are gained by first identlfying 
· wbat data is needed and then relating that lo an eritity. 

First, the exercise forces a clarification or business 
entities - omissions and inconsistcncies becoming 
readily apparent. Second, when all usage analyses are 
complete, the relationships between processes and data 
about entlties wiU have been established. 

Identify Data Ciasses 

This knowledge of the relationsbip of data to processes 
leads directly to the identification or data classes. 

A data class represents a categ<iry or information about 
an entity. Therefore, an obvious choice of data classes 
would be to assign one category of information to cacb 

· entity. However, in order to be able to manage the 
integrity of data, there must be no more rhan one 

· so urce for its creation- one so urce that wiU be beld 
accountable for its accuracy, currency, etc. Thus, data 
about each entity is broken into multiple data classes 
wbenever multiple processes create different data about 
the same entity. Typically, a BSP study wiU define 30-60 
data classes. 

Looking al the "Data Created" column in data usage 
analysis, it rs possible to identify entities for wbich there 
must be more Iban one data class. For example, since 
tbe analyses in Figure 16 show three different prOCesses 
creating three different kinds of information about 
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employees, there should be three data classes associated 
with the employee entity: Employee Requirements, 
Employee Description, and Employee Status. In the 
same cumple, only one procesa creates any data about 
the entity "job;" therefore, only onc data class needs to 
be associated with "job." Eacb businesS entiry must 
bave at lcast one data class associated with iL Con
versely, each data class can be associated with only one 
entity. 

Sometimes it will appear that two processes are crcating 
the same data about an entity, making it impossiblc to. 

Chapl<r 7. Dc:flnina Bwinaa Dala (Business Entitic:s and Data Clwes) )7 



define two separate, distinct data classes. In such cases, 
one of the foUowing inrategies should be used: 

• Recognize that the same data eould be describing 
two different entlties. For example, the equipment 
entity may reaUy be two entities: production 
eqÚipment and trans)lPrtalion equipment. Status 
data about each of these entities would most likely 
be created by different processes. If a new entity is 
discovered, it should be named, added to the Jist of 
entities, and defined. Appropriate data classes 
should then be created for it. 

• Factor the processes. Separate that part of the 
dlfferent processes that creates the same data. In a 
BSP study for a petroleum compant, three processes 
created purchase orders: engineering, production, 
and productlon equipment maintenance. To resolve 
Ibis problem, the purchase-ordér creating part of 
each process was factored to form a new process 
caUed purchaSing. 

38 

• Combine processes into one process. If the process
es are performed in succession, it migbt mate sense 
to combine them into asingle process. · 

Associating responsibility for data integrity with a 
particular process is reaUy the first step in establishing 
an organizational data policy. The anal y ses done at Ibis 
point also serve to refme the definitions of both 
processe¡¡ and entities, and wiU prove helpfullater in. 
establisbing data dependencies. 

Defme Data Classes 

As a final step, each data class should be defined iD 
complete sentences (see Appendix E). Tbe definition 
should include a description of tbe type of data includ
ed in tbe data class and some specific examples tbereof. 



Chapter 8. Defining Information Architecture 

Alter data classes bave been identified, the relation- · 
ships between data classes and business processes must 
be establisbed. Thls is done to ensure tbat: 

• 

• 

AU needed data classes (and processes) bave been 
identifled. 

One and only one prbcess creates eacb data class. 

Tbe tool uaed to estabJisb procesa/ data clasS relation
sbips is the informa/Ion archltecture or procesa/data 
class matrix (see Figure 17). Tbe steps for creatlng this 
matrix are: 

l. List the processes down the vertical uis. Begln 
with the processes of strategic planning and man· 
agement control; tben list the processes associated 
with product/service In Ufe-cycle sequence; and, 
flnally, list the processes for managlng the suppon
lng resources. 

2. List tbe data classes across the horizontal axis. 
Begln witb the first process and list the data classes 
"created" by tbis process (put a "C" at the lnter
section of the appropriate p~ocess row and data 
class column). Contlnue until all data classes are 
listed. Where possible, group data classes by 
business entity, but ensure that the sequence of 
data creation prevails (Ibis is imponant). For 
example, In Figure 17, notice that employee re
quirements and other employee data classes are not 
grouped because of creation sequence. Figure 18 
reveals that !bese data classes are actually part of 
düferent data grouplngs, controUed by düferent 
lnfonnation systems supponlng different areas of 
tbe business (proce5ses). 

Nor.: Make sure "C" (create) is defmed ·correctly. 
It sbould mean tbat the identified procesa is the 
best source for ensuring the integrity of the data 
class. 

3. Across tbe row for eacb process, place a "U" in the 
column for eacb data class used by that process. 

4. Verify that all required data classes are present and 
tbat eacb data class has one and only one creatlng 
process. 

Wben completed, tbe process/ data class matrix be~ 
comes an imponant analytical tool ror: 

• Verifying data class identification 

• Communicatlng data sbaring concepts 

• Analyzing data problema 

• Detennining dependencies between applications in 
the arehitecture. · 

Some organizations fmd it useful to represen! the 
infonnation arcbitecture as a flow diagram developed 
from the process/ data class matrix. Such a disgram 
simplifies the overaU picture of required information 
flow in the organization by grouping closely related 
processes and data classes and indicating how data 
flows betwi:en them. In this way, the disgram provides 
a vivid Wustration of the need for sharing data across 
the entire organization. Figure 18 shows an information 
arcbitecture flow diagram develoPed from the matrix in · 
Figure 17. The rest of tbis section explains the interven· 

. ing steps needed to develop this diagram. 

Nor.: The grouping of processes and data classes may 
be a useful vebicle for subdividing tbe post-BSP work. 
lbe implementation team may choose to devclop plans 
to implement applications and data bases for one group 
ata time. 

Developlng the F1ow Dlagram 

An infonnation.architecture flow disgram can be 
developed by foUowing these steps: 

l. Rearrange the axes or the process/ data class matrix 
(if necessary ). 

2. Determine process groups. 

3. Determine data flow between process groups. 

4. Simptify and complete the grapbic. 

.. 
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H'necessary, arrange the processes on the process axis 
such that !hose sharing a Jot of data are·next to each 
other. This is facilitated by Jisting the management 

· control processes first, followed by the remaining 
processes, in Jife-cycle sequence for each product, 
service, and resource. In Figure 17 the first six process
es listed are management control processes. The next 
eight relate to the product and are Jisted in life-cycle 
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sequence: the requirement processes of. "analyze ' 
marketplace" and "design product" are foUowed by the 
acquisition process of "liuy finished goods," the 
stewardship process of "control product inventory;" 
and the disposition processes of "ship product," 
"advertise aod promote product," .. market product.'' 
and "enter and control customer order." Following the 
product-related processes are !hose for raw materials, 
facilities, cash, and personnel, üsted in life-cycle · 
seq uence f or each resource. 
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Rearrange the data class axis so that the data classes 
closest to the process axis ar~ those created by the firat 
process listed, the oéxt closest are created by the 
second process, aod so forth. In Figure 17, the flfSt data 
classes listed- "objectives," "policies aod 
procedures," aod "organi%atioo unit descriptioo" ..._ are 
all created by the first process listed, i.e., "establish 
business directioo." The oext data class listed, "product 
forecasts," is created by the secood process listed, 
"forecast product requiremeots." This arraogemeot of 
·data classe• will cause the C's in the niaírix to appear 
along the diagonal. 

ldendfy Pnu:u Group.~ 

ldentify groups or processes that have similar pattems 
o( data usage. For each group, identify all the data 

classes created by .the processes in that group. In Figure 
19, the maoagement control processes were grouped 
together because they were seen to ha ve similar pat
tems of data usage. The "aoalyze marketplace" 
process was added to this group because it uses some of 
the same data as the maoagement control processes aod 
it creates two of the data classes used by these process
es. The data classes created by this flfSt group are easily 
ideotified because of the sequeoce in whicb the data 
classes are listed. The Jirat 13 data classes are created 
by the processes in the first group aod, as such, are 
associated with Ibis group. 

Determine Data 17ow Between Proces.J GI'OIIJI.f 

ldeotify tbe flow or data between process groups. 
· Wbenever there is data used by a process and that data 
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is created by a process in some other group, draw an 
arrow from the creating group to the using group. In 
Figure 20, the "shipment" data. class is used by the 
"forecast product requirements" process, but it ls 
created by the "shlp product" proccss. Tbia relation
ship requircs that an atTOW be drawn showing fiow 
from the group to which "ship product" belongs to thc 
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group to which "forecast product rcquirements" 
belongs. AU U's outsidc group boundarics represen! the 
need for data fiow. Whcn alJ U's are cxamined and the 
necessary data fiows represcnted, the result will be a 
fiow diagram (Figure 21). 
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For presentátion purposes, lt is usefultn simplify the 
flow diagram. Tbe most common ways tn do Ibis 
simplification are tn: 

• Remove the C's and U's. 

• Use two-way arrows. 

• Move 1be groups of"processes and data classes to 
confonn to the stylized information architecture 
shown In Figure 18. 

Figure 18, which appears near the bcginnlng of Ibis 
chapter, is the result of applying !bese techniques tn 
Figure 21. 
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The completed architecture drawing is a very useful 
management communication tool because: 

• It is the team's recommendation for long-range 
information systems implementations. 

• lt identifies the information systems (!he blocks or 
boxes) thal form the Jong-range plan. 

• It shows the data controlled by each inlormation · 
system (reading vertically). 

• lt shows thc business processes supponed by cach 
information system (reading horizontally). 

• lt shows the now or inlormation bctwccn the 
various inlormation systems (thc Jines and arrows) 
and tbus shows thc now or inlormation through thc 
business itsclf. 



Cbapter 9.' Analyzing Current Systems Support 

Up 10 now; the team bas been developing a new 
perspective of the. b~iness - leaming to look al the 
busin~ in tenns of business processes and the data 
classes nec:essary to peñono them. Now the team must 
develop a fino un~i'standing of how data processing 
currently supports the busiDess, in or!ler to develop 
recommendations for fulure action.· 1bis section 
describes the use of data galhered and presented as part 
of the 1/S review as well as the organization, process, 
and data class infonoation lo develop perspectives on: 

• J/S support of processes. The organizatloo/process 
matri% developed in Chapler 6 is annotated to 
indicate which curren! systems support the businesS 
processes. 

• Usage of currenl data. A data me versus data class 
matrix should be developed lo identify the data 
available in existing applications. These data classes 
should then be relaled to the entities aboul which 
the enlerprise needs lo slore data in order lo 
manage effectively. 

Although the matrices provide an overview of the 
currenl and planned data prOcessing support of the 
business, they cannot indicate presenl problema, lhe 
extenl of support needed, or the value of this support lo 
each of the processes. Such infonoation is obtained 
later during the executive interviews. These matrices, 
logether with .the OUlpUl from lhe exeeutive lnterviews, 
help the sludy team determine the architecture · 
priorities. 

Appendix F contains examples of matrices from other 
. Industries. 

Review 1/S Support of Prcx:esses 

To obtain á business-wide picture of existing and 
planned data processing support, the study team Should 
create a system/ organization matri% (Figure 22) or a 
system/process matri% (Figure 23). These matrices 
ldentify which organizations involved in the processes 
are receiving apptication suppon. 1bis enablcs the 
study team to identify: 

• Processes receiving no curren! systems support 
• Processes recelving systems support in some. 

organizational units, bul not all 
• Potentiiüly redundan! systems 

ldentlfy the Use of Current Data 

The team needs to understand whal portion of the data 
classes is currentJy. automated and which systems utiliie 
which data. The next matri% developed by the study 
team, the presenl system/data class matri% (Figure 24), 
provides this understanding. Th~ systems shown in 
Figure 22 fono the vertical axis of this matri%, while the. 
data classes, grouped by similarity, fono the horizontal. 
An X is placed in each appropriate box lO sbow which 
data classes SUJiporl which systems. 

1bis matri% sheds more lighl on bow much data is 
shared·by various systems. lbis, in lurn. helps·point. 
oullhe need for a data base approach lo provide 

. oonsistency of data. The information gathered here wiiJ 
also be usefullater in developing implementation 
priorities. · . 
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FinJdNd Goods lnwntorv X: ~ X X lX ~ ;>< 
Billt of Mat~rial X IX D< IX LA ~ :>< IX 1)< >< >< IX 
Pam lnventorv ..... ;>< X D< [)< >< > 1 
Pun::hase Order Control ...... _,. 2'1 >< . >< >< 
Routings LX ;>e >< ;>< ~ )" )( X >< X 
Shop Floor Control X ,_,. ,.. /<. ~ IX lX ~ ~ 
Capoclty Plannlng 2S 1?' ~ X IX X 1'>(" 1)< D< .)< X 125, ~ 
Ge!"er•l Ledger 2S ~ 1>< 1/' !)< LX. )< IX 
Ex ponte IX )e 

Product Coning lX ~ D< lX :>:<; 2S X X 
Operati~ Statemontl X >< X lX 
Accountt Roc::eivable :ó X. X .x >< 
Aceountt Payable lX ~ 12< 

o Auet Aecounting >< X [>< 
Marketing Anatysit X X ~ X X 
Payroll X 
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Donlopod Buslneu Problomt ond 
Durlng dota opporwnltia 
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Volidotad, . Probloms o.! ....... p.J... .. 
and/or ond c:ouslng cauaing 
Clorlflod oppor· problom problom 
Durlng lho tunltia 
lntoryl-

During the lnterview, and through an analysis of thc 
organizational responsibWties, the team is able to 
dellneate the problems and opponunities and establish 
the probleui and process/ data claas relationsbips. They 
then extend these to the output shown In Figure 2S a8 
problems, data classes causlng, processes cau8ing, and 
potential benefits of soiYing. 

The tasks to be performed In gettlng ready to interview 
are: 

• Define expected output from lnterviewlng. 
• Confirm the lnterview schedule. 
• 'Piepare. the team leader's letter to lnterviewees. 
• Establish note-taldng procedures. 
• Make charts for lnterviews. 
• Set up the control room for lnterviewlng. 
• Prepare a set of questions. 
• Establish administrativo procedures. 
• Conduct a practice lnterview. 
• Plan coro!lary activities. 

Each of these tasks ls dlscussed In the folloWlng 
sections. 

Uslng the previously deflned objectives of the BSP study 
and the outüne of the final report, the team memben 

- Plannlng molhods 

- Control ,molhods 

- Business resources 

1 ' 

Business ' Entitiea 
process~~ t 

Date ....... 
Organization 
responsibilities 
and infonnation 
requiremena 

Potomlal 
-lits 

·~ of aoMng 
problem 

should llst the output they expect to get from the 
lnterviewlng of executives. For example, they might 
list: 

• Each executive's critical success facton, objectives, 
and bis environmental impacts. · 

• Problems and opportunities identified aloog with 
potential solutions and values. 

• An understandlng of ibe impacts of planned 
cbanges. ' 

• More thoroughly defmed business processes and 
data clasSes. 

• Bctter understandlng of each executive's Informa-· 
tion needs related to data classes. 

• Identification of apparent lnadequacies In p~t 
lnformatioo resource managcmcnt. 

The · team should make a list of lb ese as a point of 
reference for future checkpoints during intervicwlng to 
determine if the required results are belng obtained 
from the lnterviews. · 

1t is importan! to note that later In the BSP process, the 
team will reduce the results of the lnterviews to a set of 
unique lnformation problems, relate !hose problems to 
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areas of tbe lnformation arcbitecture, and tben se
quence tbese problem arcas vla a prioritizaúon process. 
1be prioritizatlon cíiteria should be'well understood so 
tbat during .tbe lnterview ~ team will pay attimtion ID 
gatbering data tbat will prove belpful during_prioritiza· 
tion. See tbe discussion under "Problems" la ter in tbls 
cbapter for some ideas regarding executive value 
judgment as a source or data for prioriúzation. 

Confinn tlrs lnteniew Schedule 

During the BSP study preparaúon, tbe team'ldentified 
tbe executives wbo sbould be interviewed. Now, aided 
by the organization/process matrix; tbe teám can 
confirm its earUer Ust or interviewees and identify any 
otber executives tbat should be included. Two ques-

. tions will aid In tbis contirmation: 

• Wbat speclfic parts of tbe organlzaúon are lnvolved · 
in eacb or tbe processes? 

• Witbln tbe organizaúon, must otber people be 
lnterviewed to adequately determine tbe problems, 
objecúves, and lnformatlon requirements? 

Any addltlonal interviewees sbould be selected judi
ciously to keep tbe nwnbér at a minimum. A declsion 
for additional interviewees sbould be made by tbe 
executive sponsor upon tbe advice of tbe study team. 

After tbe interviewee Ust has been comlrJiled and new 
names added, tbe interview schedule sbould be con
firmed With eacb of the executives. Tbe new candldates 
sbould be briefed prior to tbe interview. 

Prepate tlrs Team Leader'1 ~ to the 
lnttinleweef 

Tbe purpose or tbe team leader's letter is to confirm · tbe 
time and place or tbe interview and to Jet tbe interview

. ee know what to expect. The letter should cover: 

• . Time, place, and expected Jength of tbe interview 
• Objectives of tbe interview 
• Subjects ID be discussed 

Tbe sample letter in Appendil B assumes tbat tbe 
interviewee w&S at tbe executlve orientation, tbat tbe 
interview was previously scbeduled and conflrJiled, and 
tbat tbe sub jects f or discussion were covered in tbe 
executlve orientation. 1be Jetter sbould be sent 
approximately five days before tbe interview to give tbe 
interviewee time for preparation and yet not so far · 
ahead for it ID lose its effectiveness. · 

S2 

E.rtllblúh Note-Toking l'I'OQ!I/ures 

Good note-taking is as Importan! a good dlscussion
leading during an interview. After two or more inter· 
views, it is difficult to remember aU of tbe major points 
and tbe context in wbicb tbey were made. In a teám of 
tbree or four people conductlng an lnterview, at least 
,two of tbem should be responsible for taking notes to 
ensure adequate reconstructlon or tbe issues during tbe 
analysis and documentatlon or tbe lnterview. 

Moke Cluub /01' tite ln~NvieM.Is 

Cbarts in tbe interview room serve many purposes: 

• Relnforce tbe purpose and approach of the study in 
order to prepare tbe interviewee to accept and 
support tbe filial study recommendations. 

• Act as a reference for eitber tbe lnterviewee or tbe 
team ID use during discussion. 

• Expose tbe interviewee to tbe findings and conclu
slons made to date. 

• Act as an outiine to lead tbe iilterviewee tbrougb 
aU or tbe subjects necessary ID get tbe information 
required. 

Most of tbe charis bave been dlscussed in previous 
sectlons of tbis manual. Many of tbem were developed 
r or tbe start of tbe study, wbile otbers, sucb as tbe 
business processes, tbe business 

· process/organization/systems matrix, and tbe 
process/ data class matrix resulted from tbe pre
interview tasks. Tbe following paragrapbs disCuss 
points tbat may not be obvious. 

Tbe business process charts sbould show tbe proCess 
groups and tbe processes under tbem so as to allow · 
dlscussion and understanding of tbe term "business , · 
process." It should furtber give tbe interviewee a broad 
overview of aU business processes before any detailed 
dlscussion of eacb business process is done using tbe 
process/ organization matrix. 

Tbe ¡>rocess/organlzation matrü should be lar~te. 
clearly printed, and have heavy (or colored) Unes 
dividing process groups and organlzation segments so 
asto make it easy to follow. In addition to tbe Unes, a 
piece of tbln ligbt-colored acetate to cover tbe Une or 
Unes being reviewed by tbe executi ve will reduce tbe 
confusion in trying ID focus on tbe correct intersection 
on tbe matrix. , 
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Set Up Rooni for lnterviewing 

After the c:baits are made and put In place, prepare the 
rest of thc room. Make the nccessary arrangemcnts.to 
ensure that there wW be no lnterruptions dlirlng the . 
intcrvlew. U the tclepbone cannot·be disconnectcd or 
switcbed to prevent rlnglng, it sbould be removed. A 
sigo sbould be placcd on the door to lndicatc that an 
lntcrvicw iB In progress. In those cases wbere the 
lntervlewee may not know the first names of each of 
the IÍ!tervlewers, the telun may wiab to use namc cards. 

Prepale a GeneNI Set o/ Qlle.fliollf 

Before tbe lnterviews are conductcd, tbc study team 
prepares 8 llst of qucstions that serve as an outllne for 
the intcrvlew and belp to ensure that all the necessary 
polnts are covered. · 

Tbe followlng iB a sample llst of questions, with the 
reasons for asklng them. U an lntervlewee's response 
does not provide the lnformation desired,lt may mean 
tbat the question sbould be worded dlfferentiy. 

Objeelll'es 

• Wbat are your objectives? 

TbiB quest}on iB useful, not only for acqulrlng lnforma
tion about objectives, but because it seiS the stage for 
foUow-up questions that wiU link directiy to tbe 
process/ data class matrix. U the lntcrviewee is prepared 
for thiB question and knows bis or ber objectives weU, 
tbe team wiU derive a clear perspectivo of wbat is 
significan! to bim/ber. 

• . Wbat are your responsibilities? 

TbiB iB a good question for lntcrviewees who may not 
be properly prepared for the objectives question· above. 
Tbe answer here wW help validatc the 
process/ organization matrix. 

Either question sbould make the intcrviewee fecl 
comfortable and thereby promote an openness of 
communlcation. · 

Because of the Umitcd time available during tbe study, 
it iB not Ukely that the study tcam wiU be able to do 
mucb analysis on tbe answers to tbis question. Also, it 
iB difficult to get the intcrviewees to structure tbeir 
answers to thiB question in a consis1ent fasbion tbai 
lends itseU to analysis. Tberefore, relatively little time 
should be spent on thiB part of tbe intcrview- just 
enough time to "break the ice" and orieni the ínter· 
viewee for ensuing questions. 

Measurements 

• Wbat measuremcnts do you apply? 

TbiB qucstion sbould uncover wbich data cJasses or 
combinations thereof are of significance io !be ínter· 
viewee. Tbe measurement question usually derives from 
tbe objectives qucstion. U you know tbe objectives, )'011 

. can derive measurements. lt docsn't matter wbetber tbe 
question is intcrpretcd as "How do 1 measure?" or 
"How am 1 measured?". Botb intcrpretations wiU focus 
on data that is significan! to tbe interviewee. 

Unfortunatcly, tbe measurement question can be a 
difficult one to answer, especiaUy if the intervicwee bas 
not defmed bis or her objectives. And, cven if tbe 
interviewee has 8 clearly defmed set of objectives, be or 
she might not bave a weU-defmed set of measuremeat 
critcriá. 

Tbis iB anotber area wbere it is dlfficult to analyze 
answers because of tbe lnconsistent quality of !hose 
answers. Again, relatively little time should be spent 
bere, although tbe question itself is a tbought-provoláng 
one tbat may yield some value ata later time. · 

lnformadon Requirements 

• Wbat lnformation do you need? 

TbiB is a direct, "point-blank" approach to focusing tbe 
intcrview on data classes. Altbough it may yield sub
stantive responses in some cases, more Iban likely it will 
prove unfruitful because the information systems 
community has been asking management !bis same 
question for years witb few satisfactory results. Man
agement usually responds, "Tbat's wbat 1 thought you 
(tbe study tcam) were going to tcU me as a result of tbe 
study." . ·· 

\ 

Once ·again, Umited time should be devoted to !bis 
question. 

Note: Although tbe !bree questions we've seen so far 
appear to ha ve little real. value for tbe study, !bey are. 
in fact, ~ery use[ u/ for preparing tbe interviewee for tbe 
key questions tbat foUow. 

Problems· 

•. . Wbat are your (business) problems? 

TbiB is tbe key question to ask and shoUtd domínate ~ 
interview insofar as the time allocated to it. 
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lbe problem question lends itself 10 furtber.linalysis 
because it can be easily structured and, therefore, 
documented consistently for each interviewee. Each 
interviewee, without exception, will have problems that 
he or she is willing to discuss. Hence, everyone wi11 find 
the question easy to answer provided they do not feel 
threatened by the interview. · 

Furthermore, with some cáreful and diligent probing, 
the interviewer can determine whether the problem can 
be tied to the process/ data class matrix by speclfically 
identifying the processes and/or data classes that are 
causing or aggravating the problem: 

A simple formal that is useful for structuring the 
problem statement is: 

Because: (the CDUu), the result is: (the t!{{ect) 

U interviewers cannot spare the time needed to "fit" 
prolilems into this formal during the interview, they 
should construct these problem statements later during 
.interview documentation/analysis. lbe imponant thing 
at this point is to probe the problems and gain the 
understanding needed for later analysis. 

1be interviewer should determine if the root of the 
problem is some process ("Because we can't do 
something, the result is ... ") or some data class "Because 
we don't know something, the result is ... "). U the team 
airead y knows the processes and data classes, they can 
insen actual pr~...ess and/ or data class names in the 
problem documentation, which makes it easy to link the 
problem directly 10 the process/ data class matrix. 

When problema are documented in this fashion for 
every interviewee, analysis of the total problem set · 
gathered from all interviews is facilitated. One can 
group all problema having a common "cause" and see 
the overall, orgai:tization-wide impact of the 'causing 
process and/or data class. 1bis is helpful in'priorilizing · 
the process/data class matrix- that is, in identifying 
the "zones" on the matrix that are significan! to the 
.businesS. 

lbe "result" clauscis provide value-judgment informa
tion for the analysis. U these value judgments could be 
quantified, they would provide an indication of the 
potential benefits to be realized by solving the prob
lems. In a grouping of problems with common 
"causes," the organization-wide effect (or value) is the 
aggregate of all the associated "result" clauses.' 
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High-level management usually has difficulty quantify
ing the results/value of the problems. In general, the 
higher the leve! of the issue, the more difficult it is to 
quantify, but tlie more significan! the issue is. In 
contras!, the lower the leve! of the issue, the easier it is 
to quantify, but the less sigoificant it is. 

lbe interviewer should try to obtain some judgment of 
value associated with eacb problem for prioritization 
purpc)ses. lbese values could be expressed in téims of: 

• An absolute (e.g., $2SO,OOO) 

• A range (e.g., between $200,000 and $400,000) 

• A percentage (e.g., 30% of current costs) . 

• A benefit (e.g., industry position, share of marlr.et, 
etc.) 

• A relation (e.g., sniall, medium, large, etc.) 

In sWnmary, the bullr. of the interview should be 
devoted to problems because this arca, if diligently 
pursued and methodically documented, will yield 
substantial benefit to the study ~ in relating the 
interviews 10 the structured description or the business 
(in terms of processes and data classes). 

Cbanges 

• What changes do you see in the future (that would 
impact the infrastructures of the bus.iness)? 

Any change in the infrastr\lcture (e.g., organization 
structure, product structure, distribution structure; 
geographic structure, control structure, etc.) has a 
dramatic impact on the information systems of the 
business. lnsight into these lr.inds or change might 
reveal the valuc of exÍJeoding resourccs 10 design and 
manage cenain data classes, regardless or function. Or, 
they might reveal that systems could be designed for 
certain processes, regardless of orlianizatioo. 

1be question on change, therefóre, provides 1 useful 
supplement to the question on problems. 1bc informa
tion obtained caú be uscd during analysis 10 determine 
wliether there is reason to expend tbe resource required 
10 "design for change." . 
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Crit1ca1 Succeas Facton (CSF)- Opdooal 

o Wbat are the Umited number of areas In which 
sadsfactory resulta will ensure succ:esSful, competi
tive peñormance for the organjzation -.the key 
areas where thlngs must go right In order to suc
c:eSsfully achieve objectives and goals?t · 

The key to this approach is to find the things that are 
truly "critic:al." As potentlal candidates for a Critical 
Success Factor are ldentified, it may be useful to apply 
a test to !heir crlticality. A useful test may be the 
converse, "Ir this factor does not go right, will !he 
organization fail?" 

After !he Critical Success Factors are identified, eacb 
one is examined creatively to develop measurementa 
that describe successful (or unsuccessful) performance 
of the organization or its environment_ with reganl to 
the CSPS. 

·A framework has been developed to help Jocate the 
organization's CSPs and give a reasonable degree of 
assurance that aJJ of them have been identified. It 
specifies that there are some CSFs inberent in the 
industry in which !he organizations under analysis . 
participate. Some CSPs are peculiar to tbe organization 
itsell as a result of the strategies it.has selected. Some 
are temporal. There are some internal and some 
"xtemal. Sóme tend to be s¡lecific to ihe interviewee•s· 
responsibility, etc. 

A great deal of literature is available on CSFs as an 
independent subject. It is not !he intent of this publica
tion to duplicate it, but merely to reference it as an 
altemative to some of !he lnterview questions. 

' . 
The utility of CSPs from a BSP standpoint is that they, 
like the problem analysis, focus the executive's perspec
tive on !he structural descriptions of the organization 
- !he process/ data class matriL The CSPS themselves 
are likely to point to the key processes; !he CSF meas
urements point to the data classes. 

To be successful, the CSP approacb must permit: 

l. Ea•y recognition as a true CSF. 

2. Reconcilability among different CSPs identifaed by 
different lnterviewees. 

1.4 I'1I1Mr on CrillaJ/ Succar F«~~m. Cbristine F. Bullen, Jobn P. 

Rockart, lune 1981, CISR No. 69, Centcr lor lnlormatioa SystciDI 

. Reacarclo, Sloan Scbool ot ManagemcDI, Massachusca" lnstitulc o! 
TccbnoloSY. 

It takes considerable interview time to properly.identify 
CSPS and develop measurements for them (ie., 4 to 8 
hours). But, identifylng and analyzing CSPS can be a 
fruitful experience· for !he lnterviewee, as weU as the · 
organization. 

A usefullnterview strategy may be to employ the CSP 
approach In !he CEO interview and the problem ap
proach In other interviews. (lC this strategy is used, it 
would be advisable to "practice" on some o!her · 
executive to galn experience with CSPs before inter
viewillg the CEO.) 

AddiÍiooal Quesdóns 

U appropriate for a given study, additional quesÍions 
may be posed by tbe interview team, including: 

o What is the most usefullnformation you receive? 

o 

o 

How would you rate your lnformation support with 
respect to adequacy, validity, timeliness, consisten-
cy, cost, volume, etc.? · 

What is your assessment ~r Data Processing? Tbis 
·study? 

CIIIIIÜNI: These additional questions must not detrae! 
from !he interview team's cfforts (or use up their time) 
to obtain the cxecutive's perspectives on business 
problems and to focus on the process/ data class matrix 
descrlption or the organization. 

Some attention to administrative procedures at this time 
can save considerable confusion during the study. 
Without proper adminis(rativc organization, copies of 
interviews may get mislayed and thereby breacb . 
security rules, extra copies of materials piJe up, and 
materials are not available whcn they are needcd. 
Among the administrativc items that need attention are: 

o Set up a notcbook with dividers for eacb of thc 
team members so that they can retain copies of 
material that they reference continuaUy, such as 
copies of the charts that are in thc control room, 
overaU schedule and study work plan, task control· 
sheets, interview schcdulcs, business processcs, 
data classcs, swnmaries of intervicws, and problem 
analysis sheets. · 

o ProVide for immediate typing of the intcrview 
summaries and !he problem analysis sheets. 

o Maintain a file of aU materials. 
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Conduct the Intervlew 

All interviews should be conducted in the study ~ntrol 
room; here, interruptions are least likely and tbe 
matrices and charts can be displayed on the walls for 
reference. U the team members have properly prepared 
ror tbe interview; they should be able to use tbe charts 
sequentially and cover all or the necessary material. All 
charts should have bcen updated with the input from 
tbe previous interviews. Tlie rooms should be cleared 
or miscellaneous material and name cards should be in 
place ü tbey are being used. 

Alter tbe interviewee is introduced, he should be seated 
so that be ean see the charts that. will be used during tbe 
interview. This sbould make tbe interviewee most 
comfortable and enbance rapport. Be sure tbat the 
pbone is discoll!lected and that preparations bave bcen 
made to prevent interruptions. The interview is one or 
tbe major sources or input to tbe BSP study; tberefore, 
do whatever is necessary to put tbe executive at ease 
and to extract tbe maximum value from the interview. 

The following tasks are peñormed in conducting an 
interview: 

• Give tbe background and work done to date. 

• Bxplain the purpose or the interview and bow it ls 
· conducted. · 

• Validate tbe process/organization/system matrix. 

• Cover the key questions imd check the discussion 
points. 

• Conclude tbe interview. 

Gi~~e 1ltlt:kgrÓIIntllllfll Wcri Done to Date 

Assume that the interviewee does not recall all or the 
points madc at the BSP orientlition. Review tbe BSP 

objectives and scbedules, reviey.o tbe interview schedule 
and note the interviews completed to daie, and quickly 
review the work done to date. Thc purpose or Ibis is to 
bridge the gap between Ibis and the Jast contact with 
Ibis executive and to let him know wbo has bcen 
interviewed before bim. An eaay way to do Ibis is to 
give him a .quick review or all the charta. 

. ' 

Expluin Pwpose o/ lnterview lUid How lt Js . 
Conducted 

Review with tbe cxeeulive the purpose of the interview. 
The following will serve as a guide: · 

• V alidate material developed to date. 

• Understand bis responsibilities/objectives.' meas
urements, and information requirements. 

• ldentiry bis business problems. 

• Gain an idea or company direction and the errect it 
will have on information requirements. 

. The interviewee sbould understand enougb abo~t bow 
tbe interview ls to be conducted so that be· is at case. 
He sbould realize that tbe charts form the structure ror 
the lnterview and that a large amount or tbe time will 
be sj>ent on understanding bis problems and informa
tino needs. Explain tbe role or éach or tbe individuals 
in tbe interview, tbe confidentiality or what be says, 
and wbetber or not tbe notes will be sent back ror bis 
review. 

From this time until the end of the interview, the 
interviewee should be doing mo~ than :ao% of the 
talkingl 

Ylllúlate .Proce:u/Orgllllhlltion/Sy¡stem Matrlx 

Considerable use or Ibis matrix will enhance tbe study 
by providing the opportunity to discuss responsibilities, 

. information requirements, present data processing 
support, and the problems in relation to eacb or tbe 
processes that tbe interviewee is involved in. 

Care must be taken to avoid using too mucb time in 
validating tbe matrix. A signüicant portien or lnterview 
time must be reserved for identirying and analyzing tbe 
interviewee's problems. 

. Collel' Key QlleSiiollf 1l1f1l Ch«:lc Disami011 
Polnb 

Ask the questions as suggested earlier in Ibis chapter 
and ensure tbat all issues identiried during interview 
preparation are discussed. This is the primary rocus or 
tbe interview. The question on problems, in particular, 
is designed to provide all the data needed to draw 
conclusions and make recOmmendations regarding 
post-study activities. 

:d J ', 



Conclude 1M .lnJerview 

Be sure that the intervicwec has bad plenty of time to 
cover all points be wisbed 10 discuss. The interviewer 
sbould ask eacb team member for bis Iast·questlon and 
then conclude the interview by thanking the executive 
and explaining to bim wbat will follow. 

Document the lnteniew 

After conciuding the intemew, it is important tbat thc 

Remember thal tbe primary focus should be on tbe 
problema tbal are likely to yicld the most substantial 
data for furtber analysis within the stúdy timeframe. 

· interview team docwnent lt as soon as possible, wbile it 
is still fresb in their minds. The docwnentation of·the 
interview is as important as tbe interview ltself. Witbout 
good, well-struclured docwnentation, it will be impossi
ble to draw supporiable conclusions and makc recom-

The problem statements sbould be structured in their 
cause/effecl formats, with care being taken to identify 
thc "rool" of tbe problem in lerms of the data class or 
process thal causes it. ll is likely thal some discussion 
will be required by tbe interview team to arrive al a 
common perception of the cause and effect. ll may · 
require almost as inucb time to docwnenl the problezwi 
meticulously as it took for the interview ilself. Howev
er, the quality of Ibis problem docwnentation will" 
determine how easily and how well the problems can be 
analyzed and recommendations suggested to affecl a 
solution. 

mendations. · 

The docwnentation musl be well-structured ~ order to 
facilita le analysis and integration of all data collected 
during all tbe interviews. Unstructured, narrativc 

. docwnenlation is difficulllo use in further analysis. 

The set of questions suggested earlier provfdes an . 
outline for tbe docwnenlation, as follows: 

• Objectives 

• Measurements 

• In!omiation Requirements 

• Problema 

• Cbanges 
Bulinea S'(ltema P .. nnlng- Problem ,A,.iyait Sheet 

lnt. 
No. Problem C.UI8 ProblemResuh 

The cause/effeci formal is aiso very useful for obtain
ing validation from the interviewee and for communi
cating tbe "nel" results of the interview lo study team 
memben who were not presenl during the in!Crview. 

A useful technique for swnmarizing problems is to use 
the formal suggested by the Problem Analysis Sheet 
shown in_ Figure 26. 

Updlde Control R'oom Chart:J 

Be sure that all the cbarts in the control room are 
updated as required beforc the next inlcrview. One 
penon should be responsible for updating both tbe 
charts and the relalcd material, such as process descrip
tions, data class descriptions, and thc process/data class 
matriL 

tOiJ 
C.U.íng Ca-ning 

Value , ....... Data Claa Su-18d Solulion 

12 Bec&~se we can't ailalyze •· •• we can't MSentity "Medium"; Plan capital - F in.ncial rnoóellng 
edequate alternativa in optimum capital CMr $1 million invntment& 
business planning .•. invewnent 

alternetives.. 

12 Bec-.,11 we don't know •.• we can't rnea&~re "Huge"; ProduCt Con aa:ountu~g syaem. 
the cost of our prollt contribution 10% prolit dlll lcostl Acquir-.'maor.age a.bof/ 
pnxlucb ••. by produc:"l and elim· increa•;over rnl~ial Q)A datl 

inlte low-profit $10million rwllted lO produa. 
ptodueera. 

12 Bec&~se we ean't · ••• we ate not mee1ing "Mtdium";' Proeea - Automat~ lhe ordtl 
. effectively proeea · our delivery eommit· 50%of orden pnxeuinlf' rrtckif'li 
1he high volume ol menu. losing c:us· dericll effon · 
orden Wa rocaive . , . tomen, and p.ying in m~rketing 

oystetn. 

high clerical labor 
é:osu in marketing. 

12 Becau• we don't know ... we have to"hire .. Small .. ; - P"""""'l Build lkillund 
Ule skllltloxperience from the outside Md derlcll c:ost of (lkilll and axpettence inv.ntory 
of axilting employees. .. don't always gel lhe hiring under experiencel fot uch employee 

best-qualilied $100.000 and provide -=c:ft:s 
candid•te. to all rnponlible ...._,. 

12 Bec:eu• we don't o o .wt lrl ltlCpor· 'OHuge''; Control Pwu Redeslgn me in ... en-
maintain eonsinent ienc:ing produc:tion ..... warehouse linventoryl tor, control systm'l. 
parta inven tory acroa line Jtopptgn al moJI: $10million irWentory Embl•lh ct.u ad~in· 
all warehouses lor weekly. mrat•on to control 
wlthin eny one ware- inventory deU-

hou•, for d\et metter,, .. ()Wgn PM"Uda" 
·base tO a,¡ppof"t ift. 
ventory con troJ as 
well a purchlla.i~ 

Fi¡¡lue 26. Ptoblem analyaia oheel aample 



Chapter 11. Defining Findings and Conclusions 

Thc fact galhcring is complete- from !he early data 
galhcring befare lhc start of lhc study lhrough !he last 
interview. Now it is time to arrange lhc facts, analyze 
lhcm, and draw conclusions. The purpose of lhe 
fmdings and concluslons in lhc rcport is to: 

• 

• 

• 

• 

Conflrm to managément lhat lhe points lhcy made 
in !he lntervicw wcre understood, accepted, and are 
a part of lhe total business analysis. 

Provide lhc basis for rccommendations and an 
action plan. 

Help set archltectural priorities . 

Provide input for lhc description of the subsysteiDS 
of !he information archltecturc. 

Metbodology outlined in thls cbapter is based upon the 
following assumptions: 

• Eacb interview was summarized to a predefined 
structure and all summaries are availablc for 
analysis. 

• Problem analysis shi:cts were completed after each 
intervlew. 

• Business .process and data class descriptions are 
complete. 

Each interview provided two rcsults: ( 1) the interview 
was summarized and approved by lhe interviewee, and 
(2) lhe major problems were exttacted and posted to 
lhe problem analysis sheets. Each of lhese items is used 

·in defining tlu: findings and conclusions. The problem 
analysis sbeets foÍ'Dllhe main structure, wilh support 
coming from lhe interview summaries. AdditioQal input 
might come from lhc material galhered before the 
study, particularly lhe wall charts used in interviewing. 
Defming lhe fmdings and conclusions involves the 
following steps: 

• Revicw assumptions for completcness. 
• Determine findings and conclusions categories. 
• Sort problems by category; ' 
• Write findings and conclusions statements. 
• Sort problems for arcbitecture priorities. 

Each of these items is discussed in the following 
paragraphs. · 

ReYiew Assumptions for Completeness 
. 1 

Ensure lhat a11 interview summaries ~ accounted for. 
AJthough work Can be startcd on the findings and 
conclusions beforc all of lhe interview suinmaries are 
rcturned from lhe interviewees, the last ones should be 
expedited so as to not slow up Ibis process. Check the 
problem analysis sbeets for eacb interview to be surc 
tbat they are accounted for and complete. 

By Ibis time in the study !he business processes and 
data classes sbould bave rcceived enougb attention so 
tbat no .furtber cbanges need be made. Tbereforc, 
update all descriptions and bave lhem typed and rcady 
for reference in tbe development of findings and 
concluslons . 

Determine Fmdings and Conclusions 
Categories 

Productivity of tbe team is increased and confusion and 
frustration are reduced if therc is consistency in thc 
various tasks of tbe BSP study wbere categorizing is · · , 
required. Hence, findings and conclusions sbould 
follow the pattem set in fact gathering, interviewing, 
and interview summarization. The following are 
additional questions tbé study team migbt use to 
develop conclusions. 

Objectives 

• 

• 

• 

• 

Do weU-defined objectives exist for the total 
business and for eacb major function? 

Do corporate and divisional objectives provide 
dircction for information systems planning? 

·Wbat correlati~n exisis between each of the 
objectives and !he current infonnation systems? 

Is information available to measurc attainment of · 
objectives? 

Organiz:ation 

• Are management pbilosopbies weU understood? 

• Are respOnsibilities and accountabilities weU 
defined? 
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• 

• 

Are planncd and evolving cbanges in ~rganizatioo 
weU defmed and thelr lmpact oo infonnatioo 
systems uoderstood? 

WW fuoctiooal area respoosibllities for oew 
infonnatioo systems be easy to define? 

• Are orgaoizational guidelines for infonnation 
resource management consisten! with those for the . 
business? 

Plt11111ing 

• Wbat is tbe degree of formalized planning? 

• What is tbe relatioosbip of long-range, sbort-range, 
and operational plaooing? · 

• · Are tbe business plans adequate as a base for 
information systems planning. ' 

• Are depeodencies upoo infonnation systems 
explaincd in tbe fuoctional plans? 

• lB tbe computer used in planning? 

• · WW tbe plaDDing process lend itself tó 
automation? 

• Wbat type and amount of "what if" plánning is 
done? Are computer models used? 

Metm~N~~~N~t 01111 Contml 

• How effective are present measurements for 
controlling tbe business? 

• Wbat otber measurements would be.made if tbe 
data was aviwable? 

• What measurements support tbe control of tbe 
critica! success factors? 

• Wbat additional data is needed for adequate 
control of tbe c:ritical business areas? 

• What measurements are made to determine tbe 
fulftllment of objectives? 

• How are budgets used for measurement and 
control? · 

Opemtiom 

• ú. 
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Wbat major difficulties are encountered iJ¡ per
forming tbe operational processea (sales, prod-

• 

uction, dislributioo, branch orrice operatioos)? 

What problems were fouod relative·to sucb items as 
low productivity, loss of reveoue, excessive time 
and cost, and scbcdules oot met. 

Clll'ff!nl lnfomudion S.)tftems Support 

• What are the major infonnatioo requirements oot 
currently being met (and not covercd in tbe otber 
categories)? 

• What is tbe general state of tbe data tbat er.ists and 
tbe informatioo receivcd by tbe users (tbat is, 
accuracy, tlmeliness, formal, accessibility, reduo
dancy, excessive manual processing)? 

• What is tbe condition of curren! applicatioos 
(statements oot covercd in tbe otber fmdings and 
categories)? 

• Wbat are tbe eovironmeotal impacts (maoagemeot 
systems lmpact, restrictions aod limitatioos, lmage 
of DP amoog uscrs,lmpact oo tbe business direc· 
tion)? 

• Wbat is tbe present arcbitecture (sbarcd data, 
common systems, centralized systems, distributed 
systems, hardware/software, organizational inde
pendence of systems, vertical and horizontal 
integration of systems, and support of aU levels of 
management)? 

• What is tbe curren! systems desigo (data base, · 
flexible and expandable, generalized systems for 
data retrieval and analyais)? 

• How effective are operations (interface witb users, 
support of company goals and objectives, turna
rouod, response, and currency)? 

• Wbat informatioo systems planning oow exists. 
(degree o( forma)izcd planning, integratioo witb tbe 
business plan)? 

Sort Problems by Category 

ldeotify each problem by its category and post tbe 
category to each problem oo tbe analyais sheet if Ibis 
has not already been done during tbe interview sum
mary process. The team wW fmd some problems tbat 
tend lo faU into more than one category. U so, assigo 
tbe most likely category and note tbe otber category 
neltl to lt. The problem might tben be uscd to support 
more than one finding and conclusioo. 
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Chapter 12. · Detennining Arfhitecture Priorities 

To begin implementation as early as practicable, the 
team sbould select and recommend · to management the 
portian of the information arcbitecture to be imple· 
mented first. Tbis will establisb a "pay-as-you-go" 
foundation for the information system. 

Selection of the first application(s) should be based 
primarily on a vlilue analysis following the bi.terviews. 
To facllitate tbis analysis, use tbe findings and conclu
sions and the problem analysis sheets. Sorting tbe 
problem analysis sheets by "Problem Causing" (from 
Chapter 11) indica tes the process that must be support
ed by the applicátion to help solve the problem. U the 
problems are sorted by "Process Affected">· the appli
cation can be related to all the problems they help sol ve 
and bence to the benefits derived. Each application is 
tben evaluated against a set of criteria to determine its 
wortb to the business. 

The taSks to be performed in setting arcbitectural 
priorities are: · 

• 

• 

• 

• 

Determine selection criteria 

Apply criteria and list applications 

Document or describe the recommended 
applications . 

Coitsider ~plementation options 

Determine Selection Criterla 

Since data is now being treated as a business resource, 
management should be able to evaluate iriformation · 
systems projects in the same way that otber business 
resource projects are evaluated. Therefore, it is 
recommended that the team use wbatever justification 
technique already exists witbin the organlzation for 
evaluating new projects. Tbis wi1l ease decision malcing 
for e:i:ecutive management as lt considers the necessary 
trade-offs between, say, developing a new product, 
expanding a facllity, making an acquisition, or imple
menting a major infonnation system. 

Some of the questions to be answered in determining 
application priorities are: 

• Will the application provide a significan! oear-term 
saving and a substantiallong-term retum on 
investment? · 

• 

• 

Whom wi1l it impact, and bow many'people wi1l be 
in volved? 

Will it lay the groundwork for an initial data base 
arcbitecture? 

A method of determining logical priorities is to group 
the majar criteria into four categories: poteiHial 
benefits, impact up<in the business, probabilit y of 

. success, aod demand. 

Potential /Jenefits 

The team must determine the relative value ofeacb of 
the potential applications in arder to establish a set of 
priorities. Doing so entails. malcing judgmeots in the 
areas of: 

• Near-term 
• Long-term 
• Competitive advantage 

Generally, the level of detall in a BSP study is oót 
sufficient to do precise ROl (retum on investment) 
calculations for each application. Therefore, the team 
must rely upon the major benefits cited in the inter
views. For example, the sales executive might indicate 
that sales could be increased by 2% if certain informa
tion were more readily available. The team can trans
late this 2% into a precise dallar benefit figure for use 
in setting priorities. · 

In some cases; specific, tangible, benefit-to-cost ratios 
can be quaotified and applied to an ROl calcuiation for 
each application. Tbis adds significantly to the selec
tion process. The team shol!ld also consider intangible 
benefits wbich, of course, must be estimated. These 
estimates should be based upon the interviews that bave 
been conducted witb the executives. · 

lmpaci·IIJIOII the BGinm 

Severa! items should be considered here including: 

• Business economic trends 
• Critical success factors 
• Numbei" of problems addressed 
• Major problems solved 

The team needs to describe aod quaotify how each 
proposed application wi1l cbange tbe existing situation 
or problem witbin tbe business for the better. The team 
sbould determine whether tbe application will ha ve an · 



alfect on the qualíty of goods or servlces. Other 
considerations are whether there will be visible positive 

. results, how many departments and how many employ
ees will be alfected by the systems changes, and In what 
ways they will be alfected. 

Prolxlbllity p/ Succesr 

The team should consider: 

• Political climate · . 
• Technical and organizational complexity 
• Prerequlsites 
• Length o( implementatiori 
• Risks 
• Resources availablc 

This wide range of considerations is neceasary beca'use 
thc chancc of successfully implementing a particular 
application is importan! in cstablishing priorities. Thc 
team must consider how many and what typc of 
resourccs would be neccssary to implement a particular 
system. 

• Aie there hidden factors that need to be 
considered? 

• How long would it takc to design and implement 
the applications · 

• ls there a dependencc' upon unavailable or costly 
technology? 

• How reccptive to changes will the individual users 
be? 

Some estímate of thc degree of risk should be deter- · 
mined. The gréater thc risk appears lo be, the greater 
the poten tia! return that must be shown for the. individ
ual applications being considered. These faclors must 
be considered not only to establish the priorities, but 
also to ensure that thero will be a complete understand
ing of what the applications wil! and will not providc. 

Note: An analysis of prerequisite applications.should 
be peñormed alter a list of high-priority applications 
has been p• epared, Determination must be made as to 
which applications/ systems must be in place before 
others can be created. By using the information archi
tecture previously developed, and thc team's under
standing of the business, these interdependcncies can 

be analyzed. This may mean, for example, that an 
application that providcs data must be built prior lo a 
high-priority applicatioJL 

This area includes consideration of: 

• 
• 
• 
• 
• 

V alue or existing applications 
Relationship with othcr applications 
Political overtones 
N umber or users 
Regulalory reqtiircments 

The decision makers must rccognize a demand from 
within the organization before thcy can·consider a 
particular data proccssing investment. They should 
considcr the extent 1o which a proposed application 
specifically supports corporate goals and objectivcs. 

There should be a correlation between thc application 
being considered and the hi~ priority needs identified 
in the executive interviews. 

Apply Crlterla and Llst AppUcadoos 

. The applications constituting thc li.rchitecturc Can then 
be analyzed and rankcd on a scale of 1 lo 10 for each 
of the four categories abovc to hclp determine the 
implementation sequence. A pictorial representation 
éan then be draWn to cmphasize the most needed 
applicatioils. Figure 27 is an examplc of this pictorial 
representation. 

After the implementation of the first application has 
been completed, the prioritics for thc remaining 
applications should be reassessed. For examplc, alter: 
the first four have been implemented, the fifih may no 
longer be at the top of the list because the rcqtiirements 
and problems of the business ha ve changed. 

Documeot Recommeoded AppUcadoo 

Finaliy, the rccommended first application should be 
documented in sufficient detail that the executives can 
properly evaluate it. This documentation should be 
based on the business process and data ciass descrip
tions, the problem analysis sheets, the 
process/organization/system matrix, and the fmdings 
and conclusions. 
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lbc desc:riplion should include an overview ol runc
tions, major objectives and processcs suppoi:ted, · 
problems solved, and anticipated benefits. lt should 
identify any new technologies and/or special skills that 
nced to be acquired or developed to implement or 
operate thi: new apptications. A general descriptioo or 
perccived benefits antlcipated should also be includcd. 
lbc rccommendation, documenlation, and preseolatioo 
should be in a formal consisten! with standard company 
practice. 

'Gcnerally, the recommended lirst applicatloo(s) should 
be descnbed broadly enough so that a business case 
evaluation may be made. For each appticatloo provide: 

• Description 
• Objectlves 
• Majar problems 
• Poteotial benefits 
o Business proccsscs arrectcd 
•. Input 
• Output 
• Organizatiooal levels aflected 
• Prerequisitcs 

Descripdon llllll ObjediveJ 

lbe description and objectlves should provide a general 
Cramework ar the application. For examplc, in the 
descriptlon it wouiil be appropriate to include a list or 
the indiVidual programs that Ibis application would 
contain. Objectlves might lnclude the leve! ar service 
expected or the parameters within which the appUcation 
must opera te. This sectlon should also coolaln a 
general description ar the basic actlvities or Cunctlons, 
such as what rccords are malnlained, specific calcula
tions, and what controls are necessary. 

Ma)or Problenu 

The documenlatloo or major problems would draw 
heavily on the problem analysls sheets developed rrom 
tho executivc interviews. Here, there would be speciftc 
reference to problems cited by the executives which Ibis 
particular application would be expected to address and 
salve. However, solutions should not be limitcd to tho 
problems cited In the executive lntcrviews. For iD-

. stance, a recommended applicatlon may solve problems 
that were ldcntified by the team while documeoting tho 
business environmeot. Also, the fÚldings and conclu
sions wiU servo as an exceUeot recap or both the 
lntcrview and the knowledge or tho tcam. 

Potendal Beneflá 

This area a1so relies heavüy on the executlve interviews. 

Here the team sbould document as specificaUy as 
possible the beneCiLS cited by the executives. Benefits · 
should be documented in as much detail as possible. 
lmprovemeots to reveoue or specific cost reductions 
should be cited. Both near- and long-term beneCits 
sbould be listed, sucb as expeclations for reduced 
productloo down-time, or better supply costs, or 
increased managemeot reporting, or improved quality. 

BusiNSJ Promrn A.ffed«< 

This may be identified rrom tbe inConnation arcbitec
ture. lbe team sbould describe the specific processcs 

· being supportcd by tbis application and tbe relation
ships to other business proccsscs and otber appticatlons. 

Input 

A descriptioo or list or the dala classes used by Ibis 
application should be included as part or the applicatlon 
descriptlon. This is oblalned rrom the data class input 
to the proccsscs supponed by Ibis apptication. 

Output · 

lbe team should documeot specificaUy wbat ill eipected . 
as output or Ibis appUcation. This should include dala 
or inConnation created, as weU as repon outpuL Refer 
to the processes supponed by Ibis applicatloo and tho 
dala creatcd. 

Using the proccss/ organizatioo matrix, the tcam sbould 
document the organizatlonal units that are specificaUy . 
arrectcd or supponed by Ibis applicatloo. lbe responsi
ble executlve oC the supponed organizatioo sbould 
sponsor the implemeolation project lar Ibis apptication. 

Pnuquisita 

Once a first application has been identified, any steps 
or projects oecessary Cor its successlul implemeolatioo 
should be sequeoced and listed. This ill oecessary to · 
develop a meaniogful actioo plan. Prerequisite projects 
should be clearly described and tbeir relationsbip to tbe 
selected Cirst applicatioo deftoed. 

lmplementation Opdons 

Cbapter 13, "lnfonnatioo Resource Management," 
covers tbe aspect of the BSP study that relates to 
analyzing curren! 1/S management activities, includiog 
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implementation considerations. The team should also 
consider the develop-or-buy question and,,if possible, 
make specific recommendations. 

Declsion lo Buy 

Obviously, the quickest way to implementa given 
application would be to purcbase existlng code that 
mlgbt require little or no modjfication for thls particular 
application. U code does exist, the team should make a 

· preliminary review and determine if thls is a viable 
option. 

Declsion lo /)etJe/op 

U the application is. to be developed from scratch, there 
are severa! considerations that mlgbt reduce the 
resources required for implementation. The Ílssistance 
avallable from an information center or from Applica
tion Transfer Teams (A rrs) should be considered. 

lnformatlon Center 

An information center provides a great deal of applica
tion development support wbile keeping a1l of tbe 
development effort in-house. Under the lnformation 
center concept, the data processing department makes 
available a group of individuals who provide packages. 
and services that allow user departments direct access 
to'the computer. ln·thls fashlon, features such as 

' . 
query, report generation, and personal computing can 
be provided directly to the user department without 
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tying up large amounts of data processing application 
development resources. lt would also reduce the lead 
times to provide· certain specialized data processing · 
support. 

Applicatlon Transfer Teiuns (A Tl's) 

An ATI study is performed jointly by mM and the 
customer to determine whether an existing application 
can be adapted economically for use by that customer. 
The result of an A TI study is a weU-documented, 
cost-justified recommendátion for implementing a 
specific application solution which ls: 

• 

• 

• 

Designed pnmarily by end users· wlth the support of 
tbe data processing staff 

COst-justified and supported by fmancial 
management 

Presented to user executives by their own 
persono el 

Expansloos and Varlatioos In Approacll 

Another method that may be used for priority selection 
is to focus primarily on firiancial justiflcation. Using 
thls technlque, the team focuses 011 tangible benefits as 
provided in the value statements during the executlve 
interviews. This technlque, called potentiai-beneflt 
analysis, ls descrilled in Appendix 0. 



Cbapter 13 •. Jnformation Resource Management 

The growth and profitability o( an enterprisc has 
become increasingly dependen! on effective data 
pr~ssing. This is so because infonnation is a basic 
resource of the business. Data, the raw material of this 
resource, can and should be controlled as an asset. But 
problems in data processing are also increasing, both in 
number and in severity. In many instances, money is 
being •pent on applications that prove lo be either 
unprofitable or of mínima! real value. This could 
happen with tho BSP-developed plan if we do not apply 
the same general management principies that have been 
successfully applied to ¡he other basic resources of the 
business. 

Therefore, in addition to determining an information 
architecture and setting application priorities, the BSP 
study team must ensure that the information resource ls 
managed properly to suppon the functional needs o( 

the business - i.e., that: · 

• 

• 

• 

• 

The infonnation architecture ls irnplemented in an 
orderly fashion. 

vs ls consistently effecti~e ls semcing the informa
tion and data needs of the enterprisc. 

Provision exists for an overseeing function to 
assure the responsiveness of.infonnation processing 
to the enterprise. 

A viable information resource plan exists- one 
that integrales business needs, personnel, haidware, 
software, cómmunications, and office automation 
within the scope and financia! resources o( the 
enterprisc. A basic premise of information resource 
management ls the ability to make in(ormation 
available to wbomever needs it wben and where it · 
1s needed. Therefore, the information resource 
management environment must include a structure 
with the function of managing data/information. 

In effect, the BSP study team must evaluate the informa
tlon resource cnvironment and recommend changes 
deemed necessary (or the effective manage.inent of tbat 
resource. In particular, the team should addre5s the 
foUowing subject: 

• Informatlon resource management mission 

• Steering comrnittee 

~ • Information resource organization 

Infonnation Resource Management Ml.Ssion 

This subject covers the·many facets o( the information 
resource and the concept that a single function· muit be 
responsible for office automation, communications, and 
data processing. Since these "technologies" are interre-
lated, the concept o( a single integrated plan and · 
irnplementation schedule is viable and necessary for. 
thelr muimum effectiveness. Although the intégration . 
of these technologies is a Jong-range plan, the BSP stuc:ly 
can point the way and define the mission. . . ; 

The teaoi lnust also consider the visibility of the . 
· information management functlon within the organiza~•. 

!Ion: It 1s possible that this funi:tion has beco "buried~' · 
in the financia! or administrativo service arca and tbat lt 
mote appropriately deserves lts own arca, consisten! · ' 
with its resource managemeot charter.ln addition, 
consideratlon should be given to tbe leve! at which 
responsibilities are focused so that comprehensive .. 
systems plans closely tled to both corporate and unit 
business plans will be contlnuously.generated. ID a 
company with multlple. business units or divisions, thls 
ls particularly critlcal. Corporate lnfluence on division · 
information systems, business unit autonomy, the 
centraliza !ion/ decentralizatlon question, and simüar 
issues should be discussed by tho team to developed 
recommendations appropriate to existlng organizational 
Jevels. Additional information about these principl~s 
can be .found in the IBM publication titled A Ma~
ment System for tlie lnformatlon Bwlne.u; Volume /, . 
MtliUJgement OW!rview, GE20-%62. 

Need for a Steerlng Commlttee · · i 

Figure 28 represents a general approacb for providing 
the enterprise with adequate informatlon resource .. 

. suppon. The steering committee acts as the overseer of 
·the informatlon resource organizatlon aitd represents 
the functlonal groups of .the enterprlse. Its primaiy 
eoncerns are policy setting (that is, estabHshing tlio · 
directlon of information use in the enterprise), exercis-. 
ing control mechanisms to ensure that the deslred 
results are achieved, and monitoring to measure tho 
effectlveness the information system (seo Figure 29). , 
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PoUcy Sening 

• Lont·r.,.. plannlng 

• Funding nr11evr 

• AppliRdon dntlopnwnt •lr•ten' 

Control 

• Proj.ct ~~o:~tnorization 

• Ptrfonnance •PPraiul 

P•rfounance Monitoring Gt , • Budgtt mÓnltoring 
IR Fcutnlon . 1¡ 

• Proi.ct moni\oflns 

• O~adoÑ rnorMtorlng 

The need for a steering committee can be determined 
by examining information needs and.usage in the 
enterprise. ls there a standard way of doing business 
with data processing? Are applicatlons developed·in a 
priority sequence in today's environmenl, and whal are, 
lhe crileria for lhose priorilies? Do long-range DP plans 
support lhe business rei¡uirements? 

The policy-setting funclion of lhe steering committee 
defines a course of action necessary lo gulde lhe 
information resource group in providing lhe enlerprise 
with DP support. Policy selting includes establishing 
responsibilily and accounlabiUiy for lhe coUeclion,. 
retention, accuracy, and availabüily of data. ll·defines 
lhe security measures thal are necessary lo prolect 1he 
enterpriSe. 
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The steering committee also delineates the data respon
sibilities of the functional areas and the data proce&Sing 
groups. Long-range planning concerning hardware, 
optimum use of software (lhal ls, dlstribuled data 
processing versus centralized data base), new software 
applications, and data avallabüity is also part of tbls · 
comntittee's responsibilities. Policy-setting functioni• •1 
also include funding.strategles, sucb as establlsbing a 
charge-for-services·policy, determining the value of 
data to tlie enterprlse, deciding to buy or lease equip-... 
ment or to make or buy applications, and setting 
operational objectives. 

The control function of the iteering comntittee ensures 
that the information resource meets the business needs 
on an ongoi.itg basis. Thus it needs to authorizé pro, 
jects and sel priorities for them, approve budgets, and 
appralse system peñormance. · 

The monitoring function supports tbe control functlon. · 
. Monitored are the funds being expended on develop-

. ment and operatlons, the projects under development, 
and tbe operation of production systems lo ensure 
continulng cost-effectiveness. · 

Figure 30 suggests tbe composition of a steering 
committee. · · 

• Finanea 

· • ~rktting 

• Ptnonntl . 

hltorm•tlon Rnource • VP rnpomibl• tor IR ~lrmen ot conimh1M) 
Or,.,Uzation 

FIRun 30. c-posl- of .... .., __ -IIIHrlol -- . 
Review of the lnfonnatlon Resource 
Organlzation 

Prior 10 this review of the inf ormation resource organi
zation, the 1eam has identified problema related to tbe 
business processes and separated !hose problems 
dealing with current information systems suppórt. lt 
has determined tbat the proper implémentatlon of tbe 
information systems architeclure would provide solu-

··---··~--~---:·· 



tions to those problcms. (Sec "Writc Findings and 
Conclusions Statcments" in Chapter 11.) Howcvcr, 
unlcss an organlzatlon is in place that is responsivo to 
tbe business needs and can react to the prioritics ol the 
lunctional arcas of thc business, the irriplcmentation of 
tbe informalion architecturc and the specification of 
foUow-on systcms may not be carricd out expeditiously. 

This phase o( the BSP study is dcslgned lo rcvicw thc 
informatlon resource organlzation· in place to cosurc 
tbat ade4uate resources have been deployed.to lmplc
ment the loformation systems architecturc, lo better 
exploit tho data resourcc, and to overcome othcr 
inadcquacies. The BSP team should analyze tbe 
strengths and weaknesses of thc current loformation 
systems organization. lt should consider the require
ments of the information architecturc (in a prioritized 
Ust of appUcations) and tho problems voiced by tbe: 
lnterviewees regardlng present servico lnadcquacles, 
both In data processlng aod In loformation rcsourco 
management. This review can also be recommended as 
a foUow-on actiVity for !be steeriog commlttee. Addl
tional organizational considerations can be found In tbe 
IBM pubUcation titled A Management System for IM 
Information Bu.rlnen: Volume IV. Managing Informa· 
twn System Re!ources, OE20-07SI. 

lnfomudion Re:soun:e OrganiUition 
Respotuibilitie.s 

The lnformation resource orgailization should be 
structured to carry out tbe poUcies of the steeriog 
committee, to promulgate the precepts of "data is a 
resource," and to ensure that data is maoaged through
out its Ufe cycle. Therefore, as its major functioris, it 
should bave data plannlng aod control, data acquisltion, 
aod data stewardship. Data nitirement activitles eao be 

Datl • Applicadon 
P11nnlng 6 ~ 

• liS arch_ltecture 
• u.., interfiCll 
• Prlorltv Mttlog 
• Applicltlon }uJtificltton 
• Synem efftelency · 
• Syttem me-..remmu 
• Applic:~tion meuuremena 
• Efflcltftcv a~dlu 
OSUftdonb 
• ~ge c:onual 

lnformatlon Rnource Director 

Datl Adminbuadon 

• Loglcat d1t& design 
• D•ta Pancv 

- lntegrity 
- Securlty 
- Availability 
- AccoUntability 
- Retention 

• Beckup 

· F1¡ure 31. Suaested laformadoa raource OipDizadoa 

dividcd betwcen data acquisition and stcwardshlp. 
Figure 31 dcpicts such' an organiza !ion. The loUowing 
paragraphs cover some of thc tasks for which cacb 
organizational function should be rcsponsible. 

Data and AppUcadon Plannlog and Conlrol 
,. 

This function is rcsponsiblc for the continuing plannlng 
necessary in a dynamlc organlzation. lt maintailis the . 
1/S architccturc, sets priorlties for appUcations, plans for '' 
lmprovements to systems software and hardware, aod .. 
develops the uses of data: In addition to plaonlng, this. : 
arca is also concomed wlth measuriog and auditing tbe. : 

· . ¡ierformanco of tbe development aod production ,. ·y·. 

groups. 1t needs to know bow mucb of tbo maciÍine's · 
capaclty is being used aod is avallable for additional ' 
use, and lt needs lo know whethcr the servico lcvels are 
belng achieved 'sinco lt also is tbo user Interface. Thls 
group also scts staodards for both performani:e aod. 
documéntatlon. 

Data Admlnlstradon aod AppUcadon De•elopment 

8oth data adininistratlon and appUcatlon developmenl · 
are concomed wltb the acquisition aod use of data;- · 
tberefore, these two functions are grouped togetber. 
Data admlnistration is deflned as the functlon respoiiBI
blc for the planning aod ·control of tbe enterprlso's data, 
wbetber computerized or nol. ·lts objectlves are lo ' 
maximizo the avallabillty of data aod to control tbe use 
of data. The control of data needs lo be exerclsed in· 
tbe arcas of acquisitlon, storage, access aod disposition. 
Further discussion of data admlnistratlon eao be fowid 
In Appendix K .. 

AppUcation developmenl uses data lo create Informa· 
tion for a specific purpose. 11, tberefore, requires close 

• • • 1 
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interaction with tbe data administration function in tbe 
logical data base design. Traditionally, development 
projects have dermed their own data base requirements, 
but witb tbe establishment of shared data bases, Ibis 
requirement becomes one of ensuring tbat the data 
required has been properly identified and is available 
for access and Use in tbe applicatlon. 

. Tbe application development group is responslble for 
. tbe project tbrougbout.tbe clevelopment cycle. Tbe 

group is also responslble for tbe malntenance of 
existing applications. In a DB/DC environment, malnte
nance is tbe additlon, modification, or rearrangement of 
transactions. Modificatlon of tbe data base ls controlled 
by the data base adrninistrator. 

IBM has developed an independent study program, 
Managing IM A.pplication Development Proceu, 
SR20-724S, which describes tbe application development 
process that has been successfully used by IBM's Data 
Processing Services organization. Tbis independent 
study program is in two parts. Part 1 has tbree modules. 
Module 1 covers tbe need for a structured application 
development process, explains the complexity of 
development, and offers insigbt loto tbe application 
deyelopment metbodology. Module 2 presents tbe 
concepts that are key to establisbing a.structured 
process, one tbat promotes successful application 
development. Module 3 provides sorne tecbnlques for 
evaluating progress and for implementing cbanges tbat 
may benefit your organization . 

Part n of the study program applies tbe project man
agement tecbnlques to a specific case, tbe development 
of an online order entry system at a publlsbing compa
ny. Thls part spells out tbe roles, responslbWtles, and 
interaction among tbe people involved in an applicatlon 
development project. 

Data Processing and Communlcadoo 

Tbe data processing function is tbe production arm of 
tbe informatlon resource organization. lt is concemed 
wltb providing an uninterrupted flow of scrvice and 
information to tbe uscrs. Sorne of tbe functions 
necessary to support Ibis function are operationa, 
tecbnlcal support (systeins), data base administration, 
measurements (systems utilliation, available capaclty 
and service leve!), and scbeduling. 

For a more· complete discussion of data processing's . 
role and responsibWties rcfer to. A. Management Sptem 
for IM lnformation Busineu, Volumes 1 tbrougb IV 
(OE20-0662, ..0749, -ano. and -07SI, rcspectively). Tbese 
volumes apply fundamental management principies to 
tbe data processing organiza !ion. Tbe lnsight tbus 
provided ls uscful in analyzing tbe organizaUÓnal and 
personnel skills necessary to properly manage, tbat is, 
plan and control, tbe information·rcsource and data 
processing function. Tbe information systems manage
ment processes of !bese volumes are Usted in Appendlx 
H. . 

; 



Chapter 14. Developing Recommendations 

Specifíc BSP study recommendations cenler on: 

• lnlormation architecture 

Accepllhe information architecture as lhe base 
for curren! direclion and future 1/.S planning. · 

Malee required changes lo applications current
ly under development. 

Make intcrim improvemcnts lo current applica-
tions. ' 

Prioritize arcas of the infonnation architecture 
to which 1/5 resources should be appUed. 

• lnlormation rei!QurCC managemenl 

lmplement arid cnhance data administration to 
control lhe data resource of lhe organization. 

lmprovc lhe informatlon planning process 10 
support·lhc business more effectively and 
utilize resources. 

Provide a control system to measure the 
sué:cess of implementations. 

• End-user computing- Enhance lhe decision
making capability of the functlonal staff through 
the use of available business data. 

Thcse recommendatlons fonn lhe Strateglc Informatlon 
Plan. 1/S now has a master plan for lhe data resource-'
a plan driven by the informatlon an:hitecturc within · 
which all new development and modificatlons to 
currcnt appllcatlons must fit. Thc plan presents recom
mendatlons concemiDg the planning and management 
of thc informatlon re5ource and presents architectural 
prioritlcs sequenced from a perspectlve of benefits 10 
the enterprise. 

The strategic plan should be presented to management . 
for validation and approval (see Chapter tS, 
"Reportlng Results"). Por each recommendation, there 
may be an associated project, such as the implementa-· · 
tion of an informatlon center. Depending,on thc team's 
perspectlve, other short-tenn recommendátions may 
flow ditectly into implementatlon. Por each such 
project, an action plan should be developed identlfying· 
the key decisions and actlvitles requited to help man
agenient provlde proper. direction. The actlon plan 
should include the following for cacb project: 

• Project Si:ope: Describe the subject of lhe projcct. 
including the size, impact, and purpose. · 

• Pot~ntial B~nef/u: Describe anticipated benefits or 
reasons for doing this project. 

• Dellverable•: List and define each output or result . 

.. 
expccted of the projcct. · · 

Schedule: ldentify project duration to the extent 
possible at this stage. 

• Bwineu Tooú and T~chnique1: Describe any ·; 
· : ... requited ¡iractlces or methods as specifically a8 .. , ·;,. 

possible. · . · "' :· . 

· • · Tralnlng: Describe orientation, educallon, and 
study necessary for successi'u! execullon of the 
project. 

• Communlcat/ons: ldentlfy coordination;Ualson, '•;: . 
·::.interface points, or functlons, aa well aa documen~·. · 
. tallan requitemcnts. · : · ; 

~.; 

• .. Control: Define project responsibilitles aa weU aa 
review/approval rcquitcments. · : .,; 

· Once managemerit approves the BSP recommclidatlou 
(the strategic 1/5 plan), a tactical plan should be · . · · 
developed to facilitate the implementatlon of !hose ' 
recommelidatlons. The tactical plan wiU contain the 
foUowing resource archltectures (whicb represen! a 
detalled subdivislon of thc informatlon an:hitecture): · .. 

' • t • 

• Dalll Atdll~: A data development plan t.ha:t · : · 
identlfies the requlred data by defining the impÓr- · · 
talit business entitles and 'the actlviti~ that link · 
thcm. 

• Appllt:tltion Atr:hl~: ruustrates bow appUca-
tions and sources of data relate. · 

• Gqruphlc Atr:hllldluW: Shows where informatlon · 
origina tes and where it is used gcographically. · 

The development and subsequent analysis of these 
an:hltectures may cause a resequcncing of appUcation · 
implementatlons. Por example, the prioritlzatlon may 
have been sequenced lnitlally from a benefits view if < 

· Íittie infonnation about implementation ·expense or 
tecbnical prerequisites were avalhiblc. In this and other 
arcas, the resource archltectures wiU help generate · 
al!ditlonal inlonnatlon, which, when combined wlth the 
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BSP prioritlzation lnformatlon, give a more complete 
basls upon which to sequence lmpiementation. 

1be tactical plan can be deveioped by using JBM's 
Business Systems Planning lmplemeiltation (BSPJ) 
teclmlque, which is presented in the BSPJ class of the 
JBM lnformatlon Systems Management lnstitute (class 
numblir W9930). 

14 

1be completion of these activities enables the BSP study 
team to proceed to lts final actlvities: preparation of 
the study report and presentatlon of the study results to 

. executive management. 1borough preparatlon of the 
action plans, potentlal beneflts, and costs cnables the 
executivc ~nsor to evaluate the recommcndiltlcins. 
1be study team ilhould ask for and cxpect a prompt · · 
approval of recommendations and a prompt coiiUÍIIt- ; · 
mcnt by management to implement them. · 

1 
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Cbapter 15. Reporting Results 

Having ddined the information archítecture, identified 
the archítecture priorities, reviewed and assessed 1/S 
management, and dcveloped recommendations and the 
action plan, the BSP study team is ready to complete its 
mission by preparing the study report ¡¡nd preparing 
and dcUvering an cxecutive presentation. Tbc purpose 
of the rcport and presentation is to obtain further 
execilllvc management commitment and involvement · 
for implcmenting recommendations from ttie BSP study. 

The foUowing activities are performed in preparing the 
study report ilnd executive. presentation: 

. • Review the report outUne 
• Prepare the report 
• Select the presentation medium 
• Present to.executlves 

Reriew the Report Outline 

puring the initial steps of preparing for the study and · 
devcloping a work plan for conductlng thc study, the 
team prepared a. preUmlnary report outUne. Since the 
report ilow matcriallzlng from that outUne is to be a 
consensus of the en'tire team, cach of its sections should 

· ~ reviewed by each of the membera so that tho final 
document reflects aU their comments. 

The report may be structured in many ways, depending 
upon preceden! and methods of presentation within the 
business conducting the study. However, to assist the 
team in its consideration of pertinent areas, an exten
sivo Ust of toplcs is presented in Appendix l. For a 
samplo report see M«CD lntematloMI Su// Corporatlon 
Buline.u Systenu P/anning Report (Sample), mM 
documont 0320-6503. 

Tho most slgnlflcant fmdings, concluslons, and recom
mendatlons ahould be s111111118riZcd in th0 flrat fow pages 
of the report for the use of top managomonL Support
ing details should be included later and in the appendix
es for other membera of the organizatlon and for team 
membera who wW participate in foUow-up actlvitles. 

Prepare the .Report 

1be prlmary writing responsibility for each of the 
sections of the report was assigned during study 
prcparatlon. As thc study progresses, changos, addi-. 
tlons, and deletions can be made to thc preUmlnary 
outUne. By the ume the.executive interviews have been 
completed, agreemeni should havo beco reached on the 

final table of contents, and the individual study,teanl· · 
membera 'should ha ve avail~ble to thcm most of the · 
information needed to complete'their assigned sections. 
The study team lcader·usuaUy assumes the responsibili" 
ty for writing the background and overview because 
_much of thís material comes directly from the orienta
tion lnformation prcsented to the team atthe kickoff ' 
meetiitg. . · 

'. ' 

.The conclusions, recommendations, and ari action plan 
should be reviewed with the executive· sponsor before . ·: 
the team drafts the fmal report. Controveralal arcas or 
arcas affecting the business most may be reviewed with 
the executive involved, to determine how best to 
present the recomm~ndatlons. 

. select the Preseotatloo Medium 

The p~cipal factora to consider in determining how 
the report should be presented are the type and slze of. 
the audience and the accepted ways of making such a 
presentation In the particular business environment. 
Consultatlon with the executive sponsor early in the 

. ' 

. study to obtain bis advice on thís subject can be most 
helpful in estabUshíng tho proper directlon. , ., 

U thc presentation is made to a smaU group, fUpcharts 
are adequate and popular. U the audien_ce numbera · ' 
more than a dozen, viewgraph foiis or sUdes should be 
considered. U sUdes are to be used, adequate time 
ahould be aUotted to have them prepared, whether 
in-house or by an out1dde vendor. 

, 
Preseot to Execudves .·' 

i 
The exccutlve presentation can be developed complete- , · 
ly from material contained In the final draft of the 
report. Tho principal aims of thís presentation \uo to 
inform management ·or thc study's findings, mako 
recommendatlons, and secure approval óf the actlori 
Plan· . 

The presentatlon should be conciSe, preferably no · 
longer than two hours. lt ahould be logical and f~ctual .. : 
and &bould end with recommendatlons for the foUow~ · 
on actlvities. For example, it may take the foUowing .. 
form: ,. ... 

• · IntÍoduction 
Background and overview 
Objectives 
Seo pe 
Study team 
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• Study approach 
·Business and 1/5 review 
Business processes and data classes 
Matrices · 

· Executive lnterviews · 
• Major problems identified 
• Conclusions and recommendatlons . 

lnformatlon architecture and priorities 
- ,JRM requlrements 

• Aciion plan for follow-on project acúvities 
Description(s) 
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Deliverables 
Resource requlrements 
Benefits 
Schedules 

• 

' . 

i 



Cbapter 16. Oveniew of FoUow-On Actirities 

The BSP sludy ended wilh 1he developmenl of an aclion 
plan for lhe foUow-on aclivilies anda prcsentaiion for 
managemenl approvallo procecd in lhc execulion of 
lhal plan. This final chapler or lhe BSP planning guide 
givcs an ovcrview of lhc foUow-on aclivilies and serves 
tour purposes: 

l. To relále lhe foUow-on aclivilies lo lhe BSP sludy. 

2. To show how to capilalizc on lh·c rcsults or lhe BSP 
sludy. 

3. To further explain lhe major foUow-on projects. 

4. To identify severaiiBM counes lhat may be 
. particularly helpful 10 those responsible for imple~ 

mcnting the BSP rccoriuncndalions. 

Perspecdve: on FoUow-on Acdvides 

Relatio11 of BSP StWly to Follott~-6~~ ilctil'ida 

Thc foUow-on activities.are a continuation and expan
sion or thc ·major actlvities Uithe BSP study. The major. 
thrust or the study was one or understanding, develop
ing findings and concluslons, and making rccommenda
tions. Althougb the thrust in foUow-on projects ls stiU 
to undersland, greater emphasls ls put on detaUed · 
,; .... ~uons and planning for implemenlalion or the 
project. 

There ls a greal need for communication among the 
project teams iC project implementatlon ls 10 be suc-. 
cessful. Thercfore, the Wormation resource directOr 
sbould take overaU rcspons.íbility for the projects, since 
the functions performed durlag the foUow-on activities 
are a part of tho IRM rcsponslbillties. Because the 
foUow-on activities build upon the results of, and the 
Wormatlon gathered bi, the BSP study, there ls a need 
for continulty of team members. At least one person 
on the BSP study team should have been chosen from 
the datá processing funclion, with the idea that he 
would remaiD with the rouow-on activities. · 

Thc funclions performed by tbe executive sponsor of 
the BSP study should be performed by a steering 
commlttee in the foUow-on projects, unless therc ls a 
managcment commlttee already estabUshed to under
lake those tasks. 

Preparation for Follow-o11 ilctivida · 

Bccause of lhc varialions in th~ findings and conclu
sions.lhal may rcsult from BSP sludics, lhe foUow-on 
aclivilics and the cmphasls placcd on each oC thcm wiU 
vary from onc BSP study lo anothcr. For purposés of 
this discusslon, the foUowing assumplions are made: · · 

l. IRM fuilclions must be changed or added to. provld~ 
a controUed environment for thc developmcnt and 
implcmcntation of the Wormiltlon architecturc 
ldentificd in the BSP study. A dctaUed Wormation · 
systcms plan wiU be dcveloped that wiU rcfiect 

· thcse planned changes. 
• 

2. The Wormation architecture must be further 
deCined and data bases identified. . · 

3. The. distribution or informatioil systems may be a 
consideratlon. 

.:·· ,, 

. '-~ •, 
., 

. ',•' 
·¡ 

... '. 
4. One or more major applications.have been chosen . ~~ 

f~r ~evelopment and implementation. 

To aid In accoDipUshing these objectives, mM's Inror
mation Systems Management Institute offers a course 
éaUed Business Systems Planning Implementatlon , 
(BSPI) - course code W993o. Thls course teaches 

. meÍhodologies, and discusses lssues and poUcles · . 
necessary 10 convert BSP recommendations lnto func
tioning applicatioÓS and data bases. Among the methci
dologies taugbt are tbose for creating plaas for appllca-' • 
tion and data base development as weU as the gCo- · 
graphic distribution of these applications and data 
bases; · Relevant lssues regarding policies on 1/S plan- · 

· ning, data admlnlstration, development, and organiza~ ·¡_: 

tion are explorcd. · 

lnlormadon Resource Management 
1 

IRM ls the keystono of effective support of tho buslnou 
by J:ilformatlon·systems. Tho lmportanco of ~ntioued 
emphasls on IRM is summarized below: · 

• Development or the complete lnformation architec
tilre wiU take place over a period or years. 

• Changes 10 business strategies and plans and to 
Worination technoloj¡y wiU continue througbout 
the development oC the Wormalion archltecturo .. 

• The procosses of managing information wiU be 
· rcflned and changed continuaUy to properly plan, 
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measure, and' control requlred lnformation re
sources. 

• The BSP study is a one-time effort that should be 
foUowed by continua! lnformation planning to fuUy 
capitalizc on the resulta. · 

lRM In Penpect/PB 
,_ 

The IRM foUow-on projci:ta wiU emanate from (1) 
requirementa to support JRM objectives, (2) changes 
resulting from the development and implementation of 
the first application, and (3) recommended changes to 
solve 1/S support problema. 

From this, one can assume that the recommendatlons 
lncluded: , · 

l. Emphasis on lnformatlon systcma plannlng and 
control. · · 

2. The establishment of a data admiDistratlon func
'tion. 

3. Some, near-tcrm projecta, such as the estsblishment 
of a steerlng committce and reflnementa to project 
control. Capaclty plannlng is also a ilatural foUow
on to a BSP study slnce it ezamlnes the data proc-, 
esslng capacity and determines whether changes are 
required to accommodatc the architeCtu¡al priori- · 
tles or to solve some of the 1/S support problema. 

4. A major project(s) ID IRM -. for ezample, estab
lishlng an action plan to move to distributed data 
processlng by definlng the geographlc archltecture~ 

AD importan! action aftcr the BSP study is the estsblisb
ment of a continulng W_ormatlon plannlng functlon 
uslng the BSP study as a base. Although the BSP study 
culminated ID an approved actlon plan, the overaU 
objectlve of an IRM project is to develop a long-range 
lnformation plan that wiU direct the design, develop
ment, and implementation of the lnformation archltec
ture. lt should lnclude sufficient detall on projecta, 
resources, and schedule& to guide Bu levels of manage
ment on what is to be done, when, and by whom ID the 
organization. 

Slnce data administration is a complex area requirlng 
long lead times for implementation, the data admlnis
trator should be appolnted as early as possible so that 
thls function can be given proper attcntion. Two major 
activities sbould be addressed immediately: 
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l. Establishment of a data policy that fixes responSJ
bility and accóuntability for data accuracy, conSJst
ency, and timeliness to a speclfic organlzation. 

2. Establishment of a data dlctionary by the data 
adrniDistratlon functlo_n to catalog the meaning and 
use of data. 

The importance of lnformation plannlng and data -
admlnistration cannot be overempbasized, and tbey will. 
nearly always be a pait of the foUow-on activity. The · 
data admlnistration actlvities are covered thoroughly ID 
mM, GUIDI!, SHARI!, and trade publicatlons, and are ·' · 
discussed ID Chaptcr 13 and Appendlx K. · 

Some of the near-tcrm projecta sbould be done lmmedl~ 
atcly aftcr the BSP stui:ly recommendatlons are ap
proved. 1be establishment of a steering commiitee and 
a project control systcm are exceUent examples of 
near-tcrm projecta tbat are requlred. A stcerlng. 
committee wiU dlrect tbe foUow-on actlvitles, whUe a 
project control system wiU help the lnformatlon re
source director adequately control BÍid Coordlnatc 
actlvities. · · · 

' '{~ 
\ 

mM's lnformation Systcma Management lnstitute offérs .· : 
a 3\lt-day course that deals speciricaUy with these lssues' 
and is lntended for managers and executives resÍ>Onsible 
for the 1/S functlon. 1be course is caUed Organizlng the 
lnfoimat¡on Sfstema Business -:- course code W993S. 

IDformation Architecture 

1be lnformatiori archltecture is one of the key resulta of · 
the BSP study. Ita prlmary pllipose is to pro vide direc
tion to the lnformatlon resource organlzation ID lnfor
matlon systems plannlng, design, and lmplementatlon 
and ID managing and controUIDg · the data i-esource. 
1berefore, it should be lmplemented as described ID 
Chaptcr 8 to e~ure maxlmum utility. · 

'' 

1be refmements tci be accomplisbed ID a foUow-on 
project sbould lnclude a conlirmaiion or tbe lnforma
tlon _systcms archltecture, a decomposition of eacb 
application, application lnterrelationshlps, and.lnforma- · 
tion now among applicatlons. ' . 

Otber activities tbat sbould be iÍicluded ID tbe lnf orma
tlon archltecture project are: 

• Examination ofcurrent data proce¿.lng systems to 
determine bow they can evolve lato the new 
architecture. · 

i 1 



• Documentatfon of altcmative architecturcs'that 
wcre tried or investigated and rejected, with the 
reason.s ~or rcjection. 

• Evaluation of tbe technical implic:ations of the 
lnformation ·arc:hitccture, includlng control system.s, 
data base/data communic:ation.s requirements, and 
potential dis.tribution of botb information and 
system•. 

A.rch/tectute Reflnement 

Using tbe infonnalion architecture defined in the BSP 
study, eacb application desc:ription sbould be expandecl. . 
Eacb desc:ription sbould include the purpose of the · 
applic:ation, business probiems 'addressed, data created 
and used, de pendencies on otber applic:ations, general 
requirements for impiementation, and priority of tho 
applic:ation. 

Currrmt S)IStenu Examltudio11 

Data proc:essing applic:ations currently in use or under 
development sbould be carefully examined to deiermine 
bow eacb one relates to the applicatlons desc:ribed in 
the lnformation arc:hltecture. Possible modific:atlons to 
current appiications sbould be doc:umentcd to show 
bow they can be used in tbe future arehitecture. Where 
modüied applic:ation.s could be used in Jieu of new ones, 
a desc:ription'sbould be inciuded in tbe arc:hltecture 
doc:umentation. For applications already under develop
ment, an evaluation should be made of necessary 
mod!fications to make the applicatlon c:Ompatible with · 
the lnformation architecture. lbe development sched
ule should be reviewed to determine the effect of the 
changes ili the applic:ations unde.r development when 
compared with c:hanges to be made alter applic:atlon. 
implementation. Both present commltmenll and future 
priorities should be considcred in thls evaluatlon. 

Integral to the lnformatlon arc:hltecture defmitlon in the 
BSP study were the data ciasses supportlng the busincsa 
proc:esses. A logic:al grouping of reiated data c:iasses wW 
yield the .set of data bases that wW support the archltec
ture lmplementation. 

'¡ 

A data base is defmed as a nonredundant coUectlon of 
interreiatcd data items proc:essabie by one or more 
applic:ations. In thls definltlon: · 

• Nonredundant means that Individual data items 
appear only once (or atleastless frcquently Iban iD 
normal fiJe !lrganlzatlons) in the data base. 

• lnu~/aud means tbat tbe files are constructed 
with an ordered relationship tbat allows data 
eiementsto be tled together, even tbougb they may . 
not necessarüy be in the same physic:al record. 

1 ' 

• Prounab/4 by OM or mo~Y app/icatiotu mcans 
simpiy tbat data is shared and used by severa! 
differen¡subsystem.s. 

Deveiopm~nt of a data base has some obvious benefits. 
By i:onsolidatlng fües, the user can obtain better control 
of data and reduce storage space. Equally importan! . ·. 

. are the resulta,nt data synchronization and tlmeliness. · 
Use of a single information source makes processlng . . . 
more acc:urate bec:ause aU appUc:ations refer to tbe same :: · 
data. ; . 

A data base system can help overcomo some of tbe 
compiexltles of data management. It can· provide · 
additio.~ data relatlonshlps whüo minimizing storage 
redundancy. !'. 

A comparison of the data base environment with the 
· traditional approac:h to systems development and 

malntenanc:e reveals the. advantages of the data base 
conc:ept. In the traditional approach; a system is usually 
designed, programmed, tcstcd, and tben implemented 
as. a total entity. 111 advantages cannot be realized by 
the end user untü the entlre system is completed. lbe 
amciunt of time involved can cause frustratlon sinee . . . 
business requirements c:annot be kept frozen long . 
eno.ugb to avoid changes and delays. Also, when data • : · 
or Jogic c:hanges are requlred, considerable testlng.may .. 
be ncc:essary to determine how the changes affect other . 
programa or systems functions. 

By contras!, the data base approac:h aUows a gradual ' 
transitlon from exlstlng applicatlons to oÓiine, . ! 
transac:tinn-driven applic:atlons. With gradual imple- ' 
mentatlon of transactlons, user departlilent signoff can 
be oblalned more easUy and tho user can enjoy the 
benefits earlier. Cbanging data needs can be aci:ommo
dated without affectlng programa that do not use that · 
speclfic area or segment of ~e data base. lbuS, the 
data base environment can be a more effectlve way to 
accommodate chango, deliver benefits to the user, and 
control development c:osts. . . . 

Dato .Didio11111J1 

lbe data dictionary ls tbe primary tool of data adminls
tratlon to manage the data inventory. Data adminlstra
tlon beglns to impiement the data dictionary by~ 
inj¡ with tbe c:rea.tor of data, as defmed by data policy, 
how tbe data should be desc:ribed in terms of data 
elements, and tben'developing the standards and 

.: .-. 
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procedures lo be followed by lbe other usen. These 
. are thcn documc::ntc-d into a data dlctJonary whJch 
pruvicfe~ lhe guutam.:e un what data is. available, how h 
should h~ useJ, and who i.s allowed to use it. Further 
informat1nn on the use uf u data dictlonary is contalncd 
an AppenJ11 L. 

t:nd-User Compuiing 

End-user computing is the direct use ot data, tools, and 
services by business people to meet business needs 
observed as extensions of corporate information and 
data requirements. With the advent of personal com
puten and interactivo computing via terminals and 
workstalions lütked toa central computer, end-user 
computing has become more and more prevalen! In the 
business professional community. 

Since end-user computingls becomlng a significan! 
activity in many corporations- and promises lo 
become even more significan! over time - organiza
lions are finding that to effectively suppon the objec
cives ot the emerprise end-user computing mus! be 
managed as a business activity as mucb as a tecbnical 
activity. Thus, end-user computing requires both a 

· suppon structure and a management system. Tbis 
involves: 

• Enterprise-level management direction for end-user 
computlng. 

• A way of identifying and prioritizing user needs 
and ensuring the selection ot tbe appropriate tools 
anda delivery system for them. 

• A means for providing each user the appropriate 
wor.kstation. 

• A process for giving users access to corporate data 
· and other types of needed infonnation. 

• A suppon organization to provide effective guid
ance, training, and on-going assistance for users. 

• The incluscon of an infonnation center as pan of 
che end-user stralegy. 

Along wich the mionnolion center, the development 
cencer is another technique for providing end-!'Ser 
computing capability. As described below, the infonna
ciun center is direcced toward the business professional 
and che developmenl cencer is a tool that will enhance 
the productivity of the data processing professional. 

00 

lntonnaffon Conrer 

The infurmation center ls a dcpurtmcm wilhln the DP 
organizucion which provtdcs end uscrs whh packagcs 
and services that enable thcm to acce8s thc com·putcr 
directly to improve their productivity and/or thelr 
decision-making capability. End-user products lnclude 
repon writing, query processing, financia( plannlng, and 
packagi:s for training and document preparation. The · 
key toa successful information center is the quality of 
suppon provided to the users. 

U an infonnation center is being recommeilded,IBM's· 
Infonnation Systems Management Institute offers a 
2V..day course for prospective or newly appointed 
information center managers. The course is caUed 
Jnfonnation Center lmplomentatlon - courae codo 
W9934. 

Developmenl Center 

One fonn of assis!!lnce the application development 
group will want to consider is tbe development center, 
which offers dedicated resources (both hardware and 
software) and special tools that accelerate application 
development and increase programmer productivity. 
Effective development centers provide unconstrained 
hardware resources to allow Interactivo development 
with time-sharing systems. AppUcatlon genoraton are 
used extensively. In largor groups, there is lncreasing 
use of dedicated host system resources for appUcation 
development. 

Using the lnfomudion An:hitecture Cluut 

The information architecture cblirt (Figure 18) serves 
as a management communication tool by providing an 
overview of the major elements of the architecture and 
their relationships. The chan also provides a finn 
foundation for later development of individual portions 
of the architecture. 

The architecture chan provides a wealth of infonnation 
and is interpreted In the foUowing fashion: The majar 
blocks represen! Individual managemont information 
systems that may be implemonted In logical building 
block sequence. Reading across from an Individual 
syscom ldonlifies those ponlons or tbo buslneu 
(business processes) wlúch are specüicaUy supponed 
by the infonnation systems. Roading upward to the 
data axis identifies those data bases wlúch may be 
controlled by the specific information systems. Finally, 
the Unes and arrows connocting the information 
systems represen! the Oow of data among the systems. 
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Thus, data is managé:d as a corporate resource and is 
provided to the appropriate ponions .or the business as 
needed by means of systerns that may be implemented 
piece by piece as business justification warrants. 

Dlstributed lnformation Systems 

The primary purpose or di.tributed informatioiúysterns 
is to provide the user with ·a level of computing resource 
best suited lo bis operational requirements. The . 
elements that can be considered for distribution include 
hardware, program execution, program deveiopmenl, 
and data. The degree of distribution can vary from 
totally cenlralized lo lolaUy decenlralized. The lnfor-

. mation archilecture defined In the BSP study provides a 
good foundatioil for the planning necessary to address 
1/5 distribution requirements. · 

To add distributed 1/S parameters lo the arcl\itecture, 
the project team must: 

• Thoroughly understand the degree ,of distribution 
of eacb element · 

• l.Jnderstand the reasons for and agalnst distributipn 
or tbe vanous elements .. 

• Be able to pul into perspectivo aU the factors tbal 
affect distribution and sharlng or data processlng 
resources 

• Appreciate the need for a long-range 1/S plan and 
for development of a facilities plan to suppon tbe 
1/S plan 

Several of tbe matrices developed In the BSP study can 
be very usefulln developlng the arcbltecture extensions 
requlred lo defme distributed systerns. Tbe process and 
data fiow analysis sbould be extended to include 
pbysical locations for systems and data requlrements. 
Location versus organization, locatlon versus process, 
and locatlon versus data matrices should be prepared. 
A process versus data matrix for each location (or 
group of similar locations) should be prepared witb 
additlonal paramelers on the axes to include data use, 
><curity, auditability, data occurrence (aU or partial), 
actlvity volumes, response requlred, and criticality. 
Figure 32 sbows tbls type of matrix for a manufacturlng 
plant site. 

., 

These additions to the architectural description or the 
Wormation systerns can then be input to the individual 
application requirement studies to determine detailed 
distributed systems requirements. They will aJso give 
an overall feel for the applicability of distributed 
systems to the Wormation architecture. 

The reader may wish to refer to the IBM document 
entitled BSI' - P/anning for Distributed Jnfonnation 
Systems, GE2G-0655: Tbls document outlines extensions ·· 
lo the basic BSP methodology and shows the develop
ment and use of the matrices cited. 1t then examines . 
the possibilities for distribution of Wonnation systems 
resources and for choosing the most effective plan for 
lmplementation . 

Developlng the FIJ'St System 

As discussed under "lmplementation Options" In . 
. Chapter 12, Wormation requlrements may be satlsfied 

in several ways. Tbe qulckest, least expenslve way 
(that is, using the fewestpeople) would be to buy or 
otherwise procure existlng code, as In an application 
package. Second, some user requlrements mlght best 
be satlsfied by giving the user direct access to the 
computer tbrough the establisluDent of an lnformation 
center. Tblrd, if an appücatlon .must be developed, then 
consider the mM Appücatlon Transfer Team approach 
to reduce the resource ·requlrement and accelerate the 
applicatil)n des(gn an!,!justification. 

U none of tbe above·are applicable, tben an application 
will have to be developed. As development begins, caro 

. sbould be taken that the appücation is not developed 
"by itself." Tbe BSP study has set a cenaln direction for 
lmplementation of applications .. Tbls first development 

. and lmplementation must support the business process
es and must: 

1. Fit properly loto and lnterface·Wlth the otber 
· (future) applicatlons of the.overaU architecture 
described In tbe BSP study-

2. . Provide for proper implementation of !he approprí
. · ate dl!ta base(s) 

·.Tbese concurrent projects must be designed and 
managed to ensure that tbey lead toward an integrated 
whole (the Wormation architecture). 
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Design and Oevelop Produt;t A A A 
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Layout Workflow A A e 
Mainteln Facilities· A A 

Menure Equipmon1 Perlormence A 

P&an for Por10nnel e A 

Recrult/Oovelop PeraonneJ A 

Pav Personnet A A 

Purchase Matortela A A 

Receive Matertela A A 

Contr~ lnventory e e A 

Ship Produc1 A A A 

Schedule Produt1 A A A e A 

Plan Capechv A A A e A 

OetermiN Material Requirementl A A e 
Managt Operationt A A A A 

Manage Torrltory 

Sell Product 

Administer Sales 

Service Ordars A A A 

Manase Gttneral Account1 A A A e 
Plan Costa A A A. 

Maintein Budget A A A A A 

Plan Buaineq A A 

Anetvn Orsanization A 

Aaview and Control Entorprile A A 

Manase Riak A 

u .. A A A e A e e A e e e e e A A e A 

Sec:uriry A A A A e A A 'A e 
AudiUI_bility 

Data Oc:curranca 

Currency 

UN •nd Avd11 
S.Cvrity· 

Curr•ncy 

Volw,.,./Auponw 

A A 

T T T T T T PPTTTTTP 

1 1 S S L L LOIIISOO 

A • Acuu onty e • Accnt •nd a..,... 
A • Un.uthor í1ed Accn1 prOitction 
e • Un•vthoriud ehl!rtgt protectton 
T • Tot•lrteord ne.cted 
P • P.II .. IIKOfd needed 
1 • ll'nmld,.te; S • s.,. &y 
0 • Ov.rntfht; L • LO"'fl 
H • Hlgh/Qvick; M • Mtdiwm; L • Low/"ow 

. 

fl¡urc ]J. Di,.ribulcd lnlonoalioa r~.--all analytb 

82 

p P T 

S L O 

L L 

e L M 

e L M 

L L 

A M M 

e M H 

L L 

A M M 

e e M L 

L M 

A L L 

H H 

M H 

e M H 

H M 

A e M H 

A A M H 

.e M H. 

L 'H 

H H 

e H L 

L L 

M L 

L L 

L L 

L L 

L L 



Milllllging tlt6 Applictllio11 DePelopmml 
Proam 

Application dcvclopment is a coniplex· process. It 
rcqulrcs a phased approach and a wcU-defined project 
managemcnt process. The foUowing cumples are from 
the IBM independent study program Managing tM 
App/ication De~~elopmefJI Proctu. 

A phased'development approach must be used so that 
functional executives and the inronnation resource 
director can review and approve the products resulting 
from each phase befare the project proceeds. Figure 33 
is an example o( such a phased approach and reflects 
the people resource requlrement by stage. 

The project management process specifies the plannlng 
and control tasks necessary to manage the phase, or 
group or pbases, wbicb make up a projecl, as sbown in 

Figure 34. AU products and tasks must be cle.arly 
defined so that they can be perfonned, measured, and 
managed. From a user standpoint, it means a process 
that wiU deliver the application on time and within · 
budget. 

Three lBM courses are· avaUable to support appUcatlon 
.. development efforts: 

l. Project Management (3!1. days, course code W9924) •· 
is directed toward DP management. 

2. Projectlmplementatlon (4!1. days, course code '· 
W9885) is intended (or thc project implementatlon 
team. 

3. Project Plannlng and Control ror Usen (3 days, 
course codc W9896) ls lntcnded ror non-DP penon
nel. 
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