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1.1

1.1,1

@)
ARCHIVOS

"Archlivo

Un archlvo se deflne como una coleccldn de registros aiml '

lares contenldos ‘en los dlspoaltivos de almacenamlento se-

cundarlo de la computadora.

Reglsti-o

“Una colecclén de campos relaclonados contenlendo objetos-

dato elementales.

Ob]eto dato

Tiplcamente es represeatado por un valor el cual es parte

; W"‘ﬁ :
de la descrlpclébn de un objeto o un -eeerite.

Tamafo d¢ (n @MLQ!DUI;‘D

Grande., Implica ‘una cantidad mayor de la que una perso-
na’ pueda manejar por sl misma aln con la ayuda
de la computadora. Actualmente la cantidad pue
de varlar dependlendo de la complejidad de la -
Aplicacibn,

N

Muy grande. Una deflaleiébn formal puede ser una base de da-

tos tan grande que el tiempo necesario para ha-

cer una copla es mayor que el [ntervalo entre -



las transacciones necesarlas para mantener la Ba

ge de Datos actuallzada.

1.1.2 Organizaclédn de Archlvos

1.1.3 Entrada~Sallda

/

1.2 “Computaclones en la Base de Datos

Sigulendo la term/inologfa de Tslchritzis

El termlno computaclén se usa para denotar una seccién de
una apllcacléri la cual manipula la Base de Datos. La mayo-
ria de las computaciones las cuales son usadas para manipu

lar una colecclén de datos son conceptualmente simples.

Reconocemos cuatro clases de computaciones relacionadas - -

con las Bases de Datos.

1. La Construccidn de la Coleccldn de Datos

2. La Actualizacién de lcs dementos dagd en una coleccién

L3

de datos,

3. La Recuperacibn de Datos de una coleccién de Datos.
4. La Reduccibn de gran cantidad de Datos a una forma .

 usable,

1.2.1 Procesos

El Sistema Operativo el cual organiza el-itinerapie—para la -






@

ejecuclén de la computacién sollcltada por el usuario pue

de descomponer la computaclén en un nimero de procesos

dlstlntoa.. . ' I

0

~ Proceso Es la unidad computaclona.l\/que ‘maneja el slste

ma operativo,

1,2.2 Secclones. de ‘Procesos

Un proceso puede ser descompuesto en un nimero de gec

clones.

Secclén, Una secclén es una colecclén de pasos de un.pro
grama durante los cuales el slstema operativo no se tiene

que preocupar acerca de el proceso.

" .
Una seccibn del proceso la cual presenta %feracclonea poten

clales es conoclda cbmo una seccidn critica.

1.3 Una visién JerArquica de los Datos
Cohceptos
‘ Informaclén
Hechos y Deserlpeibn Sujeto de
Datos Estructurados N Estudio

Representaclones de Datos
Bits y Bytes Estructurados
Hardware de Almacenamlento bits y bytes



1.4
l1.4.1

1 4.2

1.8

/_‘\

Practica Actual

Un programa de archlvos

Control del Slstema Operatlvo

Descripclones ' , :

~Ea orden para permltir la implantaclén y uso de un sla-

tema por un nlmero de personas alguna q::cumenta.clén de

be exlstlr para describir tanto el aspecto estiticd, la es_
tructura de la Bage de Datos como el aspecto procedural,
las computaclones las cuales llevan a cabo las transforma

clones de Datos.

Una fotografla de los datos en terminos de archivos, re-
glstros, canipos y la relacién entre los elementos dato con

tenidos en eatos elementos ea aproplado para el aa;iecto es

' titlco.

La descripclén procedural puede ser dada como una férmu

la, una descripcién de secclones de programa a ser ejecu-

tadas, © un diagrama de flujo. Debido a los problemas de '

comunlicaclén que se presentan en.los eqguipos de programa
clén y que a la fecha no hay métodos formales para veri-

flcar completamente la correcclén para procesos de Inte-

&



@
®

racclébn. Nosotros por tanto preferimos descx;lpclones de

talladas de los datos estétlcos para el desarrollo de Bases

de Datos.

Desgcripclones 'Estétlcas contra Daacrlp'clones Procedurales

1
L.os aspectos ‘proc'edurales y eatdtlcos frecuentemente ocu-

rren juntos cuando describimos archivos, Pa;ra muchos -
problémas senclillos de procesamlento de Datos, sln embar
go no es necesarlo nlaguna descripclén de proceso. En
aquellos casos en que el proceso de computacién es déacr_l_
to lndirectamente proveyendo doé fotograflas del archlvo, eg
pecificando la forma y contenldo antes y despuég de lé. compu -
tacién, Este método tamblén es apllcﬁble a el mavlmlento.c.ie :

datos entre dos archivos o bases de datos separadas. El pro

gramador usa las Tablas de antes y después para escribir el

cbdigo. Preacindlr de la codificacién por completo en la Iln
tenslén de los generadores de reportes, los cuales aceptan la
definicién de los archlvos de entrada y la descripclién de los '

repor;tes de galida,

En otros cagos uno puede encontrar que la organizacién de los
datos esta Implicitamente definida por un listado de los pasos

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



(D

‘@7
&

andllals es necesarlo cuando nuevos programas desean acce

sar los datos que solo han sido deﬂnldoe; proéeduralmentel.

Lap doa elecclones acceslbles estin Impllcitas en la exlsten

cla de dos termlno's para la descripolén de las estructuras de ;

almacenamlento: organlzaclén de archivos frente a métodos

qe acgeso.

Elementos dato especlalea, descritos y mantenldos en la Ba
se de Datos pueden ser usados para controlar la dindmlca del

programa. Un elemento dato de una Base de Datos puede es

‘tablecer que un archlvo partlcular han sldo completamente

actuallzado por una computacién. Tal informacién puede ser
usgada para g‘arantlzar la correcta secuencia de ejecuclén de
programas que comparten datos., l.08 elementos dat'oa man-
tenldos en cada registro pueden especificar que'clertoé regis
tros aGn no han sido actuallzados, posiblemente.por la falta

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

nos empleados.

Tales computaclones pueden aer programadas para decidir no
prosegulr en tal caso; otros procesos no deben ser impedidos
a menos que ellos requieran uno de log registros que no se -

han actuallzado., Nosg referimos a los datos que no se han me



1.8

l.

7

tido a la Base de Datos pero que deacriben el estado de
la Base de Datos para el control de las computaciones co '

mo datos de control.

Vemos que hay una relacldén entre la calidad o lo completa
de nuestra descrlpclén de los datos y nuestra habllidad para
especificar las secclones de el programa los cuales se com

blnan para formar computaciones de proceso de datos.

Llgado
Tiempo de Ligado

Clasificacién de Sistemas Operatlvos

Los slatemasbperativos proveen una gran variedad de ser

viclos los cuales los principales pueden clasificarse como:

Secuencilamlento de Procesos
Soporte del Sistema de Archivos
'Soporte de Entrada-Sallda

Medicibn de Uso

li; Sistemas de archivos lncluyen programas para mantener di

rectorios de archivos y garantlzar su seguridad a largo -

plazo y programas invocados por el usuario para accesar,



1.7.1

1.7.2

1.7.3

(#)
2)
esto es, leer y escriblir los archivos durante las tareas

computaclonales,

Procesamliento Batch

Multiprogramacién

_ Procesamlento de Transacciones

El enfoque mAis importante de Slstema _Obemtl.vo para Ba-
se de Datos Interactlvas es llamado procesamiento de tran
sacclones. Este método asume que las computaclones son r
naturalmente pequefias en térml.nos de espacio y tiempo.
Eil Software del slstema de Base de Datos se asume esta
slempre acceslble, de manera que las computaciones de
los usuarlos consisten princlpalmente de llamadas a I.a Ba
ge de Datos para lectura y escr‘Lbura, y una cantldad liml
tada de computaclén léglca y numérica. Tal computacibén
es llamada una transacclén. Las transacclones son inicla
das tan rdpido como es posible después que el usuario la
sollcita y se les permlite correr tanto como sea necesarlo

para cumpllr los requerimientos computacionales.

Una transaccién es también formalmente deflnlda como una

computaclén la cual, después de completarse, deja la Basge



o S

1.8

1.9

e

. (9)
de Datos en un estado blen definido, o al menos en un es .
tado no peor que antes. Una falla durante la transaccién
requlere que la Base de Datos sea restaurada -a su estado
origlnal, Sl Gnlcamente transacclones blen comportadas
operan en la Base de Datos, la Integridad de la Base de .

Datos giempre es mantenida,

En un medio amblente orientado a transacciones general-
mente se ejerce un control cercano sobre las computacio
nes para prevenir que una computacién defectuosa atore

todo el slistema.

Anplicaclones

Revisibén



3.0

- ©
Organizaclén de un Slstema de Archives Béaslico

Introducclédn

Las caracterfsticag bdsicas deseadas de slatemas que alma

' cenan grandes cantldades de datos son:

+ Acceso rdpldo para recuperacién
- e u.a lt

+ Actualizaclén mm

+ Economla He almacenamiento

Criterios Secundarios Importantes son:

+ Capacidad para representar estructuras de Informa

¢clén de! mundo real.’

+ Conflabilidad
+ Protecclédn de privacidad

+ Mantenlmliento de lnteg:jidad'

El Disefio de Bases de Datos requiere andlisis para lg pre
dlccldn del desempefio y esto requiere que la organizaclén

de los archivos sea facllmente abstralda. Todos estos cri-
terlos tlenden a ser conflictlvos entre sl. La elecclén del

método de organizaclén de archlvos determina la relativa



conveniencia de un sistema de acuerdo con todos estos critg

rios,

El nGmero de alternativas posibles en la or.-ganizacl‘bn de ar
¢hivos es practicarﬁente illmitado. En orden de hacer el pro
ceso de selecclédn rr;anejable, describiremos y mediremos -~
dels alternativas bésicas de digefic de archivos. La mayorfa
de las estructuras usadas en laApractica ya sea o caen en
una de estas categorraé o puede reducirse & una combinacién
de estos métodos, Los métodos seleccionados son tamblén -

razonables en terminos qe loa criterios secundarios.

Los seis tipos bdsicos sons o ;

'.

Pila

Secuencia
Secuenélal Indexado
Indexado

Directo

Multianillo

Expandiremos la definicién previa de archivo a incluir que no
Bolo es un conjunto consistente en registros sfmilares sino -

también tiene una organizacién consistente,



"

& ome pufaw a5

I Gous rueelon F2 vnel eoltetiis da datbys

2 Aetalieuccon Je b elewmentlos i g
- eolecconda ciglyc

3- L yew;aw’q de Letos ofe v doleeesds do
dalos

o Y. [eo Qeduuceiily e dautos ow grewns Qauﬁdad G vten,
-eathu vsable |

@wM pl/'fa &'o W

SN
. R R,

Mectreia deyse '



I}vos de $rfones Jdga,m'hvas | k @
| Baten D

M /fpmﬁmmm
I fM/w Gongpaificlo ..
e ﬂvm:wumuto eﬂz fwummbm o
@W‘”W"' Je v S')['fm c/Q Avebuvag - '""6?"“* -

&M@mhws gaS\cas Aé rcad.as

-+ deeeso rufrda'a pere veeupem.. -
¢ Actualizacibn eowvamante
+ Feanowmaian ole QIW&Mlleh,

@Mews*\ws Qquvm

'_,, C’a;uwl.aa( )ma. wpﬂfw&k m-‘fruefoms
dc mﬂwmaaz{n Aol moudu Vea/ - '

L @u#l&b&h&ao{
# ﬁd’eccww ofe ﬁammﬁad’

- /L/Mfe,wnnwf?/ c/e /aﬁfﬁgﬂaﬁ'«/



D %vawe‘fms deww‘tﬁ gel N - | @ '

Ewm Iof’e\ .moquz ?)

ﬁ&wpo A g_ee’ld S |

e Ferelon Yo"aew\ndg\- r
- Capacidad

| ﬁwa&auale.fimo_srw& B
L |8  |neo |1eoo- | dees

Do 1330 | 770 K | 37 1u P TH POA aiom

E6\«-""_"1180 e | | ) - .' ‘
o200 | 1q M 19T \ 9272 \stagp | 23 &4 M




Tl e Bloswe

ez

B = louptud 4ol Blogve
Z= lovsiTvd el vegrstvg =

:?195

. K‘Y: %Z. ‘aviable $f|‘!:*‘;“¢4 :

6-% = 8--&2 “ '.vu\é,;uble. \;u?raﬁuvd |

R+P.

' 'F: fawqa:o'def CLPOWJR«M |

D e'sfbﬂdl"bbi .

RaARc
W=W5+Wﬂ.

W = &/Sf-v 2'-{0 |
W = ?*(?*é)/ﬂr | vav - s pauu edd

W' z P i@_*_é'_ Vav-vhsrauﬁd._ |
Be 7



ﬁsﬁk ] ‘f}ub\‘ﬂ:?ku'a t

?(/e'.mjao Jreen /ety b r’?fﬂﬂo Je. 4 eamlérés

Te- £

" ws,

f/@’wpo Ve?’.af?wtﬂa m;a'/”,, (/M }J/ogue 60“‘)0/2&)
ééé = _é’
£

ff!?a‘ e %Wffwwe(c} J;W::/mi-- -

Efecto selin G 7".’??”4* se. ou b s de e orec

€ Fee;to de Lo Seaks w A ‘Ma ole Muﬁffva.uah
= b -
2 Y‘-hvf (R_+w)/é
Syt 'ZLE--: L K+w
| Raw wr ¢
Btv



. y R . o
- ' .
Rew)/irsr o

Cuwpleo e éf?’aw. de'.‘)"mér'iéywa& et v

ﬂ'é’ﬂo seeuU &uc«a/ o rry/;/(as
vse ¢ o///cadu a K

Drteso Seutvcid o blvgves
vie ¢’ y bt Aot xh(oawc 5’!;*( !

Jowtsictad

lm(/cﬂar/
fwyf(

j.

'c/{? bi/



_&,d OTverleacst, aﬂz Flo @{m.rs

7Ew =2y o
:f';';a't l‘«qh;«mgg <<9r

D?SC‘&f/odq;\Z e avelirve S

f é'm‘zdad’ oAe d/mwmzwé peq(m;é P "fy/rl‘n -
- [x F? f‘/a»wpa Hecara o poren Fraer on m)r//rﬁa arbifeny

7:/ : f/MPo ML ine /vanr& a-édeV e/ 7{7&’/30/5 wy/sf‘m

r— /;c}u/m }m"h w&w[(‘ay pM avetﬂ Vo faff};.a&lﬁ‘a (%] erm
-

Tt 0 s a&&/d//-ear 7 arelm'o aawb:audo M r’y/sfw |

rx ; #-W/ﬂ weqfamfam /ﬂéflﬂa (Iﬂ"‘ﬁm ﬂb/ﬂimﬂ'a : | ‘

7} 7 e po neessurivy )oam.. Veotgum'zar o/arahwo o l



Desewpetio Ao / dyeawv"ﬁ/g

C&.-.; MquVO'idm-\ Re “'\va de d‘i’hbvtos " ddlv'euivo . @9
o’ = avwmew prnwedio de atnbilus pu registo o
A = tvgrted promedin de N deseripCion ofe'vm atribito.

V = lngited ,mmécuo.cfe lupoveoo’w del veilor

Ewaﬁw _de( fﬂ_@gm‘ifo

Rear(awd)

. Tva;' M Végn"hv e UG rnfax

os anel arehivo

b = awaavd de hlog

% ledos =5 b o
prowedin de bloues TEE TE g g

» i eck oo e blogues © A waid fa
# et po de % V‘M‘(“V ¢sf'e oupwaew de b‘foq'ues- ewwuc‘:u: ;

vsaundo \'Wghvwe,«h WA Y

TF:LL.@_'.



y Obfeu of <150 renTe regis tro e v, oilo -

E'Jévfm AN My ‘,i {(&

e VR

Y

1}=§*T*5f.é+ Tew

heteq l -
u e,uabow lofe de A eyciCiimer snmﬂthwwosc. .
T;- S+5"+L(é

M

}
I

_Ad&mhm veq i tos, e Une ﬁfc\

M

| To =Tr +Tow +T;
f‘_lfm:iau v vﬂ:s‘h’? |
TD - T!-" *‘Tv,w

Lee. (o,. pite. eom ple by

Tm;-;ff..



)

LIZQOVﬁaMl‘&a(‘.CQCw de vwa Rlon.
A

Ty =(in+o K . |

r=lhao) 5 +(nvo -4)E

& Qua o
Q= V\“ﬁw{ +’1K

O= wvmew de reg/rhos ay.«ega&os

Musert = vmeero de vegrshos mserlados
K = aromaevo de regrs tros ae«fualt'ta&.oﬁ

d = Mdehk& tM

| Gﬂ z vwwwityo” de mg;siiros eraoﬂos PMd‘MIM%u o

Nddde = muweny de legushos elimivados

: Az svwmonn de VPy:d‘r'a's q'_gfe'. hevon ad’mlmad.os‘.



Deswpm del Avcuwo §ewwga

'ﬁww-«w e @uj,,m |
C=aVv

| 7;4g on [Cegy s+_yg

&:ﬂ—égﬁ
6 e

...JE::':{E» et Qvell lign S'eeum;l/

Oelvalre. I avelure foectavicial -

Lee &/ avetnvo pwplr G |

O Leogecurzecis




@

1,

3.

Orden

NGmero de Orden

Clave de Vendedor

Nombre del Vendedor

No, de Cliente

Nombre del Cliente

Fecha Orden

Clave del que toma la Orden
Cantidad Ordenada

Namero de Referencia
Descripeién del Producto

Catdlogo de Productos

NGmero de Referencia
Descripeibn del Producto

Llamada a Bodega -

Namero de Referencia

Cantidad Ordenada

Hay Existencia

Fecha esperada .por el Embanque
Precio Unitario

Llamada a Vendedor

Prod. que no hay-Exlster‘xc,la
NGm. de Ref. del Prod. Alternativo
Descripcibn del Prod, Alternativo

Kardex del Cliente

No. de Cliente
Nombre del Cliente
Clave del Vendedor

Orden de Precio

NGmero de Orden
Fecha -

Cantidad Ordenada
Nimero de Referencia
Precio Unitario '
Fecha de Embarque



b '
0N = O O3 s 250N

- - - ° - - - -

13,

—
s

15.

NGmero de Orden
Clave del Vendedor
Nombre del Vendedor
No. de Cliente
Nomhre del Cliente
Fecha Orden

Clave del que tomar Orden

Cantidad Ordenada
NGmero de Referencia
Déscripeibn del Prad.
Hay Existencia

Fecha para Embarque
Precjo Unitario

Prod, Alternativo
Descr.Prod. Alternativo

At

D4 ME 0% BE I M B M XX

5

oM XK

L

oy

i

Y%

»4 ™

wx



thuads tbbie | Youe, lo

def vacdedey ondoan

_ P

7 SR
' hﬁ -z‘.«.w,m 90

Vo Ny ol el W G A W G R -

Tovaes 4

| .
M e S gy eh WA B G g Gk M e ) g o !

14,8

Breo. 2.

uq-.n-ﬂnc-ﬁ—';ﬂ-"-’m"‘

’/’ (4 d,
SM'

o

ie, 3,‘/ »
T— 1hY, 6 8,15

& g
%::bma .Maﬁw .




a2 imimE e e meremmemdeby tia

-

FLEMENTOS ' DATO

’f /, 2, r,/S',é 79, ‘7/0

/) ?3?// A f

1,2,9.6,8,9,//, //5'
/, f/,é,ﬁ, 7,02/3



~ N
LAY . ~
™~ .
jﬁ’fr NN NN
Tk
- > /Z ~ ~
”ZJ] ; ‘
NN
2 .
= 7./48///2
7 ’ .
3/..#/2?.1..10) 22!//..!;/
.gf:i/g/d_lu B NN N A~ ~
e ~ < - -

A AT@IT Qf Viwevios

B
=

i M .

yfene OF TTAL of vIvRY }-os |

SN

5.1,4:./. w S

~T N NN Nm NN

W~ e W R N Y N S, B

||||||I|-I‘I|II‘

N T

e

. n PR
@ay 5/@?@.@@1 N .

rR-Tor-Ae-TTrL veww

w0

L PE GUFwTA DE VU AL TAREA




™ W ] W ke

a4

/5

1.

|

/5]

r’g v

.25 |.

| 1/

.97

5

-7‘3_ :

.25

"

2 1.

5|

25

2

25 |,

az .

35




*

- veelyy te alty vso  FO .- veefird’c.méﬂ&) de Usp

/ 3
Z 2
7

F4 /?
S |3
6§ |O
7 |7
g |3
? |/
/2 |7
/|
/7 |0
/a2 |o
/Y18
/7y 8

<o . B
MNRARIIO Qoo ta N

2,42 %
/6 .66
7./

23,33

0.0

|\ Zop. 09

2/.%92
2. 14
Y4.9Y
90.00
2.0
0.0
/00.00

100.90 -



(RIS peermA VSV eow 0TS ELEMEYTS DATO | T_

\.

Umaoro e eloserasios daly
_t

1 _-\
e | N |
" Z 3 HS 6 19 9 10 '.|1.‘ I3 04

mhborvalys Uso @&'Lbfwi elowean bos olaly

/€e1o% DE TpTAL DF LNCH0S
| ;
1| 1Y

FRECVELCIAS

2 (/2
1 |9 ? _
¢ |w _ .!
S |9 ?; i
¢ | ¢
7 (9 1 E
g |17 ,
¢ \7¥ ¢ 5
0 |9? . | ;I
/N |,0 | é?.,;; !
/A 6 |
/1|6 0|/
| "Wlo
|8 17
/5| 8 ‘a |

7

XU

—



HIro6RAMA VSO A TEAVER DF TAREAS Y

| ¥

RS

| wg

.

I

N @'8 S

| Y y

Y8

! 38 2 '

| %%. | ' ———\
vz 3 _"I-L?

lm‘tWﬂLOS Jt Uso pov tveo

VECToR DE CUELTA DE USo PORTAREA R

{ "4

|9 FRELUEVEIAS
7|/ olo
‘i‘f' S /7
§ z 2145
s |3 7
¢ |v s|2
9 [y

lo |2
B/ 4

r |2

7 |2

vy |

2y




| HISTPERAMA ZADI0 DE LSO | &

3 ' e '_-1

amuowopefe elewenle s Jafo.
A

-0 “‘#\l-lﬂ -4 -l Iﬂ-q'?;.y'q,.b'"“ Y g '

thflvmlb‘ dAe md,(;p de 50

‘VeeTor DF RADID DF VSO

| | 21942 | . ,
L | K86  FRECUENCIA®
> 3333 2/-30 | =
€100 21740 |/
¥ 100.0 | «0-50 |2
8 | 2192 | crs0 |
T AL A 60-70 |
b \v494 70-80
/" \90.0 | f1-90
2 | 00 | G1-100 | 4
7} 00 ‘ .
YAV
/5 (#00.0




- " 5 46
(A0 A TRAVEVL by S0 U~ Opus ge0s RApo DFE O

A TArwps 6LEM FU 108 DATO Vo
ALTO
\PROU .
BAJO J
| . —
. i
I ‘ =
vso e @bp1 0 |
. | 4 renes | e TRoS PATYS PE ysd
 EVTIDAD L ALTO ALTO 4o

I

ATE\DYTO RE PEREMCADD R
PUR EVTIOAD Av UsCA PrOM - PR PRI

[A'TRIOUTO REPERFAM/ADO o _‘
Yor LATIDAD Uaich 34l . DAV Ao




Eleuant
dats

/

2

N MY Qo

Ui afmru
de lur Ravaas

————

Vi Con 'tb.d-ulde
ot dalos  vio
AT
26
S
Y 7'-
¢ 15
i o
7 o
e
1Y 7
9 4y
0 4o
4 0
£ 0
8
8 o

i

4 ’csr’ae'.

1t ded

Sbitod



LY.
"
V/ad
27
2,8

78

LT .
/, 2,48 .
4L, 2,49

| @m&c&( los o .
enTilacles me micds...

1, €

57 oo

Loy .
/, %8

2
l. ﬂ//ﬁ? i

.
e bt et e ra e e+ g

ry I;j_‘p;mf 5

- S g 1

TA QEA R
T2 4,89
R -.___zti 7.

e e 113 somgaom s aperi stn 2 aompm 1

..,/ , |
“._',. w. " ‘e ..”_././2 y} 87
6 .____(_, 4

4
-
o}
7
s

- S TP T S—
..,.,h....q..g-m... i
.-i...-....... [FRO——

PIR TARE A

,f NIDADES

70,9

-4 &k

—— 1

Pe e e s mme,

LYY I PO
R

ammm.de.. .cqm_'?_:.._
s fenlos . ..

- 59
A 60
R g3 |

. 33 i
,,,,, 35 R
.33 S

.33 |
37 L

S e e L T

g - | e

P




ﬁwwios dalo vsudos ;ow Gutidals a;ﬁlﬁdadas

wme Mmieas N 2>

Gocdecletlos ﬁedr_@zg/w g,;mz@&z W73 e/mteé:/cﬁ
L7 3 5.6,3,00 e

R // /2,«/3 e
36,867 /00.
LMY /3 et

. :..-51 /21 /3 ....... ‘ -
35,41 0
422,38 o

|
|

!
o
{

O
N
N oy v\i%

R ES

S - o Ja //1 /ﬁ/; | e
e £u~ éz_!z__l_/_.?__- T
7,8 I T A
—— __.____5 : KLZ/L.)% 6‘ - R

6 LS

7, ZAZJQ___. ]
5210 S —

M3 o
6.4, P /o .__.__
— éLLZ/ /3 " '

N
N
|
|
I

s\%u\'%ﬁhé\'i

fcfeufzgjm\a Jr Z/(Mcuéos e @
Bliteas

1= L. é/zm/fz &:az_gudﬁ_am rméz/tr

7. e/ e Lovuen . o L mreeda errespm. Mdﬁzdm
3 Secceloune adeces. colo del vewdzider s amu_JQ_ g,ﬂfeétz?&




DISERO DE ESTRUCTURAS DE DATOS

ARTICULO DATABASE SYSTEMS

EXPOSITOR: .

ING. DANIEL RIOS ZERTUCHE

MAYO, 1984

!
!

]
1
!
i

Palacio de Mineria  Calte de Tacubs § primer fiiso Deleg. Cusuhtamoc 06000 Mixico, D.F. Tel.: 5214020 Apdo. Postal M-22586



Appendix B
Database Systems

The systems in this list were chosen beesuse of their ubiquity, their historical in-
terest, their potential for experimentation, or their significance for further study.
Other sources for refereuces to database and file systems can be obtained from com-
mercial software catalogs (DATAPPRO, Auerbuch, 1CP Quarterly) or from surveys
in computer magazines, for example, Krass®!. CODASYLT! contains 8 detailed
veview of GIS, MARKIV, NIPS/FFS, TDMS; UL/, COROL, DULG, 1DS, IMS, and sC-
1; Martin in Nance?® surwnd STAIRS, DIALOG, DATA CENTRAL, ORBIT used for
MEDLINE, BASIS, SPIRES, LEADER, RECON, RIQS, I\FHEX and NASIS. Kim™®
surveyed relational DBMS' and Prodie®? includes a survey of relational systems:
IDM, INGRES, MRDS, MRS, NOMAD, ORACLE, PASCAL/R, PRTV, RAPIORT,
YSTLM R, QBE, RAFID, and cites a total of 60. \Wiederhold®? includes descriptions
of diaftribul.od DBMS efforts. COLASYLT® provides guidelines for system sclection.
Landau® produces a listing of on-line databases.
The commercial systems included below vary in price {rom se\eral hundred
dollars tolal to several thousand dollars per month.

Name Developer Computer Type and features
) Yesar location _— :
"ACCENT R Natiotal Information DEC10/20 ; Com DBMS sle rel siq
1981 Syst, Cupertino CA ‘ sch
ADABAS " sofiware ag 18M360/370 .Coin DBMS hle s1q sch
1871 Darmatadt FRG Siemens . drf cip pri rec Atre™
ADEPT System Dev Corp IBM360-50 Exp DBMS slc nlg{(CON.
1969 Sants Moniea CA' VERSE) pri | Weissman®®
ADMINS K MIT&ADMINS ine  DEC 11, VAX DBMS sle sch rel
) 1966 Combridge MA - tef Mclntosh®®
ALPHA 13M Resenrch ' Pro DBL sle rel
—_— 1971 San Jow CA Codd in Codd?

. 689
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Name ) Developer Cornputar Type and features
Year location
AMBASE AmcorComputer CorpDEC 11 (RSTS) Com DBMS sch isf
1979 Louisville KY :
AMIGOS Comress Inc 18M360/370 Coin FMS hle is!
1970 [Rockville MD
APPEL IV 815 ' IBM360/370 Com DBMS hlc hie def isf
1974 Puaris France Burr 500/700
ASH/INQ " Applications Softw. 1BM380/370 Com QUS for BL/S sle
1975 Torrance CA : hiestq * _
ASI/ST Applications Sohtw, 1BM360/370 Com QUS slec rpg tbq ach
1969 Torrance CA Univac?0 Jer sqgf, isf, IMS, TOTAL
Ass.PL General Maotors IBM360-67 Inst DBAMS hip{PLft)
1967 Warren M rnf gra Dodd® -
AUTONOTE Univ of Michigan IBM360/370 Exp SATDBMS sle txt ach
1969 Ann Arbor M (\MTS) sqf drf Reitman®?
BASIS Dautclle Mem Labs  CDC6400 DEC  Inst IRS stq bib rpg
1970 Coluuibus OH 10/20,VAX (BM Fried in Walker™®
370 UNIVACLI0O '
BEAST . PBroukings Inst DEC FOPI0 Inst SATDBMS sle ach agf
1968 \Vashiugien DC o Kidd®%® o :
1Is ) Am Tel LTel 1EBM360 Inst DBMS hle bie sch
1967 New York NY ‘ Benner®?
CAFS L Dev DBCMP rel Babb®
N 1976 Stevenage UK’ . ’ "
CASSM Usniv of iorida Exp DBCMP Su™ !
1975 Gaincsville FL Hawthorn83
CDMS System Dev Corp 1BM360/370 Comn DDMS service #lc irg
1969 Sauiu Monica CA ' ixf se¢ TDMS
CDMS Digital £Eq Lorp DEC 11, Com DBMS sle hie tef
1974 Maynard MA ' see MUMPS
CFS _ Curnegie-Mellon U. DEC LS]-11s " Exp DFMS
1980 Pittsburgh PA ' ' .
ClA . Computer Invest. Adv.Apple Com DBMS 1-rel alg
1982 Sewickley PA hle{BASIC) rpg sch isf
COGENT Cumnp Sclences Corp  IBM7090, 370 Com DPG hip{cogoL)
1969 Lus Angeles CA Univacl1100 sch hie isf
CONVERSE System Lev Corp IBM360-67 Exp QUS net nlq vrf
1967 ANFSQa2 Kellogg®®, in SIGIR™

Santa Monica CA

1



Datobese Design- 893
Name Devealoper Computer’ Typu and festures
Year location .
COSTAR Mass Cen Hospita)l DEC POP16,11  SATIMS sle tri{MUMPS)
' 1978 BDoston MA Tandem Barmctt??
CREATE - Complete-Computer DataGenersl Com DPC ixf pri
1876 Sys, Horsham PA . :
CREATE/3000 CRI Inc HP 3000 Cuze DIMS ble red sty Ixf:
1977 Mountsin Yiew CA
CZAR Crown Zellorbach 1BM360/370 lnss QUS hie sch isf
1970 Sun Francisco CA ) Pubersir '8
DATA ANALYZER Program Prod. 18M3B0/370 Cosa IKS slc rpg sch sqf
1971 Nonuet NY ; 1
DATACATALOG  Synergetics T IBM370 08,D0S| Coin DDICT sle rpg seh'isf
1974 Bedford MA UNIVAC DMS1I00 1DMS IMS 52000
DATACOM Aplied Data Res, 1BM360/370 Cor DBMS hle sch sqf
1870 Dullas TX inl qpr
DATA COMPUTER Comp Courpof Am  PDP10 Dev DBMS hl¢ hie stq
1971 Cambridge MA (TENEX) vil for ARPARCL
DATAMAN Datamaun Lid 16M360/310 | Cow FMS sle 1pg sch sqf
1975 Calgury Alberta ‘ .
DATAMANAGER  MSP london UK & 1BM380/370 Cui DDICT sle rpg fch
1876 Lexinglon MA ADAHAS IMS MARKIV
’ _ SYSTLM 2000 TOTAL
DATAMASTER Microsoft Applo Cuwx FMS rpg sch sgf
1980 Scaltle WA ) 8080. .
DATASAARB SoalrScania AB SAAB D22/D23 Cuwa DBMS hip{coBoL)
1974 Linkoping Sweden ' : net ech rof pri Bubenko’®
- dBASE 11 Ashton-Tate Z2-50 Cowz FMS, Join siq rpg
. 1981 Culver City CA | CP/M ixf() wpdated)
DBC Ohio StAcLUNIVAC Diev DBCMP sch i
1978 Columbus OH Bunerjee’®, Hawthorn®?
DBMS Prime Computer Ine Prime Com DBMS hip .net sch
1977 Wellestey Hills MA stqfiQL) rofl rec pri
DBAMS10/20 Digital Eq@Corp DEC 10/20 Cowm DBMS hlc net{1473)
1873 Mariboro MA sch stq(iQL) raf rec pri
DHMS)1 Digital Eq Corp DEC 11 Com DBMS hle net{1973)
b 1979 Marlboro MA sch yaf
HbMSeeo Texas Instruments  T1950 Cain FMS hlc{PASCAL CO-
1980 Austin TX : BOL FORTHAN) hie-ibq isf
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Namea Doveloper Computaer Type and features
Yaar location . .
DDMS1600 ICL ICL 1903 Com DBMS hic sch isf -
1974 lLondon England pri ree .
LROMP 1BM 1BM350/370 Com BOMP pet abg
. 1970 Wihite Plains NY oL/1 files; CFMS Jor isf
DBseo Spercy Rand GmbH  Univacgo Com BOMY hle(coboL)
1872 Frankfurt o/M FRG net
DB/DC 1UN White IBM360/370 Con DDICT sle sch rpg
1975 Plaina NY IMS (CM1S for manufacturing)
DIALOG Lockhecd Res Corp  1BMI50 Com IRS seruvice sle lzg
1867 Pulo Alto CA- hic bib Walker??
DIRECT - Northwestern Unlv Pro DBCMP DeWitt™
1877 Evansion 1L Hawthorn®?
DISAN Four Phase Systems  4phase?0 Com FS fer DDBMS
. 1975 Cupeitino CA hip{conoL) isf ixf
L/ 1135 18M380/370 . Com FMS hle sch hie sqf
1968 While Plains NY isf drf stg{CICS) '
DML, & Auerbach Univec418 Comn DBMS sle hie rpg
also SC-1 1966 Philadelpkin PA IBM350/370 cch ixf copasyLTA
DAISTI00, 80 Univie B Univac1160 © <ain DBAMS hip{COBOL)
1971 Miuncnpolin MN Univacg0 net(1969) rnf rec vie
DMSIT0 Control Data Corp  Cyber170 Com DU.\{S lLie sch sqf
1977 Minneapolis MN derived from (MARS) isf def
DMS/1700 Dedicated Systerps Burr. 1700 Comn FMS ixf 7
1975 Chicago IL L .
DAMS 1 Burrougha B1700 to 7700  Com DBMS hip{conoL,
1972 Pasadena CA ALGOL) nel sch sqf isf i

i

cpr ree

DMS 1V based

Huneywell jnf Sys

H60 -

" Com DBAIS h!p(COu_Ol.._)

on (DS 1972 Phoeniz AZ _ net(t973) rpg rnf rec
DPL also National Informstion DEC10/20 ~ CoinDBMShle(FORTRAN
iPL 1976 Syst, Cupertinn CA coboL) sch isf pri
DYL23%0 Dylaker Comp Syst  18M360/370 Comn FMS sle cpg stq aqf
1971 Encino CA isf ' ' '
gql‘:f’ ' Univ of Washington DEC VAX Exp DFMS obj Jessop In”
1982 Seattle WA Wicderhold®?
~ EDMS- Countrol Data Corp  CDCE400 ComDUMShL(FORTRAN)
1969 Drussels Belgium Cyber stgsch{A :\'slﬂia!f\'ij&sen"
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ﬁame Developer Computer Type and features _
“aar location °
' FACETS was Synerglatics 1BM 370 Com DDICT ele rpg
PRISM 1981 Bedford MA _
FOCUS Inforimnation Duilders 18M 370 Com QUS irq rpg
New York 10001 NY  CMS,TSO isf,DL/1,IDMS prl
FORDATA CSIRO cDC Inst DBIMS
: - 1974 Canberrs Australia CYBER76 hip{FOHTRAN) net sch
FORIMS Nippan Unlvee Univac1100 Dev DBMS )
1970 Tokyo Jepan ' hic(FORTRAN) net Ixf rec
FORTE Burroughs Corp 82600/3500 Com FMS hle(coBoL) sgf
1959 Paoli PA ' B1700-7700 . isf drf ixf rnf Chepin®®
FRAMIS - - Lawrence Liv.Lab, CDC 7600 CRAY Dev DDMS rel alg siq
1977 Livermore CA " DEC VAX(VMS) rnf{CODASYL)
GIM _ TRW Systems 18M7094,360/  Com QUS sle siq sch rec
1967 Redondo Beach CA 370 Univac1100  drf rng Nelson®7
Honeywsl!l6CO0 -
GIS IBM White 1BM360/370 Com QUS hle(COBOL,
1966 Plains NY o PL/1} hie stq sch sqf faf -
GMIS MIT Sloan Schoold: 1BM370 Dev SATDH.‘\lS{Dec.sqpp.)
_ 1975 1BM, Cambridge MA  (XRM) ! rel vrf Donovan’®
iDBP 88/440 . Intel-MRI - links o IEEE".  Com DBCMP rel pri rec
1982 Austin TX 488, ETHERNET -
HOPS Techalcon Burroughs Exp DBMS hie trf
1975 Halfa lsracl 128 Reiter in Kerr?®
IDM 500 Britton-Lee VAX on IEEE-488 Com DBCMP rel isf,ixf
1981 Los Gates CA or intlgnt.term. pri
IDMS Cullinane Corp 18M360/370 Com DBMS hip(coBoL)
' 1972 Westwood MA ICL1502 nlg(ROBOT) rpg
Univac70,90 (CULPRIT) net(19734)
X Siemens4004 sch DDICT drf rec
IDSL I Honeywell Inf Sys  ~ H200, H60, Com DBMS hip{cosoL)
1962 Phoeniz A2 HB000 net(73) rof rec Bachrg_:an""
IDP Honcywell was XDS H86 - Com DBAMS hic{coBoL).
EDMS 1978 Los Angeles 45 CA Sigma 8,7,9 net rnf ixf sch rec
IFIP also Boeing Computer Co DEC VAX IBM  SATDBAMS for CAD/CAM
RIM 1978 (IPAD) Seattle WA net{1978) hip{+ORTRAN] .
IMAGE Hewlett-Packard  HP3000, Com DBMS hlc ach pristq
1974 Santa Clara CA HP2100 ‘

nel{2 level: drf, rnl)
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Nams Dovelopar Computer ' Type and festures
Year Jocation _
IMARS Compuleris Ing CEC PDP10D Cow QUS sle stq rpg tes
) 1971 PBraintree MA . )
IMS.32/VS 1M 18M360/370 Cota DBMS hle multe-his
- 1968 White Plalna NY a sel(DL/1) stq rec{-VS)
INFOS Data Genors) DG Nova, Com FMS hic hie isf
1975 Southboro MA Eclipse ixf atq
INGRES Un.of CA&Relations! DEC 11, VAX Dev DEMS sle hip(C, na.)
1873 Technolugy, Berkeley (UNIN, VMS) el stq gre pri Held™®
INQUIRE Infodats Systems  1BM360/370 Coin IRS hle rpg stq sch
1969 Falls Church VA priv Dev DDBEMS{IQNET)
INTREX Masa Inst. Tech 18M7094, Inst [RS irq/siq bib ixd -
' 1966 Cambridge MA 18M360 Walker"} :
1871 later IBM UK NRescarch  1BM360/370 Dev GUNS hip(PL/1) rel
IPHTV 1971 Peterles UK alg vie com stq Todd™®
1SAMT0 Sofiware?0 Any FORTRAN Com FS l.lc(rpn'rau_d)'
' 1974 Anuhrim CA syslem isl :
LADDER Sitl International DEC PDP10O Exp IRS nlq net{DDMS20)
1877 Meolo Pork CA ) Hendrix'8
LEADER Lehigh Unlv COCE400 Inst IRS irq bib ixf
1967 Bathlehem PA Hillnsan®?
LEXNICON Arthur Anderson . 1BM360/370, Com DDICT ele
1978 Chicago IL .- System 3 1DMS IMS TOTAL
LEXIS Mead Data Centrsl  I1BM370 Coimn IRS service sle
1978 Lexis: New York NY legal, economic dutabases
LUNAR « . Bolt Berenek NowmanDEC PDP10Q Inst IRS nlq sqf ixf
1972 Cambridge MA TENEX Woods'3 ,
MADAM MIT MacAIMS Proj. HEGO0 Dev DBMS firat el hlp
1970 Cambridge MA (ytULTICS) (#L/1) stq rpg vrf Strasd™!
MAGNUM Tymshare DEC PDP10O Coam DBMS sle rel stq sch
1976 Cupertine CA . :
MARKIY Informatics 18M360/370 © Com FMS slc rpg tbq hie
. 1967 Canogs Park CA Univac900 isf conasyL A
MARS Control Data Corp  CDC6400 Cain DIIMS hle sch
' 1969 Sunayvale CA ~ hle{FORTRAN) sqf iaf
MDUS Miero Data Base Syst 280,8080-based Coin DBMS ale stq net sch
1980 Lafayctie IN . dyslemas on CP/M -
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Name Doveloper - Computer . Type and festures
Year location
MEDLARS also Nstlonal Lib Med  1BM360 List SADBMS slc irg sqf isf
ELHILL 1863 Bethesds MD bib Katter’®, alio ORWIT
MICRO-SELD Microsoft 280.8080 based CumnDUMShic(FORTRAN)
1980 DBelinvue WA ayslems | net sch based on SEED ,
MODEL?204 Comp Corp of Atn  1BM360/370 Com DBMS hle stq sch
1972 Cambridge MA pIf ixf{IFAM)
MORIS Polytechnico §’ro DBMS rel cal sch
: 1872 Milano Naly stg{ COLARD)
i Bracchi in Klimbie”®
MUMDPS Mass Gen Hospitsal DEC PDP15,11 Cam FMS sle hie tel .
1966 Boston MA 8080 s0. Greenes®?
MRDS based on Honeywell Inf Sys - HS000 L68 Corn DUMS hlp{#L/1) rel
RDMS 1978 Minncapolis MN (MULTICS) stq{LINUS) rpg vrf
NOMAD National C8S 1BM370-CMS Coin DIMS #le,hic hie stq
1875 Norwalk CN sch rpg
NYTIS New York Times'  IBM360 nst IRS sle wl ixf
. 1970 New York NY Raker'#
OASIS Stanfurd Adm DP  18M360/370 bnst SATDHMS
1971 Stanford CA ‘ i hle{cOuOL) hie irq isl
ORACLE ‘Relational Software DEC VAX, 1BM  DBMS hle(COBOL PL/1C)
1979 Inc, Menlo Park CA VM MVS DOS  rel stq ix epr pri vie
OSIRIS Survel Res.Cur.,Univ.1BM360/370 Inst SATDBMS sch sqf,isf
1973 of Michigan, Ann_ Arbor ) rpg Rattenbury ™4
PLUS/4 Contury Analysts  NCR 101 ete.  Com FMS hle
1979 Paclhieco CA - ‘
POLYPREME I.N. Folytechnique CIl & IBM ' Exp DDBMIS pri
(SIRIUS) 1977 Grenoble Ffance : LeBihan®®
RAMIS Mathematica 18M360/370 Com DBMS hle stq rpg

1967 [I’rinccton NJ
RAP Unlv of Toronto Exp DBCMP rel

1976 Toroute Candda . Ozkarahan’? Hnwl.ho_rn"
RAPPORT Brit.Min.Del. & Any FORTRAN- Coin DBMS hic stq rpg rec
- 1978 LOGICA,New York NY  based system .
TR Rand Corp. 18M360 Exp IRS slc nlq rel

1967 Santa Monica CA Levien® ‘
RDMS based on Mass Inst of Tech  H6000 Inst DBMS hip rel stq rpg

1971 Cainbridge MA

MADAM

(MULTICS PL/1) vef Steuert in [Rustin:74] -

A
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12 . :
Name Davelopar Computer Type and foatures
Year location : . }
REQGIS early name: Geaeral Molors 1BM360-67 Dev DBMS hlp(PL/l) rel
RDMS 1972 Warren M1 stq Joyce 18
REL Calif Inst of Tech  1BM360 Dev IRS nlq rel ext mdsbta
) 1869 Paradena CA . Thompaon ,
RELGRHAF Adv.Rel. Teehn.Ine. PRIME | Com IRS stq rel cal vie
1982 Meule Park CA 0S or MPX txt gra sch ixf : .
RETRIEVE Tymshare XDS940 Com DBMIS service slestq !
1970 Cupertino CA t-sqfs FMS{IML) for > 2
RFMS - Unlv of Texas CDCE400 Dev DBMS h;e stq uch
' 1971 Austin TX ‘ Hardgrave®® .
RISS Forest Hosp.& MIT DEC 11 DBMS L-ret sch rpg sqf
1974 Des Plaines IL ' McLeod?s
ROBOT Software Sciences ICL 1506 Com DBMS sle rpg l.nf
1973 Farnborough UK Univac8400 Palmer’®

HS/1, based on
PROI'HET 1980

Bolt Beranek ."*icwmnnOEC 11, VAX
Cambridge MA

SATDREMS sl with PL/t
tbq rpg gif sch

SAM bunis for

1M Scientifie Center IBMSGOmodfﬁcd

ExpFMSielvelSymonds®®

RM, XHM 1968 CambridgeMA 370 later #5S(SYSTEM R)

SAS Univ. N. Caralina & 1BM360/370 SATDDMS(statistics)
1972 SAS Inst., Raleigh NC sle stq rpg sqf

SBA uses 18M Research Dev DBAS rel _

QBE. 1975 Yorkiown Heighta NY tba(by ezample) Zloof T

SCORE Programnming Meth- Any COBOL Com FMS hip{CoBOL) hie
1969 nds, New York NY ayslem thq sqf isf

SpD-1 ~ Comp Corp of Am  DEC 10/20 Exp DDBAIS sle reI sch
1978 Cambridge, MA DAPLEX Bernstein® .

SEED Internat’l Dats Base DEC 11,10/20 Com DHMS hip{coBOL)
1978 Syst., Philudelphia PA IBM370 hic(FORTRAN) sch

COC6000 " tpg net(1973) rof

SEQUITUR Pucific Softwore ¢ DEC-11,VAX Com DRMS sle,hic{C) rel
1981 Berkeley CA 2-8000 systoms thqixfrpgtxt

SESAM Siemens S4004 . Com FMS stq rpg eqf isf .
1973 Miinchen FRG ' '

suosuo‘x MITRE Corp 18M360 Exp SATDBMS ale txt pif
1970 Bedford MA stq Clants79

TBAS Shipping Rea Sve IBM360/370 Com DDMS pet
1974 Oslo Norway& Univec1100 “hip{copnL) hle sch

Houston TX DEC PDP10 Palmer?®
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. Computer

Type and featuras

Namas Devafoper
Year location _
8IR Selentific Information 1BM360/370 Com IRS sty .
1877 HRetrieval, Evanston IL CDC 6000,Cyber ‘stat.interface sch net pri’
SOCHATE Unlv of Grenable, Cll IBM360-370 Dev, Com DBMS sle sch
o 1970 Louvecicnnes, France  CIl Iris45,80 net stq vif
SOLYD Penn State Univ, 1BM3IE0-40 Exp DHMS sl cpr ree
' © 1967 University Park PA .. -67 DeMaine™?
SOURCE : Telecomputing Co  mulliple . Com IRS service sle
' 1879 \Mclean VA business, consurner info, ads
. SPIRES Stanford Univ 1BM360-67, Inst LS, DBMS sle hieirg
- 1867 Sianford CA 370:168 bib trf ixf pri Schroeder in
T Kerr’®
8QL/DS IBM 1BM370 DUNS hip(PL/1) rel sty
1981 Sun Jose CA - {DOS) iX[(VSAM) pri vie. .
STAIRS 1BM 1BM360/370 Coin IRS sle stq txt sqf
1972 Swugart FRG with CICS defisfpri
SWALLOW Mass. Inst. Teeh. Exp DFMS obj
’ 1980 Cumbridge MA . '
SYSIt CAP-SOGETI 1BM360/370, CII Cown IS sle ulq sqf isf
: 1870 DParis 15 France Iris, Univacl100 _ -
SYSTEM 1022 Soliware Nouss DEC 10/20 Com BINS slehle ixf
1978 Coambridge MA tineshured seriices N '
SYSTEM 2000 or  Intel-MRI 1BM360/370 Com DS hip{cosOL
$2000, 1970 Austin TX Univacl100 ‘PL/LY hie stq isl
S2K ' CDC6000 Kroenke™®
SYSTEMC Soltware Clnr’ing NCR, Criterion . Cotn DHMS hlc net(1978)
‘ o ' 1981 House, Cleveland OH sch sty rnf rec pri -
SYSTEM-R IBM Hesearch " 18M370 " ExpDBMSLIp(PL1 )relsiq
' 1975 San Jose CA ' (SEQUEL) vie Astrahan’®
SYSTEM-R® IBM Reacarch 1BM370 Exp DDBMS hip rel sech
: 1981 San:Josc CA vMS 8tq vie ' ‘
TDMS System Dev Corp  IBM360-50 Dev DBAMS sle hie irq sch
1966 Sants Monica CA  (Adepl) Bleier®®, copasyr!A
TOD Stauford Univ. IBM360-50,67.]  Inst SATDBRMS hie(PLp1)
L "1973 Swanford CA & 370 DEC VAX sch ire gra ixf taf cpr eip
-Jiii‘:'ﬂ' PE I'TTRI Chicago 186 IL ‘ Wiederhold™®
TOOL-IR Univ of Tokyo HITACS8800 Inst 1S sle siq bib pri
1974 Tokyo Japan Yomamoto’® -
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Namae Doveloper Computer Type and festuras
Yaar location '
TOTAL . Cincom In¢ 18M360/370 Com DUMS hlc ach net
1971 Cincinnati OH Univac 80,v70 (2 level:del,enl) DDICT
COC Cyber Cagan’3
also on Siemens4004 Honeywali200 NCR Century
TRANP Univ of Michigan  18M350-67 Exp DHAS niq rel Ash58
1967 Ann Arbor M
LCC TEN University Comp. 1BM360/370 Com DDICT sle rpg sch
1976 Dallas TX IMS INS ]
LU NIDATA United Computing CDC6400 Com DBMS hic sch rpg
1970 Kanaas City MO gra :
VISIFILE Visicorp IBM PC, Apple  Cum FMS sle ixf stq
1982 San Jose CA o
WOUODSTOCK Xerox Rescarch Lab  Xerox Altos Dev DFMS Swinchart’®
1979 Palo Alte CA . '
ZETA also Univ of Torente 18BM360/370 EFixp DBMS h!c(PL/l) rel
TORUS 1974 Toromo Ontarle stq vie drf-Tsichritzis’ -

Legend for type and features of database systems

alz rclational algebra

bib» bibliographic data

BOMP bill-of-materials processor
cal relational caleulus

eip ciphering

Com commerclal

epr compression . _

DEBCMP  database cumputer

DIl dotabase language

DHMS datsbase-mansgement system
DLBMS  distributed DBMS

DDICT .data dietionary ‘system

Dev develuprnental ’
DFMS distributed FMS.

DPG database program gencrator
drl direct or inmediate Rle or;,amzation
Exp experimental

FAMS file-management system

FS file system

gra grophic data 5upport '

hie hicrarchical datubase organization -

isf indexed-sequentisl file

ixl indexed files

net network database orgunization,
(year indicates CODASYL smuda.rd)

nlq natural language query cnpnbdly

obj object based

- plf pile file organization
» pri privacy protection

Pro proposed

QUS query and update syar.em :

rec recovery support

rel relational datubase organiz'ation.

(Fof ring or chain file organization

rpg report generator

SADBMS single-application DBMS
SATDBMS single-application type DBMS
sch schema

sle sclf-contained system

.8gf sequential file organization

slq statement-oriented query processor
tbq tabular query proce.sor .

cl mt-language system accessed by CALL  tnf transposed files
IB mb—l&nguage system with prepruce:aaor trf tree-structured files

Inst institutional
irq interrugalive query processor
IS information-retrieval system .

txt textual data
vie support for multiple user views
vel virtual file support
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Abstroct—Determinants of performance of systems nnd processes lor
gianning and decision support are discussed. This paper is dirccted at
people who desipn such systems and processes, who use such systems and
poncesses, and who manage organizations in which these may be used. The

. buerature cited Iy assoclated with severad areas fncluding prychology,: -

u.;m::nual:onnl behasior and desdgn, information science, management sci-
auce, computer science, and te!aled disciplines. Perfarmante determinanis
d devign requirersents for systems and processes for planning and

docision support are especially stressed. A number of areas where addi- )
tional research appears necded are mentioned, and some recominendations, :
and. interpretations are given concering both contcmporsr) eflorts and

wreded fulure cllomu. ‘ L.'

L INTRODUC!'ION

HAT there is much interest in plnnmng and dmsxonmakmg

efforts to determine effeclive public and private sector poli- |, |
cies is made cvident by the number of recent texls and case

studics devoled to these Lopics [2), [4], [13], {18],-]20},.[21), {44},
[45]. [48]. [51), 180], [B4]-]186]), [8S). [104], [105]. [108], [134], [135},
1139). [141). [150), (178 (179), [198], [212], {219)-[222), [237),
[243), {283}, {293}, [318]-{320). {334], (359], (361}, [363), [377),
[394), {397). {398}, (#00), [412). These in part, concern the numer-
ous complexitics associated with.practical implementation of the
sesults of sysiemic efforts for planning and decision suppost.
Advances in digital compater teciinology coupled with advances
in syslems science, systems methodology and design, and sysiems
management suggest extension of the information analysis and
display capabilily provided by managcmcm information systcms
to include interpretation and aggregation of information and
valucs such as 1o result in decision support systems {DSS) or
planmng and decision support systems. There is a growing lilera-
ture in this arca [5), [36]. [39)-]41), (26). [B6). {110), [$33), [138),
["24] {226]. {227} 1239). (240}, {258}, (309}, [350]. [356], {366],and
this indicates much contesnporary interest and activity.

Thcrc are a number of requiremicnts for design success with
rcspecl to sysiems for planning an! dJecision support. These
involve a considerable number of disiplines. The result of not
mnkmg appropriate usc of pertinent contributions from a number
of d:scnplmcs in the design of systems for planning and decision
supporl is likely to be 2 system or process that is deficient in one
or more imporianl ways. The purpase of this cffort is to discuss,
from a sysiems cagincering perspective, some of the many re-
quircwnts for design suvcess in this area

It is pOs.‘ilblC to disaggregale planning and dcmmnmakmg
processes inlo 3 number of steps. Tn essence, they are purposclul

Muanuscnpt received Aprit 1, 1981 revised June 21, 1981, This work
was supporied in part by the UL Office of Naval Rescarch under
Centract NUOLA- £0-C-0542,

i Sage is with the Dpariment of Engincering Science and S\slems.
L- .\cml) of Virginia, Charloutesvilk, VA 22901, .

L

. .

. . .
. .
. . . .
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futuristic cfforts which involve the cntire systems engincerin
process [301]-[305). (307), [308] and can, thercfore, be describe
by any of a number of frameworks for sysiems cngincering such
as the three-or the seven-sicp framework which m\'o!ves' .

1) Formulation of the issue. (-

a) problem definition (dctcmunnu';a of nceds, comlrninu. .

- alterables) :
b) value system design (dclcnmimlion of objectives &
objectives measures)
c) system synthesis (identification of possible decisions ¢
" aclion olternatives dnd mecasures of the nmmphshmewﬂ
" of these)
2) Analysis of the issue.

2

P =

d) sysiems analysis and modchng (dctcnmuialion of the

structure of the decision situation, the impacts of identie

" fied decisions or action alternatives'and the scnnumy ol

theye lo possible change in conditions)

parameters of activitics such that each identified decisicy
is the best possible in acdordance: vmh lhe value systcm).
3) Interpeetation of the issue -

¢) oplimization or refincment of alternalives {adj lmmcnt ot -

f) evaluation and dms:onm'ahng (cach possible deciﬂom

alicmative is evalualed, prioritized, ond one or-
aliernatives are sclected for implementation action) .

8) planning for action {commitment of resources are mad@

and implementation is occompl

Janis and Mana [177] have identifi cda four-stage model of lks
decisionmaking process. Tig. | presents a slightly modified vere
sion of this decision process model. We note that it contalng the
same csscntial steps involved in‘the systems engineering presess
Of particular interest arc the questions asked at cach slep of thz
process, We will claborale upon this model and other models of
the decisionmaking process in our cfforts to follow.

Comprchensive efforts involving decisionmaking will be o

plex because of the many disciplines and arcas involved as well 2
because of the subject matter itsclf. Probably the formal study 6f
decisionmaking [irst began with the rationa) economic man cogs
cepts of the 18th century mathematicians Cramer and Bernoulll

wha cxplained the St. Petersburg paradox. Since then there hove -
been inany workers from a large number of disciplines who have
been concerned with various types of decisionmaking studies and

the provision of assistance to enhance the understanding of
rationale for plans and decisions as well as improvements in the.

clficicncy, clfectivencss, and equity of the resource nllocalw
thal conmilaie planning and dmsnonma!ung, '

Contemporary chmccmnkmg issues in. the pubhc and privaie
sector are complex, contain nuch unccrlmm). :md'n:qulre inputs
from many sectors for {ull understanding and resolution. Many
writers have indicated bounded rationality limits in decisionmak-
ing lh.u would appc:tr 10 make prcmsma of mformauon sysem

R o 00|3-9~_112/a:/o90u064osob.7s ©1981 1EEE, .
L] . . ' ..
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Janis and Systems ‘ SRR
Mann’ Slages Engineering
T Sieps -
——————mpuLme—s . Are the risks
1) Appralsing . L serlous if there
the chbllenge Is no change!?
L : YES I NO
. FORMULATION identify issues

and problems in
terms of needs an

1 . : objectives
8 : P ’ o : J )
tdentify another Unconfiicted
- alternative course |. acherance 1o
1 ‘ : ' . . ' of action the existing
i 2) Surveying - T situation ‘
. . allernatives ! o l
" Discard Is this alternative =
! o unacceptabl basically )
\ allernative - acceptable?
oo - ARALYSIS ' ‘:'—(! NO I YES
L) .
L . N x Have & sulficient
J ) . number of
1 . st alternatives been
[ S ‘ " identified?
1) weighing
' sternatives by,
.ot BN ]
3
or -
. Analyze impacts )
' INTERPRE- of afternatives
TATION f Lo
| B Evaluate and Prior-
" ' . tize alternatives
—— « | N jYES TS *
* . can . J[can the best aiter-
.o requirements natjve meet
4) Deliberaling be requirements?
and commitment : . LLmodiliea? ; -
) ' S YES ;
. ' ) ) Shall the best alternas
) ST . tive be adopted and
. ' o . annoudced as the decivony
. 1 wo J ves &
. . . implement
‘ T i 1 o solution -
b " : . - . * ) ,l_-

i ' Fig. 1, Systems cngincering interpretation of the decision process modcl of Janis and Mann, '
, . . . L . . " . . = ) . . . ) . . . " . . - ‘ .' .

adjuvants for choicemaking normatively very desirable. Such This paper prescots a survey, status report, and inicgration and
planning and dccision support systems could, in principle, pro- inlerprelation of rescarch from a diversity of areas that’ supports
vide dccisionmakers with rapid access 1o the information and  the design of information sysiems capable of coping with the
knowledge nceded to enhance decision quality. Unlortunately needs and fundamental limits 10 improved judgment. We discuss
this promlsc of cnhanced decision quality has not always been  and describe

realized in practice. There are, doubilessly, 8 number of causitive Ll
factors inhibiting the polential benefits possibie from information 1) the cognitive S‘Y":S of dmslonmakcn; . N
systems for planning and decision support. Principal among these  2) individual human information processing in decision situa:
factors which, al present, pose [undamcnlal limits 1o information tions and biases in the acquisition, ”‘al)"-‘- and "““P“""
.O syslem success appc;u to be . .. . - tion of mformallon.‘ S
. . : . ‘3) decision rules for individual dmsson s!luauons; . .
= -1) 'the nced to insure substantive or input-output rationality, -~ ') conlmgcncy task structural modcls of dccmon mumim
.. such thal evaluations of plans and decisions are venidical; . and -
'2) the nced 1o insure process rationality, such that the infor-..  5) dcaslonma.kmg l'ramcworks. orgamzauonal gmny, and m-
mation system accommodates the capabilities of, and the’ “formation. processing in group and orgammuoml dccnslon
- constraints placed upon, the user; : . .snuauons. s m et e
3) the need to understand and cope with humun cngmtwc / A . -l

. Jimilations as they alfect the formulation, analysis, and In a very real sense the Structural modcls sccuon. Sccuon V n
interpretation of dedision siiualions and alternalives; and the principal portion of this effort. It contains the basic de-..

4) the nced o understand and integrate the normalive or  cisionmaking paradigm, including action sclection, The con-
preseriplive components with the descriptive components of  tingency task structure, which comprises the issue at hand, the
decision situations in order to evolve realistic adjuvanis for  eavironment into which the issuc is imbodded, the dm:-sonmaktr. ‘
the formulation, analysis, and interpretation of decision  and decisionmaker experiential familiarity with the issue and
aplions. : envitonnicnt, is the delerminant ‘of cognitive slylc and pcrl'or-
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mance ohjectives lor the particular task at hand. Thesc, in um,
inMuence sclection of an infornmation processing approach and
sclection of a decision rule. N\, - Ay

The literature in this arca is enormous, But there is the neced
for efforts 1o intcgrate it {rom the perspective of systems cn-
ginecring design of informalion sysiems for planning and dcci-
sion support. There are a number of recent surveys available that
discuss on¢ or a limited number of the topics imporiant for the
. design of planning and decision support systems. These include
the surveys of Harron [27). Benbasat and Taylor [35). Beutman
[37), Craik [67). Dunncile {87, Einhom, Klcinmuntz, and
Kleinmunz [95); Einhorn and Hogarih [958, Encsson and Simen
[99], Hammond, McCleliand, and Mumpower [142}; Hammaond
{143). Hogarth [159), Hogarth and Makridakis [161}, Johnason and
Huber {179), Kassin (190), Kcen [193), Libby and Fishburn {214},
Libby and Lewis [215), Mintzberg (48], Misbet! and Ross

264, Nutt | 266], Robey and Taggart [292), Sage and White {304),
" Schacider and Shiffrin [313), Slovic and Lichiensicin [345), Slovie,
Fishhofl, and Lichicnstein [348]; Svenson [365), and Zmud [415).
This work allempts a- selective intcgration of this voluminous
litcrature and extensions and intcrpretations of il from the per-
spective of ullimate polential usclfulness for the design of infor-
maton systems for planning and decision support Generally,
references are provided only to published literature of the last
hall dccade with limiled references to earlier seminal literature
and rcports. This was fclt desirable in order to limit the reference’
list to an almost manageable size. Desphie our attempt to make
this reporl comprehensive, it doubilessly fails to incorporate the
important contributivas of a nuniber of authors. And there are
ttotbilessly unintentional misansibutions and misinterpretations

as well. For this apologies are offered and forgivencss requested.

"It is becoming increasingly clear that it is necessary to incorpo-
ratc not only problem characiensyes, but also problem solver or
décisionmaker characteristics, into the design of information sys-
wms for planning and decision :epport. A delicicncy in some
past designs has been the negleyt of the human decisionmakers'
role and charactenstics and their vf{ects. Essemiially all available
evidence suggests that problem cheracteristics and user character-
istics influcace the planning and cloice staategics adopled by the
decisionmaker. This section discus.cs a number of cogaitive style
models from these perspectives, *

*Masbn and Mitroff [238] have suggested that eachr person
possesses a particular specific psychological cognitive, siyle or
“personality™ and that each personality type atilizes information
in diffcrent ways. In their research on (MIS) management infor-
mation syslem design, they claim (hai an information system
consists of a person of a certain psychiological type who faces a
problem in some organizational context for which needed cvi-
dence 10 ammive at a solution is made available through some
n‘iodc ol presentation ‘

_There are live casential variabies in the informalion sysiem
characterzation of Mason and Miroff. Each of these arc disag-
g.rkcgalcd into subclements, Masou and Mitroff characterize the
psvechologival-type vuriuble according 1w the Jungian stereotypol-

COGNITIVE SYVLES

ogy. In this wypology, people differ according to theie preference .

for information acquisition and analysis and the preferred ap-
proach 1w information evaluation wnd interpretation. At extremes
in the infarmation acquisition dinension are seasing-oricnted or
sensation 1vpes who prefer detailed well-structured problems and
who like precise routing tasks, and intuilive-orienicd type people,
who dislike precise routine structured tasks and pereeive is-
sucs wholistically.. At vdicmes ia the information evaluation
dimension are feching-orented poople, who rely on emoltions,
sitwational-éthics, and personal v tues in making decisions; and
thinking-oniented individuals, whko rety on impersonal logical
arguments in reaching dedisions. -,
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Mason and Mitroff characicrize the problem variable into
structured and unstructured problems. These may be (urther
divided into decisions under certainty, decisions under risk, and
decisions under uncertainty. The erganizational contexi cariableis
characterized as swrolegic planning. management” control, and
operational control. The mcthod-of-evidence-gencration variable
involves five types of inquiry systems: the data-bascd Lockean

. inquiry system, the modcl-based Leibnitzian inquiry system, the
multiple modcl-based Kantian inquiry system, the copflicting -

model-based Hegelian inquiry system, and the Jeaming sysiem
bascd Singenan-Churchmanian inquiry sysiom: [254). A fifth -
variable, mode of presentution, includes personalistic modes'of
presentation such as onc-on-one contact as in diuma and art and
impersonalistic modes such as abstract onalytical models and’
company rcports. These latter four varinbles do -not-[ormn_l!y
relaie to cognitive styles, and some further comment on them is
containcd in other portions of our ¢ffort, A number of works by
Masen and Mitroff and their collcagues discuss various aspects
of this categorization {252]-[254). Of interest in this regard is &
work by Kilmann {200] which suggesis the design of organiza-
tions with the Jungian personality characteristics of individuals. -
" Among the many other studics which have emphasized the
need 1o incorporate decisionmaker characteristics into informa- -
lion- system design is that of Doktor-and Hamilton {78} They
studied the influence of cognitive style on the acceplance of
management science recommendations and found a strong corve-

;
¥

lation beiween the decisionmaker’s cognitive style and willingness

lo accept these recommendations. They found that differences in
accepiance ralcs were duc not only 1o differences in cogoilive
style but also to differences in this subject population. From this
and many otheg investigations [34), (74), (77], (79, [101], (151),
[166), [174]), {229), [252], [253), [263), {267, [268), {311}, (330),

_{369], in appears that appropriate consideration of the human

behavioral variable of cognitive style is very necessary for sues -,

cessful design of decision support systems. |, Ve .
A number of studies such as those by Taylor (369), Craik {67], *

Payne {272), Schacider and Shiffrin [313),'[327] and Simon [342],

‘indicate, as we will discuss in later scctions, that human de-

cisionmakers aliempt 1o bring order into their information:
processing activilies when confronted with excess information 'or
the lack of sufficient infommation. Many eatly studies assumed
that static fixed patterns of dealing with information-were “pre-
ferred”™ by the decisionmaker for the proces$ of experiencing the
world, and these were referred (o as “cognitive style.™ Some early .
studics view cognitive style as a mode of functioning that is static
and pervasive throughout a peeson’s perceptive and intellectual
activitics.'A number of intellectual processes are sibsumed within
the term cognitive style. These concem the way in which informa-
tion is acquired or formulated, analyzed, and interpreted. Thus,
cognitive style includes such human octivities as information
filtering and pattesn recognition. -~ - :
Zmud has indicated {414}, [415] that thosé individual dif-
ferences which influence information sysiem success most steongly
involve cognilive style, personality, and demographic/situational
variables. Cognitive style refers to the process behavior that
individuals exhibit in the formulation or acyuisition, analysis,
and intcrpretation of information or data of presumed value for
decisionmaking. Doubtlessly cognitive style is somewhat io-
Nuenced by such personality variables as dogmatism, inttovers
sion, extroversion, and telerance for ambiguity. However, litde. .
appears known concerning these influcnces. Gough discusses
pessonality and personality assessment in his chapter [R7]; but it .
is rare 10 find, with some notable exceplions [249]-[251), {330},
[332], [352), discussions of personality effeciy upon decisionmaks
ing behavior in coghition studies. The demographic/situational
variables inveive personal characteristics such as intellectual abil-
ity. education, expericnee with and knowledge of specific con-
lingency tasks, age, and the like. An impartant situational var- -

“able-is the level of stress encountered by the decisionmaker ina - !

-t
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specific problem situation. The level of stress, which results in the

adoplion of a coping pattern, influcnees the decisionmnaker’s
obility in acquisition and processing of the information neecssary
for decisionmaking. The subject of stress will be dealt with in
some detail in Section V. Many variables are cspulalh itportant
for an information processing model of cognitive behavior, Some
will be discussed in Scction 111, Our cl[ons in.this section will be
devoted primarily, tlicrefore, to cogmuvc style coacepts, espe-
cially she role of personality variables in the adoption of cogni-
tive style,

“There age a2 number of cognitive siyle models in addition 10
that of Mason and Mitrofl, Barill and Lusk [24). for example,
have discussed three cognitive style characieristics relevant 1o
information system design: cognitive complexity, ficid depen-
dent/independent, and systematic/heuristic. The cognitive com-
pleaity characteristic involves three siruciural characieristics of
!thmg and pereeption: differentiation, the pumber of dimen.
sions sought or extracted and assimilaled from data discrimina-
uon. the fincness of |hc articulation process in which stimuli are
a.sslgncd 10 the same or different catcgorics; and inlegration, the
nuinber and complelencss of inlerconncctions nmong rutes lor
combmmg infarmation,

*Benbasat and Taylor [35] note that much cogmu\c complcxity
rescarch deals with interpersonal perceplion and has limited
vnluc for modcling activitics of managers in processing informa-
tion and making decisions. Mischel is cspecially perceptive in
dlscussmg the potential hazards of attribwiions and cnduring

ca:cgonzau:ms of pcople into fixed slots on the basis of a few-

behavioral signs in his study of the inlerface between cognition
and personality {251} The assumptions that static characteriza-
tions are sulficicatly informative to enable behavior predictions
in specific seltings are strongly challenged. An cvaluation of the
uscs and limitations of static 1rait characienzation of individuals
is presented and the strong intcracting role of context is em-
phasacd Mischel is especially concerned with “cognitive cco-
nomics,” that is to say the recognition that people arc casily
averloaded with-an abundance of information and that simplificd
-methods of acquisition ai.d processing of information are, there-
fore, used. He is especially concerned also with growth of sclf-

. knowledge and iules for sclf-regulation with maturation, 1opics to

be discussed in cction V. We concur with these views in thal we
believe that it is the individual'ssxpenience with the task at hand
that is the primary detcrminant of cognilive style. Furiher we
believe that it is an individual's information prcx.'.samg capacity
. under various levels of siress and in diffcrent contingency task

*  structures that detev.aines, in part, the quality of decisionmaking.

These lactors deper d sirongly upon cxpericace. Thus we support
the information p..kessing view of Simon |337]- {344] that few
characicristics of the human information processing system are
invariant over the decisionmaker and the task, These characteris-
tics arc gencrally expericntial and cvolve over timie in a dynamic
‘Tashion. Thcy are not static and can not be treated as statie and
task invariant for a given individual;

& In the Barifl and Lusk cognitive style model {24), individuals
.may be catcporized according 10 whether they are tightly bound
by external referrents in structuring copnitions, in which. case
jthey are catled ficld dependemt or low analytic; or whether they
;can make use of internal relerrents as well as external referrents
Ain structuring cognilions, in’which casc they are high analytic o
ificld independent. In a ﬁ(.ld-ds.pu.ndgnl mode, perecption is
dommalcd by the overall organization of the ficld, There is
ilimited ability to perceive discrete parts of a ficld, espedially as
“distinct from a spucific organized background. Ficld independent
rp«.c)ph: have more analytical and structuring abilities in compari-
son to ficld dependent people in that they can du.ag,bngalc a
. Whele into its component parts.

) The systematic-heuristic categorization of l]:ml! and Lusk
, duscribes cognitive styles associated with peuple who cither scarch
, information for causal ulanonshlps that promote algorithmic

-

L]

i

fA]

L)
|4

R ' !

solutions, or who scarch ir:formation by triat and ersar l‘pmhcm
festing. S)slcmauc indivisiuals wtilize abstract logicsl n \.cls and
processes in their cognition efforts, Heuristie individudls wtilize
common scnse, past expugenee, and intuitive *foel”™ Systematic

" individuals would be ab!. 1o cope with well-structured problems

withoul difficully and weuld approach unstructured problems by
attempling 10 seck undeiving structural relations; whereas heur-
istic individuals would a:iempt to cope with unsinictured prob-’
lems without a consciou- clfort 10 seck structural identification.
Of particular importaice with respect to cognitive styles aré
rcl.ummhlps between the environmental complexily of the con-
tingency task structure snd information processing characterise
tics. A number of authos+ have attempled expieriments based on
the hypothesis that the concepiual structure of the individual
determines information’ processing characicristics, Conceptual
struciure is typically measured on a.dimension of abstract versus
concrete. Abstiract individaals would be capable of using integras
tively more complex conveptual processes than concrete type
individuals, Abstractness may be gharacterized by the ability to
dilfercntiate 2 greater vaicty of information and to discriminate
and integrate information in complex ways. Abstract individuals
would, therclore, be expeated to bise actions on more informa-
tion and to-develop more complex sirategics for information.

cvaluation than concrete individuals, This is somewhat similar to -

Piaget's account of evolving cognitive development,' in that the:
“formal” thinker is capible of sbstract thought whereas the
“concreie” thinkér relics ntore on preceptual experience as a basis
for thought and problen, solution, While the work of Piaget
appcars 10 assume that co, nitive capacity evolves over time, some
rescarch involving person:tily and cogailive style assumes that an

individual’s cognitive siyl. is not 1ask dependent and not subject .
1o change as'a function & contmgcncy variables such as cxpcn~ A

ence, i _
Among other clfons, Diiver and Mock [R3] developed dcci-_'
sion-style theory, a set ot four decision styles based upon- the’

heuristic-analytic characierization of -Huysmon [172] 0. relate :

conceptual structure of decisionmakers 10 both the amount of -
information they tend to use and the degree of Jocusing that lh;y,
exhibit in the use. of informaticn. A heuristic person will \use
intuition, past cxperience, concrete Jhought, and a wholistjc: apr-
proach 1o reach decisions, An analyuc person will utilize absltaCl«

logical models and will search for causal relationships and’éine -

derlying struciure to evolve rationale for dcc:smnmak.mg. The
four decision styles are determined by the degree of focus in the
usc of information and the amount of information desired. A~

decisive person is one who wishes to see the minimum possible
amount of information ‘and who will likely identily a single
workable decision. Decision speed obtained from short summary,
often verbal reports, is a characteristic of the decisive person. A
fiexible person is one who utilizes minimum information but who
will identily a number of potentially acceplable decisions. A

hicrarchic person is one who uiilizes much mformauon. often -
obtaincd in a thorough way from long involved precise feporis to -
identify a single acceplable decision. An integrative person utilizes
much information 10 idemiily a numbcr of polt.’nually aa:cpiable '

dcusmns.

" Vasarhelyi [389] has also cxamined the amlvuc-hcumhc dl*: )

mension, His cxperimental results indicale gene rnliy that analytic -

iype people tend to use computers and other analytic tools ' more .
in planning than do heuristic types. Heuristic types use less:
information than the analytic types and are more concerned with

the lack of flenibility in computers than analytic types, However, -

his study of corrclations ameng varicus sl)lc-mcasnnng msml-
menty indivates that these are relatively low.
Driver and Mock also suggested o fifth” sl)'le v.h:ch thcy

referréd 10 as the complex style, which is characterized by a wide

scarch and_::_n;l)s:s of information. I1.is a mixture of the ;nl;;[a-

YSee Scetion V of this paper.
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tive :md hlcmrchlc types. Zmnud [415)] has pv.r[ormcd some experi-
mental studics of this decision style theory, His findings indicate
that pcruptunl differences can indeed be observed for specific
cogmlwc stvles and among subjects with different cducational
and cxps.ncnual Jbackgrounds. However, his results also indicate
that 1|h¢:rc is no apparent relationship between cognitive style
pcru.‘pnoas and actual cogmnvc behavior despite consistent dif-
ferences in perceptions ol cognitive stylcs.
McKmncy and Keen {242) have done cxtcn:.wr.- work on
. cognitive style mcasurcments. These have become, in parl, the
basis 'lor scveral definitive cfforts [192), [193), [238] in decision
support system design. They conceptualize cognitive siyle in two
dimensions: information acquisition and information processing
and cvaluatiod, The information acquisition mode consists of
receptive and preceptive behavior, both at the opposite extremes
of a2 conlinuum. They claim thal preceptive devisionmakers use
concepls, or precepts, lo filter duta, 1o focus on paticras of
inforiwation, and 10 look for deviations from or conformities with
their expectations. Receplive people tend to facus on deiail rather
than patterns and derive implications [rom data by direct ob-
servation of it, rather than by fitting it to their own precepts.

With respect 1o informalion pracessing and cvaluation,
McKenney and Keen measured |qd|v:duals on 3 scale, with the
systematic thinker at onc extreme and the intuilive thinker at.the
other extreme. They have shown, using a batiery of pencj) and
paper tests, that systematic thinkers approach a problem by

" structyning it in terms of some mcthod which would lead to a
solution, whereas intuilive thinkers use 1rial and crror, intuition,
and previous experience 10 oblain solutions.

We have examined 1our cognitive style characterizations in this
section. Table I summarizes the madels of cognitive style that
resulj from these cfforts. We note the considerable similarity
among these four constructs. There have heen a number of
sludiéﬂ of the mcasuring instruments involved in classifying peo-
plc au:ordmg to these cognitive styles. Many, such as the study
by Vasarhely: [389] mentioned previously, have {ound rather low
mrn‘nuons among tcst instruments. Zinud [413), |415] has indi-
c:md ‘low corrclation also among Lest scores on dilferent instru-
m;nls indicating cognitive styles. Chervany, Senn, and Dickson

[57). [76] have expressed much concern and pessimisiv concerning.
the validity of much of the contemporary rescarch in this arca. .

They comment that the siudy of individual personality dif-
ferences as prediciors of human behavior and performance have

cen hasically vasuccessful in that it has noy been possible Lo
pre Jdict performance en the basis of personality characteristics,
Thnr commwent and the comment of others thai the charactenis-
ticy of the, taxk in which the individual involved is 3 prime
ducnmn.ml of human behavior, appears unassailable. We will
prondc ;md discuss additional evidence supporting a dynamic

cng,muvc style chmcu.nzauon thnt will Incorporate the con:

tingency task structure and the decisionmaker's task experience

in several other scctions of this paper. In particular we emphasize

the strong nced for consideration of the structure and the conteat ,
of planning and-decision situations in order to: evolve contextu-
ally mcamngful support. | . .

1L Iuroam‘t:ou Paocsssmo Y

Problem solving, judgment, and dcctsionmalung Imply both
thought and action. Hence decisionmaking can be defined as the

-processes of thought and aclion involving an imevocable alloca-. -

tion of resources that culminates in choice behavior, In makinga - -

decision, mote ofien than not, the decisionmaker is dealing with - -

environmerits characterized by risks, hazards, uncertainty, com-..
plexity, changes pver time, and conflict. Further, the quality ofa

decision depends upon how well the decisionmaker is able to
acquire information, o analyze information, and 1o evaluale and
interpret information such as 10 discriminate between rclcvadL

and irrelevant bits of data. Decision quality also depends.upon. : .
how well the decisionmakes is able to cope with stress, which-ist

invariably cncountered in important decision circumstances. EL'A_‘:,-I i

fective management of these faclors enables stratcgies by which
the decisionmaker may arnvc at a good problcm sotuuon. dea- -l

sion, or judgment, .-

A number of studics such as those by Barron [28]. Bettman
137}, Chorba and New [58], Delaney and Wallsten {73}, Feather
[107}, Howell and Fleishman [165), O. Huber, [168], G. Huber
(170}, [171); Ives, Hamilion, and Davis [174]; Libby and Lewis:

(215}, Lucas and ‘Niclson {228}, MacCrimmon and Taylor {232],

Montgomery and Svenson [256), Moskowiz, Schacfer, and -

Borcherding [259); Payne [275). Simon [342); Tushman .and
Nadler [379), Tuggle and Gerwin {380}, Wallsten [395], 396 and
Wright [402)-[406] discuss the vital role of human information

processing. in decisionmaking. Most contemporary rescarchers

regard information processing as 8" crucial lisk for effcctive

decisionmaking and state that'the type of decision problem, the -
naturc of the decision cavironment, and the eurrent state of the

decisionmaker combine to determine deeision style and dcqi;ion-
strategy for a specific task. The term information processing’
refers to the processing of verbal reports as wcll as qu:\nulauvc
data since verbal reports are data [99) ‘
An information processing theory of problrm solving, Juds,
ment. and decisionmaking is based on the _assumplion: that indi-

viduals have an input mechanism for acquisition of mformht;on..! .

an output mechamsm for intcrpretation and choicemaking, inter: -
nal processcs for filiering and other analysis clforts associaled .
with information, and memorics for long- and short-term r‘orage"' i

of ml'orm:mon. There are a large numbcr of ways of n:prcs-.ﬂun&

;
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buman information processing. Many of thesc are deseribed in
texts in cognitive psychology such as Andcerson {7], Fosner [281],
or Solso [354], and in works in consumer choice such as'Bettman
[37). Much of_the work in this arca owes a great deal io Simon
{334]-[344) who has developed information processing theorics in
psychology and in artificial intelligence.

Fig. 2 presents a conceplual model of a systems cng,mccrmg
Iramework [308] for human information processing. There are
doubtlessly 8 number of componcents missing [rom this model. It
doces not show, for cxample, the essentially iterative natare of the
process. Nevertheless we fecl that it provides a useful point of
departure and a structure for our efforts o follow,

The key functions, which determine how a specific problem or

. decision situation is cognized, depend wpon an interaclion of the
memory and higher-order cognition of the problem solver with
the environment through the contingency task structure. We will
be very concerned with development of a conceptual model of
higher-order cognition and he coatingency fask structurc in
Section V. It is appropriale 1o wemark here that the various
information analysis and lnlcrprclnuon processes of thinking,
task performance objective identification, evaluation, and deci-

) s:on rule identification, are called “higher order™ cognition. This
is not because they are somehow more imporiant than the so
called “lower order” cogmuon eflorts of information acquisition

. m\'olvmg formulation: sensation, atiention, pcrccpuon, and pat-

. term recognition; bul becausc they occur later in time in the

. overall information processing effort, - :

It is imporiant 10 note that information processing and de-
cisionmaking ¢fforts intimaltely involve memory. Memory {102}
influences human judgment in a number of ways. It will influcnce
the perceplion of the contingency Jask structure associated with
an.issue as well as the decision rules used for evalumion of
allcmallvcs Two characteristics of human memory ase of special
:mpoﬂancc for our-elforts here. Finst, information will be en-
coded in more or less efficient and effective ways in terms of
human abilitics for recall. The coding process is dependent, also,
upon the intespretation aitached to information and this almn[-,ly
influences event recall, perceptions, and associated cognitive bi-
ascs. The literature concerned with memory and its componcnts,
and their relations and interaction with human pereeptual expen-
¢nce and behavior is vast and speculative m aature. There have
been many studics, both physiological ard - psuholugxcal con-
cerned with the identification of the memory “engram,” which is
hypothesized 1o be the fundamental unit of menory. We need
noi:be especially concerned in this effort with the various physio-
lﬂgtcal structures and provesses associaled with human memory,

.
4

Fig. 2. A systems engincering conceplual model of humm.infonmﬁon proces;ing.-

.

or wuh various. related bchnvnor lhcrapxcs §109): however_fhe

essentials are reviewed below bricfly. A useful brief survey of the
literature on memory is presented by Thomassen and Kempea in -
chapter 3, vol, 11 {244), by Fox |128), and by Radcliff {284].
Human memory conslitutes Iwo major componcals, short-term
meinory and long-term m:mory. Short-term memory plays a key
role in immediate recall of agtively rehearsed limited information
(7], [354). Unless conscious effont is'put forth in recalling infor-
mation from shori-term memory, this cannot be done alter a
lapsc of 30.10 60 s from initial presentation. Models of a working
short-term ;ncmory involve a number of mechamsms. such as.an
articulatory rehearsal loop that has the capacily to retain ‘short
verbal sequences. This is just onc mechanism by which short-term
retention is possible. There are o number of other scasory. reg
isters. It is important 10 note that short-term memory is an.
integrated network of many mechanisms, and is assoc:a!cd. m
us¢, with a number of skilled processes. et
Shiffrin_ and Schacider [313), [327] mcorporate conccpts of
allention, memory, and percepiual leaming in their lhcory o{
short-icrm setention. They hypothesize shon-term storage,’ the'.

" function of which is active control of thinking. reasoning, and

general memory processcs. According 'to Shiffrin & Schneider,
short-term siorage is an activated subset of long-term storage.
Trnns[cr-o! information from short-term storage to long-term
storage is dependent om attentional limitations, interference from
strong external and internal stimuli, extent of analysis of infor-

mation, and formation of associations in long-1erm storage. There

have been many studies involving concepts such as retrieval
processcs, memory {race identification, encoding processes, and
recognition which we will not discuss as' they appear of secondary
importance to- the goals of this particular effort, While five to
seven unconnceted items is believed 10 be the maximum amount
of informiation that can be retained in short-term memery, Jong-
term memory may contmn a mlually lumtlcss amount of ml'or-
mation.

Thus we sec an enormous difference bctwcm human abihl.ics
and computer abilities. Because of its large Yong-term memory

‘and ability for quick scarch and recall, a human mind ‘casily

reasons wholistically. Wholistic reasoning. such as recasoning by
analogy, is not at all casy, at this time at least, for a vomputer.
Significant unaided computational ¢ffort would be difficult for »
human since computation must be done in short-term’ mcmory
There exists the possibility that information stored in long:term
memory is flawed because of cognitive-bidses introduced by
processing in short-leem memory: A principal task of compulcr-
aided support must be 1o augmml human capabilities in ncv:d ol'
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augmeatalion, while not diminishing abilitics in thosc arcas in
which human ahilities exceed those of the computer [81]

Qur efiort in the remainder of this scction will be'devoted 1o a
ieseniption of the various processes which suppont inforination
scquisition and informalion analysis. We will also discuss some
of the/cognitive biascs that can result from “poor” inflormation
agquisition and information analysis. Infarmation interpretation,
whivh leads to aliemnative evaluation and decisionmaking, is an
important and somewhat distinct part of the overall information
processing model. [1 will be disaussed in the next four sections
from several perspectives. S

K .  age s
Thelivpes of operations involved in informalion acquisition are,
sensation, atiention. perceplion, and paitern recogninon, Doubt-

lesaly there are other valid ways of categonizing 1hese eperalions

{71 [37), [67). [100). [137). [148], [175). {281}, [297). [298), [313).

(327, .[333} bur the taxonomy used here is sufficient for our
purposces. In sensation, inforination is dcquired through the five
major.sense modalitics, which arc environmentally activated, in
respoase to a specific array of stimulus encrgies. In a. specilic
decisionmaking situation, the ducisionmaker filicrs out bits of
data belicved to be irtclevant. The filtering process is based upoa
1ask characteristics, experience, motivation, as well as other fea-
lurcs and demands of the specifie decisionmaking situation, If
such a [liliering mechanism were el 1o exist, the decisionmaker
would- often encounter information overload which gencrally
resuiis in saturation and the inability Lo process sufficient infor-
mation for the 1ask at hand. Shori-term and long-ferm memory
copiponents play key roles in the information acquisition process
as the decisionmaker proceeds with efforts that culminate in
choice. A response system couples the memory system to the
scnsory sysiem and the environmeist. Thus it conirols or activates
the sensory muodalities on the basis of the actions taken. Through
the respense system we close the information flow lcedback loop.
Bower, in volupic 1 of Estes {100, has summarized principal

;componcnts of the flow system. A model of the principal compo~

nents ‘o information flow might ¢ nsist of: the response sysiem,
the sefisory sysiem, the memory sy:tem, and the central processor,
The central processor coordinates incmorizing, thinking, evalua-
tion of information, and final dec’.ioninaking, :
Ulumately involved in retentic.a processes is the notion of
attention {7} 1n order for infostinrtion to be transierred from
short-term memory o long-term memory, constant conscious
nlteation, in tcrms of rehearsal, is required. Information entering
short-lerm memory that is noj ulended to, through specific
conscious processes, is lost. Proceasing of information demands

attending to relevant bits of incoming data and transfct:of the

data into long-term memory for future retricval for making a
decision. Interferences of various types may interoupt “njiention
and thus hinder transfer and releation of relevant stimuli into
long-term memory.

Inherent in the processing of information acquisition, is the
process of pattern recognition. Titis process gencrally involves
two phascs: cxiraciion and identification. A given stimulus is
“coded” in tenins of its feawures. These exiracted features of the
object or stimulus describe the stimulus. The tcnn “features™
implics such characieristics as angles, lines, o cdges. A stimulus

may be reeeived through'any of the sense modulitics. The mean.

ing that this convcys lo the decivionmaker, of the manncr in
which the decisionmaker perceives the stimulus, is dependent
upon,the patterns extracted from the stimulus, In the identitica-
tion phase, the sensory — peeceptluzl system classifics the stimulus
object. The way in which this s cften assumed 10 oceur is by a
weighted matching of the cureent feawwre list against a likely sot
of prototypes in long-teem mewory (7], {313], [327), {354] with the
'npu'l‘_bcing classified according 10 the nanie of the best maiching
prowiype. The quality or cxient of the senrory informalion
eviradcied determines the accuracy of identification. ,

Thus puatiern recognilion processes involve memory and the
otheg three components of infornistion acquisition: sensation, of.
the dnilial experience of stimulatica from the sensary modalitics;
atlention, or the concentration f cognitive cffort on scasory
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Fig. 3. "Thé Brunswick lens modcl and its relation lo Hammood's social

Sy judgment theory, -

stimuli; and perception, or the use of higher-order cognitiaa to
interpret sensory stimuli. v R
_We have just described what might be regarded as a compo-
nent or physiological model of information processing, In-these
stimulus response approaches, behavior is seen as being injjiated |
by the onser of siimuli. A sceming deficiency in approaches of
this sort is that there is little consideration of how informatica
bits arc aggregated to influence choice and how the decision-
maker goes about the process™of information formulation of
acquisition, analysis, ind inlerpretation. . . ,

A lens model developed by Brunswick and his students is a
nolable exceplion to this. The Brunswick lens model is fhe. basis.
{or the policy capture or social judgement theory approach of
Hammond and his colleagues [140]-[143}. The lens model, dis-
played in Fig. 3, assumes that people are guided by rational
programs in their attenipt to adapt to the environment, There isa
criteriop value ¥, and the subjects response, judgment, -of in-
ference 'Y,. The left side of Fig. 3 represcnts ecological cue

validities which arc the correlations r,, betwern the cucs and the |

crilcrion value. On the right or organismic side of Fig. 3, a

* sibject will base a response, judgment, or infercace Y,, on the.’

perecived ceological structure, By calculating the corrclations 7,,,

-that exist between the cues and the response or criterion cvalua- °

tion, leaming concemning the response system can be obtained.
-.We note that the value of the environmental criterion ¥, and
the subject inference Y, are dircctly comparable if lincar combi-
nations of the cucs are assumed. We have, lor n cucs, .

[ LN Lo A o
Yl' = E "dxl + Tor. t"’: 2 hnkl
=1 el
" . - ' A,
Ya = E hu‘xl + ¥ye t = 2 k“.l'f
=l ’ - =l -

o _" /
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where h , and A,, arc optimum regression weights for the inde-
pcndcm cucs X, ui’uch provide measures of the importance weights
of the cues, », ‘ond v, arc ervor terms duc to inadequacy of the
tincar modcl Y .and ¥, are the true crilerion value and subject
response, and Y and Y, are the predicted criterion value .and
subject response based on.the obscrved cues. The many works of
Hammond and his associates {2}, [21], [45], |54}, [I40] [143),
[186). [187), {261}, 1290], [294), [295]). [404] concerning social
. judgment thcory make use of this lens model. The approach has
‘been shown 10 bhe usclul in a varicty of arcas such as policy
Jformulation, ncgotiation, and conflict resolution. Revent clforts,
by Hollman, Earle, and Slovic'[154} have shown that the com-’
‘puter displays of social judgment theory: which show both task
characleristics, in terms of cue values and corcesponding crilerion
values; and response charaéteristics, .in terms of individual cue
values and associated subject responses and judgments; provide a
very effective feedback mechanism which might enable peaple to
effcctively learn much about complex functional relationships
snd tasks. There are a number of studics of regression analysis
approaches to deternination of parameiers for decision rules
12604, [290]. Use of regression analysis is ¢entral 1o social judgs
men} theory. Receni applications of the ppproach [261) have:
involved using simulation modcls to generate responses which are
_valuated by the decisionmaker,

Queslions concerning the cogmuvc style uscd by the de-
as:onmakmg are, we believe, very important, Informalion’ analy-
sis and informatidn interpretation may be accomplished in a
concrele operational mode of thought or in a formal operational
mode. We will describe the essential [eatures of these two higher-
level cogmhon processcs in Section V. The conercte opcrahonal
thought process, which is typically applied in familiar sitwations
which pcople perceive 1o be well siructured, may involve elforts

such as reasoning by analogy, or affect, or standard opcraling-

proccdures The formal opcrational 1hought process, typically
applied in situations with which the problem solver is unfamiliar
and inexpericnced, may involve explicit use of quaniitative or
qualitative analytical thought.

In eithor of thesc modes or “styles™ of thaught or cogmhon,

, mformauon acquisition, analysis, and interpretation may be quite
Nawed: Many recent studics cmph;mzc the strang need for mod-
clmg problcm solving behavior in 2 descriplive, or pOSlll\’C sense
in ordér 1o detect possnblc flaws jh information processing. Our
discussions thus far i in this scclion have been concerned with
physiological modcls in which people have input and output

- mechanisms, a memory for information storage and retrieval, and
a central processor [ur coordination and control. Here, we wish
especially to underscore the need not only for physiological or
stimulus-response madels but especially for process tracing [72],

~195-98), [255] modcls of information [érmulation, analysis, and
interpretation as well as associated decisionmaking. Knowledge

.ol the actual unaidec process of problem solving or descriptive
process, tracing should serve as a uselul guide 1o the design of
informalion systems that avoid, or at least ameliorate the elffects
of, cognitive heuristic: and biascs. This involves fcquucmcms for

. 3 knowledge of the wiys in which people apply stralcglca in order
1o reach judgments. -

A large number of conlcmpornry studids in cognitive psychol-
ogy indicate that the altempts of people, including cxperts, lo
apply various intuitiv.: sirategics in order 10 acquire and analyze

- informalion for purposes such as prediction, forecasiing, and

',plannmg are often flaved. Many studies have been conducied 16°

dcscnbc and cxplain the way information is acquired and analyzed
3nd lhc results of faulty acgmsmon and analysis. Generally the

cscnpu\c behavior of suchcls in tasks involving information

quasmon and analyus is compared 1o the normative results that
ould prevail if peop'e followed an “optimal” procedure. There

- have been-a number of recent discussions of cogaitive biases from
several peespectives [61), [62], (98], {142). [154), | 156), [160), [161],
-1185), [234), [263), [304), [309], |346-349), {351), [352), [385). | 386}
[406--40), The recent texts by Nisbeit and Rass |264] and
Ilug-ulh {159] concerning the stratcgics and biascs associated

T “’.
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1

wilh judgmcm and choice aré especially no!morlhy Among the .

cognitive biases that have bee:: identificd are several which-affeet

information formulation or ¢ quisition, information analysis. and

inlerpretation. Among these biases, which are not. mdcpu.ndcnl.
arc the following. .
Iy A.{;mmwnr and Anchorin: |345]. [383)—Olten a person | finds

that difficulty in problem solving is-due ndt to the lack of. data
and information, bul rather to the exisicence of cxccss data and ..
information. In such siwations, the person ofien resorts to heunis- -
tics which may reduce the mental clforts required 1o arrive at -
solution. In using the anchering and adjusiment heuristic when
confronted with a large amount of data, the person sclects. a -
particular datum, such as the mean, as ag initial ur slarung point; .
or anchor, and then adjusts that value impropwrly in order o -
incorporate the rest of |hc data such as to rcsult in flawed

infonination analysis,

2} Availability {383}, [385]—1'hc decisionmaker uscs only cas:ly D

available. information and igrores nol casily available sources of . - -

slgmﬁn.an: information. An cvent is believed 1o occur frequently, - '
that is with high probability. if it is casy 10 recall similar events.
3) Buse-Rate [25). [291], |386]—~The likclihood of occurrence of

Iwo cvenls is oficn compared by contrasting the number of timed
the twd events occur and ignoring the rate of occurrence of ¢ach

event. This bias often occurs when the cdecisionmaker has con- .

‘crete experience with one cvent.but only statstical or abstract

information on the other. Generally abstract information will be 3,'-:;.
ignored’ at the cxpense of concrete information, A base .rate %
determined primanly from tuncrele information may be called a . . -

causal base rate whereas that determined from sbsiract informa-
tion is an incidental base rete, When information: updates occur;

this mdmdualmg informaiior ofien is given much more \\clghl
than it deserves. 1t is much casier for individuating ml‘nrmauon ‘

to override ingidental base rates than causal base rates.
4) Camrnlqrfnn (210), [259), [345]—The faflure to revise esti-.

mates as much as they should be retised, based on receipt of new .
significant information,is known as conservatism. This is ﬂ:lalcd. )

1o data saluration and regression effccts biascs.

* 5) Data Presentation Coatext [161)~—The impact of sum-'-'..
* marized data, for example, may be much greater than that of the - -

same data presenicd In detailed, nonsummarized . form. Alsm-".

different scales may be used o cons:dcrnbly changc the impact” ot‘.;f,,,

the same data.
6) Data Sarurariou—PcOplc often rcach prcmature concluslons

‘on the basis of too smail a sample of information while ignoring o
,|hc rest of the data hat is reccived later on, or stopping aequlsx- '

tion of data prematurcly,

7} Desire for Self- Fulfilling ‘Propheria—'l'hc dccislpnmakcr val- .'
.. ues a certain outcome, inlerpretalion, or conclusion and acquires
and- analyzes only information that supports this con_clus:on. This

is another form of sclective perceptions ™~
8} Ease of Recull [205), [382), |383]—Dau which can casily be
recalled or assessed will affect pereeption of ‘the likclihood of

similar events ocaurnng again. People typically weigh. casily -
recalied data more in decisionmaking ' than l.hosc data - whxch_'f

cannol tasily be recalled.

9) Expectations (161), {235]—People often rcmcmbcr and’ at:
tach higher validity to information which- confirms their previ-
ously held belicls and expectations than they do to disconfirming *. -
information. Thus the presence of large amounts of information .
makes it casier for one to sclectively ignore dmconf'rnung ml‘or-‘ S
malion such. a5 1o rcach any conclusion and lhcrrby provc Lo

anything that one desires (o prove.

10) Fact-Value Confusion— Strongly held valncs may ofién be
regarded and - presented as. facts. That type of mformnuon is

sought which cpafirms or lends crcdthxlny to onc's views.and
valucs. Infarmation which conlradicts one’s views .o¢ \‘;\lua is

ignored. This is related to wishlul thinking in that both are: forms _

;

of sclective perception] -~ K

11) Fundumental Attribution Error {Success/ Failure Ermj!Zﬂ].'

[264]—The decisionmuker associates success with personal dnhere
ent abﬂuy and associates failure with poor luck in ch.moc cvcnu.
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This is'related to availability and rcprescatativeness. |
1Y) Gamblers Fallucy —The dcri\iunm:ﬁ.ﬂ falsely assumes that
unexpected occurrence of a “run™ of some events cnhances the
probability of occurrence of an event that has aot occurred,
13) ‘Habit— Familiarity with a particdar rle for solving a
, problem may resull in reutilization of the same procedure and
sclection of the same altermative whan confronted with a similar

" ype of problem and similar informazion. We choose an allerna-
live bécause it has previously been acoeptable for a perecived |
.+ 26) Spurious Cucs [161]—0Olen cucs appcar oaly’ by occup

similar purpose or hecause of wpernititioa. .
14) Hindsight 1112-114], [116]~—Papk: are ortcn unablc to

IELE TRANSACTIONS ON SYSTEMS, MAN, AND CYBERNLTICS, YOL. SMC-11, NO, 9, StPFUNBIR IQSI_

23} Sclective Perceptions {161j—People often seek 'only infor- -
mation that confirms their views and values. They disregard or
ignore disconfirming. evidence. [ssues are structured_on. the basis
of personal cxpericnce and wishful thinkings There are many -
illustrations of sclective pereeption. One is “reading between the |
lines” such as, for example, to deny aniceedent statements and,. '
a5 a conscquence, aceept “if you don't promote me, 1 won't
perform well™ as [cllov.mg ml’crcnually from “1'will per[orm vmcll .
if'you promote me,”

rence of a‘low probahility event but’they, are acccptcd by the

think OhJCCII.\ ely il they receive infomuntion that an outcome has ; decisionmaker as commonly octurring, K

occurred and they are told o ignoee this infortnation, With
hindsight. outcomes that have occurred seem ta have been incvi-
_lable. We see relationships much moee casily in hindsight than in
forcsight and find it casy 1o change our predictions after the' fact
to correspond o what we know has ecvurred.

15) Hhsion of Cuntrol [209], [210]—~A good ouicome’in a_ -
chance situation may well have rexlted from a poor decision.

" The decisionmuker may assume a fecling of control over cvents
that is not reascnable, o

16} Hiusion of Correlation [115), |383]—A mistaken bclu:f that
. two evenls covary when they do ot covary is known as the
1l|us:on of correlation.

17)aw of Sniall Numbers (se: Kahneman :md Tversky
{235]) —People are insufficiently semitive to quality of evidence.
They often cxpress greater conflideace in predictions based on
small samples of data with nondisaonfirming cvidence thas in
much larger samples with minor disenflirming evidence. Sample
size-and reliability often have little influence on confidence.

18) Order Effeess [161), [184)— The order io which infurmation
is prescnted affects information rekeation in memory, Typically
thie first piece of information prescaiced (pnmacy effeet) and the

last presented. (reccnicy effect) assume unduc importance in the -

mind of the decisionmaker,

19) Outcome Ireclevant Learning System 196), [971—Use of an
lnlcnor processing or decision rule can lead to poor results and
the d‘.cmonm.d(cr can belicve thie these are good because of
inability to cvaluate the impacts of the choices not selecied and
the hypothieses not tested.

20y Ocerconfidence [114], (183}, {’Eé]—Pcoplc generally ascribe
more credibility o data than is warrinted and hence overestimate
the probabilivy of success mercly due to the prescnce of an
abundance of data. The greater thz amount of data, the more
confident the person is in the acéuray of the data.

) Redunduncy—The more ndund:mcy in the data, the moré
confidence people oftcn have in thdr predictions, although this
ou.rconf'd..ncc is usually unwarraned. '

22) Reference Izjjm [30], [383)— People normally perecive and
cv alualc stimuli in accordance with their present and past cxperi-
cntial ‘level for the stimuli, They sense 2 reference level in
accordance with past upcncncc Thus reactions 1o stimulid such

as a comment from an associate, are mlcrprch.d l’.worably of

unfavorably in accordance with owe previous expectations and
expericnees. A reference poml deflires an operaling point in the
space of oulcomes, Changes in pereeplions due 1o changes in the

rdcrcnc; point arc called: reference effects. These Lhangcs may |

not beThased upon proper. statisticdly relevant computations.
23)-Regression Fffects [183], (383)—The largest obscrved vatues

of -observations are used without regressing towards the jmean to-
mmxdcr the ¢ffects of noisy measurzments. In cffcet (his ignores

unccn:unucs

’-l)‘tRmrrn'mumrnns IJRII [383]—When making inference

from data too much weight is given (o results of sniall s.nmplcs
As \.mlph. size is increased, the resuts of simall sansples are 1aken
to be* represcatative of the larger population. The “laws™ of
representativencss differ xonsadtmbly from the laws of proba-

bility and violations of the conjuntion rule P(A N B) < P(A)

are olu.n obu rved.

j‘

-

27) Wishful ﬂuuimg——'{hc preference of thie decisionmaker
for” particular outcomus and particular decisions can lead the
decisionmaker o choose 'an aliernative that the decisionmaker
would like to have associated with a deirable outcome. This
“implics a confounding of facts nnd valucs and is a'form o{
sdce.uvc perceplion. .

Doubtlcs:.ly there arc other ml’ormahon acqulsluon. annlysi.s.
and-interpretation biascs that we have not identificd here. Any
*calegorization into nuqulsmon. nnnlysm. and inlcrpreiation bidsis
somewhat arbitrary since iteration and fecdback will often, in
practice, not allow this scparalion. Also, many of the identified

. biascs overlap in meaning and, therefore, are related to others. -

Some fuither discussion of cognitive biases will be presented n
.our discussion of the siluation framing phase of prospect. theory
in Scction 1L Certainty, reflection, and isolation ¢ffects are three
results of these biases that’ havc pamcula.r pronuncncc in pro-
spect theory, . .

Of particular interest are clrcumstanccs undcr wluch thcse
biases occur, their effccts on activilies such as decisionmaking,
issue resolution, planning, and Iorccaslins and assessmeal; and
appropripte styles which might result in debiasing or nmchor:uion
of the cfffcls of cognitive bias.

‘Many of the cognitive biases thnl have been found 1o exist
have been found in the unfamiliar surroundings of the experi-
menlal taboralory, and generalization of this work 1o real world
“situations is a contcmporary research’ area of much interest.
However most of the laboratory experiments have concerned very
simple if unfamiliar 1asks. A number of studies have comparcd
-unaided expert perfonnance with simple quantitative models: for
judgment and decisionmaking, such as those by Brchmcr [47).
Cohen {62), Dawes [70}, [71], Goldsmith [132), Kleinmuotz and
Kleinmuniz [204], and by several authors iR Wallsicin's recent
definitive work concerning cognitive processes in choice and
decision behavior [396) While there is conlroversy [62} 263\
[349], most studics have shown shat simple quantitative models
perform better in human judgment and decisionmaking tasks,
m:.ludmg information processing, than wholistic expert peifor-
mance in similar tasks. This would appear to have major implica-
tions and to sound major caveals for such areas as-“expert
forceasting.” This caution is strongly emphasized in the works of
Hogarth and Makridakis [161], Makridakis and thdngh! [235)
and Armstrong [14]-[16]. This is a caution noted in but a few [18]
of the contemporary works on forccasting and asscssmenl

There are o number of prescriplions which might be given to

cncourage avoidance of possible cognitive biases and to debids
-those that do occur |96]. {98). [161]. 184}, [235].[355} [386}. Some
- supgestions (o avoid cognitive bias [ollow,

1y Sample information from a broad data basc and bc cspc-
_cially carclul to include data bases which might contain discon- .
firming informaltion.

2) Include sample size, confidence intervals, and othcr mea:

surcs of information validity in addilion to mean values.
3) Encourage use of models and quantitative aids 1o.improve

. upon informalion analysis lhrough propee nggrcganon of acqunrcd

‘information.
4) Avoid the hindsight bias by providing access 10 m(orm;uon
at eritical past nmcs. :

P
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RISIGN GF I CRHATION SYSIEMS AND PROCESSES

Sliﬁncnuragt decisionmakers 10 distinguish gowod and bad’
devisions [ram good and had outcomes in order 1o avoid various
formsiof sclcunc pereeplion such as, for example, lhc itlusion of
vontrol.

H) E.ncouragc elfeciive l-.ammg from expericnce. Encourage
undcr\(andmg of the decision siuation and methods and rules
used in practice 1o process information and make devisions such -
as to avoid outcome irrekevant learning sysicms.

1) Use structured frameworks based on logical reasoning {255),
{376] in order to avoid confusing fucts and values and wishlul
thinking and to awsistin pummng information updates.

8) Both qualitsive and quantitative data should b; collected,
and oll data should be regurded with “appropriale™ cmphasls.
Nope of the data should be overweighted or vuderweighted in
aceordance with personal views, beliefs, or values only,

9) People should be reminded, from time 1a time, concerning

Saul;

-what wype or size of siwnple from which data are being gathered,

30 a8 10 avoid i represcntativeness bias,

10) Information should be presented in several ordenings so as
to’avoid recency and primacy order effects, and the dara presen-
tation. conkext and daia saturation biases,

‘Kahneman and Tversky (235) discuss o systemiic proccdurc 10
enhance debiasing of information processing activitics. A delini-
tive discussion of debiasing inethods for hindsight and overconli-
dence is presented by Fischholl (185). Lichtenstiin and Fischhoff
present a number of helpful guidelines to assist in training for
calibration [217}. Clearly more ¢[forts along these lines are needed.
Studies 1o delcrnine the extent 10 which Jearning feedback
acquired thiouph use of ricthods such as social judgment theory
contributes 10 debiising would be especially rewarding. This is

" espaeially the case since confidence in unaided judgment is

Jearmed and naintaiied through feedback even when there is very
little or no justification for this conflidence {94). Typically out-
comes which follow [1om decisions based on negative judgments
arc not observed. Reinlorcements of sell-fullilling prophecy type
jqumcnls through positive outcome feedback only oceur in spite
of, ralhcr than duc su.Judgmcnl validity.

Rescarch intcprating the methods whercby people 1nlcg;nlc or
spprepate information and aurbute cavses [8]-{12), [142), 1143],
[186], {190], [199], [321], [364]) with micthends Tor the identification
and amelioration of cogmuvc biases would be of interest and of
much potential use alsa.

In a sensc, the 1esulls of this section arc dlslurbmg in thal they
tend to support the “inielleciugl crippie™ hypothesis of Slovic
'4[142}, pg. 14) and imply that humans may well be litle more’
than masiers of 1he ant of sell deception. On the other haifd there
is strong cvidence that humans are very strongly motivaied to”
_understand, to cope with, and 1o improve themschves and the
‘environment in which they function. While there are a number of

* fundamenial limiations to systemic efforts (o assist in beltering .

the quality of human judgment, choice, and decisions [282), {307),,
there are also a number of dlerahIc activitics [16], [305].*1385]).
These can assist in increasing the relevance of systemic ap-
proathes such as thase which result in information processing
ad_,uv.'mls for policy analysis, lorccasting, planning. and other
Judgmcnl and decision tasks in which information acquisition,

- ana!_)s:s and mumrcmnon play a mcd;d nnd ma! role.

i . ) L .
: v, Du‘lsmv RUl[S . .

ll: .

In! ordcr to select an allermative plan or course ol’ acuon for
utumalc implementation, the decisionmaker applus one or more
decision rules which enable comparison prioritization, and ulti-
matcly, selection of a single policy alicmative from among a sct
Al chaice aliernatives. The purpose of a decision ke is 1o specifly
the most prefessed allemative generally from a partial or 1ol
Ndu}anb ar privsitizzticn of alictaatives, To utilize a decision rule
we must have a set of alicrnatives, a set of abjeclives to be
e umpluhcd la, the nl!cm.nm 3, 2 Lnowlcdgc of the impacts of

i policy alicrnatives, ¢te.
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the aliernatives, evaluation of these Impacts, and assoviated prel-
erence information, Decisia rules may be explicit or implicit in

termis ‘of the way in whidli they are used in the decision process,

We can assuine, withuut Joss of gencrality, that cach single
policy aliecmative may reprosent a complex partfalio of individual
alicrnatives and that the =t of choice alternatives contains multu-
ally exclusive componcnia This' formulation can always be
nccomphahcd but may result in a very large set of policy alterna-
tives since n individual Jdiematives can be combined into 27
m\s:bic portfolics of aliematives. Failure to consider a combinae
tion of aliernatives may result in significant errors in decisions
making unless cach of tle individual aliernalives represcnts one
componcnt of a portfolio of all possible combinations of individ-
- ual alternatives, or unless the mdmdua.l altemmatives are indepen- .
dent or mulually exclusive,

It is assumed at the interpretation step of the decision process
that formulation and anulysis have been accomplished such that

there exisls g decision situation structural model and the resulis -

of excreising the model. Thus objectives, relevant constrainis,
som¢ bounds on the issuc, possible policy allematives, impacis of-
are assumed known, The choice of (a
decision rule will depend, in large nicasdre, upon the decision

_siluation structeral mode! as reflected in the contingency task
structure. We will discuss dymumc modcls for contingency task

slructures in our next section, '

“The above discussion 1uay appear rcprcsculauvc pnmanl) of
the judgment and dcmsw.: process associated with the formal.
opcrational thought mo. i ‘hal we will elaborate upon in our
next scction, For purpo.ey’ of clarity of cxposition. we have
presented an oversimplifi -4 view of how decision rules are used

lo aggregale information i nd cvaluate allernatives. The sequence |

we have described implic. comparison and evaluation of alicrna-
tives -only after we have first accomplished formulation and
analysis of the: issue under considcration. As we. have noted -
throughout olir discussion, decisionmakers typically compare and -
evaluale alicrnatives while they arcein the process of decision
situation formulation and analysis. These partial comparisons |
“and ‘cvaluations lead to scarches for addilional policy alterne- |

tives, additional analysis, elc; As we have also noted, the enlire . - !

decision process (ypically oucurs in a. parallcl-s:mulgancoq&-»
itcrative [ashion rather than an exclusively sequential scries of:
sicps in which formulation is followed by analysis which
followed by interpretation.

Individuals and decision environments vary so greatly 'lhal '

there are a great number of decision-rules that will be needcd 10
describe actual decision situations, Schoemaker [315] is among a*
number of authors [121), [255]), [364). [365), [372] who have
attempled classification schemes 1o allow calcgorization of van-
ous descriplive decision mule models. His first level catcgonzauou
scparates decision rules into holistic and nonholistic calcgories.
In a holistic dccision rule each alicrmative or portfolio of alicina-
tives is evaluaicd and assigned a value or utility. After all
altcrnatives have been cvaluated, they are comparcd and altema-
tive A is said to be preferred to alternative B if its evaluation'has
given it a greater utility such. that U{A) > U{ B). In nonholistic
decision rules individual alternatives or portfolios of alienatives

are gencrally compared with one another in a sequential climinas-

tion'. process. This comparisori may be against some standand
‘across a few atiribules within alicrnative pairs or across allcmn-

"tives, with aliernative attributes being compared onc a1 a time.:

Each of these categerics appears 10 imply disaggnegation into’
componcms of the ‘event outcomes likely to follow from degi-
sions. Qur scction on -contingency task structuse models -will
propose a dynamic evolving cognitive style model which” admus
ol cxpert situational undersianding that involves reasoning. by
analogy, intuitive alfect, and other forms of nonverbal;almast
unconscious perveplion. We clect 19 call this type of reivoning
wholistic and add a third calcgor)‘ to the classification uhcme 0!
Schocmaker, S

v
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Cnnuqucmly we envision three first level gencral calcgories
ol Jecision rules; halistic, ‘heuristic, and whotistic. In a8 holistic
decision rule there iy an atlempt to consider all aspects of a
decision situation in kvaluating choices by means of disaggrega- -
tion of various choive compoenents. In a heuristic decision rule,
detailed complicaied vomparisons are not used. Rather, sim-
plilicd approximations 1o holistic decision rules are used. In a
whalistic decision rule, the evaluation and choice of allernatives is
based upon use of previous experience, hopelully truc expertise,
with respect to similar decision situations, The selection of an
glternative is hased upon its pereeived or presumed worth as a
whale and without detailed conscious consideration of the indi-
vidual aspeets of cach olicrnative, It is possible to define a
number of decisian rules and categorize them. The first level
catcgorics we have defined are not mutually exclusive. A number
of dcecision rules doubdessly can be catcgorizcd into nore than
otic of these first-level duecision categorics. Figure 4 {ltusirates a
possible inclusion struciure [or the decision rules we Will describe’
here.

Expevied Utiliey Theory: Our [irst decision rule ll based on
expected utility lhmr; and Is doubilessly the most famlllar decl-
slon rule to engincers. This rule derives from o “rational actor™?
decision model [3), (4}, [89). [103), [121]), {134), [169), [152}, (2221,
[286). |268). |285), [315), [I89]. [397) which is more Iully discussed
in Scetion VI,

The rational aclor model is o normative model, Von_Ncuman

* and Mprgenstern, who introduced the axioms of the model of

rational man, stated the purpose of their work as -

W' find mathemarically camplere principles which define “ratianal
h.lu\ e .. a s of rubes for cuch partieipans which tell him how . ~
m tnh.uc in every siuation which may concelvahly orse, '

Th; idva of rationality originated in the economiles fiterature

whefe microcconvmic models of the consunwer and the firm )

assuimed complete infonnition and rationality. The rational pers

son Ix assumied so have idemified a set of well-delined objectives |

and cgouby and is assumed 1o he uble 1o express preferences
between diffecent states of affairs oecording 1o the degree of
satisfaction of anaining these objeviives and goals. A rational -
i .

l’: '3 : '

\. Fechnological oc ceanomtic ratlonality would be a more uppropriate
LB

“ o

N | Fi|.4 Hlernn.hl:almuclurcofdublonmln. ' ' .‘,.- _ L

ARIANGCE THION i o

person hu identifled avoilable alternalive courses ot lcﬁon and
the possible consequenced of each alternative. The rational person
mokes o consistent cholce of allernative actions in order to
maximize the cxpected degree of satisfaction assodulcd .with

‘atiaining identified objectives and goals. ,

A number of elemcnls are nssumed lo exist in the mlennl

© actor model.

1) a 81 of pollcy alternatives A; L ' .

2) thesct of possible conscquences of chulee or futurc mm ol
nature or decision outcomes called §;

3) a utillty function U(s) that is dcnned for nll clemenu :
.of 8

4) informalion as to wtuch outcomes wi!l occur lf a pmlculnr ]

. policy alternative @ in A Is chosen; and '
3) informalion as to the pmbnbllity of occumm o! any
particular cutcome if an aliernative a € A is chosen. P,(1) -
15 the probability that s € S will occur If @ € A s chosen.

Thére are a number of ways in which the axiorns assoclated with
the rationa! actor model may be stated, Bach statement of the
axioms allows proof of the fact that cardinal utility functions will
exist and be unique only up to positive linear transformations.
Further, the evaluation of expecied uthity ollows choicemnki:s
and prioritization of aliernatives in o ance with the expecet
utllity of cach alternatlve, There are @ number ol 1extbook
accounts of expecied utility theory to which the interested reader
of this review may tum [or alicrative scts of axioms and detailed

" account of the use of ‘¢x rmcd utility. theory [51), [163}, {196},

[222], 1285, [302). [313). MacCrimmon and Larson inlerrclate the

major axioin sysicms in expected utllity theory [3) In o notee =

worthy contribution o undersanding of the scveral systems thai
lcad to (essentially) the same results for the rational actor modcl.
A very readable introduciory treatment of expected uillity theory,
relating descriplive p.t{ﬂhologlcal concerns \\'llh norrm!ive con-
cerma, is prosented by ik [244)

The ratipnal actor ‘model Is oficn accepled as 4. normatlw '
modul of how devisions should-be made, al feast in o substantive

.or “as i [ashion. 11 1s oficn observed that the nyddel is not an

accurate doscription of cither the substance or (be process of

" - getwal unaided choicemaking behavior, Some of thase observers
" use empirical evidence of the deviation of actual dcd;iqnmakcu

from cither substantive rationality or process ratipnality, These
obacrvations sre doubtlmly correct, The rulionnl nclpr modcl b.

.?
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I
howevier, invaluable in that it.can be often usd as reference for
‘comparison of actual behavior with ideal “aided™ or normative
bcha\-mr Further, i provides a benchmark apainst which. to
compare simplificd hewnistics, Our offorts and discussions in this
“section’ concern primarily subsiontive behavior ahihough we
rcmgnu,c tic great dilficulty, in praciice, of separating substance
from p(pcc
Simon and his colleagues introduced the coneepl of bounded
rationality and. developed a satisflicing model for individual
choicemaking. 11 is worth noting that boundedly rational aclars
are basically rational subject 10 consiraints on the formulation,
analysis, and interpretation of information, and the substitution
of achicvement of 8 targel lovel of retuen, or aspitation level, for

sclection of the best aliernaiive. Tvpically people satisfice by -

adaptive adjustment [72] of aspirations such that, in repetitive
decision situations, eptimizing behavior is appreached [270).

There is absolutely nothing in the formulation of the rational
actar model which requices ddemification of afl objectives, alf
possible allcmatives, il possible impacts of aliemalives, ete. The
rational actof model is perfectly capable of being used lo allow
prioritization and sclection of the best alicrnalive by evaluating
some impacts and wilh l\nuuhdgc of some- objeclives, [rom
anmiong an incomplete scl. It in no scase necessarily requires
compleicncss in everylhing and the associoted, complexity that
this would require. Actual decisionmaking behavior may nal,
however, even be boundedly rational but may employ such poor
heuristics as to sesult in inferior choicemaking even 1o the extent
of scletting inferior choices from among those in a bounded set,

There have been o auaber of experimental studics and field
studics:of the appropnisteness of the expected utility model {3,
LLL), P07 (090 1250 [lEd)-[ 180), [236]), [336)-[341). [I8S] as a
descriplive model of substantive unaided behavior. Among the
surveys which commnent upan the cxperiniental and field studics
are [27), (98], (206), {348]. 1372|. Schoemaker {315) provides a very
readable briel survey of some of this literature, While the evi-
dence is mixed, ‘most studies indicale that the expecied utility
decision rule simply docs not !uncllon well in a descriptive
Jubsianlive sense.

In its simplest [rn the expected utility of altcmauvc 8, is

compuled | rom

E{U(a)}

()

E P[-f (a, )]Uly(a )]

where the 5, (u ), j ... 11, are the states which may result
from nllcmnnvc a, nnd ’zc Pla,(a,)] are the associnted propabili-
ties, In the cxpcctcd ul‘lity ro:mulnuon the p[s,(a,)) = p,(a,) =
p, arc assumed 10 b )ObJCC”VC probabilitics and. of course,
b jmip, =L Gcncrnlly these probabilities are not aliemative io-
varent atthough notationally they are somelimes wrillen as if
* they ‘'were independent of aliematives, The Uls,(a,)] are the
utilities’ or values (296} of the decisionmaker for the varlous
outcome states. Johnson and Huber [179] survey a number of
procedures that can be used 10 elicit uility functions. Most of the
texthaoks cited carlier slso canlain discussion of utility nssess-
ment proccdurrs.

Su}ycdfvc Expected Udline: Ohen jt ocvurs that ohjective prob
Gbllllltl are, for any ol a varicty of reasons, unavaituble in n ghcn
situation, The subjective expeeied utility model is abtained when
whjccu\'c prohabilities f( #,) are subatitiled for the g in (1), The
e nre generafly elicited such that X7, f( £)=1 and 50 the
subjm.lwc probabilitics behave in a way consistent with the laws

‘probability. There ate a number of discussions coacerning
.,-rohabshly clicitation [31], {223, [257), {355] that present ap-
pmpnat: procedures 10 enable determination of subjective probas

bilitics from individuals and groups. Conventional approaches o

clicisation of utility in cxpecied wiility theory may confound
sln‘nglh of preference felt for altvrnative event outcomes and
nllitudf.' toward 1hk, Al the n.Iacualmn pracedure can became

‘»

A |
cumbcrnomc Rcu.nl rcu'arch has formally scparated ¢ %ese facs
tors | 33] and shows much § romise in enhancing undert iding of
altliude towards risk, In this approach the wtilinn voavept is
devoid of siak. It takes on a mganing more like th. . & vonven-
tional microcconomics where il measures strength ++ *eolerence
for certain oulconmics only. This rescarch {33) could - vude addi-
tional linkages and undcmnndins between the expecied wility
and subjective cxpcucd utility concepts by providing for ingorpo-
sation of risk aversion effects in a relatively slmple wav. A related”
approach 1o incorporation of risk oversion is dexcribed by
Howard and decision analvsts at the Stanford Research Institute -
(164] wha have been respousible for a number of major applica- .
tion studics in this arca. There have been a number of related
approaches [63]. 166}, {121} and the subjects of risk and uncer-
tainty are of much contemporary interest [6]. {136). [153], {304).

A number of studics have indicated that the relation bcmccn :
subjcctive and objective prubabilities is nonlincar ond situation
dependent, Tt is usually indicated that people often underestimate
high probabilitics and overcstimate low ones. More recent re-
scarch has ‘indicaled that this appears true only for fn\'orablc-
outcomes. Just the opposite appears true when the outcome is
unfavoruble. This appears 10 be a form of wishful lhinkinp for .
low probabilily events and “everything bad happens to me” for -
high probabititics. What we will call subjective utility theory
atiempls to incorporate siivation dependent nonlineanities that .
may exisl between subjeciive and objective probabilities. :

Multiaiirit-ute Outconies: Often decision silualions are. suffi-
ciently complex that it Is difficult to evalvate, in a wholistic
fashion, the utility of eack oulcome. Often it is possible to
disaggregate the features on which ulility is based into a number
of compoacents called aliributes. An altribuie tree is a hierarchical
structure which, when quantified through elicitation of values of.
ihe outcomes on the lowest level attributes and relative weights of
the atinibutes, eon be used to determine the wiitity of cvenl
outcomes. The 1ypes of multiannbuie utility models used haye
varied from very simple unit weight linear models to rather
complex multiplicative miedels [106]. Dawes [71) documcnu thc
sobust bcnuly of lincar models of the form :

o

4.'.

U(:J:Eh,u,(:,) 3 2;.,,:1 ‘

‘where lhcrc arg n.\sumcd tobem alln'butel. h, is the weight of lhe.:

Jth auribute and u,(s,) the value scorc on ‘he Jth attribute of
outcome 1, In much of the work In this area decisions under -
certainty ure considered such that there i3 n one 10 one correspon-
dence belween alicrmntive a, and outcome 5,. Under decisions
undcr-certainty conditions we canlet g, 52 g, In (2). | g
Muliiattribute models have been very successfully uscd o . .
predict the decision behavior in Nicld scitings or many profes-
sional groups, Hammond (140]-{142} and his colleagues have, as
dixcussed in Scction Itl, developed an approich known as social
judgmicnt theory in which the “policy” of the decisionmaker, -
equivalent in this circumstance 1o the weights b, are identified
from wholistic privrilization of dechiion outeomes lhrough us¢ of
regression analysis techiniques. Ward Edwards and-his collengues
[186), [301] and clsewhere, clicit weights from decisionmakers for
the model-of (2) in a useful straightforward procedure called
simple muliiple attribute ronking technique {SMART) thot "hus -
seen a number of realistic applications. Results of the surveys of
Aristrong {14), [15): Fischer [111), Slovic and Lichtenstcin [345),
Slovic, Fischhoff, and Lichtensicin |348]; Shantcau [324), and
others indicite that simple lincar models {84) are very potent
prcd:uors of reliable judgmens, especially under conditions'of
certainty in that on¢ can replicate the substantive’ judgmchl ‘of .
decisionmakers. This is the case even though the simple lingdr, -
model may nt do a very good job of madeling the dccisinn -
process. “Root strapping™ is the name given 1o the' ‘task “of 1"
substituting & decision rule for the devisionmaker. The stidies in
the cited references show that the climination of human judgment

:-“L ‘.‘.
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crror made possible by boot strapping enables it 1o be superior to
unaided human judgment, One can even misspecily weights and
ignore attnbute depesidencies and still find that weighted lincar
models do quite well {71) .

The fuct that the weighted lincar pule may be so good is a
rather mixed blessing. In circuinstances in which there is no
requirement for knowledge of the underlying decision process,
the substantive predictive ability of the lincar additive model may
make it quitc w.cful. Sitwations such as cvaluating credit card
applicants or applicants for admissions to alleges are repetitive
judgment and decision sitsations which fit into this category. Use
of simple fornial lincar model may well, in situations such as
these, Yead 1o a mare efficient as well as more effeclive and
cqunablc selection preaess than one based on unaided human
intuition {70}, [T} (Dewes in Shweder (332 In unsiructured or
scmistructured nonreeciitive du.h.mn situations it is much lcss
elear that.a decizien rale that is not guaranteed to Le faithilul to
the underlying decision process will be nearly as valuable as one
that is in terms of u:abling devisionmakers to make better
decisions. Fischholl, Goiein, and Shipira {119) provide a number
of pereeplive conuments coneerning this and the consequent need
for a theory of cirars o explicate the effects of poor decision
situation structural snedels and parameters within the structure,
A hoped-for achicveraent is a sensitivity-based analysis of devia-
tions from optimality to deteymine, among other things, the role
of experience in decisicnmaking and those components and
principles of decisionmaking which can be usclully and meaning:
fully Yearned from experience (47, |94)~[97), {115]. [116] .

Multiantribule utihuy models based on the expected utility
theory of von Nuumang and Morgenstern are considerably more
complex than those of fichaviosal decision theory. Often there are
efforts 10 delennine exisicnce of various attribute independence
conditions such as to validate uwe of a linear modcl of the {orm of
{2) or a nlulllpl cative model ol the form .

Sh=.

=1

V+ HU(s) = I;Il [1 + hJ!idJ(J,)].‘ (3)

The foremost proponats of s approach are Keeney and Raiffa
116}, There are mauy o wtiibutions 10 this arca and variations of
the busic appicadds {231 [29) [I5). [93), [127), [331], [277], [278),
(300, {301]. {¥.Z
AOFAIANIVE GPPE it aad Los been successfully used for a varicty

ol applivations including proposal evalualion [245), [310), siting

power plants [197]: und badgeting and planning (52}, [191}.

Mrean Vuriciwe—Tueie are a number of modcls and associ-
ated decision rules based ‘upon mean-vadance (EV) moedels,
Markowiu’s pcifolio theory, which is well summarized in Libby
and Fishburn {214] snd Baron {26}, is based in part on the
assumpiion ol 1 quadraiic utility function

U{sY =a+ Bs-+ ys? . {4)

where the samae slates .m. assumed inwariant over alt altematives
-such that we have a.quad-atic programming prob!cm in prioritiz-
mg alternative: where
A .
L{U(a)} = 3 pla)U(s,)
i=i

a-+fE{a)} +yE{a}}
a -+ fig, +7(01+}13)

Cmmhx [65). | 66). {1853] has alse been concerned with portfolio
“theory and ax. dmws an cptimum risk tevel in the form of a single
peaked risk prelacace function for every expecied value lovel
Gambles of equal eapecied valoe are judged on the basis of lower
v anee in the Madhowir portiolio theory and oa the basis of
3 datioa from optimui visk kevd in Coombs’ portlolio theory,
bux.h.mu. doatinarce coneepts [124) are especially usefud in

th

O(ALSL 399 b is proposed exclusively as a -

can be found in the carly work of Allais [3] who was among the

dealing with problems in the mean-variance modcls of ponlqllo .

theory. Unlorwnately as has Ixen shown by a number of aulhors
{124} the reaults from using mean—vasiance portfolio theory are |
not.necessarily consistent with resuits obtained from expected -
utility theary. For cxample, if the putcomes of decision g, are $10 -
with probability 0.5 and 320 with probability 0.5 and the out-
come of dccision ay is $10 with probability 1.0; then the EY rule.
(1,).= §15, 0,; = §5) (p,3 = $10, 9,5 = 0) is indetcrminate in’
that there is no parcto supcrior of dominance alternative in. a0 -
EV sensc. Yet any reasonable. pcrson would prefer achmalwc a,
to altérnative a,.

Fishburn|123] has comndcrcd a variation of the mcan-va.nance
modcl which involves concepls based upon taret level of returmn
or aspiration level or reference kevel to.define the risk of an .
allernative. The “risk™ of alternative a is determined from the’
probah;hly of receiving a rclum not to cxcccd x, dcnolcd F(x).
by .

k(a) j (1-x)* dF(x) j‘ (1-x)° p(x)dx

where ¢ is the target retumn, a is a nonnegative pa.mmclcr lhat is
used 1o indicate refative importance of deviations below larget
retumn, For 0 < a < | the decisionmy s primary concem Is’
faiture 10 achicve the target with lttled cgard 10 the size of the
deviation. For a > 1 the decisionmake? is very concerned with
sizeable deviations from targel and ré.atively unconccrncd with
smali deviniions. In the fonmer casc the decisionmaker is risk
sceking for losses and has a.utility Junction that is convex for
losses, In the Jatter case therdecisionmaker is risk averse for losses
and has 2 utilily funcion that is concave for losses,

In this model the mean retern rom an aliernative and its risk -
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are the 1wp allributes determining prefercnce. This model thus .

appears much similar to the standard EV mbdel in that a, > a,if -
and only if'u(a,) = u(a,;) and R(a,) < R(a,;) with at least one

incquality being valid. In the example just considered, the mcan o

values are as gwcn previously and the nisks are \

0, SR (<20
R(a,) = {0:5(1=10)%, " . 0<:<20.‘".=
0.5(r— 10)" +0.5(r—20)", 20<¢
<10 .

R(a;) = {(:— 10)°,

Thus we sce that the risk is the same, thal is 2¢ro, if1<10 nnd so

IO‘I

- we prefer g, The risk associated with a, is onc hall that associ-

ated with ay if the targét rctum is between 510 and §20, The risk
associated with «, is Jess than that associated with ay if 1 > 20,
And so, since p{a,) > p(a,), we preler g, regardless of the target
returg, Generally, as in this case, Fishbum's below-target model
will resolve ambiguities associated with the standard mean-~
variance model. The decisionmaker is fsce 1o specily a and 1.
Thus this represents o rather useful dominance type decision rule. -
Exicnsians of this rule 10 the case of muliiatiribute and muluplc
objective preferences would have considerable value,

Subyective Utility Theorv: A aumber of rescarchers have pro- -
posed holistic decision rules based on the ohservation that peo-
ple, in unaided situations, do nol typically perceive (objucuvc)
probabilitics such -that the fundamental’ probabﬂny property
Z9.1p, = | is satisfied. These presently exisis scveral decision
sitvation models based upon a subjective ulility theory in-which
probabilitics do nol sum 10 one. Amoag these are .certainty.
cquivalence s theory due to Handa [144), subjectively welghted
utility theory due to Karmarkar [188), [189); and prospect theory
duc 1o Tversky and Rahneman {184), [385) Tharc have ‘been
several additional studies involving prospect theory jacluding
those of Thaler {371], and liershey and Schoemaker [152), 153}
Same of the foundations for these subjective utility theory clfosts -
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$AGL: DESIUN OF INFORMALION SYSIEMS AND PROCLISS
1 .

first to note (hat the normative expected utility approach of von
Neumann and Mnrg:.nslcrn. and the subjective expected ulility
modifications, did not nccessarily describe actual descriptive
choice behavior, We belicve that these studies are especially,

relevant to information svstem design and so summarize relevant

feawures from these elfects here,
T certainly cquivalence ticory five axioms are assumed, We-

will use the term prospect or prospect (5, P) 10 mean the oppor-

ity to obiain outcome s with probability P Slmply stated,
1Pcsc are as follows,

1) Preferences are governed only by ulilities and outcomes.
One is indifferent between a nonsimple prospeel and an
acweanally identical simple prospect with a single cvent
node.

2) Compleie ordr.nng of prospects is, possible and uansmvny
of praspects cuists,

3) Continuity cxists such that if {s,, P;) > (55, P1), ® (53, F,)
then there exists an a such that (a4, Py) ~fasy, Py) + (3

- asy, By). .

4) Indcpendence exisis such that if (s, P) ~ (x,, 1)Vi, then
. (8, P)~(Zx,,1) where s and P represent veclors ol’
outcomes and probabilities s, and P,.

S) Enhanced prospects are prc[urcd nf and only il a bnsu:

;. prospect is prelerred. Thus (85, P) & (,8:,. Pvg > 0 il
and only il (£, P\) » (53, P;).

These axioms are sufficient to insure that the SUbjCCUVC utility
lunclmn of alicrnative a,, CE(a,) = CE[2(a,), P(a,)] =
U(s P%), is lincar in 5, and of the form '

wf(P‘):'.

J}‘w(l") =
.a’

Axioms 1, 4, and 3 incorporate the major changcs from the von

Ncumann—Mmgcmlcm axioms. It appears unduly restrictive to

rcqusrc that-the uulity funciion be lincar in the outcome and this

:sh ﬂ:ason enough 10 warrant the dcvclopmcnl of a more robu.sl
cory.

Flshbum [125), however, has shown that certainty cqulvalcncc
theory must reduce to the expeeted value model, U(s, P) = P73,
I in w(F;) = 1. This occurs becayse of the requirement that one
must be indiffcrent between a nonslmplc prospect and an actuari-
ally equivalent simple prospect. To insure this for the two out-
come case, for the geaeral actuarially equivaleal two outcome
prospects of Fig. 5, requires that w{P) + w(i — P) = 1.3, This
certainty must be viewed as another limitation of this certainty
equivalence theory and indicates the considerable care that must
be exercised in modilying the basic utility theory axioms.

The subjective weighted uiility model ylcld; for the SWU of
alicrnative a,

u(s' p') = D)
j=

SWU(a,) =§I u-[J;(a,)]U[',(ﬂ.)l. .

wbt::tc the subjéc:ivc weighted probabilitics arg

t:

nk B Ef[P(a)] .

y : L

- . n.'_. '-
Allhough a vancly ol probubilily wclg,hung l’uncuons arc possn-
ble, Karmarkar [181], [189] proposes use of a log normal function -

i _ l",(l_{T() ==aln( (8)

i

el

e

I'uf the n# oulcome case we would h.ue I ,nil’ l = l and we sce that
the only genesal u(l‘) that will insure? ‘this is wil,) =

T

" iflications 1o' expected uti’

(6).

-

w[”a)] ___f[ﬂcL '(1) . .

v
.

65)
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Fig. 8. Two z:tuarially equivalent prospects.

or
P‘

F)

10 gy ®

wiscfc 0 < a < 1. This tri.nsformation "of'probabillucs is suﬂ: that

large probabilitics are undursiated and small probabilities over-
stated. Kormarkar emphisizes that the probnbtlny ‘weight-
ing funciion does not reprosent a probability perception phen-
omenon but represents ¢ bias in the way in which (objective)
probabiliics arc descripii -y incorporated into the evaluation,
prioritization, and choice:. king process. In this model, the final
weighted probabilities d; -vm 10 one in accordance with the .
conventional subjective « octed utility theory. However, the
expression for any nor
function of the value of a:
effects of this confoundin;
. The -considerably me
TVcrsLy anq Kahneman |

ther pmbabzhhes as.secn in (7). The
* influence remain 1o be investigated,
sophislicated prospect theory of

an editing pf)nse involvin. raming of contingencics, aliematives,
and outcomes, followed : - an evaluation phase. These modify
subjective expected utilit- theory such as to enhance .ma:dcd
descriptive redlism of the .wcory .

led weight wlP(a)] is aciually a -

i} [385), contains a number of mod-
. |hcory Prospect theory consists of

1) In the cditing phas.. the decision situation is recast mio 2

number of simpler :iations in order to make the evalua-
tion task simpler fen the chaicemaker. The tasks in- cdmng
~ are very much depeadent on the contingency siti ation” 8t
hand and offcr possibilitics for coding, coinbining, - cg,rcgal-
ing, cancclling, and detection of dominance.
2) Value functions are devoid of risk attitude and a:. umque
only up to positive ratio iransformations.

' 3) Outcomes arc cxpressed as positive or ncgauvc c‘cwauons

from a refcrence 6r nominal outcome which is a: ugn_ed a
value of 2cro. Thus value changes represent chang.s in asset
position, Positive and negative valucs are tecated citferently
" with the typical value function being an S-shaped curve thal
is convex below the reference point and concave -above it
. ‘Displeasure with loss is typically greater than plcasure

- associated with the same gain,
4) Probability weights w(F,(a)] reflect an’ unccmun ou!comc
contribution 10 the anram\'cncn aof a prospect. As in SWU

. theory, high probabilitics are underweighicd.and low oncs: :
¢ overweighted. The following are among lhe propmws of lhe

probability weighting function.

" a) True a1 extremes wi0) = 0, w{l) =1 L

b) Subadditive at low P, w{aP) > aw{P).0 <a | -

c) Overweighted for'small pow{p)>p,p<1 .

d) Undcrweighted dr large Pow(P)}< P, P >0

€) Subccn:un-u(p)+u(l -p)r<li ¥

) Subproportional n'(nP)/u‘(P) < w(nﬂP)/u(BP),O <
afB.< | e

5) Tbc value of a prospm (:. P) = (8, P.) + (53, ?;) es &h’mr

2) V(g. P) = o{ay) + w(P)o(s)) ~ n(:,)]

(IO) :

)
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o for strictly pmnm. prospects in which Py + Py =1 and
E s, >35> 0, or strictly negative prospects in "which P.

{ PJ =1, 5 < 53 <qQ.

ib) ¥(s. P) = w(P)elS)) + w(Py)o(sy) an
, lor regular praspects which are prospects that are neither
v strctly positive nor strictly negalive in that cither Py + Py
L e Fand/or ¢(3,) and ¢{s.) are of opposilc sign.”

-

In no sensc is prospect lhcor) pesed as a normnmc theory of
how” people should inuke decisions. The editing or framing of
contingencies, alicrnative acls, and oulcomes is similar 1o the
Inrmulation step of the systems process. Iy s in this forming
phase that the contingency 1ask structure and decision siluation
model are, in effecy, loanwd. For example, in a population of one
million people where black lung discase might kill two thousand
people, possible fosins are .

Form 1—Alicrnative a, will save 500 _people whcrcns il alter-

\ native a, is adopted there is a 0.25 probability of

' saving 2000 people and a D75 probability ol' notl
saving anyonc.

Form 2—Alternative a, will result in death of 1500 pcoplc

whercas aliernative ¢, will result in a 0,25 probability

, “that no one will die and a 0.75 probability that 2000
y people will die.

These two forms are really lh.. same, yel many people will

interpret them differenily. The vditing or fornung phase of pfo-
spect theory allows dillerent :.mrprctauons and thus makes
provision for dilfcren{ :valuation of resulls in terms of alternative
Tormulations of the same issue,

Prospect theary is especially oble 1o cope with certainty effects
in which people overweight o-woemes considered certain com-
pared with those considered nly highly probable; reflection
¢ffects in which prelerences ave reversed when two positively
valued outcomes are replaced be two negatively valued outcomes;
and iselation cffects in which poople disregard common outcome
components shared by outcoun ~ and focus only on components
that d:sungulsh alicrmatives. K incman and Tversky have estab-
hshcd an axaomw.nc basis for prospect theory {184] for the two
oulcome case.

In a recent stuidy iovolving prospect theory, Hershey and
Schoemaker [152) yuestion the gencrality of the reficcion hy-

pothesis of prospcc:. theory whoch states that asymmetric prefer-.

ences are found whien comparing gain prospects with loss pro-
speeis. They introduce four typus of reflectivity depending upon
whether subjects choose posilive prospect (s, ) or the noninfe-
rior prospect (51, P;), and wheilicr they choose negative prospect
(3 Py)or (—s3;, Py). Across-subject and within-subject seflee-
livity are examined in terms of whether subjects do or do not
choose and do or .Jo wol, swiich from safe lo risky prospecis,
They conclude that prcdlcuom of prospect theory cohcerning
reflectivity depend upon the size of probah:Imcs For P large
cnough to insurc underweighting of probabilitics, it appears that
the reflectivity hypethesis is quite valid, For smaller values of P,
rellicctivity 15 neither predicted nor excluded I’rom the results of
Hershey and Schocmaker.

In, another study Hershey and Schocm.:kcr {153] examine
preferences for basic insurance-loss loleries and show that risk
taking is prevalent in the domaia of losses. They suggest a ultility
funciion which is concave for low losses and convex for Jarger
oncs: They indicate a context “ffect in which varous insurance
formulations tead 1o mare risk averse behavior than for statisti-
call\chuuahm gambling fornulations. Their conclusion that
probabilitics and cutconies imav be of less guidance in influeacing
du.cmon behavior as unceriuinties concerning their magnitude
. Icrqa.\c srengihens conjecture: canceming the influcace of con-
o ur.md pereeptions of decisian muauon structural IIIO(-IL[S upon
vdision resulls,

% ';'! ' ' .

. - .

‘| ' -

‘Exlensions of prospect theory to include multiple auribute

_ positive o descriptive decision behavior,. This might well be of .

* altemative with another, generally within a restricted aliernative
" set and altribute set. Withia the heuristic class of decision rules
wc: may distinguish those which compnrc aliernalives 3gainst

. standard on onc or more attributes are retained. Altcrnalives

- tory as'n, approaches infinily.. B

Thaler [371] cxamines @ number of the tencts of J)ros o
theoary with gencrally very positive confirming results. Additional. ™ -
cnmmcnls cnm‘crmng the seminal praspect theory appcar in a -t
previous, suncy in these transactions [3H] including the observa-
tion that o number of the results of pospect theory, which-are
scemingly at variance with expecied ulility theory, can be accom-
modated  successfully using multiple atiribute ulility theory. -

preferences, large number of outcomcs, sequential muljistage
decisionmaking, risk aversion cocfficients, and subjective proba- |
bility effects would do much to cnable this significam develops |
ment 1o be of cven greater uscfulness in evplalning complex:

much normative use as well

l!curmic Decision Rules : , ‘ Loy E-‘___

A aumber of decision tules do not lnvolvc comp:mmns ina "
wrue holistic fashion. Rather they invalve comparisons of one

some standard by means of conjuncid ¢ of disjunctive compari-
sons, those which compare alternnti.cs across atlributes, and
those which make comparisons withir attributes, Generally, these '
rules can result, when improperly applied, in intransitive choices
[289]. We will consider several rules [rom each subcategory. First |
we will discuss two nongompensalory rules [90] that ace often
used when there is an overabundance of data present. v

Disjunctive—A disjunctive decision rule is one in which the
decisionmakes identifies minimally acceptable value standards
for-cach relevant attribute. Allernalives which pass the crilical

which fall \below the critical standards on all attributes ‘are

climinated. ‘A single alternative is accepied when the critical
standards are set such that all but one aliernative fail to exceed”
any of the critical standards on any atiributes, Unlike ‘muliiat-

tribute wiility theory (MAUT) rules, where poor performance on .
one attribute. can be made up by good performance on othcr_ .
attributes such hat the rule is compensatory, a dmuncu\.e detis 1
sion rule is noncompensalory. A compeasatory appro:umauon o |-
a dls_luncuvc decision rule for atiributes 5 is )

-

Py
’ lﬁ'l RES (- L
‘ﬂl (l+_)“l T N
\ahcrc nt represeats the number of nunbutes and ¢, is lhc cnncal
valuc on the ith attribute. If U is greater than one, lhc allcmauve_ :
in question js retained. .
Conjunctive—A conjunctive decision rule is one in wtuch
minimally seceptable value standards for cach relevant atwribute |-
are idenlified. Alternatives arc acceptable if they exceed all
minimum standards. They are rejected if they fail to exceed.any
minimum standard. The critical values for disjunctive and con-"
Juncuvc nufes are generally different. A compensatory npprouma- E
tion to the noncompcnmory coruuncuvc deyision rule s .

An nllcmnuve is revained if the corresponding utility Ui u above a’ :
threshold which is set just shghll) below 1, mc.sc;tppmximauum'
for the disjunctive and conjunctive rules become noncompcnsa "

" By :lcr:mng through the conjunclive acceptance and- d;sjunc'" i
tive rejection rule scvcral times with adjustable cnl:cal \'a!uts»w-.
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aspirating levels, these rules become, in effect, forms of satisficing
tules. : '
Dominance modely und additive dilference models "are (wo
evamples af modvls which lead w decision rules involving com-
panison acFoss some, bt nol necessanly all, auribuies, No
minimuln sandard of poifiemance on attributes, thag is to say
poninun axpects, 3¢ identhied. .
Domumance — A Sununarve decision rule is one which chooaes
allernative g, over @y il oy iy beuer than ay on at least one aspect
and not woise than ¢, on any other aspecl. An aspect is the score
of 3 speviic sttention on u speahe attitute, There aie @ number
of apphications of dunununce theory, including stochasic donu-
paiwe, to decisonnaking utwanens [33), [54], [75], [£24), (358],
(399]
Addditive differcave--1n an addiive difference rule [382)-]345],
a binary choice is wade berween alternatives 9, and a,. Dil-
ferences are conditicred between values for oy and o4 on cach
relevant aunbute. Irlfcences of the form Ugay) — U(a,) are
compuied. Each of ke Jillcrences 18 weighied in propertion to
the. impontance of the differences between aliermalises on the
various atuibuies. The sesuliing weight is f[U(a,) = Ula,))
Aliémative 1 is prel:ncd 10 aliernative 2 only if
. Y ute) = Ylay)] >0
, =1 : . )
L
This is a comper:atory toiv and can be uscd 0 compare any
number of alwrnasises ancicly by retuning the winner in cach
comparison [272] Ouny of she funciions £ are linear will the
additive dilference rud: necessarity bead o ransitive choices.
A third nuportant aabwategorization imolves comparison
within attnbutes. There are a vancety of lexicographic procedures
[121] and the chawnaion by aspects rute [381) [382) which
explicily involve campanson of allematives nn one, or at most 8
few, atisibules. :
Lexicagraphic Decision Rufe: This rule preseribes a choice of
the aliernative which is mosi autractive on the most important
attnibute. Il two aspects vn this abiribute are equally auraciive,
the.decision will be bascd upon the most attractive aspect on the
atinbuie nexit in order of nsportance, ete,
Munmum Litfercace Levicagraphic Rule: This rule is much like
the dexacographie rule, with 1he adaitional assumpition that for
cach atribute there i3 a miniwuin acceptable diffcicace A, of,
allgmatli:c seotes. Thus, unly differences greater than 3, between
the anviacuveness valuca of two alternalives may deterntine a
devision. If the diffen e ua the most important attribute is less
than 4, then e aviibule neat in the Iexicographic ofder is
considercd. The Jeas | sraphic semiorder rule s a special case of
this decision sule whore 3, is dehined only for the most important
attnbute. For all other stbuies 3, 0.-This procedure may
-casily be eatended 10 cases where thedI3risdeflined for the two
. mast ayportant aspects. This e #-gften_osed in situations
swhere ipformation ahoug.atiribules ate wiaing as a result of
imperfect discnminstion among Bl omatls on a gnea antribute
or of unarchabihiy of waituble infonpation. Ii-genceral this sule
kads w inttanmtine chowes whéti there arc” inore than 1wo
aliernatives 1 nay even bead 1 sgendd dependent results for the
case whare here are ouhy three altemativey, One shoold be
especially carclul 10 exasane relations used for ordening alwerna-
lives 1o alwmpl w Jeted use of heuristies such as this, eapecially

_ifconcepis such as trasiuvity are used. perhaps inferentially, 10
determine panial crderngs. This suggests the need for special
care when attempli g 10 wse tFaasitivity convepts 10 infer ordinal
preferences. The reuliing Laluie 10 seek disconfhioming inforima-
ton may well creai s stuceoral prefeience ilbusions,

Einhorn [96]. v 2] Lust uses the tenm “cutcome irrclevant
Jearming stiuctuis™ W0 dowitbe privesses which used deficient
hewristies, and wiin b then ceinfarces poor choices through eapen-
enees invoiving feedback and lack of disomfirming cvidence.

§

A

- L]
These outvome irrclevant ‘caming structures (O1LS) m™ resull
ehlier from unaided judgrivnl provepses of from poarly « 1 geived
or passibly well coneeived but impraperly utilized, and Jdwrclore
irrelevant, systemic methads or processes

The Maximizmng Number of Aunhutes in Greaier Altractiveness
Rule: This rule prescribes a choice of the alternative that has the
greater number of favorable attributes. Specifically the rule re-
quires that the aspeet of a devision allemnative must be clasificd
for cach attribule as belier, cqual, or worse than the atractive
ness of the other aliemative on that aurbute. The prefered
alicrnative will be that which has the gicatest number of favora-
ble classifications,

Ettummauron by Aspecis: In this rule [288]. [81] auribules are
assumed to have different importance weighta, An atinbute is
schected with which 10 compare aliemnatives with 3 probability
that is propartional 1o its weight. Aliernatives which do not have
atinuute scores above some aspiraien or cntical level are
eliminated. A second attnbute is sciccied with probability pro-
poriional 10 its weight and cvaluation by elimination continues
The climination by aspects model is thus scen 10 be a lexico-
graphic rule in which dccision-forming attributes are picked
according to a probabilistic mechanism. -

Wholistic Decision Rules

1t is not possible 1o provide anywhere ncar a complete listing
or discussion of the many possible wholistic decision rules. Three
of these wholistic judgmont processes accur perhaps more fre-
quentdy than others: siandard operating procedures, injuitive
aflfect, and reasoning by anatogy. 3

Standard Operuung Proccdures: Standard operating procedures
may result (rom the applieuon of holistic or heunstic proce-
dures, or oiber wholistic judgment approaches. A standard oper-
ating procedure is essentially what the name unplics, a set of
expericnce-based guides 10 behawpr which are 1ypically used
without resorl 1o the undertying raiionale which led 1o the
procedure. Ofien standard operating procedures are formulaied
by one person or group and then implemented by another person
or group. Sometimes they involve habii or folk cusiom, such as
*drink white winc with fish.” .

Ofico user's guides and operating manuals are writien in
attempts 10 standardize operating procedures [or perlormance,

“The greatest value of these procedures is as a checklist, reminder,

or options, prefite of atiribuies 10 look for, Judgments 10 make or
aclivities 10 scieet or perform. A fundumcntal efien occurting
difficulty is that an expert may be able Lo use a checklisi or
profile of options as a guide to performance based upon the
ability of the expert 10 quickly recognize the features inherent in
the situation. Luck of waining and eapenence will often make i1
not possible [or the novice 1o ulilize thus capacity_for task need
recogaition. Klein and Weitzenleld {202), {220) pose that the lack
of training and cxpenence inherent in the novice, the associated
lack of ubility to recugnize contextual relations and analogous
siluations, and the inahility of guides 10 be able 1o 1each this
ability are all fundumenial impediments 10 the use of many
standard operating procedure (ype guides 1o Jodgmcent and per-
formance,

Totuitive Affect

A person who makes judgments based oa inwitive affect
nypcally takes in information by looking at the “whole™ of a
situation rather than by disaggregating the situation into its.
counponenl paris and acquuing data on the pars Valuabion is
typically based on an attemipt 1o determine whcther abicrnatives
are picasant or unpleasant, libeable or unlikcuble, pindd wr bad
for individuals, Tt stresed 1l uniqueness of peisonaliatic value
Judginents, Zajonc [411) presents a very wsclul discussion of
aflect or-lecling a» postcognitive activity. )
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iimoning by Analogy _ deacribing cognilive processes as they are influcnced by the
' L . . .. : contingency structural clements of 1ask, environment ond the
i) Many philosopher. of scicace claim reasoning by analogy 135)  human problem solver's experience with these, There have been a
{130, [360] i» the bass of h)th'."‘“’ gcncralm'n. h i3 hf"da' limited gumher of clforts 10 describe these such as those by Allais
- meatally different than deductive inference or inductive inler- 04 11,00 [3], Beach and Mitchell [32). Bargida and Nisbett {42],
cnce-based seasoning. 1n analogic reasoning we usc analogics, Broadbent [49). Dunn [$3). Carral [56). Drcylus and Dreyfus
proloiypes. or other paradigms with which we are faniliar 1o {x2). Linhorn [96], [97], Einhom and liogarth. [98). Hananyl
guide us in new tasks. These excmplarns encourage recognition in [147), Hauser [149], Howcll and Fkishman [165). Huber {168],
a present situation n tenins of expericntially based knowledge. 3 0000 04 Nann [176]. [177), Yungerman [182], Klcin [202). {203),
Doubtlessly analogic reasoning, as well as reasoning by intui- -y 00 Lo and Kleinoutz [204). Kunructher and Schocmaker
tive affect and standard operating procedures, are cach heavily (207], MacKinnon and Wearing [233). Montgomery and Svenson
influcneed by the contingency structure of the lask at hand and {256], Payne [272), 275}, Sage [308]. Sinon [338} {340), 1341},
the environment. These are the judgmenl processes used by many (343}, Sm:lhcrg 1353). and Wallsten {395}, [3%¢] This is an arca in
in reuching deciyons We will comment further in Scctions Y and (i idiional rescarch could pay major dividends in ulti-
V1 upon “'h‘.’“'“i"J.""JE“'.“:""md its role [81).(82), (98], [116)- [119], matcly increasing the effectiveness of information systems in
j202]. [203] in choiccmaring. .. coping with the contingency task structure vaniables in planning
“In this scction we have caamined a number of decision rules. and decision support
We have discussed hohitie, heoristic, and wholistic nules. The The contingency 1ask suructure model we first describe is
holistic models or rules are generally substantive and not neces- 4104 10 Piaget's theory of intellectual developmeat {43}, (126},
sanly process models. They inay be preseriplive or descriplive i (131} 19951 1362] [362). Alicr a description of this model (308} wé
intent and use. The heunsiic and wholistic models are more 5450, lications for information system design and the rela-
process onenled than the heunstic models. In unaiged situalions tionship of this model 1o models thy' have been proposed by
people gencrally do nol bave the cognilive stamina 1o utilize the olhcrxp . - 3.

hgl;_sbc"r‘ulcs :r ')"::‘;:w:); cnsciilnl‘:cu:afm them cl: "i‘.:.;;ll_}ic,!l;r :I::: Insights inte the nature of cognitiv 'dcvcloPmcnl a.{:d in‘sig,hu
utinze them. A vanicly oF coniemporary research {27231 * into a concepiual model of cognilive uctivily is conlained in the

presented the strongest of evidence that choice of decision rules is works of Piaget, the founder of “genctic cpistemology.” Accord-

very task depement and actual choices may vary app reciably ing to Piaget, there are four stages of intelicciual devclopment:
acrass differentl inwerpretations of the same decision situatiods. . .

Preference teversals have even Lieen noled with translalion of 1y sensory ruotor
garnbles and turget 1 tum, relerence point, of aspiration level 2) preoperational
elfcets. Phenomena such as these have recently been studied {274) 3) concreie operational

and shown to be poicatially expl:inable by a descriplive model of 4) formal opérational.
risky choice due to Fizhburn {123 und by prospect theory. ) . i .

“We notc that people ase difler cat decision rules and models at 1 he st two of these are of particulas imporiance to our efforis
different phascs of a docision piocess as a function of a number  Dere In the wrilings of Piaget, intellectual dovclopment is scen as
of influencing variables, such 7. education, expericnce, motiva~ 2 {unction of four vanables: ' '
tion. familiarity with the environment, and above all, stress,
Eizioni [103}. [1(4] hay propou d a mixed scanning model of
decisionmaking that forms the b. :is for some current research in
information sysicins for plannin; and decision support [75), [76),
{245} [39%). Ther't are a numb.r of contemporary cfforis and
approaches that suppodt the dest jn of systenuc aids that will be
morc responsive lu decisionmas or requirements. Especially ime.
poriant in this rcgard arc the effcris of Cinhomn, Klcinmuntz, and  1a Piaget's model of intellectual development concrete opera-
Kleinmuntz (95} Hogarth and Makridakis [161]), Huber [168], tional thinkers can deal logically with empirical data, manipulate
Jungerman (181}, Klarmnuz and Kleinmutz (204], Lad {208), symbols, and organize facts lowards the solution of well struc-
Libby [213), Montgumcry und Svenson [256), Payne [271]-{275], tured and personally familiar problems. Formal opcrational
Rouse [299). Svenaon [Jod), [365), Thorngate [372], Toda [373)~  thinkers can cope in this fashion also. A major dillerence, how-
[375]. Tversky and Sauagh [3B4), Twency ef af. [387), Vick [392], ever, is that those concrete thinkers who are not also capable of
[393): Wallsten [395], [3v6). Effor 5 which concern the intcgration  formal thought lack the capacity 10 reason hypotheticaily and 10
of descriplive and prescriplive components of dedsionmaking  consider the effeet of different vanables or possibilities outside of
(142]. [307, [322), [323] cflarts which concern determindtion of  personal expenience. Concrele operational thinkers, for instance,
cognilive choice models in realistic scttings (22}, |BH), [157), [158],  will often have difficulty in responding “irue”™ or “false™ to the
[314), [325]: cfforts which involve formulation and structuring of  statement, “six is not cqual to three plus four.™ As another
décision situations [ 1], [247). [245}, (255], {265). (286}, (287}, [300),. example: “A card has a number on one side and a letier on the
1301}, [302]). |353). [397]. and effuris which involve the cognitive  other; test the hypoilicsis that a card with 8 vowel on one side
¢ffort involved in deaisionmaking [1K0). [328], may offer much  will have an even numbcer on the other side:™ Concrete opera-

1) maturation -

2) expenence

3) education .

4) sclf regulation—a process of menial struggle with discom-
forling information until idenlification of a satislactory
mental construction allows inicllecial growth or learning,

promisc as well. tianal thinkers will have difficulty selecting cards for botlom side
- ' . cxaminalion if the 1ap sides of four cards are a, b, 2, 3. However,
5 V. Coniinuiney TasY STRUCTURE MODELS falure 10 pick the cards with “a™ and 3 on 10p may not indicale

_ ] ) ) inability as a formal operational thinker but, rather, failure 10
;l'hc designer of infcanation syuicms for planning and Jecision  properly diagnose the task and determine the need for formul
support must be concerned botl with normative models of deci-  operational shought, .
sivp and cheice processes and with descriptive models of how We¢ wish to develop a modc! of higher order cognilive proves-
pevple perform. and vun perfunin, in given situations. Thus our  ing that describes the mature adult decisionmakyr. Such a Je
dizvussrons of information proce. ing and decision or evaluation  cisionmiaker will typically be capable of bath formul and concreie
ng!i: selovnion in ihe picvious 1.0 sections take on partivular  operational thtught, Ay we will argue, sclection of a formal of
2; g in that they comment oa the wide variety of possible  conerele cogritive process will depend upon the decisionmaber's
.'\;un'urs. We will be ospecially concerned, in this section, with'  diagnasis of nced with respect 10 3 particular task. That need will

« 3 . .
..
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dcpmd upon a decisionmaker's matynty, exy: once, and educa-
tion with respect (o 2 panicular problem. Eacli of these influcnce
cognitive strain or siress, a subject that will be discussed later in
this scction. Ordinanly, a decisionmaker will prefer a concrete
operational thought process and will make wse of a formal
operational thought process only when concrete operational
thought is perceived inappropiiate. In geacral, a concrete opera-
tional lhoughl procesy involves ess stress and may well involve
. repetitive and previously learned behavioral patierns. Familianty
. and experience, with the issuc at hand or with issucs perecived 1o
be similar or analogous, play a vital role in concrcte operational
thought. In novel situations, which are unsiruéiured and where
new Jearning is required, formal operational thought is typically
miore nppropnalc than concrete operational thought,

We see, in the foregoing discussion, the daminant role of the
contingency lask struciure in guiding problem solving elforts, In
concrele operational thought, people use concepts \\Iuch

- 1y are drawn dircculy from their personal cxpcncnccs. :

2) involve clementary classilication and generalization con-
cerning langible and famuliar objects,

. 3} involve direct couse and effect relationships, typically in
simple swo-variable siluations;

4). can be taught or undersiood by analogy, algorithimsy affect,

. standard operating policy, or recipe; and which

5) are “closed™ in the scnse of not demanding exploration of
possibiblities outside the known environmient ol lhc person
and stared dala.

Jdn fom:al opcrational ahoughlt, pcoplc use conccpts which may

1} bc imagined, hypothctical, based on alternalive sccnnnos.

e .sm.l/or which may be contrary 10 facr;

+2) be “open ended™ in the sense of rcqumng speculation aboul

Y unstated possibilitics,

3) tequire deductive reasoning “using unverificd and perhaps
Nawed hypotheses,

4) require definition by means of other concepts or abstrac-
tions that may have litle or ne obvious corrclation with
contcmporary reality, and which may

.'g] reguire the identifivation and structuring of intermediate

‘cancepls not imtially spwaified,

Leamning through formal operational expericnces: *

-y )
Formal operational thougkt igvolves thrce principal slages:
1). reversal of realities 27d possibilities
2) hypothetico-deductive reasoning
3) operalions on operaions

as shown in Fig. 6. These are accomplished through seficcuve
obscrvation, absiract conceptualization. and the testing of the
resulting concept implications in new situations. 11 is in this way’
that the divergence produced by discomforting new caperiences
allows the learning of new devclopments and concepts 1o be
“stored™ in mcitiory as pant ol.gnc's concrete operational cxpcn

CNees. .
A number of (he copnitive style mmugauom discussed in
Section 11 have concluded that “abstract™ decisionmakers ure
more information oriented and would ypically proc.ss much
information in complex decision cnvironments. “Concrete”™ de-
cisionmakers, on the other hand, could be c;pcclcd 1o 1cach an
information ovcrloaded state 2t lower levels of envireminentul
complexity; hence they would tend 10 process less infi ination
than would the abstract decisionmaker. Some models of . ¢nitive
style are based on the assumplion that “concrete” decisio. imakers
nced mere informatioa 1o arrive al a decision than do . *atract”
decisionmakers, suggesting thal “concrete™ decisionmd' ¢rs do
not give existing information its full worth and mofc are j-one lo-
fits of skepticism than “abstract™ decisionmabkers. At Nint glance,
cognitive style models such as the onc suggested here appear to
run in parallcl to Piaget's concepis of concicie operationd and
Jormal operational thought: But there are very important and
very significant diffciences These are explicable through the
conlingency task sirucluse and concept of 1ask, environment, and
decisionmaker; a concept thal appears, with »ome notable excep-
tions, missing in much of the c:usun; cognitive style rescarch
cited in Section 1L

The concrele opcrauonal thinker docs not necessarily have
limited abililics to process or intcgrate information, and the
“formal™ operational thinker is not necessunly capable of “ab-
stract™ thought in the specific contingency situation at hand. The
fosmal thinker is neither necessarily able 10 process information
which cncompas\cs more complexity nor betler able to cope with
uncertainty und disjointedness in the decision cnvironment than
is onc who uses concrele operational thought in a given devision
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situation. Our contingency task structural model for the mature,
perhaps cxpert, adull decixionmaker Is onc n which the de-
cisionmuker may use {ormal or concrele operational thought
based primarily on disgnosis of the contingency struclure of lh.c
decision situation, and the stress that is perecived (o be associ-
atéd with the decision situation. This clection of a formal or
concrete operational mode of though) may be appropriate or
inappropriate. : )
Sysiemic process dosign aust be responsive to the obscrvalion
thut there are two Mmindamentally different thought or cognition
processes. These are often associated wilhy diffecent halves of the
brain |3K]. [67). {120]. [246- 24K], | 254], [410). One type of thought

process is descabed by the adjectives verhal, logical, sequenced,

thinking. and analytical; whereas the second is "described as
nonverbal, intuitive, wholistic, leeling, and hcuristic. The verbal
process is typically viewed s superior in enginecring and nalural
scicnee. But this viewpant on the nature of thought appears
wrong and should be discouraged as positively harmiul. For the
two processes are cumplementary ond compalible. They are not
compdtitive and incompatible in any mcaningful way. Onc
thought process may be deficient, in fact, if it is nol supporied by
the other. The nonvedbal supports the verbal by suggesting ideas,
aliernatives, ete, The verbal supports the nonterbal by ex-
peessing, structuring, analyzing, and validaling the creative ideas
that accur in the nonverbal process.«An appropriate planning and
decision support process must provide for verbal and nonverbal
supporl. An appiopriate planning and dcecision support process
must be tolerant and supportive of a decisionmaker's copgnilive
(thought) processes. These will typically vary across individuals
and within the same jndividual as a function of the environment,
the individual's pievious expericnoe with the enviconment, and
those associated [actors which introduce varying amounts of
streas. Thus a comtingency task structural view of individuals and
organizations in decision silvatons is needed as contrasted with a
stereotypical view in which individuals are assumed 1o process
fined. static, and unchunging cognitive characieeistics which are
uninflucnced by environmental considerations.

This view will encourage us not only o consider the evolution
of fuiure events over time as iiherently probabilistic, but also to
consider valye change over tie 1t is especially imporiant that
we vonaider values us conlaining noncomnknsurate, ambiguous,
and uyncertain cormponculs, rathér than as being absolute, con-
sistent, precise, and exogenous vith respect o choice [26), [238)

Typically we learn [tom eapenence and adopt varioys decision
rules in the form of cognitive heuristics based.upon this expen-
ence. The steength of beliel that we have in the uselulness of
hcuristies is ofica based on reinforcement through feedback.
Einhorn [96). [97) has described several supporting Wustrations of
this. As we have indicated tn Scation 1V, The use of various types
of leaicographic semioidves ofien lead 1o intransitive, choices
which are often oot recognized as intransitive, We often define
issues by:content rather tran structure and convince oursclves to
like what we get from a decision. As a consequence we find it
hard to separate decisions from outcomes in reirospective evalua-
tiony of our judgments. Much of this is probably duc 10 changing
our attitudes and our pereeptions in a very sclective way without
being aware of the change and to changing our forecasts, reiro-
spectively, o vorrespoad 10 events that have ovcurred without
recognizing this change [117)-[119). Thus we adopt a hindsight or
“kaew itall dlong™ Lias mnflucaced by a varicty of highly sclective
perveptions of reality.

We are most hikely 1o have coeherent value preferences and -are
able o develop and utilize appropriate evaluation heurstics in
wellstructued situations with which we ase familiar, Leatning by
inal and error and Jevelopmiczt of judgiment based on cither
rasvening by analogy, standard operating procedures, or organi-
zational rules typically resuita oo thiese “concrete operational™
situations and evporicives Loag standing use of these “rules™
results in purely affective judgrient and decision responses. In a

L
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familiar and simple warld, & “concrete epcrational”™ world, theie
judgment guides and judgment heuristica might*well be, and in
fact oftcn are, quite acccplable. In a changing and unceniain
environment.an environment that is diffesent from the one with
which we are familiar, we may well cr considerably by using
these concrele operational world appsopriate judgment heunstica.
If we do not have a devcloped sct of coherent values relative to 8
changing environment, we inay respond affectively with the finst
alicrnative option that comes o mind. We may weil adopt
postdecision behavior such as 10 support amd maintain a chosen
response and cniploy cognitive biases and ognitive heunistics to
Justify this poteatially ill-chosca responre. This resulis in an
alfective respanse appropriate for a.“concrels operational™ situa-
tion when an analylical response, appropriate for a “formal
aperational” situation, is nceded. 1a the Janis and Mann [177]
terminology we adopt a coping pattern based on unconflicted
adherence or unconficted change whereas vigilance is called Tor,

A serious problem in praclice is that we get used to very simple
heuristies that are appropriaic for “concrele operational™ situa-
tions in a familiar world and we continue¢ 10 use them in “lonmal
operational” situations in an unfamiliar world in which they may
be very inappropriate. A typical heuristic is incrementalism: *Go

_ahcad and crowd one more beast into the commons.” Such a

heuristic may be appropriatc in the familiar situation our for-
bears encountcred in a new uncxplored continent. But the “social
traps” produced by such judgmental heugdstics in a now crowded
enviroame at may be inappropriate. There are Bumerous conlem-
porary issuss (o support this asscriion -

Styles or modes of information processing, which includes
information acquisition and infonmation analysis, are of much
importance in the design of information systems for interpecta-
tion of the impacts of proposcd policy. Information acquisition
refers o the pereeptual process by which the nind organizes the
verbad and visual stimuli that 1t cncounlers. As indicated in
Section II, McKenney and Keen {242] discuss two' modes of
information scquisition, a preceplive mode and & receplive mode.
We essentially utilize these modes for our model ol informalion
acquisition and analysis. :

a) In preceptive acquisition and analysis, individuals bring
cxisting experiential concepts and precepts to bear to filter
data. They {ocus on struclural relations between items and
look for deviations [rom their expeciations. They then use
formal precepts as cucs for acquisition, analysis, and assod-
aled struciuring of data
b) In receplive acquisition-and .analysis, individuals focus on
contextual detal rather than presumed structural relation-
ships. They infer structure and impacts {rom direct and
detailed examination of information, genesally including
polentially discomlirming informalkion, rather “than from
fitting it 1o their precepls,

There is nothing inhcrenily good or bad in cither mode of
informalion acquisition, analysis, and associated structuring. The
same individual may wse dilferent modcs 48 a function of coa-
tingeney task structure, Most people will hasve preferences for one
maode or the other in a particular situation, depending upon their

. diagnosis of the contingency task siructune and perveived novds

1o accomplish effective information interprelation and asoviated
decisioamaking. I8 is our hypothesis thal cognitive biaws often

- aris¢, or are initiated, by use of a situationaily incorrect mode of

information acquisition and sinwiuring. To use proceptive
acquisition when receplive acquisition is more appropaale would
appear 1o invile onc or more of the many biases assaviaiwed with
sclective perception. To use receptive acquisition whea poroveptive
acquisition is apprapnate would appear to intioduce much stress
assoviated with the low likclihood of being able 1o resalve an--
issuc in the time available, :

Information evaluation and inmerpretation refers 1o the doi-
sion rule portion of the problem solution. We advacale a model
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bascd on the use of the Piaget theory of concrete and [ormal
operational thinking as 2 usctul precept for information evalua-
tion and interpretation. These thought process niodels may be
summarnized as follows. ”

a) In conceeie operational thought, individuals approach prob-
Jerus cither through inwitive alfect, analogic reasoning, or
tuough. following a standard operating policy or organiza-
tional processes, or some relaled process.

b) In formal operational thought, individuals approach prob-
lems through struciuring in lerms of imbedding realitics
into possibilily scenarios, hypothetico-deductive reasoning,
and inlerpretation in terms of operations on operations.

Fig. 7 presents our concepiualization of information acquisition,
analysis, and interpeetation or problem solving siyles, This figure
docs not illusirate, however, the fundamenlally dynamic nature
of this process model. Fig. 6 has presented somie of the dynamic
learning cxperiences which link the cancreie operational and
formal cperational thoughl processes. Again we argue thal no
slyle is inherently appropriate or inappropriate. Appropriatencss
of a particular style, as has been menuoned before, is very much
task, environmnznl, and cexpericneer dependent. That ost de-
cisionmakers function as concrele operational thinkers is doubt-
lessly correct. A principal task of a well-designed information
system is 10 assist in ~jding the- decisionmaker (o detect the
appropnate style for . given- task, environment, and decision-
maker expericnce leve! . Another task is to enhance transfer of
formal opcrational ex, lricnces 10 concrcte operational eaperi-
ences, such as through conceplualization and cvolution of ap-
proprialc hcuristics, wholistic  thought, analogous reasoning
guides, standard operating procedurcs, other forms of affective
thoughl, and perhaps even precognitive responses, We posit that
_both types of information acquisition and analysis may occur
“with cither concrete or formal thoughi although the appropriate
balance of receplive and preceptive acquisition and analysis will
vary from situation to situation.

Our discussicns have indicaied the strong environmental de-
pendence of the formwlation. analysis, and interpretation steps
necessary for probiem resolution, These steps are necessary sieps
in the resolution of any issuc using systemic nicans, regardless of
the *siyle”™ adopied for problem solution. Envisonmients, organi-
2ations, and technologics are thiee dominant concerns of systems
cagincening in gencral and for the design of svstems for planning
and devision support in particular. It is the interaction of e
environmeot with an oiganization and a weehnology that results
in 2 management techaolory, Systems managenient is the term
we use 10 denole sl alciastion of human judgnent with meth-
odological concerns [JO3]-{305]. Systems management denotes,
therefore, concemns at the cognitive prowess level that involve ihe
contingeney task structure wnd its role in influencing the selection

of performance objectives and decision rules for evaluation of
options associated with issue resolution, There are many in-
fluences which act on the contingency vask struciure. Fig 2
indicates, conceptually, how the conlingency task su'ucwrc._and
the environment which influcnces it acts to specily and direct
problem solving cfforts through sclection of performance objece
tives and associaled information processing and decision rule
paradigms,

Tt is our belicl that the dynamic cognitivr, style modcls of Figs.
6 and 7 can be uscd as guides 1o illustrate both those modes of
information acquisition and information evaluation that should
be used and that will be used on a given issue. We stress that the
particular cognitive style most appropriale for a given issuc will
depend upon the decisionmakers familiarity with a given issue,
the issue itscll, and the environment into which the issue is
imbedded. Thus a receptive or preceplive information acquisition
style will be appropriaic in a formal epcrational setting if the
issue at hand is an unfamiliar and unstructured one. The ap-
propriate balance between preceptive and receplive information
acquisition will be dependent upon ) type of issue and. the
expenience or familiarity the decisionmaker has with possible
informatioa sources and their fikely rcliability. 1t will, of course,

“also be influenced by the “personal™ style of the decisionmaker

and the type, il any, of intcraction with the systems analyst as
well as upon other characteristics of the decision situalion. We
accept the view that systems methodologics, especially as imple-
mented through use of human judgment to lform a sysiemic
process, arc highly value dependent. Different sysiems methodol-
ogics allow onc to define issues in different ways and are respon-
sive in diffenng amounts 1o value concerns, such 2s equily. Some
mcthodologies explicitly encourage for example, detection of the
use of deficicnt heurisiics and encourage correction. The “trans-
parency” and communicability of a decision process, for exam-
ple. is very much a function of the methodologics used in process
aiding for the formulatian of issucs, the analysia of alternaltives,
and associaied inicrpretation cffons. This value dependence of
systems mcthodologies is, therelore, an important aspect of infor-
mation system design and is related 10 performance objectives for
the tusk al hand.

There have been a number of studies which focus upon the
critival importance of 1k description and the decisionmaker's
interaction with the 1ask through the environment. Dawes {70, -
{71} stresses the cntical interaction among the mind and the task,
and integrated models of the mind and the 1ask requirements. He
discusses the “even numbcred-vowel™ experiment descnibed carier
in this >ection as does Anderson {7]). Anderson indicates that the
Taiture, und a myonty of educated adulis do fail, 10 correctly
resolve thivsa:k is due 1o difficultics in applying the mdus tollcns
concept of conditiona] deductive reasoning, a concept which
requires thinking aboutl what is not the case. Anderson abso
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discusses a slight varialion of this task, which Is generally the
same, and in which almost all subjeets performed correctly. The
task involved Yoaking at four pictures of ordinary Jetter envelopes
with the possibility of 8 stanip on them ond plcking the leticra
which should be turned over 10 test the hypothiesis; If 3 letier |s

scaled. it has a 18¢ stamp on it The eritical difference between -

the two Lashs is the fact that most people have expericnces similas
to the second task. I is relatively familiar compared to the fisst

+ task, concerning which people do not have significant experience.’

We should be rather cautious however in the apparently rea-
sonsbile inference that we kar coreerly fronmn expericnce. A
number of impariant studics by Brehimer [46), (47) have shown
that by no mwans do pesple always improve their judgment and
decisienmaking ability on the basis of ingicased expernicnee. Bi-
ases, such as the tendency 10 use conlisming evidence to the
neglect of disvonfinming evidence, are the key culprits. Brehmer
[47) indicales how these biases can be understood in terms of
available information. He concludes that wuth is not manifest. §t

“needs 10 be inferred in order 1o extract {rom expericned informa-
tion components that will truly lcad to better judgments and
decisions. The recent definitive discussion of judgment and choice
processes by Einhorn and Iogardy (98] cmphasizes the impor-
danee and the inlcrdependence of allention, memory, cognitive

+ fepresentations, leamning, conflict. and feedback. 1t provides much
viluable perspective concerning the importance of these lopics

for judgment and decisivnmaking, .

* Carroll (58] is much concetned also with understanding deci-
sion behavior, especially through the process iracing icchniqucs
that have been emphaliced by Tayne [272]-275). Carroll propo-
scs that the decisionmaher taight betier be porirayed as posscss-
ing & rich store of knowledge organized around a varicty of
evoked schemas, those complex units ©f organized knowledge
which guide the acquisition and use of case information, ruther
than exclusively considering the decisionmaker as exhauslively
following the prescaptions of normative models. Many of the
chapters in the réuently edied works of Eswes {100}, Handlion
[137}. Howelt [167), Howcll and Fleishinan [165), Schweder [132),
and Wallsten [396] discuss issues refated to cognitive faclors in
Judgment processes, including 1k descriptidns for scripls, those
stercotypical sequences of action: and event schemas which often
are of much dse in caplaining jusigment.

X Studies of infurmation suppory lor U.S. Air Force command
ind communication sysiems ,3cconiplished by Klein [202), {203]
express 2 number of concerns Yeparding artificial intelligence and
information processing approaches for decision aidmg. These
fescrvations concern potential inabilitics of humans 10 disaggre-
gate silwauons inlo componenls and to analyze these discrele
components. He indicaies that the proficient performance of
experts may well be based wore on rcasoning by analogy than by
representations in tenns of step by step duscriptions capable of
{discretc) digital computer processing. Funiher, expert proficient
perfornicrs may nol follow explicit conscious rules. Requining
them 1o do 30 may reduce performunce quality, and they will be
unable to uccuraiely describe the rules that they do follow. Kicin
Views cxperlisc s asising from porecprual abilities including
recognitional capacity in terins of analogous situations, sensitivity
1o cnvironmental coniext in the sense of appreciation of the
significance of subtle variations, and senitivily to inlentional
cuniext by viewing the relevance and importance of task compo-
nents as a whole by anticipating what has o occur 1o achicve a
goal rather thun just what will occur at the next time instant or
sicp. He presents a compurison-guided model of proficient de-
cisionmaking. In this model [20)]

.1} 2 current Jecision situation is perceived in 1erms of objec-
T tives:

2} the decisionmakens' expericnce allows recognition of a
. compansn siliianon;

i3) similarines and diffcrences between the comparison siiua-
tion and the current silualion are noted;

¥
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4) this application suggests oplions, including evaluation of

" options and aclection of a prelerred oplion based on what
worked in the comparison oplion; and

5) the way the objectives and the decislon ore perceived,
passible further adjustments of oplions, gencration of pew
options, and combination of options, follow from this.

Klcin strongly cncourages development of decision 2ids lo
support the secognitional capacity of the capert; aids that will
assist the expert in recognizing new situations in terms of analo-
gous comparison cascs and In using these 10 define oplions or
alicenauves, The adjuvant would also kecp tiack of options, assist---.
in gencradon of new ones, and perform computations to assess

_the impacts of varicus options. It cerlainly sppears that this is o

nceded and necessary role for information systemis adjuvants for
planning and decision support. But it must be remembered that
not all users of such a system will be proficicnt and expert ig all
of the 1k they are to perform. We suggest the need also for
piovisions for formal operational thought lype processes for
those contingency task situalions that have not been sulliciently
cognized such thal appropriale usc of concrete op¢rational
thought necessarily leads lo cfficient and clfective perfonnance, *

Dreylus and Dreyfus [82] also arguc that experienced and
experl human decisionmakers solve new problems primanly by
secing similariiics to previously experienced siwations in them.
They arguc strongly that since similanity based processes actually. -
used by experienced and expert humans lead to betier perfor-
mance than formal approaches practiced by beginners, de-
cisionmaking based on proven expertise should not be replaced
by formal niodels. They pose 8 model which containg five devel-
opmental stages through which a person passes in acquiring a
shill such as to become a proficient expert, Their basic tenet s
that people demand less and less on absiract principles and more
and more on concrele experience s they become proficient. Their
five stages and suggested instruction at each siage are as follows,

1} Novicz—Decompose the task environment inta conlext-free
nonsituational features which the beginner can recognize without
expericnce. Give the beginner ndes for deiermining action and
provide moniloring and feedback 10 improve rule followiog,

2) Compeience—Encourage aspect recognition not by calling
atlention io recurrent seis of features, but rather by singling out
perspicuous  cxamples. Encourage recognition of dangcrous
aspects and knowledge of guidelines 1o correct these conditions.
Equal importance weights are typically associated with aspects at
this stage. ‘ o

3) Proficiency~This comes with increased practice thal ex-
poscs one to a varicly of whole situations, Aspects appear more
or less important depending upon relevance Lo goal achicvement.
Contcxlual identification is now possible and memorized prind-
ples. called niaving, are used to determine oction

4) Expertise—The rcpertoire of eaperienced situations is now
vast, such that the occurtence of a specilic situation triggers an
Intudtively appropriate action .

3) Musiery-~The expert is ahsarbed and no longer noeds to
devote constanl atlention 1o performance. There is no oced for
eIl monitoring of perfonnance and encrgy is devoled only ‘o
identilying the appropriate penpectives and uppropriate altema-
tive actions. ' '

Dreyfus and Dreylus sasociate the development of these five
skill catcgories with successive transformation of four mental -

functions. Fig. B [E2) indicates how these iransformalions oceur ©

with increased slages of proficicncy. While developed primanily
for trm’ningﬁlhis madel contains much of imperiance with respect
to information system design 1o suppont planning and decision:

,making as well. A Key issug in this 1able would appcar to be the

developawnl of concrete situational expericnce which fint occurs
when a persan is able 10 recognize aspevts. There seems lo exisi
some complimentanity between our modd of the cognitive julg-
ment and decision process and that of Dreyfus and Dreyfus. The
concrete operational thought of cxpenivnved devisionmakers

’
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would appear to be much the swne as the thought of e expent
and the muaster. Of course in all of these models, “expent™ is a
rclative term, with the enviropment and the conlingency task
structure of a specific siluaiion necded 10 delermine whether a
decisionmaker is funuliar and experienced with it. Some dif-
ferences in the models are doubilessly prescat as well. Some of

these depend upon previsely what is meant by “processing infor-,

mation.” Qur delinitica is rather broad and certainly not re-
stricted 10 quanuitative  provessing.  Generally  information
processing, in our view, includes the foninulation or acquisition,
analysis, and interpretation of daws of value for decisionmaking,
This can be accomplished holistically, heuristically, or wholisti-
cally.
© Yery important concerny cxist, in our view, wilth 1espect to
possible cognitive bias and vulue incoherencies in the conerete
epcrational deciuonmaking of eypers or masters, Questions re-
lated 10 thie effcats of chung.ng enviconments upon the judgment
and decision guality ol masiers and novices alike are very im-
portant in all of these nidels. For intuitive expericnee may not
.be a good guide for judpraems and decisions in uncertain, un-
familiar, and /o1 rupidly charzing envitonments, But quantitative
or qualitative analysis-bused efforts may well not be very good
either due 10 changed decision situation and conlingency task
structural models. In our view it is possible to become a “masters™
but wnfurtunately pesaible 10 bedome a master of the art of
scil-deceplion as weli as of a specific 1ask. The external behavior
of the 1wo “musters™ may well be the same; situational, wholistic,
intuiuve, and absorbed. What was an appropriate style for one
*master” may well be inapjuopriate for another. r

Bchavier 10 fumiliar Lul uncertain environments is of much
interest. Studics of lailure, situations in which.experts and mas-
ters fail or misdiagnose their degree of expertise or mastery, could
yicld exceptionally uscful resuits and would also serve 10 incorpo-
rate and intcgratc wuch of the expenmenial work involving
biases, poar heuristics, and value coherences into a miore feal

“decision situation. We hypothesize that the dynamic miodels of
dccision styles presenied in this section will be useful vehicles 10
these ends. .

Judgment and decisionmaking cifurts are often characterized
by iniense cmotiun, stress, and conflicl; especially when there are
significant conscquences likely w follow from decisions. As the
decisionmaker becomes uwaic of various risks and unceriainties

. that may be asswwiated with a course of aciion, this siress
becaracs all the wnore acuic. Janis and Mann [176], [177) have
developed a conflict model of devisionmaking. Conflict here
:lcfcu to “simultancous and vpposing tendencies within the indi-

idual 10 aceept and reject a given coune of action.” Symptoms
- conllicts may be hesnation, fechngs of unceriainty, vacillation,
and acute emuliunal sticss with an unpleasant fecling of distress
being. typically, the ot prevalent of all characteristics associ-
ated with decisionmuking (494, The major clements asociated
with the conflict modei ase the coneept of vigilant infogmation

processing, the dislinction between hot aud cold cognilions, and
scveral coping patiems associated with judgments. i

Cold cognitions arc tiwose made in a calm detached environ-
mental state. The changes in uility possible duc to differcnt
decisions are sinall and casy to determine. Hot cognitions are
those associated with vital issues and concerns, and are associ-
ated with 2 high level of sticss. Whether a cognition is, or should
be, hot or cold is dependent upon the task ot hand and the
experiential familiarity and experiness of the decisionmaker with
respect 10 the task. The symptoms of stress include lixlings of
apprehensiveress, 2 desire 10 escape from the distressing choice -
ditemma, wu welf-blame for having allowed oncselfl 10 get into a
predicament wicre one is fdrced 1o choose between unsatisfac-
1ory alternatives. Janis and Mann [177) atate that “paychological
sircss” is used &> 2 guawric term 1o designaie unpleasant emo-
tional states evuked by ihreatening environmenial events or
stimuli. They define a “suressfal” event as “any change in the
environment Lhat typically induces a high degrve of unpleasant
emotion, such as anxiety, guill, or shame, and which affects
noimal patterns of infonmation processing.™ Janis and Mann
describe five functional relationships beiween psychological stress
and decision coullict.

1) The degree of stress penerated by decision conflict is a
function of those ubjectives which Lhe decisionmaker ex-
pects to serain unsatisfied after implemenlting a decision.

2) Often a person encounters new threats or opportunitics that

molivate consideration of a ncw course of action. The

degree of Cecision stress is a function of the degree. of
commilment 10 adhere to (he present course of action

When decision conflict is severe because all identified alter-

natives posc senious risks, failure Jo identify a beuer dea-

sion than the least objectionable one will lcad 10 defensive
avoidunce. ’

4) In severe decision conflice when the decisionmaker ante- |
ipates having insulficient tme 10 identify an adequate alicr-
native that will avoid serious losses, the level of siress
remains exticniely high, The likelihood that the dominanit
pattem of response will be hypervigilance, of panic, in-
CICases. ) .

5) A moderate degree of siress, which results when there s
sufficient time 10 identifly aceeptable alwernatives, in re
sponse 1o a chullenging siwation, induces a vigilant clfort 10
carcfully scratinize all weniified alternative counses of acr
tion and 1o sclect a good devision.

-

3

Bascd wpon these five functional relation propositions, Janis
and Mann preseat The coping paticens which a decinionmaker
would use a3 2 funchion of e level of stress: unconflicted
adherence or pucetia, unconflicied change 10 a new couise of
acuon, defensiveavoidasice, hypenvigilance or panic, and vigi-
lance. These five coping paiterns, in conjunciion with the five
functional sclaton popasiions of psychological streas, were used



JLEE TRANSACTIONS ON SYSILMS, MAN, AND CYBLANETICY, VOL. suc- 1L, no. 9, ser1pMmen 1581

662 - .
! 1
!
f 1
. lon g ‘
- [ i Formal
Hecogniion of & vaenuly & ts i realistic f:..‘::'.'.:;’?f.:."'?.‘," : ".
potentially siyle potenliaily to #vpect 1o Tormael ratbanal) . of issue
thalirnging sccenlavie amibdr find & e [ur(h ::d' deliDaration
tival H
upporiurnitly ulcr.n.mu CourM sigrnatlve i ytivoy o
ol _shion B s et A
. f ' ¥ Mo . v‘“ g awierpreislon " )
ALqQuisilson and Acguisib.on and . " . m. o
inalyses of . snatysis of Iinformation}] oo . . " wol| . an . :::u-. '
wlormation cone wencernwng impacts of .o .'I _"-. . .. . . ]
CREMING NPl rtw bul famliar * i . L . . . .
of present courss ) atigrnative ’ . Cen | think of | . . . . .
ol action - . L olher peleniially I 5 LN . ’
) L : . acceplebie and . . i -
. ¢ famliar alternative . -.‘ * . :JW ation
Are Lonsrguend ey Are tONIcqQuencey . . courses of sclon? s , ':l:fpr.
polenially putenielly ngmificant N | of _i3sue -
segnif.cant o i tiew tourse of Ho ¢+ (¥ . .
present courss of at Lion iy adopled? . . '_' . .
atbiorn 1k NG i R
thallenged? Mo Ye3 .
i Ho l:ll * ' Te .

- * -
Urconflcled M unconficied change Defensive Hy pervigilance :‘lf"lﬁl-lm .
adherance to * N 10 new {ourse of avoidance G pank s ored!

b .
. prattr'll Courss action . N ) pwm““nq
of action .
' daliber ation r
cl . IC? : |C! Ei . (%)
| i L . . S
TR v =, e . — . =

. . v
' .

by Janis and Mann 10 devise their conflict model of decisionmak-
. ing. This madcl postulates that cavh patiemn of Jecision stress for
coping is associated with a characicnstic mode of information
processing. It is this mode of information processing which
governs the type and amount of information the decisionmaker
will prefer. Fig. 9 picsents an inte-pretation af this conflict model
of decisionmuking ia terms of the, sysiems engineering con-
tingency models discussed in this seclion. This model points
to a- number of markcdly dilfcrent tendencies which become
dominant under particular con:itions of stress. These include
-, apen-mindedness, indifference, active evasion of discomfirniing
infohmation, failure 1o wssimilaje new information, and all of the
other cognitive information pre essing biases idenlified in Sces
- tion L1 Table I sununarizes infannation processing preferences
and dccision styles gencrated by this conflict mode. The wable
depicts the striking complexity cntailed by the vigilant informa-
tion processing pallern in comp irison to the olhicr coping pat-
terns. The vigilance patiern is characterized by seven key steps
which require somewhat prelonged deliberation. The other four
coping paticrns require that oaly a few key sieps be addressed.
Sclection of a coping paucrn may be made properly or unwiscly,
Just as selection of a decision stale may be proper or improper.
The 'seven steps of vigilunt information processing appear quite
cquivalent o the steps of systenns cnginecring ‘-
Janis and Mann {177] combine the hypotheses they present
. concerning the four stages of the decisionmaking {which we
discuss in Scction I}, the five fuactional relation propositions of
psychologival siress. and the five stress coping patterns. Also they
present 3 decsion balance shest, an adaptation of the nworal
algebra of Denjamin Franklin - 1177], on which to construct o
profile of the identificd option . together with vanous cost and

benelit attributes of possible dev sion outcomnes. They have shown

that decision egret reduction and increased adherence Lo the
adopted decision results from u:z of this balance sheet. Strategics
for challenging outworn decisicas and improving decisions gqual-
ity are also duveloped in this seminal work. : __

Ty would be of consnderable interest to indicate the typical
intcractions between this madel of Janis and Mann, which would
be an expandad version of Fig. . and ihe other three contingency
1k structure models of decssio o siyle that we have discussed in
this scction. We belicve cach i these models to be appropriate
and 1o portray different selesznt features of task evaluation,
) . . ot

. Fig. 9. Interpretation of the Janis and Mann {177) conflict model of dccisionm:fking. .

information processing prgfcrence, and decision rule sclection in
1erms of contingency clements associated with the cavironment
and the decisionmaker's prior expericnces. .

There arc, of course, other models of the planaing and de-
cisionmaking proccss. Within the ficld of artificial intelligence
there exists a growing importani body of lilerature concerning
models of cognilive processes in planning and decisionmaking
[150], [398). The work of the Hayes-Roths [150) is delinitive in
this regard. 1t presenis & model of the independcat aclioas of a
large number of cognilive: specialists who make lentative deci-
sions for incorporation into & tentative plan, Dilferent.specialists
influence diffcrent portions of a plan and reguard decisions
concerning the plan on a coinmon data structuse called a “black-
board.” This blackboard allows specialisu (o retrieve prior plaas
and decisions and to combine carlier decisions with present
degisions, thereby potentially gencraling now-decisions. A process
description of how knowledge gencraled during issue resolution s
structured, stored, and used is available,

The basis assumptions underlying the planning model are: that
decisions occur at several dillerent Jevels of abstraction, that
present decisions  will constrain  subscquent  dcecisions, and
that people can adopt aliernative and appropriale stratcgies for
planning. This impuriant research suggests arcas in which present
and prospeciive planners need training by potentially allowing
determination of differences in the information processing and
judgment stratcgics of people as a function of Lask and environ-
menb .

- VI. DECISIONMAKING FRAMEW DRAKS AND .
. OROANIZATIONAL SETTINGS

We have alrcady discussed such topics as decisionmaking
rules, cognitive styles, information processing and coniingeney
task structural ‘models. Each of these represonts 3 neceasan)
component in the descriplion of components +f 'he decisionmak-
ing process. While these components are all ;. .. ary {or under
standing of the decision process, they ace sulficieat. In
particular the nature of the devisionmaking pro . - is very much
inNuenced by the topics 1o bg discussed in thiy - “don: vanow
types of readoning. the degree of approximation L vacous o |
ceptual modeh of decisionmaking, the degree of cen-valication of
the decision process, and the effects of these factor upon inlue




t
GAGE: DESION OF INTORMATION VST ME AND PAOCLISLY

sation acquisition. All of thex factons are typically related and
ot are part of the contingency task structure, .

Characierizations of Rutionality

Dicsing [17] is amang several writers such as Steinbruncr {339),
sho have defined several lorms or types of rationality. Dicsing,
defincs five forms of rationality, .

1) Techuical Rationaliy—This seaulis (rom efficient achicve-
ment of a single goal. A tcchnically rational organization is one in
which all of the activites of ihe organization are efficiently
eganized (o achieve the goal of ihe erganization. Tevhnological
progress requires an dncrcane 18 the efficiency of the productive
prexess and the existence of social conditions that make this
increased elficieney posable. Dicsing nows that o lechnological
tnnovation that deals oniy with more elficicnt means o a single
end will ofica have raikor liniled inNuence if the impacis of the
sechaology and 1esalting attnbutes are morally and psychologi-
cally iseluted fiom ooe anoiher.

2) Fevnonue Rettonality - This 1esulty from maximum achicve-

" ment of a plurality of goals. There are four characteristics needed
for cistence of an cepnouny. Two of these relate to allocation:
plurality of alice aatise ends, comniva means 1o the ends. scarcity
of resources; and avaslability of 2 value system and assoviated
measuieinenty. wo chatacicnsics welate 1o oxchange: plurality
"of cvonomic unils, and a diffcrent priontization of values among,
¢hese wnits. Dicving claiins that madmum goal achicvement or
“evonunue fationality 15 possible i

;  #) ihe ends (guals) of the cvonomic units are comparable and
measurable en a single scale;
b) there are ne hmits ou the assignability and use of the
' W ansg
€} coonomic units wie anteprated enough o enpoge in ratonal
alliwation and cachange; and
&) mlonmatian abewt the supply- demand relationships for the
" various units is avwlable and bnown to all.

I Consequently ecconumizing includes both evaluation and sclection
of vanous cads and means. Cleardy it is desirable that conditions
a}-d} hold bul there cxist many approaches 10 maxnnizalion
under constraints that may be used 10 yicld optimum resource
allovauon under consttats, Economic progress is equivalent o
an increase in producuvity por labor hour and, consequently,

o change. Econome progress will ypically spread rapidly
thivughout a culwre becauswe 1t allows nwre and more ¢ady 10
became both alieenatives o cach other and means 1o other ends
as well. Geaesally the ranonal actor model we have discussed
before is cquinalent o Diesing’s wmodel ol cconomic rationality,
1) Soval Rutenabiy = A secial sysiem s an organizanon of
cultindd rofes such as exvpectations, ubligations, and ideals. A
social syaten s said 10 be iteprated when the sanous asoviattd
achivibies fie sell suppory, conbum, canich, and reinforce one
anuther Sovial ntegravon iy mwore than mevhanical ¢fficiency
and consistency due 1o the mutuyl support, enrichment, con-
firmation, aud reiforcement reguirenient, This integration makes
action possible by *

! A ————

a)} channcling ciiotivngd cncegy and preventing, it from heing
dilfused and Jost;

b)) chinnnanng conflicn w hch could bliwk action: .

€) providing the e soppeating factors which strengthen action

and which allow 2eton w be caeried thtough 10 eamplition;

and

faaking actions more mesningful by allowing them 10 be

relatcd o past and futuee actions,

o)

An iategrated sovial st v 3 tanonal sodcial system thal

enhances the meaningtut and - oceessdul Gompleion of sctions.

Suvcsssfully comploned atoas are op accessanidy either efficient
..

incicased praductivity can valy result from economic and 1echni-

6o}

el .

or effcctive as intcpration promotes survivability of the sysiem
and not ncvessanily the poople within it In evireme cases of
inctlicicacy of inclioctivensss, peaple may leave the system and
‘establish another one. Four characienstics of, 3 rutionul social
organization. a» described by Diesing, are ¢ . '

a) internally consistent 1oles that can be ciam'cd-:oul by the
socicly withoul greal strain; ‘ L

b) harmonious roles that fit wogether without conflict among
foles; N

¢} smoothly evolving roles such thav gthere exists gontinuity
and stability with ne sharp impubsive™changes in toles os et
time; and ~. ¢

d) roles compatible with the nonsacial (i.c.. peographic, tech-
noveononne, lemporal, and physiological) avirenaent.

) } Sl

As it develops and hecomes more integrated, a sovial s

develops 3 value syatem that reinforces, through feedback. the™s,

structure of, and rales within, the sowial system. Well-integrated
saciplly-rational systems tvpically rosist change and avnd sk in
our interpiviation of Dicsing. One might arguc. of course, that a
well-integrated sovial system should be aduptive 1o change and
thai Tailure 10 do s will subject it 10 3 greater lung teem risk than
it it were otganically adapuve 1o change. This is. perhaps, the
dilfesrence between a descriplive view and a nofinative view of a
well-inicgrated social system, ' '

4) Legul Rutionality — A kegally rational system is a system of
rules which are comples, consmlent, previse, and detaited ¢nvuph
10 be capable of unambiguous ppplication, Some of these rulvs
may apply buparualiy 10 all people, while others may apply
diffesently 10 dilleient classes of people. A “legally tavonal™
systiem is ratenal bocause, and il it effective in preventng
dispuies. 1t dovs this by providing a framework wiuch dehoes
and supports petformance of cconomic and swial rules. Thas
framcwork also provides a piowedure for senluinent of those
dispulcs which occur. .

3) Political Ranonahiy—This is the rationality of decisionmak-
ing structures. A devisionmaking structure is comnposed of a set of
discussion relanonships and a el of helicls‘and values that are

“imbedded into a &1 of recopruzed roles. These roles have been

assigned 1o individuals such as to cnable: actions within ‘the
context of previous actions and commitments. Politically rational
decision struciures are based upon thice gwiding imiperamnes,
according to Dicsing:

3) maintenance of independence of the group despite oll pres-
surcs for dependence; )

b) actions Lo structure the political group such that pressuies
arc balanced and moderate; and .

c) preparation for future pressures which act to incicase the
stability und political rationality of the devision structuie by
prowviding unilication and broudening of participation

These forms of rationality are ceslainly related. Techmical
rationality 15 necessary for, and a part of, ¢cononue rationality.
The primary chatacteristic which tollows from ratonal econonue
behavior is & detachnient of neutrality of intrinswally valucless
commuoditics. These are useful enly as means to vnds such that

Oscalar oplimization may be used 10 select the convnodity bundle

of altcrnate means. Partivulapsin and lovalty ae the primary
charawienistics of sowial rationality such thag obligations ¢valve
fram particular social retanons with indissduals and groups 1athier
than geacial, v cosalit-detached relasom which are applicable
10 all. Ascoption, in which actions 10w arda people ovube fram
partcular selations rathes than as 3 1espense W achercent, s
another characierstic of sovial fatienaliny. Thus we sce that the
chardvtenstics of cconminic ranonality s vontrast shamply wiih
those of social rationsfiny, But ths, we belicve, 1y not necessanly
the case. Foroas Dacvng indicates, neather form of ra3tenahiy can
cant without soune foun of the otlwr. Feononne tabonahiny
theanies are based on the assumption that siial sntegrabion is 3

-
+
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reality; such that there cxist comsmunication and valualion capa-
bilities and no goal cwonflicls or factionalism. ln a similar way
sacial rationality assumcy thal sociclies’ cconomie resource allo-
cation problems are solved.

_ Social and politicat rationality are related. in_the sense thag
Both are primasily «.ocerned with dnternal structural concerns
involving provess and procedure; that s, the structure of interper-
sonul schations, or the awvumulation of power, or the directivn of
pressure. Leonomie and egal ratienality are primarily concerned
wih the substantive belisowor as contrasted with procedural and
itermal strociurs! coneerns We have argued strongly in previous
sechons that substaaia e ad procedaral rationality [204), [336]
are cach necessary coneaderations in information systcm design.

4
Decisivon Fra.mowvorky

*1 We have proscated a detailed synapsis of the pereeplive work
of Dicsing [77] concerned with fine dilferent [onns of ranoiraity,
Additonal furms of rahonabity [30], perhaps based vpon the 1ea
inderacung sovictad seciony noted [304), {307) could doubilessiy be
deseloped. It would be of interest 10 detcrmine the eatent (o
which these addinondl {cims of rationality would be subsets of
and independuint of the hive forms of Diesing,

March [236] discussos bounded rationality, limited rationality,
comteatual rationahity, game raticaality, and process rationality.
A stady of selavons ol chese furay of rationality boh 10 the
ratonaiily fonns of wesang and decision frameworks, which we
wall now discuas, could lead 10 use{ul insights and more rclevant
SVRCIIC Prowess dusigiis )

v The vrgamestionai sewnce ulerafure contains much discussion
relatne w0 the dovchgnient of conceplual models for decision-
making based upon sanoas ranonality conceplualizations Among
these are the (Coanonin) ratonai ator moded, the sabisfiving or
bounded ratwonaliny anecdd thie bascaucratie politics, incremental,
or " iuddling theough™ imoadel, the organizational processes model,
atul the gaibage can anodel. Theve are related 10 the five types ol
rauenahty doscsited Ly Licwang i selatively obvious ways thal
follow direcily from a descupuion of these decision frameworks,

O The Ronendl Avier Mliadel The decisionmaker becomes
aware of a problem, stadics it, ¢ *fully weighs alternative micany
o a solution and naakes a Uieiee or decision based on an
objective set of values 1lus is comparable to technical and
cconomic rationabity as desciiped by Diesing, At first glance the
ratooal actor model appears 10 ¢ontain much of value and to be
especiully well matched 1o the Jetaclied neutrality, ealculative
oncalation. and avuudance of favoritisim associated with the
achivvement-voented entivprencunial western socicty, In rational
planning or decisionmaking :

“a) the decisionmaker is confroated with an issue that can be

l’ meaninglfully isolated from aiher issues: .

' b) objecuves aie identificd, strvatured, and weighted according
to their imporiance in achieving need satisfaction on various
aspecis; :

€} possibie activitics o resolve needs are identified;

d) the unpacts of action alteinalives are determined:;

¢) the unbty of cah ahiernative iy evalualed in o of i
©impacts upon necds; and

N the utihies of all sitcinatives are compared and the pulicy

\fula e highiest uubiny is welevied for action impleinenta-

uon

These are cssentislly vquivalent 1o the vigilant jnformation
processing sweps of Jaais and Maean [177).

-Unforunately, thare are several substantive requirements for
suvcessful complere tateaal decsionmaking that will not gence-
ally be et in praviice. These i Jude :

o) compreiicnsn e wdentification of aff needs, constrainis, and
abivabics twhvune 10 plaraing and decisionmaking is, of
Cuune, ot posable;

} -l.
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b) deternination and clanfication of a/f releyant objectives is,
of course, not posdible; - o
¢) deternunation and winimization of costs and maximization

of clfcctinencss will not pevessarily lead to the “pest™ resulls
because of 8) and b); '
d) deiached neuteality and a calvulative onientation rathed than
arbitraringss, conflict, and cocrcion are naol always passilile;
¢) a unificd process that will cope with inlerdependent deai
sions will oficn be very complex; .
N sulfivicat ume to use the method will eften not be available;
g) sulhawent information 1o ¢nable use of the mcihod will olicn

be difliuli and crpensive 10 obtaingand - - -
b) sulficient cognitive ¢3pacity 10 usc the -ncthod will ofien
nut oAl

It has long heen recognized by systems engincers and manage-
nwent scicniins that the ancmpt to use a normatively optunum
prowess will tesull in dosy than optimum resulis because of these
modeling inuccuradics, cognitive linutations, and solution time
conatraisds. Thus the presence of the sealitics of a)-h) will,
because of 2 combination of resource and intelleciual constiraints,
lead 10 sclection of an slicrnative that is bess only withia cun-
strainty poscd by the imodel actually used. We may also obsene
that up coononie aiy raisanal decision would only be appropnaie
when the decesion situation structural model s such that an
cownumically rational process is possible and dusirable, and that
the intclvctual and 1esource conditions eatant make subsiuniing
use of the rativnal actor model feasible. .

Siman [137], [339), [340}), [343] was perhaps the finst 10 obsene
that uiasdald decisionmakers may pot be able to make complete
substantiee, that 13 “as il use of the madel possible  The
concepts of bounded rationality and satisficing repiesent imach
e sealistic subsuntive models of actual decision rules and
pracuees, We have descnbed a vancly of satsficing heunshic
rules 1o Scction 1V, Unleas very carcfully developed and applied,
these rules 1pay result in very infenor decisions, decisions wluch
are reinforeed uouph feedback and repention such as o result
in vapedicnces that are, by no means, the best teacher.

Of poaibly even greater nnportance 10 nloriualion system
dusign is the {act that compleicly economically rational processes
may be nuither desirable por possible. Soaial, political, or legal
rationality voncerns may well prevail. And one of the other
decon lramewurks we dosenbe here mnay well be more ap-
propriane if these conoerns are dominant over svununiic rational:
ity conceins.

2} The Sutisficing or Bounded Rutionuluy Moldel: The de-
cisionmaker looks for a course of acuon that is basically goeond
cnaouph 10 meet @ minimum st of requirenients. The goal is 10
"nut shake the system™ or “play it sule™ by imaking deuisions
primarily on the basis of shoti-term acccptability rather than
sccking a long-term optimum f

Sinmwn introduced the concept of satisficing or bounded tation-
ality as an clfort lo

replace the glubal rationality of economic nan:with 2 kind of
tationdl behavior that is compauble wilth the » cess W information
and the cwnputabional capabilines 1t dre 30 wiatly posaciwd by
organivins, irkluding man, in the hinds of en.iroanwnis in which

such organians ¢aist,
i

He suggested that decirionmakers compensate for theie lited
ahditivs by constructing a simphficd sepeoscntation of 1he prob
lein and then behaving ravonally within the constraints imposy
by th madel. The aced for this rests in the faut that mam
duecisionniahen satishee by finding either optimum sulutions in 3
simpliied world o samafactory solulions an 3 more, tealislw
waild As Sinwa 33ys, “ncither approach doninates the snhet
Iy

! Satshicing is aciually scarching for a,"gund vitugh™ chone
Simon supgested that i theeshold fur satisfaction, of aspii st
level, may vhange according to the ease ur dilficully of warvh '“.
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many altemalives can be found the conclusibq is reached that the
sipiration level is 100 low amd needs 1o be increased. The cons’
verse is true il no satisfaciony aheinatives can be found. This may
icad 10 2 unique solution through ilcration.

"| The principle of bounded rationality and the resulling satisfic-
ing madel suggests thal sanple heuristics may well be adequate
far complex problem solving situations. Satisfiving strategies may
he excelient for sepetive problens. They may also kad to
premature choives that result in unforescen disasicrous conse-
guences: comcguences which could have been forescen by more
carcfol analysis. The heunstie decision ules deseribed in Section
IV arc all seisions of sainhong stialegies. A recent paper by
Thorngate [372) provides uselub descripions of ways in which
heutistic devision tales may be used and abused. Developiment of
cl'hri,rm and cflcciive dediaon beunisbics is @ conlemporary need
for the analysis of decimon bohavior | 36], |39, (60]. the modeling
of osganizational 3ud iindual decimons [292), [1165] as well as
for the desipn of mreatine syaiems 1 sad devisiosnaking [ Y16
We behieve that e bo b tive as well as etheent, hewionues will
have (o be duvcloped 19 4 vy caubous way with due considera-
tions 10r the many impdicatinzs of the conlingency task siructure
of: 3 decision siwation 320},
13y The Bureaucrut Folitics, Incrementalism, or “Muddling
Through™ Medel, Alcr poosblems anise which require a change of
policy, policymakeis con-ider only a very narrow range of alter-
natives diffesing 1o a small degice fiom the eaisting policy. One
aficinative 15 schecied wnd toed with unfoiseen conscquences lefl
16 be dieorered 3 Licawed by subsequent incremental policies.
This is the wicreniental sww,

P 1999 Lindbloon porulated the appreach called incrcinenta-
B, of maddling thooagh [215)-[221), w cope with perevived
Bantations i the eoonomicatly tatonal approsch. Marginal val-
ues of change only ane conadered = and these Tor only a few
dimensions of valuc whereas e ranonal approach culls far
cvhaustive analyyis of cudi idenudicd aliernative along all idenli-
ficd dimensions of value. A uwinber of auihors have shown
intrenwntalism 1o be the typical, common, and currently prace
iced procesy of groups n pluralistic socicties. Coalitions of
special interest groups nahe cumulative decisions and arrive at a
warhable compromise through a give and lake process that
Lindulomn calls "parusen mutua) adjustnent.” He indicales that
ideological and othee value ditfereacys do not influence marginal
qa-f.1.\iurnns as much as i changes and that, in fact, considering
matginal values sulyect o practical constraings will lead 10 apgree-
menl on maigingl programs. Further, incremwentalism can result
in agreement ot decisivas and pluns even by those who arg in
fundamental disagrovient on values. However increnmwenialism
appears basd on heeping the masses marginally content and thus
way not be able to do wmuch 10 help the greatly underpnvileged
and unicpresented. 11 s, of course, a combination of Dicaing's
social and poliical cationality. Boulding has compared in-
creincnialisin 10 “staggening through history like a drunk puttipg
ane disjuinted incienenicd foor aflter anoiher.™ Yot tlwre have
been a numiber of yudics. such ay Allisen’s study of the Cuban
missile crisis {4], Steinbrunee's case studies (359). and others [44),
105}, {135}, [400} which indicate this to be an ofica vsed ap-
pioach in pracuce, )

i ‘T is important 10 e [218] that Lindblon rejects (econamic)
comprehensive rationabdy even as a ponnative nwdel and indi-
cates it sysiens anabhois will ofien lead to ill-considered, ofien
daycidental inconmpleiencss, He indicaies the following incvitable
lisisiiations 10 analysis.

*a) 1t s fallible, never rises o infallibility, and can be poorly
i inforined, superfwial. biased, or mendacious,

b) It cannot wholly resobve conflicts of value and interests.
“€) Sustained analy-is ay be oo slow and 00 cosly com-
:‘ pared wilh aealisty peds
‘) bewe Ioipmmlabn guesiom el for acts of ¢holeg or will
i ampgcans fhiae analiay must allow reom for politics.

. (13

A perecived more practical madel pravess for decisonniaking
than the rational act maadel is, therefore, called for. The madel
is descriptive and is an esremie venion of the bounded ratwnal-
ity sodel. Aliemative models have been proposed |JI?|.

The main features of the model proposcd by Lindblom are the
following, - !

4

1) Ends and mcans are viewed as not distinct. Consequcatly
means-cnda analysis & viewed as oficn inappropnate.
2) Mdentification of valucs and goals is not disunct from the
* analysis of alicrnatise actions. Rather, the two provesws afe
coulounded.
The st for a good poliey is, -typivally, that various de-
cisioninahers, or analysts, agrew on a policy as appivpnale
without necessarnily agsveing that it is the most appropnate
micans o 30 end. '
Analysis is drastivally limited, importaat policy oplisns aie
e deatod, and ot ol ouiconios e nol censgivied
By proseeding shwremzntally aad cnpanng the eeult ol
cach aew policy with the old, doecisionmabers reduce of
climinste rehance on theory. )
6) Thore is a greater preoccupation with itls 1o be cemedied
rather than pusitive gaals 10 be sought.

3

4)
3)

+ In a very readable recent work conceming “muddling throueh
[221)." Lindblom clussificd incremental analysis at thice levels.
sitnple, diyointed, and sirar-zic. Invremental analysis s, a3 we
have indicated, a ginnd devription of political Jecsionmading
and is sowt tioaes tefenied 10 as the political provess mudel

4) The Ory.anizotionul Pm..-a]u Mudel, Pluns und devniony are
the tesult of tapreiation of stundard operating proceduscs.
Linprovements are obtained by carclul identification of existing
stndard operating proccdu s and associaied  organicationad
structures and deicemination of improvements in these.

The wiganizational process imadel, origimally due 1o Cyen and
March {68), funclions by rel.ng on standard operanng proce-
dures which consiiute 1he moomory of intclligence bank of the
organization. Only if the stamlard operating provedures fail will
the wiganication aticmpt W &velop new sandard procvdures.

The organizational provenes niwdel may be viewed as an
extension of the concept of tuunded rationalily to chowemaking
in orpanizations. It is clearly an application of reasoning und
rativnality as discovery and application of rules 10 cases 1t may
be viewed as a hybnd of evonomic and legal ravonaly. Nl
iypically involves concrete opcrational thought as we have indi-
cated in Section V. The main concepts of the behavioral theory of
the fnn, which s supgested as a descriptive model: of actual
choicemaking in organizations are a follows T

1) Quasiresolution of conflict: Major “problems areé disaggre-
gated and cach subproblein is attacked locally by &4 depan-
ment. An acceplable conflict rexolution between the cffurg
of dilfcrent depariments is teached through sequential ats
tention 10 deparimentad goals,

2} Unceriainty avoidance & achicved

a) by reacling 1o eaternal feedback,
b) by emphasizing shur-term chuices, and |
¢} bv advocating acgotiged futuees,
©3) oblem scarch in which
2) scasch is stmulaicd by encountenng issucs,
b) a forin of “satisfiving” is usd as 3 decision rule, and
¢) scarch in the neighborhood of the status quo only s
atcipled and only iscremental solutions are vonsidered.
4) Organization learming: Organizauons adapt on the baws of
cApCTiciICE, -

The organizationul process smdel may be viewed as supgeating
that deciviony at 1ing 1 may W& forecavicd with ahings) vonpedelg
eertainty from bpowledpe of decivion gt ome ¢ = Fubwie T i
the planpuing or furevling period. Slandard opaigting prove:
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" durcs or “programs,” and cducation motivation and experience
s oF “programming” ol management are the eritical determinanis
" of behavior fur the organizational process model.
«1 8) The Gurlsige Cun Muodel: This relatively new model [63]
| views organizational Jdecisivnmaking as resulting {rom four vari-
- ables; problems, sulutiona, choice opportunitics, and people. De-
cisions result from the intcraction of salutions looking for prob-
Yema, problems Jouking for solutions, decision opporiunitics, and
! parucipanis in the problem solving pracess. The model allows lor
“these variables being selected moete or less at tandom from o
“garbage can. Doobuiessdy this is a realistic descriptise modcl. 1 is
"eapecially able o cope with andiigauity of inlention, undersiand.
ing, lustory, and nrpamization Funiber, it provides iuch support
for a fevdback mudel of wrganizational choice in which prels
1erenees and cognitions of indivaduals affect their behavior, behav-
thor of individuals alloet orgamzasional cheices, organizational
ichoiwes offect emvironinental activities and responses, and en-
Nirommental actinvanes and responses affect the preferences and
cognition of indivicduals [237). An cawnsive and definitive discus
.3ion of ambiguity and choice in organization, with eimphasis upon
ithe gurbage can wmodcel, i3 contained in {237),
Al fise of the imndels or frameworks for decisionmaking have

.both desirable and undesitabic characieristics. Conclusions may’

1be drawn from these niodels and the fact that any of them may
1be relevant in speaific cagumnstanes. If we accept the facts that

1} devistsnninab oy v w vty of uicthuoda o scleet awhg
altcrnatives for ution inirlementation;
0 2) these methods are frequeatly suboptimal; and
3) mosl devisic umuakers desin: (o eabance their decisionmaking
cfhewency and clfectivene:s; :

then we must conclude that et is much motivation and need
for research and wltmae des'tn and development of planning
and decision asuppuit syatenms. .l these five models make it very
clear that improved planing . ad decisionimaking effiwiency and
elfcctiveness and aids 10 tus einl can only be accomplished if we
understand humaa decisionmating as it is as well as how it might
be and allow for invorporatiop «f this understanding in systemic
process adjuvanty, Oue of the requircments imposed on these
adpuvants will be relevance v the individual and group dc-
civionmaking structuie [181), (37), [286), [303), [401). Another
requircment is televiiie w the information requirements of the
decisionmaker. We discuss bola of these in this section of our
suney and intrpretation, . . P
.| There have been many siudics of group decisionmaking. These
illh‘ludc the Tundowental theonctical studies of Ariow (17 and
others which show that, under s very mild set of realislic axioms,
there 15 no assuredly successhl and meaningful way in which
ardmal prefeccnce funcuons of sadividuals may be cumbined into
aprefeacnce functon fug sovices [17),[196), 1279), 1302}, Conlict-
ufg values [373) are the magor wulpnt preventing this combina-
tion. This has a nunibier of 1aplications which suggest much
caulion in using ordinal prefirence voling systens and any
avalemic approach based oaly n ordinal, possibly wholistic, of
heunstic prefeicnces among al:srnatives. Among other possible
debilitating oveussences wie agenda depeadent results which can,
of course, be due 1w oiier effects [280) There have been a
number of studicn of gioup < cisions and swial and organi-
rauonal intetantions such as fose by Nacharagh {19), Davis
(bS], Ebert and Muichel! {89), 1 uhom, UHogarth, and Klempner
B2 Hotloman aod Hendoh )2 ), Tanis and Mann 1176} {177),
A3 (201 Minwebeny, (298] feared and Hastie |276], Schein
(3121 Shunnway, er . (3290, Sie o [331), Vinekue and Burnstan
P9l [ and inoabe cditee wonk of tlooker, Leach, and
M Clennen {164, several sy e dic methods hase heen proposed
foe forung and aggrepoanng prup opimions as described 1n the
worbs of Flogardy [ESS) D {ube. (109) Hiland and Zeshhawser
AN Retwhaugh (298, Van de Ve and Delbwey (I8 An
Evcllvot smvey of vt et aly and aswwiated paradosey is
presented by Fastibuon {121 an o by Mo [219)

] ' 1 1 1 ]
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Very definitive studies of the interpersonal comparison of
utilities have been conducied by Harsanyi [145]-[147] He argues
convinvingly thal we make interpersonal uuhty companwns all
the lime whenover we make any allocation of fesources 1o those
to whom we focd the allocation will do she most good. The
proseription against »uch companisons is one of 1w Loy’ restnic-
tions which lead 1o the, Arrow inpamssibility theorerm. By using
cardinal utilities such that it bevames possible to deicninine
peeclerences among unlity differences (1e. whether wia) = u(d) >

*u(hy = w(e)). and Interpersonal comparison of utibities, Harsany
shows that Arsow®s impossibility theorem becames 3 posuibility
theorean. This i> @ muyor paint in that it is proacrally notl possible
for a group 1w express nicaningful transitive ordinal picleicnces
for thiee or more alicmatives even though all-individuals in the
group have individually incaningful iransitive ordinal preferences.

Harsanyi is concerncd primarily with organizational desipa
[147]; how 10 design social decisionmaking uaits 30 a5 to Mman:
muge anainment of sovial objectives or value criteria He shows
that ruional miorality is based on maximization of the average
(cardinal) utility level for all individuals in socicty. The utilitanian
critenon iy apphed fint 1w nwral rules and then these moral tulcs
are used to ducct individual choices, Thus each wiilitarian agent
choases 8 stralegy W0 maximize social utility under the asswinp-
tion thai all odwer agents will follow the same:stratcgy. Harsanyi
fecopmzes 8 potcatal difficulty (147] with this particular
wihduons theory of vamaldy dn ot d be v b anps o
political abuses 2 well 3 the numerous problems assoiated with
information acquisition and analysis in a large centralized 3ys-
e, He pouts 8 diffesence between moral rationality and game-
theorctic 1ationality, e argues the unavoidable use' of interper:
sonal carduiad wility comparisons in moral 1ationulily and the
inxdmissibility of such comparisons in game theory, Much of
Harsanyi's ellorts concemn game situations [146] in which out-
cumcs depend on mutual interactions between morally rational
individuals, cuch atieinpling 10 better their own interests, We will
nut atlempt 10 eaplote bere the very intercsting subjects of
bargaining, conflics, resolution, and negotiation and the use of
systems lor planning and decision support 1o these ends {21], [45)
269}

Harsanyi's concepl of utilitarianism has occasionally been
criticized for making inadequate provision {oc equity, of equiva-
lenily for social group equality. John Rawts, a philosopher, has
peesented 8 theary of justice [291] which iavolves a dilference
pruwiple in which decisions ase made under unceriainly rather
than under risk. This difference panciple advocates selocton of
the alicrnative chowe which i3 the best for the worst-off meinber
of socicty and is, thesclore, the direct social analog of the
maximur principle for the problewn of individual devidions undee
certainty. Rawls uses 8 “veil of ignorance™ cunvupt in which
individuals must deicrmine equitable distnbution of sowichicy’
resources before they know their pasition in socicty. His arge
ment is essentially that people will scleet a resourve allogation
rule that mavinnzes the utility of the waorst-off meniber of sovicty.
Liscussions of sunie of the poteniial difficulues assaniaied with
Rawls’ “social contract™ justice theory are pisented by Ellsworih
and Gauduer [16)). , '

Othice uselul interpretations of cardinal wulity and inwmper-
sonal uiility comparisons have beva made by Keenvy and
hurhwood [194] and Keeaey [195) Their aaons allow develop-
muat of o muliipheative group utlity funclion i contiast to e
additive uldity Tunction of Harsanyi. 1 i3 posable 10 more
direatly deal with equity considerations in a muluphicalise group
utibuy moded than i an additive model. Papers by Lhadils, Briwk,
and Keenoy [201] vondaun insightiol diwussians vonceiniog group
and indinidual utihues of a muluattnbuie nuture Ulvila and
Smider [201] itlusteate use of multiaiiribute wiliy wiadeh 0
pezaliativne

We are pactivularly Interested, here, In dosanbing davlvion:
nmkio? elfory in hivtasehival organganons 241 gnr.'n Ivady
Naturally to @ udy of infermgtion precening in organyatnm

1 LR
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evperiential and relies oo simplification, organizational change is
incremental and evolutionary with large changes being aveided,
and that data is 8 political resource alfecting particular groups as
well as an intelleciual commadity, Each of ithese supgests the
importance of a knowledge of the way in which information is
prowesscd by organizations.

Of particular intceest among studies concerning information
processing in organizations are the works of Baron [2R), Ebent
and Matchell [BY]. Fick and Sprague [110]. Gerwin and Tuggle
(129 Howell and Floshman [365]) Huber [16Y]-[iT1), Keen
[193], Libby and Lewis {218). Lucas (225)-{228]. O'Rcilly [20R]),
Shumway er af. [A29), Simon {342), Starbuck and Nystrom [337)],
Taggart and Tharp [367]. Tushanan and Nadler [379], Tuggle and
Cierwin |380], Waoght [406). and Zedeok [409) )

* The purpose of systenn lor planning and decision suppert is to
provide umely, relevant, and accurate inforination to sysiem
uscrs auch as to cnhanee human judgment, and decisionmaking
sllviency and eflectivencss concerning resource allocations that
alfecr 1ssues under comsideration. To enhance clfficicncy and
wllevtineness available resources must be allocated and coords-
nated in space, across 2 hicrarchy of decisionmakers; and in tine,
as noew inflormation arrives and the cavirenmenial situation ea-
tant chuanges. Associated inlormation acquisition, analysis, and
wvaluation and interpretation must, as a vonsequence, often be
distibuted both in space and in time. This nwst be acconplished
slectinely in spaceand lime since different decisionmakers have
Jdifferent informition needs, In addution, it will he physically
impussible and often behavior. !y undesirabld 10 supply all reles
vant iformation to cach devisieagaker in the hope thiat it will be
wlfecuvely cogaized . 'nd utilized. Further, differcaces in cduca-
tion, motivation, experiences with the ensironmental situation
‘extant, and stres: will influence cognitive information processing
"style Counsequertly a central task in the design of oflective
Jdulormation systems is that of alection und choice of appropnate
,nfonnation system architeciure to enhance seleciive information
_provessing in order 10 provide each user of the system with the
most appropaate information 4t the most appropnate time. Thus
questions of information slection, information aggregation in
Apace and in time, and the connngency task structute become of
jmajor impoeriance. .

. b is dusirables hat an apprepniatcly designed system, and the
‘associaled process, be capable of the following,

1) Assisting in the evaluation of aliernative plans and courses
of action that involve for 1al operational thoughi processes.

Y 2) Assisting in the 1ransfer of formal opcralional sitpations to
concrele operational situations.
Assisting in evaluation of alicrnative plans and courscs of
action that involve cancruie operational thought processes.
Asusting in the avaidance of information processing biases
and poor judgnwatal heurisiics,
Assisting in the proper aggregation of informalipn cues
from multiple disinbuted sources. .
Assisting in the use of a varicty of judgmental heuristics
appropriate for given oparational environments as natural
‘eviensions of 3 divisionmaker's normal cognitive style.
Axsisting, 10 the extent rassible, in the Jdewrmination of
whether a formial or consrete siyle of cognition is most
approprae in a gisen situation.

B} Assianng decisionmaken who need 1o uwe fornal opera-
t tional thought and those vhose eapertise allawy Apprepniate

and effcctive uw of concicte operational thought 10 func-

X tion together in a symbiote snd muteally suppurtive way.
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Cleasly there is a space- time eod an organizational dependenve
assniated wath these desired canabilitien, Anmweng the imany con-
cerns 1hat dictale needs and recuirenients for sutomated support
sSatems s the fact that decision pakers must 1 pically mabe more
4 Laments and assoviated decisons in a gisen petiod of time than

Py can comfortably muke. his creates 3 stresstul “atuation
||i ' ! !
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which can kad, as has been noled, 10 the use ol poor infurmation

processing and judpmenial heuristics, especially since judgiments

and decisions are npically based on forccasts of the futuie and,

therelore, inherently invelve uncertainty. " ;

There are fumidable needs and issues (o he resolved thal are

assaviated with the design of informanon processing and judg:

ment aiding suppoct sysiems, These relate 1o yuestions concern-

ing appropnate functions for the decirionmaker and stall 10

perform, They concern the type of information which should be

available and how this information should be acquired, anatyzed,
‘stored, aggrepated, and preseated such that it can be vyl moat
cllcctively in a varicty of potential operational cavitonnwnts,
They concern design of information sysiems with sirong spaces
lime-cnvironnwntal dependencics. They conain design of anlor-
mation systems that ean effectively “irain™ people to adapt and
use appropodtc concicic operational heunstics in those envifon.
ments iy which inexpesience dictates initial use of formal opera-
tonal thought. They concern design and use of infonmaliva
systesms  thal support cavironmentally evpericnced  decision-
maken ia the ux of a vancty of effective conerete apcrationyl
heuristics. And because of 1heir use by suultiple decisionmakers,
these tasks must be accomplished in a parallel aschitectural
fashion, i .

tHuber (170]-1171)] and Tushman 4 «d Nadler [379] have dJevel-

oped a number of propositions, base  on their own rescarch and
upon the rescarch of others, reflecung vanuus aspects of informa-
Lon proeessing in erganizations. There are 3 number of funda-
mental proposiions developed by Tushunan and Nadlee which
refate 1o the developmedt of a model of an organ:zation as an
infonmation processing system. These fundanicntal propusitions
include [379] the following,

FPl: Tasks of organizations and their subunits vary in uncer-
tainty and risk vanables.
FP2: As unceriainty and nsk increase so alvo does the aced for
information and increased informaten provessing capa-
bility.
Capacities and capabilitics in informalion processing will
vary as a function of organization struciuse,
Organizativual ¢lfectiveness increases as the maich be-
tween information procesaing reguircinents and infurma-
lion processing capacily incrcases
Elfectivencss of organizatonal units will depend upon
their abibiy to adupt their intemal structures over line
to nxct the chunged information piucessing require
ments that will be associated with covironmeatal changes
¥

FP3:

FP4;

FPs:

In an cffort 1o enhance cificiency, organizational infornialion
processing typically requites scloctive routing of messages and
sumnanzation of messages. Huber [171] identifies six variables
associaled with the routing of messages. Sia propasitions felative
10 smuesage routing are identified and assowialed with theae vana:
bles. Three propmitions are associated with delay in nwswiges,
cight with organizational message modification, and four with
message suinmarnization. Table 1 presents an inteepretation of the
impacts of the variables assaciaied with organizational informa-
tion processing and the probabiliucs of rout.ng, delay, modifica:
Han, and summanzation of messages. 11 is peesible 10 infer 3 few
inpacts not discussed in this notew orthy wark of Huber Most of
these simply relaie to the observation that i soncthing, happens
10 decreas the probability of seading 3 message unmadificd thwen
the probability of the inessage bring detayed and/or mdificd is
increased.

ldvatificanon of other vadables which influence information
provessing by organizations would represnt a desirable activity.
To determite how these informanon provesary sanshies are
influcnced by “the infurmauen processing hiases of indiniduab
divcunsed in Sceuon 1H would seem espevaatly desivabile i e
of the bhcly uselulness of the results amd the need for an
expanded theory of group informguon preevwng bigwa. Mew

)
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Fig. 10. Dclia chart on how to decide who should decide (alicr |169]).

and a description of how decisionmakers nway detennine informa-
tion nceds. While there have becn a number of siudics of group
decisionmaking rales and organizational behavior [157], [3M0), our
efforts will be based primaniy on those of Yroom and Yetton
]394] and Huber [169). :
¢ Huber, Vroom, and Yetton have indicaied a number of po-
tential advantages and disadvantages 1o group pasticipalion in
decisionmaking. Since a group has more infornmalion and knowl.
edge potentially available to it than any individual in the gloup,
it should be capable of making a beuer decision than an individ-
val. Group decisions are olien more casily implemented than
individual dccisions since participaton will generally increase
decision acceplance as well as understanding of the decision.
Also groyp participation increased the skills and information that
merubers may need in making fulure organizational decisions. On
the other hand there are disadvantages 10 groups, They consuine
more lime in decisionmaking than individusls. The decisions may
not fully suppon higher organizational goals. Group pariicipation
may lcad 10 unrealisue anucipations of involvement in future
decisions and resciment 1owards subsequent individual dedi-
sions in which they have not panicipaied. Finally, there is no
guaranice that the group will vonverge on a decision alicenative,
Huaber asks four prusiary questions the answers 1o which
detcsmine gundelines Jor selection of a pariicular form of group
deasionmahing. The dohia churt of Tig, 10 indicates how the
respotines 10 these questions determines an appropriale furnn of
grong desisionmaking. Theie are 3 number of subsidiary ques-
. uons comverned with cach of the priniry questions. For example,
I ;

Do not pariicipats
n decisin group

-t{a-

-y

we may determine whether or not to involve others by posing
questions involving decision quality, understanding, and accep-
tance, personnel development, and selstionships, and time
fequired.

Vroom snd Yetton have boeen much concerned with leadershup
and decisionmaking {394]. Their primary concern is with elfcvuive
decision behaviors. They develop a numbser of clearly arhculated

.normative models of leadership style for indivdual and gioup
deciaions. These should be of use 1o those atiempting to siructure
normative of prescriptive models of the leadesship siyle portion
of decision situations which are capable of uptrational implemen-
talion. We will not illustrate these here since they essentially
involve gencralizavions of Fig, 10. 1t is the apparent godl of
Vioom and Yciton to move beyond gencralines such as the
lcadenhip style theory X-theory Y [211), [3v4) They desire 1o
come 1o grips with and explicily use leadership behavior and
sitwational variables (o cnhance organizauonal effectiveness. '

Much of our discussion in this section has concerned Lhe
evaluation component of varicus decisionmaking lrameworks and
organizational seitings. Effective planning and duvision support is
bascd sol only upon evaluation, bul upon informanon acquisi-
tion and processing @ well. We have eiphaswed thiy in our
discussions thus far in 1esms of individual informastion processing
behavior; bul have not yer givea eaplicit conuderation lo infur-
mation provessing boehavior in organications.

Keen [193] acknowledges four causes of incita relative 10
organizational information systems. Me indicates that infurima.
tion is only a small compancal, human infuiinabon prvessing 13
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appears 1o have been only fimited resulis obtained in the area of
cognitive information processing biases and usc of inferior heuris-
tics'on the part of groups. Thus many of the arcas discussed in
Scctions T and 1V could be exiended 10 groups.
" Lapecially noteworthy converning sesalts that have heen ob-
tained in this wrea aie the groupthink sudics of Janis and Mann
[177). Groupthink is a collective patiern of delensive avandance, a
woncurrence-secking endency of highly cohesive groups. When
tioupthink oveurs, prople deselop rationalizations w support
lectively pereeived illusions or wishful thinking about issues at
nd and typically paiicipate collectively in deselopiein of a
wensive avoidance padern. In proupitunk a group collecunely
Lally vichm 10 one o8 aore of the cognitive biases described 10
Sevtion 111, :
Among the condisions which lead 1 greupthink ar¢ hi
vehesiveneas, Inulatlon, lavk of use of systemie prevedures fof

' !

foacome

g

i (lnlll

E G

Fig. 1. A possible siruciure S information processaig basd upon the
six elemienu of logical reasoning

scarch and appraisal, higity dircclive leadership. and a con-
Ungeney task situation whah leads to high siress. Amuong the
symploms of gproupthink cecd by Janis and Mann [177] ate an
illusion of invulnerability, actlective rationahzation, bulicl in in-
herent group morality, €Xces+ive prossure against dissenting vicws,

. seMl-censorship, illusions of enaninty, and members who shicld

the group from disconflirning information. They cite a large
number of case siudics imolving groupihink: cases where in-
crementalism and bureauerttic polilics were the dominant de-
cisioninaking framewurk npically adopted. Nine presctiptions
are offered 10 avoid groupthik,

1) The group leadenship A.r-u‘d be noncommitied to pauticular
alternative courses of atiion.

2) The group leader showld encourage critical evaluation.

3} "Devil's advucates™ shwuld be included in the group.

4) Subgroups shuuld be formed, allowed 10 function indepen-
denily, and then mea with other subgioups 1o express
generated ideas arnd raolve diffciences.

$) A varicty of altermative scenaios of potential opponents
intentions should Le devcloped.

6) Second-opiniun mectings should be held to aliow full ex.
pression of €oubu and reliinking of the issue.

7) Experis with opposite viewpoints 10 the majornity view should
be ercouraged 1v preacal challenging views.

8) A small “policy™ subggoup should always discuss subgroup
deliberation with wbe larger group 10 aticmpt lo oblain
disconfirming feedback

9) lndcpendent policy planning and cvaluation grouys should
be formed.

The suggestions offcred ia Sixtion 11! 10 avoid cognilive hias and
to amcliorate the cffects of those that do oveur appear capahle of
application 10 groups as wel) as 10 individuals. Eaplicit study of
proup and organizational bias that weuld cumplimeal and extend
existing studies [16), J194 {129) |155). [173). [287) [326).41279),
{2R0), (388, [390), {391} [I%M] of group and oiganizulional de-
cisfonmaking should yicld results that are valuable for the design
of planning and decisiun support systeins.

A major difficulty in cognitive infurmation pr<essing sccms Lo
be failure 1o idemily and use an appropniate structuie that allows
appropriate weighting of observed duta, Investigation of the
elfects of various structwed-information prowessing /devision aids
ing prowols upon the acyuisition, analyss. and imerptetaiien af
information and its inlegration with podpmient afd ﬂu‘ﬂ\h‘:f]!
muking activitica woukl appear to be a conlcitifof iy peed in
inforniation systerm design, There are six elericals foud 1A
esplicit argument [376) -

1) ¢luinu of hypothesas,

2) grounds o foundations 10 support the vamy,

3) wurranits or joslilicauan for the grounds or fuundationy,

4) hur&mgof the general body of infurmativn that i jiysupy
poard by the waraay,
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tions which, if they exist, will refute o
the wairrans.

A simplificd block diagram of the interactiva anxong these clt
ments is given in Fig. 11 The information provessing “structure,

consisting in pant of Ihe dccislonmak;{s' view o_t possible .md
probable action courscs and the “decirion muahon_modcl._ is
specificd by clements 3-6. Elvaicnt 2, the “ground.” compnscs
the situsuional data pertaining to the operational conditions
evtant. The claim, elemient 1, is the empineal statement which is
supported by other elements in this inforsnation proceasing struc-
wre. Toulnin shows through examples that the six clanents for

‘ncics, oF restrice
“niish the foree of

logical argument and reasoning cun be uscd as 2 model for

- ranonal reasoning in a number of arcas including law, scicnee,
ihe arts, management, and cthies. This siructured infocmation
processing model is abo sufficienily gencral 10 accommodate
analytical hierarchica) inference [165) [306) Thus it may well
provide a structured [ramework for information processing thal
can accommodate 2 vanely of informalion processing styles and
appircaches ranging from the purely qualitative and alfecuive, 1o
icasoning by analogy which may be a blend of qualituuve and
quantitative, to quantitatively based filtering and detection algo-
nthms. This could provide cnhanced understanding of the -
plications of chance, cause, and reason |35] in hwinan infonmatioa
processing,

Use of a structuied information processing format may reduce
the tendency for message distorlion due 1o the exacerbaling
varabLles presented in Table 11, perhaps to a considerable extent.
Mitrolf and Mason |255) have presented some supgestions con-
cerning use of structured logical reasoning 10 cope with ill-
structured policy pioblems and the often ocecurring divergence
beiween opposing furmulations and perceptions of large-scale
issucs.

Information summarization is necded in information systems
for a vanicty of rcasons. Proccdures 1o condense and organize
informaiion ioto a form that can be managed and used in an
cliicient manner are, \herefore, important. The struciured in-
loninaton processing model supgested here inay well provide
organizational support [or message oggregation and inlcgration
that will accommodate and encourage effcctive inlormauon sum-
muanzation. We pastulawe that this [rameviork may accommodaie
both receptive and preeentive styles of processing and summan-
tation of wnformation, 1. it will also accommadale nonnunren-
cal and numencal infor sanan; and thus hopelully enabile rapid
conversion from one .3 the other as nceded or desired for
diffcrent situalions.

In this scctipn we have eaamined a number of frameworks for
deaisionmaking. Qur particular interest is in the description of
these frameworks in a way compatible with and suppaortive of the
effective design of sysems and processes 1o aid groups in plan-
ning and decisioniaking. We describe 3 number of “rational™
wuvs in which groups muke decisions and pay particular atien-
lion to information processing needs in group decisionpiaking,

Use of a structured protocal for information provessing in sys-

wony for plunming and decision support is suggested as a genenc
supeestion of poenual ways 10 deteet and correet possible cogni-
tine huases that alfcet many judgment tushs,

. -
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'Cun a single, integrated system be devised
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MIS '{15 a mlrage B

to fill all of management's information needs!
Only if Superman lends a helping hand

H

Foreword

Every company ult any size has many information
systems, both fornial and {nformal. The formal sys-
wwms it uses cover such a variety of territory that one
man cunnot possibly comprehend the mass of details

.and principles reguired o design a single supersystem

that embraces thein all. Even a group of -ystems ex-
perts cannut create such a supersysiem, the author
aigues, because the components that must be anal-
gamuted are too diffeient in their natures 10 be fused

’l
v

¥

Some years ago 1 expressed the opinion that
“of all the ridiculous things that have bcen
foisted on the long-suffering exccutive in the
name of science and progress, the real-time man-
agement information system js the silliese” !

I no longer believe this statement is true. We
now have something even sillier: the current
fad for “the inanagement information system,”
whether it is called the Total System, the Total
Managemenr Information System, the Manage-
ment Information System, or simply Mis.

I certainly do nof mican to suggest that a com-

. pany does not ncad good management informa-

tiqn systcms—nothmg could be further from the

. truth. But the nouon that a company can and

ought to have an c)xpcrt [or a group of cxperts)

create for it a single; completely integrated super:
systera—an “Mis”"—to help it govern every aspcct
-of its activity is absurd.

For 'mapy businessmen, it.is probably incon-

ceivable that the lofty phrases and glittering

B “Myihool Reul- Thine Management Talonnatinag,” HUR.May:june

Nydd,ip. 14}, »

i
.2

i
|1

together eflectvely. After demonstrating the futllicy
of the Mis approach, the author recommends practl,
cal steps for reforming defective information sysiems.

Mr. Dearden is Professor of Business Administration
at the Harvard Business School. He s well known to
HBR readers, cspecially for his significant contributions
to the theory of divisional control. [A list of Mt.
Dearden’s previous HBR articles on Informatlon e
tems nppern in the ruled inscrt on page 98)

s

i

promises surrounding the Mis conceal 2 com:
pletely unworkable concept, Yer this is cxacdy

what ! propuse to dcmonstm:e-—thst a company o

that pursues an Mts embarks on a “wild: :§00s¢
chase, a scarch fora willso%the: wisp,

Let me fisst try to explain what I undesstand
by the “mis concept” and cxamine its alleged
advantagcs and then show why thc concept i isun:

" workable, Then | shall be in a pos:uon to reG:

a—n TELSSSAT DS SRTade

. management information systems, which certaln-
ly constitute a real problem for executives today. .

‘Confusion between terms

It is difficult even to describe the Mis In 2 satis-
factury way, becausc this conceptual catity is
embedded in a mish-mash of fuzzy thinking and
incomprehensible jargon. It is nearly impossible
to ubtain any agreement on how mis problems
are to be analyzed, what shape their solutions
‘might take, or how these solutions are 10 be



implemcnted. Thi% confusion makes it very dif-
ficult to atiack the concept, because no matter
what assumptionsga critic makes about the na-
ture of the mis approach a proponent can always
seply that his usey of the term is diflerent from
othurs’,

But there!is a common thread which runs
through the vanous uses of the term, a thread
that at once unifies hut also subverts the mis
Biucrature. This Riead is the computer-based
information systein,

Computer-based activity . ..

Wherever the Mls]is discussed, it is almost in-
vanably stated that a management information
systein does not necessarily require a computer
and that many forms of management infoima-
tion are not computc: -based.

Yet, if one looks at what is acwally being
dascusscd, he quickly discovers that the term
“mus’ is used, essentially, to stand for “com-
putcr-based mforination systems.” For example,
a recent article tn Business Week read as follows:

“{Some], vonceniied that systems analysts are
...a ‘mixed bag’ whose training and knowledge
are a hit-or-miss proposition, are convinced that
management nformation systems [mis) is the
emerging fiels in busness administration. Both
Wharton and MIT have tailored programs cspe-
cially for systems specialists, but no school has
gone further than the University of Minnesota,
whose B-school now oTers MS and PhD de-
grees in management infcrmation systems and
has launched an mis rescarch ceater. Since the
center’s opening three years ago, mis Director
Cordon B. Davis and his staff have woiked to
develop 12 new systens-related courses—from

on-line, real-time systems to a seminar on soft-

ware. In addinon, the program’s so MS and 22
PhD candidates spend a good portion of their
time alone and inytecams at work on actual
computer probless in industry.” #

It seems evident to.me that Ms education as
described here is principally education in com-
puter-based information systems.

It is vital w note, frst of all, that the in-
formation genciated by this kind of system does
not include a great dr:.ll of the information that
is most important 19 management—especially,
important quahmrivg information. Sccond, a
specialist group that develops such a system is
usually responsible for implementing only one
part of any of a company’s individual manage-

;
|

MIS is a mirage

ment information systems—namely, that pant
that interfaces directly with the computer. Tor
example, such a group has liule {if anything)
to do with specifying the nature of an account-
ing and financial control system, althuugh v may
be respunsible for the eomputer progranuning
this system cmploys. . '

My conclusion, therefore, is that such a group
has little impact on most of the information sup-
plied 1o management, particularly at upper lev-
els. Consequently it is ridiculous to say that
it creates [or can create] a total management
information system. -

.vs. MIS

To the extent that Mis refers only to compuny

information systems that use a computct base
and o the extent that everyone understands
tlus limitation, 1 have no serious quariel with
the uend to mis; it is yital that management
tightly control its computer-based infonmation
systems, and in general the so-called mis groups
scem designed to guarantee a2 tight rein to man-
agement.

In my cxpcm_m.c, however, such a linnted
definition of »is is not what advocates ol this
approach *to information systems mean when
they use the term. They intend something nuvel
and far more global, some ¢ntity that can provide
revolutionary benefits we cannot derive from the
traditional approach. Walwer Kenneron suggests
this definition of the mis: _

“A management information system is an or-
ganized method of providing past, present and
projection information relating to internal oper-
ations and external intelligence. 1t supports the
planning, control and operauonal function,of an
organization by furnishing uniform informa-

-tion in the proper time-frame to asslst the deci-

sion-maker.”?

This is approximately what 1 perccive most
people to mcan by sus. And f this definitiop
scems grandiose, 1 can only remark that “the
management information system” d scribes a
grandiose idea. If the definition were L:ss global

-in its scope, it would not mmessure up to the

werm, If, for example, one were 1o limit the def-
inition to the context of a company’s finanaal
accounting programs, he yould have to speak
of the financiul mis of the -company, 1athier than
its general mis,

} Junci, V0L p v

3 AHS Uanevis, ™ Lheti Musugement, Sepremi i
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However, in practice, no such limitations are
intended. Kenneron's inclusive definition of the

mis approach is guite consistent with the ncarly

universal benefits ctaimed for it.

The MIS uppfz)ach

Given this inclusive Jdefinition, how is manage-
ment to apply it In other words, how should
managzement think abour the problem of setting
up an Mis?

Fundumental ussumptions

First, it appears that if management wishes to
- subscribe to the theory of the mis, it must make
up its mind ta accept two fundamental (if high-
ly questionable) assumptions that are quite dif-
ferent from traditional ones made i this area:

1. Management infornation is a subject for
study and specialization. That is, it is sufficicntly
homogeneous s6 that a set of principles and
practices can be esablished for cvaluating all
management's information needs and satisfying
them. In short, thc Mmis approach attacks all
the problems of mauagem:.m information as a
whole, rather thun by individual areas, such as
finance and marketing. This homogeneity is a
necessary assumption, since without it there is
no reason why gencral solutions to a manage-
ment’s infornation requireinents can be found.

2. The systems approach can and should be
used in analyzing management’s information re-
quirements. Proponents claim the systems- ap-
proach is necessary for mastering the sprawl of
requirements and for synthesizing the general
mis solution. {I shall have more to say about
the systems approach later.)

-

Diagnosis & development

Once management has accepted these two -as-

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

0O Management can hire an Mis expert to act
as a superconsultant to the president of the
company. This expert studies the types of prob-
Jlems that the president must solve, the decisions
that he must make, and so forth, and recom-
meads methods for satisfying the president's
total information requirements. He then drops
10 Juwer levels of management and provides the
same services there,

In gencral, the expert depends on others to
implement his recommendations. For example,

_ the controller becomes rcsponublc Jot’ chang-

ing the cost accounting system in the way -the
consultant recommends, K

O Management can create a suff department
that reports to the top. This group is responsible
for the company’s computer-based systems but
also provides the same type of diagnoses and
evaluations as the supciconsultant.

The staff group, unlike the consultant, usual-
ly has responsibility for implementation.

Its alleged advantages . ..

Under this approach, then, either a single person
or a group of persons is responsible for devel
oping and overseeing the construction of the
entire management information system. This
concentration of authority and responsibility in
the hands of systems Lxperts supposedly creates
a nuimnber of significant advantages:

O Experts schooled in the mis “discipline”
can analyze management’s information needs
more effectively than can the people traditional-
ly responsible for satisfying them. Moreover,
these c*cpcr\s can better determine which tcch
niques will best meet these needs.

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

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

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

O Since one expert or group is re<ponsible for
the system, managcment’s desire that the sys-
tem be kept up-to-date can readily be satisfied.

In short, the proponents promise, experts can
design an aus that is more cffcctive, more ef-
ficient, more consistent, and more dynamic than
the haphazard aggregate of individual systems 3
company would otherwise employ.

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

.



proach was dcw.lopud to solve the real prob-
lems of poor mlormauon that have becn-plagu-
ing managcmcm with increasing frequency.
The growing complexity and the pace of change
of modern business, especially in the last ten
years, have surcly made many information sys-
tems obsolete and many more inadequate for
present tasks.

Equally, the last ten ycars have scen the ex-
tensive development of information technology,
mauahcmcm science, and systemis analysis—a
developmient that has been accompanied by
rapid glowth in*the number of experts working
in information systems.

To some—that is, the proponents of mis—it
scemed logical to centralize the development
and comrol of information systems in the hands
of these prem Alter all, the problems that
beset m[onuanon systems have been the 1esult
of changc and growth, they reasoned; and these
problems ‘could perhaps be solved by using
the new information technology that had been
developing simultancously.

Scveral companies have tried this approach,
and many pcople cuntently advocate it In spite
of 1ty apparenu logic, however, T know of
no company i which it has worked out. This
fails to surpnse me because, as ! have already im-
plied, I believe the whole mis approach is funda-
mentally fallacious.

.. & its reql fallacies -
: r
There are’ four Aallacics and one serious mis-
conception inherent in the mis appioach, as 1
have dc.scnbcd it. The fallacies are these:

° Manabemcn_t information is sufficiently ho-
mogeneous so that it can be made an area of
specialization for an expert.

¢ It the different information systems ordi-
narily used by a company are developed sepa-
rately, the resulting management information
system will necessarily be uncoordinated and
therefore ineflicient and unsatisfactory.

¢ The “systems” approach is a new boon to
business administration.

O It is practicable to centralize the control
over a company’s entire management informa-
tion system.

' ’
The misconception is this:

O The specialist expertise that creates a good
lugistics system for a company can cxtend its
talents into the broad domain of gencral com-

+
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pany activity and create a general management
information system.
There is no reason to SUppose an MiIs group can
actually do this—in fact, there is gond reason to
think it cannot. ;

Let me refute these errors one by one.

1. The true MIS expert does not and cannot exist.

A complete management information system
consists of such a huge assorvment of different
types of activities that no man can pussess a
broad cnough set of special skills to apply to
even a small proportion of then. Consides the
skills required to build any one of these individ-
ual information systems.

The financial accounting and control svateny:
This includes preparation of financial state-
ments, development of budgets and long-range
plans, analyses of capital invesuments, publica-
tiun of product costs, and so forth.

Tiaditionally, the controller is responsible for
all these financial subsystems; with respeet o
the financial information systems, he plays the
role that the mis expernt is supposed to play in
the general management information systems
In complementary fashion, the mie vaperr st
have a thorough understanding of the convrol-
Jer's systems function.

The logistics information system: This systn
controls the flow of goods fram the puichase ot
raw materials to the physical distribution of the
finished products. Next to the Anancial cont.ul
system, it is probably the most comprehcusive
information system in the typical manufacturing
busincss.

A logistics systemy normally consists of several
subsystems of varying degrees of independence.
For example, there could he distinet systeins for
different product lines. Within cach product lie,:
furthermore, there could be subsystems for pio-
curcment, production scheduling, finished goods,
inventory control, and so forth, and «1ill vthers
for plant utilization and expansion. Depending
on its industry, a company has a larger or smalles
number of complex, interrelated logisties in-
formation subsystems.

The critical point to note here is that the
logistics information system is almost complete-
ly different from the financial infurmatuon ays-
tem. In point of fact, most of the shills needed
to develop financial information systems are of
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no usc in developing logistics information sys-
tems and vice versa. Even the user relationships
are different. In building a financial information
system, the contraller develops a system that
provides m[nrm.:tlon for management outside
the finance functidn, whercas logistics informa-
tion is normally developed and used by the
prople directly concerned with logistics.

Furthermore, logistics subsystems frequently
have Jitde in common with cach other, so that
an expert in one type of subsystem might not be
able o transier his expertise to a different type.
For cxample, there may be little or no similarity
between a procurement information system and
a finished-gouds distribution system. Like the
financial system, the logistics information sys-
tei or subsystem is a job for a specialist.

The muarketing information systems: Like the
two systems just described, the marketing in-
formation system can also consist of a number
of subsystems. A company may maintain sepa-
rate subsystems for! separate product lines; and
within a product line, it may maintain further
subsystems for advértising and sales promotion,
“shaort-term sales forecasting, long-term sales fore-
casting, product planning, and so forth.

Again, the critical point is this—a marketing
information system is almost completely dif-
fercat from the othcr two.systems. Consequent-
ly, expertise in cnther or both of the other sys-
tems would be of lumtcd value in dcvclopmg
a marketing mfmmatlon system and vice versa,

i

Legal services, industrial relutions, and public
relutions: One of the major purposes of each of
these staff functidns is to provide top-manage-
ment with specialized information different from
that provided by any other staff officc and differ-
ent from that provided by the three information
systems previously described.

RaD reporting: The information system man-
agement requires in this area is distinct from
all others, and expertise in these other arcas
offers limited help in developing an R&D in-
formation system.
In short, except in :hc small company (which
probably needs only. simple systems), there are
several inlormation systems that have very few
similarities and many wide diflcrences. Con-
sequently, it mikes no sense to regard the pro-
cesses of developing and implementing these
scveral management information systems as

s >

9 :

constituting a single and homogencous activity.

. 1 conclude that few, if any, individuals have
thc training to call themselves experts in'man-
agement information systems. Indeed T belicve
it is much more practical to teach the new in-
formatiun technology to the functional experts
than to teach information technologists func-
tional specialties. After all, the man who could
master all the functional specialtics—the true
mis expert—would have to be an intellectual
superman; and heace he does not and cannot
exist except, perhaps, as a very rare exception.

If an aus can be implemented at all, it can
only be implemented by a staff group, and onc

of considerable size.

2, Courdinated systems for functional areas can
be developed without a ‘total systems approach.’

“Unless you develop the mis as a single, inte-
grated systemn, all you will get is a bunch of un-
related, uncoordinated, ineffective systems.” If
I have hecard this statcment once, [ have heard
it a hundred times; and it still is not true.

I have secn many syslems that have intricate
interfaces with one another and that are sull
eflicient and effective. In the automaobile indus-
try, for example, the development of a new
model car involves many functions—styling, ¢n-
gineering, product planning, finance, fanility
planning, procurement, and production schedul-
ing. Each functional unit develops its internal
information system for controlling its parnt of
the opetation, in addition, at each interface, the
functional units exchange the information nec-
essary to maintain coordination between them.

If an information system is incflective, the
cause is very likely to be the incompetence of
the people responsible for it, not the absence
of the gencral mis approach. In this connection |
might quote Williamm M. Zani:

“Most companies have not conceived and
planned their management information system
with any significant amount of attention to
their intended function of supparting the inan-
ager as he makes his decisions.”

Zani goes on to suggest a new appross h to de-
veloping an Mis as a solution 10 this situation,
My solution would be to make some persunnel
changes, because anyone who fails to design an
informution system for its users is incomputent.

Such incompetence is very prevalent. | have
seen dozens of companies where management is

&, “Blucpnad for MIS,” LIAR November-Decembes 1y20, p. 94,
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not receiving half the relevant accounting in-
formation that could be made available il the
financial information system had been properly
designed in the Arst place. And although [ am
not sufficiently expert in other types of in-
formation systems to know whether the same
situation cxists there, 1 have no reason to belicve
accounting is worse than the others.

To assert that such problems as these result
from the independent development of different
information systems, rather than from sheer and
ordinary incompetence, is simply ridiculous—
and 1o recommend the “mis cure” is even more
ridiculous. To ensure that a company has effi-
cient inforination ‘systems which are well co-
‘ordinated with onetanother, management need
only bear down on'the personnel in the various-
functional areas who are sesponsible.

3. “The systems approach’ is merely an eluborate
phirase for ‘good meanagement.

There are many definitions of the systems ap-
proach, but the following is representative:

“The systems approach to management is
basically a way of thinking. The organization
is viewed as an integrated complex of interde-
pendent parts which are capable of sensitive and
accurate interaction among themselves and with
their environment.” *

What dous this mean? It took me some time to
figure it out.

When the systenis approach first appeared in
the literature, 1 had a great deal of difficulty
understanding the concept; and my confusion
increased until [ started asking people this ques-
tion: “What would an exccutive do dificrently
if he weie to adopt the systems approach in place,
of the traditional one*

Without eaception, the replies I received made
assumptions about the traditional approach that
simply are not valid. For example, some assumed
that the exceutive peiccives his organization as
static; others, that he fails to consider the inter-
action of related variables. In other words, the
replics were predicated on an incompetent, even
a stupid, exceutive..

Thus I concluded:thae the alleged advantages
of the systemis approach really result from the
difference beoween: an adequate and an inad-
cquate numager. H you doubt this, 1 invite you
to ask the question 1 did the next time you hear
$. Apyium Mubindab i, *The Whys anyd Wherchorss of the Systvan

Appoach,” Funywan Ruvigess, Sumaser 1975,
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somcone champion the systems approach to
management.

It is therefore not surprising that good man-
agers follow the'systems appruach, because this
approach is merely the ancient art of manage-
ment. Would a competent business executive
plan a major expansion program without con-
sidering the sources and timing of funds, the
availability of people, the possible reactions of
competitors, and so forth? Certanly not. And
he would consider them in relation tw one
another.

My conclusion, then, is that the systems ap-
proach is precisely what every good manager
has been using for centurivs. The systems ap-
proach may be new to science and to weapons
acquisition, but it is certainly not new 1 busi-
ness administration.

At this point, let me summarize briefly. Firse,
an mis would have to be developed by a group
composed of experts in the various types of in-
formation systems uséd by management. This
must be so because the possibility that a single
individual will be expert in oll types af infor-
mation is emaote. Second, the approach wiken
by the mis group would be approximawely the
same as that taken by any competent and expent
manager working in one of the functivnu! m-
formation systems.

How, then, does the mus approach differ from
the rraditional approach o infermation syswmsi

The only dificrence | can see is that a com-
pany’'s management information system would
he the respousibility of one centralized group;
whereas, traditionally, the information systcms
experts have been located in the various fune-
tional arcas. This brings me to the last fallacy—
that such centralization is ptacticable.

4. Centralizing the contral of a4 company's in-
formation systems in o staff group creates piob-
lems that are insoluble; therefore it is simply
not feasible.

It is theorctically possible to assemble a staff
ais group that is sufficiently targe and diversi-
ficd to have expertise in all the formal informa-
ton systems described carlicr-marketing, man-
ulacturing {logistics], finance, and so losth. But
w oiganize this group properly, the company
should appoint an executive viee president for
information to supervise the work of the gioup-
that is to say, the systems of the stafl vice presi-
dents, the controtler, the logisties inlormation
sroup, the marketing information group, and s
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forth. But what would this accomplish? Let me
ignore the fact that no sane manufacturing or
marketing  executive would delegate the respon-
sibility for his information system. i
One result might be that this executive vice
president for information would promote better
courdination between functional arcas. On the
other hand, of course, the problems of coordina-
tion would drastically increase in the manufac-
turing and marketing areas because the sespon
sibility for the information systems had been
separated from the people who hold the line re-

_ sponsibility. And in any event, simply baving
* all of the information groups, including the mis
~ group, report to a single exccutive would hardly
F

change the approach to developing information

* systems. Th'ps the special value of the mis ap-

)

3

{ Lo .
proach is still obscure.

In short, it scems to me that if any of the
mis people are competent to tell the functional

" experts what to do, they should be in the func:

tional area. I sce no logical way to centralize
the responsibility for all the management in-
jormation systeims.

y Significant misconception

lf the aits approach is as fallacious as I believe

| I . . . .
- it to be, how has it been able to maintain cven

as a whole.

a superficial credibility?

The answer, as | have hinted earlier, is this:
the early success of information tcchnology in
rerovating logistics systems has been so great
that there is 2 natural inclination to try the same
methods on the company information systeras

This misconception has evolved in a natural
enough way. Responsibility for 3 logistics sys-
tem has traditionally been divided among sev-
eral cxccutivfcs—c.g., in purchasing, in manu-
facturing, and in marketing. This divided re-
sponsibility has often resulted in poor coordina-

‘tion through{)ut the system. Furthermore, the
‘people responsible for the system have often
‘been old-fashioned in their inethods and rela-
-tively unskilled in information techniques. Thus
‘a vacuum has frequently existed with respect to

the responsibility for a company’s logistics in-
formation system into which the burgeoning
information technology has moved easily and
successfully.

However, as we have seen, there is no reason
to suppose that the principles of information
technology uscd so successfully in the logistics

area can be generalized to apply to the other
1 n
!

¥
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managencnt information systems witiun a come
pany or to che management information’ system

" considered as a whole. _

»

Thus, when a group of experts has completed
its overhaul of the logistics system, it_will not
be in a position to attack the financial, market-
ing, or any other system. First, the goup will
not have the specialist expertise required. See-
ond, the type of problums the group may have
found in the logistics area will ahinost ¢certainly
not cxist in other areas if the <tafls in these
oher arcas are competent, Third, there will be
no responsibility vacuum as in the logistics area,
the aus group will not be in a position to take
over by default.

If you have any doubt about the validity of
these statcments, I suggest that you examine
the kinds of things that any Mis group is doing.
Outside of the routine computer systeins, you
will alimost certainly find them concerned ba-
sically with parts of the logistics infonmation
system only. -

Roots of poor information

So far this article has been quite negative. Now
I should like to suggest some positive actions
to mitigate the information crisis, if it can be
called that. Before I propose these actions, how-
ever, it is appropriate to review the causes of
manageiment information problems.

As I have pointed out, the principal cause
of poor information systems is that we have
put incompetent or ineflective people 1n charge
of these systems.

The secondary causes are somewhat more
complicated.

Growing use of computers

Computers and computer-related sysiems active
ities have been growing very rapidly, and cur.
rently the cost of these activitics has become
very significant in many companics. {n spite of
large expenditures, however, the quality of the
information available to manag.ment appears
unimproved.

One reason is, of course, that some computer
installations are not run cflectively. Another is
that the computer-based information systems
have been oversold; management has Leen led
to expect mych more than it has reccived. In
other words, management’s dissatisfaction with
its information occurs, not from any deteriora:
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tion in its information systems, but {rom its (B

inflated expectations.

Interface conditions

Individua) sysiems change and improve at dif- .
ferent rates, and this creates problems at the

interfaccs between them. For example, optra-

sians rescarch technigues, used in modem lo-

gistics systems, require much more sophisticat-

ed cost accounting information than traditional

cost accounting techniques can generate. Prob-

lems can also occur at the interface between

production and marketing, because production-
scheduling techimques are frequently much more

sophisticated than the techniques ordinarily

used in market forecasting.

In gencral, the benchts of advanced tech-
niques may be largely lost where they are de-
pendent on primitive ones. {To some extent, of
course, the pioblem of proper coordination at
the interfaces reflects the competency of the
staff involved. Other things being equal, only
an incompetent would use an advanced tech-
nique whose cflectiveness would be undermined
by inadequate support.)

Rapidity of change

Many companies are changing very rapidly, and
it is necessary that their information systeins
keep pace. In some companies, information sys-
tems are not keeping pace. To some extent, this
1s caused by the inability of the staff personnel
traditionally responsible for information sys-
tems to react to change. After all, many people
who were.once petfectly adequate in a relatively
static situation become incfective in a dynamic
situation.

.

Greater management challenge

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

For example, 1 have spent many ycars working
on control systems for decentralized companies.
The problems of contiol in such companies today
are inuch more- difficult than they were ten
ycars ago—increases in size, complexity, and geo-

R ha
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graphical dispersion have made control much
more diflicult. Yet the new informauon tech-
nology has been of little help in this atca, simply
because the problems of controlling ducentral-
izcd divisions do not lend themselves 10 com-
puterized or mathematical solutions.
Accordingly, it is important to realize that
part of our information crisis results from the

‘nature of the present business environment. We

shall simply have to live with it. Thi. does not
mcan, of course, that we should not continue
trying o improve the situation. |

Toward real solutions

Any company that believes it is facing genuine

management infonnation problems and wants
to solve them should consider the following
measures. el

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

To my mind there is no question that incom-
petency ;s the leading cause of problems in mainy
management information systems. Hence the
obvious answer is to retrain or replace the in-
competents. '

2. Examine the interfaces.

This is best done in connection with system
evaluati~r, and the examination should focus
on these evalvative questions:
OIs thize ad:guie communication between
individual groups at all important interfaces?
The executive might bear in mind formal 1ech-
niques such as scheduled meetings and formal

‘agrecmaents.

O Does each group involved in an interface
know ernough about the other interfacing sys-
tems to do its job effectively?

This is a question of education. For cxample,
cost accountants should know enough about
company operations-rescarch models to be sure
these models are providing correct inlormation;
or, at the very least, they should be able o ex-
plain o the OR group the relevant limitations
of the information their group can supply. On
the other hand, the OR people should know
cnough about cost accounting to ask for the sight
type of data and 1o appreciate the limitations in
the data they 1cceive. :

But although this is principally a matter ol

I T i e TR o Y
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cducation, it may well be that some staff mém- gumlpulcr based systems and might cven under-

bers are not intellectually eapable of handling

-nterface requirenents, and they may have to

be replaced. t ’
L

3 Examine thc logistics system,

‘Originally many logistics systems were organized

for manual data processing and have never been
changed. Equally, the procuremet, production,
and distribution functions typically report 10
different executives, and consequently no onge is
formally responsible for the logistics information
system. Since it is here that compuwers and in-
formation technology are most applicable, man-
agement should evaluate its logistics arca and,

Readers particularly interested in this topic may wish

to consult these pievious HBR anicles by Professor

Dearden: )

“Can  Managenient  lafurmation  Be
March-Apeil 1964, p. 128. .

"Computers: No Impaer on Divisional Control,”
Linuary-Februaiy 1967, p. 99.

“How 1o Qrganize lnlnrm.mon Systems,” March-April
1963, p. 65.

“Myth of Real-Time Mnnugcmcm Informarion,” May-
lune 4966, p. 123,

Automated?”

Fur more perspective on the cris-miy controversy,

teaders may also findd these HBR anticles helpiul:

Warren F. McFarlan, “Problems in Plunning the In-
furmation System,” March-April 1971, p. 7.

William M. Zani, “Blucprint for Mlb * November-
Decemiber 1970 p. 9s.

+
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where appropridte, reorganize it and make a staff
unit, responsible for its logistics information sys-
tem, report to the company officer who directs
the logistic system itscif.

4. Otzanize a central :.ompu!cr group for systems
mmrol .

Computer use will continue to expand, and it is
vital that management maintain central control
over computers and computer-based information
systems.® Such a group should be responsible for
ovciseeing all computer-related work—for long-
range planning, coordination, and control of all
computer acquisitions and applications. In addi-
tion, it should be responsible for coordinating

& Suvc Warren F. McFaran, “Piobloms in Planning die Inlulmnwn

Sy~tam,’” HBR March-April 1971, 9. 73. o
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take the systems and implementation wotk in 2
situation where several organization groups use
the same data base.

Most companics already have such groups.
Some are even called “mis groups,” although, in
reality, they have authority only over computer-
related work.

5. Create an administration vice president, if one
does not already exist.

1 recommend che creation of an otice 10 which
the following report:

O The controller.

O The tieasurer.

O The computer and systems group.

O The legal office.

O The industrial relations office.

O Other offices for company relations [that is,
public and governmental.

O Organization planning.

The marketing, manufacturing, and R&AD grou,s
would conminue to be independent.

Such an office has several advantages:

O 1t provides better control over the staff ac-
tivities. The increasing number ol staft opera-
tions, together with their incicasing specializa-
tion, has made it nearly impossible for the presi-
dent 1o exercise real control here. An admin-
istrative vice president can exercise much more
cHlective control over the size and Jdiection of
these activities.

0O It provides a practical alternative to locating
the computer and systems group in the con-
troller’s office. An administrative vice president
can provide cffective supervision and, 4t the
same time, maintain an objectivity that a con-
troller often finds difficult because of his in-
volvement with specific computer applications.

O It allows the company to handle miscellan-
cous projects easily—for example, an cval .ation
of a functional information system or an analy-
sis of the formal information entenng the presi-
dent’s office. To take care of nonrecurring or
particularly pressing information systems prob-
lems, frequently the best arrangement is to or-
ganize temporary task forces that report 10 the
administrative vice president. ,

O It simplifies the process of coordinating staff.
offices. '

. M ..
However, I would not make the administrative
vice president or the offices reporting o him



ion in Its Information systems, but from its (&)

inflated expeciations.

Interface conditions

individual system’s change and improve at dif-
ferent rates, and this creates problems at the
‘interfaces between them. For example, opera-
tons research techniques, used in modem lo-
gistics systems, require much more sophisticat-
cd cost accounting information than traditional
“cost accounting techniques can generate. Prob-
Jems can alse-occur at the interface between
production and marketing, because production-

scheduling techmques are frequently much more

sophisticated than the techniques ordinarily
used in market forecasting,

In genctal, the benefits of advanced tech-
niques may be largely lost where they are de-
pendent on pimitive ones. [To some extent, of
course, the problem of proper coordination at
the interfaces reflects the competency of the
staff involved. Other things being equal, only
an incompetent would use an advanced tech-
nique whose cffectiveness would be undermined
by inadequate support.}

Rapidity of change

Many companies are changing very rapidly, and
it is nccessary that their information systeimns
“keep pace. In some companies, information sys-
-tems are not keeping pace. To some extent, this
s caused by the inability of the staff personnel
- traditionally responsible for information sys-
tems to react to change. After all, many people
who were once perfectly adequate in a relatively
static situation become incflective in a dynamic
situation.

Greater management chullenge

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

For example,  have spent many ycars working
on control systems for decentralized companies.
The problems of contiol in such companics today
are mnuch more difficult than they were ten
years ago—incrcases in size, complexity, and geo-
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graphical dispersion have made contiol much
more difficult. Yee the new informauon:tech-
nology has been of little help in this aica, simply
because the problems of controlling decentral-
ized divisions do not Jend themsclves to com-
puterized or mathematical solutions.* .
Accordingly, it is important to realize that
part of our information crisis results from the

‘nature of the present business environment. We

shall simply have to live with it. Thi. does not
mecan, of course, that we should not continue
trying to improve the situation.

Toward real solutions

Any company that believes it is facing genuing

management information problems and wants
to solve them should consider the following
measurces, et

1. Place competent people in each of the formul
information sysiems.

To my mind there is no question that incom-
petency ;s the leading cause of problems in many
management information systems. Hence the
obvious answey is to retrain or replice the in-
conm.perents.

2. Examine the interfaces.

This is best done in ‘connection with system
evaluati~n, and the examination should focus
on thece evaluative questions: A
OIs thire ad.guie communication between
individual groups at all important interfaces?
The exccutive might bear in mind formal wch-
niques such as scheduled meetings and foimal

"agrecments.

O Does each group involved in an interlice
know er.ough about the other interfacing sys-
tems to do its job effectively!? i

This is a question of education. For example,
cost accountants should know enough abuut
company operations-rescarch models to be suic
these models are providing correct intormatioi;
or, at the very beast, they should be able 10 ex-
plain 10 the OR group the relévant limitations
of the information their group can supply. On
the other hand, the OR pcople should know
enough ahout cost accounting to ask for the sight
type of data and to appreciate the limitations in
the data they receive. _

But although this is principally a mauer ol



responsible for the entirze management infor-
mation system. Marketing, manufacturing, and
R&D would all be responsible for their own in-
furmation systems. Also, the different activities
seporting to his office would devclop their in-
formation systems In relative independence ex-
cept where interface communications are in
question.

Questions for my critics

Incvitably, 1 shall be accused of setting up a

straw issue in this article and then demolish-
ing it.

H the mis approach really embraces only com-

puter-based information systems or centralized
logistics systems, then 1 have set up a straw
issue. No harm has been done, however, because
I have at lcast clarified the meaning of “mi1s.”

Kut I cannot believe the concept is meant to
embrace only this. 1 have done my best to dis-
cover what the mis approach really is, through
talking with its proponents and studying its
litcrature; and this article honestly represents
my best understanding,

If I am correct in believing that the approach

©

J v
~ pretends to embrace more than computerized

Misna mi.\aac

systems and logistics, then 1 have not sct up a
straw issue. And those who doubt my conclu-
sions, negative as these may be, would be wise
to ask themselves the following questions before
they take up the pen of protest: ‘
O Which information systems arc to be in-

.cluded in the mis?

O What kinds of experts ate to be included'in
an Mis group, and what training shall ihey havel

O Where is this group to fit into thy coiporate
organization? In particular, what will happen to
the staff gioups from the controller's office, the
Jegal department, the marketing rescarch depart-
ment, and so forth!

O What authority Is the mis group to have!
Is it to have authority to design and implement
systems, or is it to serve in en advisory func-
tion only?

© What can this group accomplish that cannat
be better accomplished by placing information
specialists under functional groupst

Arguing the viability of the aus appioach is
pointless unless answers to these gquestions are
set forth clearly. And the clearer the answers, |
believe, the hrore transparent the Mis mirage.

Scientists
& critics

Morninaer Taube,

Cumputers and Conmon Sense,
New York, Colu abia Univenily
Press, agdt, pp. 113, 134,

The criticism of scicnce in the twenticth century s a kind of lése imimesid
somcwhat equivalent to criticizing the Roman Cathulic Chuich in the
twellfth contury, It is scldom realized that every form of intellectual en-
deavor with the exception of scicnee has bath practitioncis and infurmed
critics. These critics in the Rclds of pouctry, Activon, drama, painting, sculp-
ture, music, etc., not enly funciion as interpretens of the practitioners w
the general public, but as critics who compare and evaluate the wuik of
the practitioners. A critic who never wrote a poem, composcd a score, o7
pointed a picture may perform the valuable service of noiing that a pas-
ticular poem, score, or painting is uninspired, shoddy, or imitative, Further
more, no onc seriously supposcs that the wark of such critics cunstitues
censorship or restyiction on the free creative spirits of poets, mumsicians,
or painters. But scientisis have insisted that any criticism of their work
does constitute censorship or a failuze 10 appreciate the necessity for
“basic” {which sometimes should be read as trivial or useless] noscarch. ...
_The way things arc now, If somcone can get by with pree=:pting the
use of the team “scicnce’” he is relanively free from exposure as o chatlanan
even If he is onc,
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MANAGEMENT MISINFORMATION SYSTERS®

* RUSSELL L. ACROFF
U=iscrsity of Pezraphivnia

Five ssstumptiors commonly made by desipoers of toansgement information
systems are identified. It is argued that these are Dot Justifed io maoy Gf not
. ost) cases and roeo kad 1o major deficenties o the resulting gystems.
. There sssampiions are: (1) the eritical deficiescy nnder which moest mausgrers
operate is the lack of relevant inforrmtion, ) the enshuger needs the for-
pation be waots, (3) B s mansger bas the i2¥ tion be ds kis decidon
srpanizstions] perfoimance, and (5) a toacaper does Dot bave to enderstand
bow b izforcstios sysien works, ealy bow to ooe it To vvercome these
eesurplions and the defriencies which reacit from them. & mamagrivent
taformation system ghould be lmbedded in o mrcsgeswmt contrad system
A procedure far designing such & sy¥iem s proposed sod en example is given

of the typr of captrol system which it produoes

", The growing preoccupstion of gperafions yesearchers and management scien-
.- 45 with Manarewent Informmation Systemas (MISs) s app=rent. In faet, for
=2 the desirn of woch systems hos almost become synonymous with operstions
earch or management science. Enthusiasm for soch systens is understand-
" it involves the researcher in & ramant:c relatienchip with the mo<t clhamoroos
Arument of our tone, the computer. Such enthusiscm is understapdable bat,
- vertheless, rome of the excesses to which it bas Jed are not excusable.
_ Contrary to the bnpression produced by the growing literature, few com-
_-ategrired mensgemeot information systems bave been put isto operstion. Of
. Sosk I’v¢ teen that have been implemented, reo<t have not matched expectations
* ud some bave been outright faiftures. I belreve that these nesr- and far-misees
tould have been avoided if certoin falee (and usuolly implicit) assamptivns ca
_-Eabmywﬁmﬁw-h_g;amdhdmtbmm
There seexs to be five cormmon #nd.erroncons assumplions undeslying the
" &esign of most MIS's, each of which I will extsider. After doing eo I will outhine
iulﬂsdei@;nnadmth'xhamﬂstbﬂzmp&ln.\

Give Them AMore - -

Nost MIS's are desicoed oo the assumption that the criticsl deficiency under..

+ which most mansgers operate is (he lack of selous! informotion. 1 do pot deny
. tat mpost manspers lark a good deal of information that they shouid bave, Bot
1do deny that this b the most importsnt ixfenmational deficiency from which
ey cuffer. It seens o me that they suffer mure from a0 cver chandoas of
d l !-ﬁ !- -

*® Eer=iocd Baun BSSI. ' -

|
|

e
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This is not s play oo words Th:wns;qmdd:?n;%:;ﬁnﬂnz_zb&d-u ’
IS from sopplving relevant informatics o eficzineling freedeveni lcemagiy, .

% coneideratle. I one is prececepied with suppisisg roevant x::.‘mun
ottention i almost exdlusively given to the gensrativn, slorsse, 224 zeldesdof
$nformation: bence emphasis is pisced o3 comstrocling dals bedls, eodg
#hdexing, updating files, acress languazes and gaca. The idesl which bas enerped

fro:n this orientstion is 3o infinite poo of ¢ata inlo which o manager e reschte

pull out eny information be wenis. ¥, ca the other hand, one rees the emxvager;

Information problem primarily, bt pot exclosively, ss cne that arims out of my -

oraabtmd:.uu:dhdzmthﬂmmaﬁcn,mm:dwhﬂmnotﬁadht,&:n
the two moel important functions of an Ifoostion sysiem become fltatin
{mrrﬂuﬁm)mdmdmnﬁmnmmmMMLﬂSaﬁdnmrdmbh

fuenetions et slone coasiders how to earry them ool

Mycxpcricnceindicﬂcsthatmostmugusnnéfembmdshﬁ'm

. information) than they can pozsibly absarb evea If they spend ol of their time

trying Lo do 0. Hence ther olresdy suSer from an iformation ovedesd. They

- moust gpend agrutde:!dlimeapmﬁn;thndwm:fotmthe'mdﬁmm

eearchir fm!hekundsinibcxdcmtdom&?urmple.lhﬂkm:‘
thnll:fcﬁreannemgedfmt54bnehmudmﬁnﬁ.£!drmﬁn;mn!
exch week. The solicited material is vouslly half agsin this amount. .

1 have scen a dafy etock status upc:tthntms'shde
bundred pages of camputer print-out 'Dzenpoﬁucnmhteddaﬁymm-
egers” desks. T've alto reen requests for maie upitalc:pmdnmuthnnfnen
bmkﬁ:qmﬂdwhicbmdkinhledlowud{mhhs@
mmnmmfwmnymn:;mhm&mmnvmgedm)ma!nduc
toore. Qoe could goonand o, - - )

Uoless the inl’o‘t:létiun mﬂmdwwhi:hmna;mmmbjedu!umduﬂ
any 2dditional informatios made avail:ble by an ALIS eannot be expected tobe
used effectivey. . )

Even ttkn:n documents have too mush redundancy. Aost dorueats o=

. be cocsiderably condecced wittout loss of eoalent My point hee best made,

pcrh:lps.bj'd:crilﬁ:;bﬁaﬁymupuimsntthﬂnktdmymnn;mﬂd!
Mmldmmeonﬁlmtmmrdgwsmﬂymnpmddwenf;:
experts we Keatibed fous OR articles that all membera of the pand €007
bk“wm'mdlmmﬂﬂhsmumﬂudb.h_'w_ °
m'mmmusdlheéghtmidumukdbmm gl
examinations (durtion thirty minutes) p!mnnsmlnr;ndunﬂnﬂﬂ' o
were tabe asizned the articles for reading. (Tar guthors were ot inforzoed )
this-experiment) Then several experienced mi!mm ?skcd io'!d‘r:: ot
grticle to-§ and § of itz original Jength ouoly by elminating n—nsd:._ o o
W’dlﬁﬁdﬁh&!ﬁlﬂfﬂ:ﬁuﬁﬂ&,ﬁmﬁ_théﬂﬁtmﬁﬂm
gze the cxaminations to be given to (be stodealn. R
Amawmmmnmwmmdmm <

@tn celeeted” Ench coe was given for '%Mmﬂ‘hdﬁ .

.
- . . .
- -

o moE als




- MANAGENTNY PUSIXFORMATION SYSTEMS - Bi&
¢ «xs i ooe of its four versions: 100%, 67%, 33%, or shstract. Each version
§ eth saticle wns yead by two students. All were given the rsme examinatioos,
j'mavuégqmcnth:uaminaﬁummﬂammpamd. . -

} Far the sbovesversge articles there was vo significaut difierence betwem
i gerage test scores for the 100%, 67%, nod 3% versions, but there was a
! arificant decrease in average fest scores for those who had resd caly the
;mfwl&bdnw{mgeuﬁda&muumﬁﬁmhaww
EMMg&mmmm&elm%,ﬂ‘é,and&Svuﬁmbﬂm
] w3 & Egnificant increare in average test soares of those who bad re2d cnly the
¢ shstract . :

+  The symple vead wos cbriousty too smill for general ecoelusions but the
" esaits strongly indicate the extent to which even good writing esn be copdensed
{ citbout kez of information, J refrain from drawing the obvioos coaelusion
! soovd bad writing, .
I It sers dear that eondeanntion e well os Eltration, parforoed mechanieally
i ar otherwise, should-be an essentinl part of an AfIS, and that suck & system
; sould be eapable of handfing much, ¥ oot 2, of the onsobicited as w=il &8
: eoficited informatinn (hat a ar=gager receives. - ) A
The Manazer Needs the Informatiom That He Wants o
Most MIS desipners “detrrmine™ what information i pesded by asking
managess what information they would Lke to have. This is based cu the as-
. sumption that menagers know what loformation they need and wunt it
. For a manager to know what inforcution be needs be must be swre of each
; type of decision e should wate (as well as does) acd he must have an adequate
mode] of each These conditions e seldom satisSed. Most mansrers have some

B

mcgpthndulnstm:-dﬂmt}wddrﬁsin:sthcymus:mﬁ;ndr )

roxcgptions, howeves, are Elely to be deSoien in & very eritical way, & wny that

foliods from no ioportant prineiple of scientific economy: the less vy aoder-

vand & phencmepon, the toore variables we require to explein it Hence, the

nanager who does not understand the phenomenon be contruls plays it “ssle”

-and, with respect to nforrastion, waats “evernthizg ™ The AUS daviguer, who

bas even dess enderstandiug of the relevant phenomenon than the manager, tries

« %o provide even mwore thar eversthing. He thereby increases what is alesdy an
ovaload of irrelevant information. .

For example, market researcbers in & major of! company onee asked their
markeling mansgers what vadables they thouzht were ndevant in esimating
e sx'cs volume of fulure movies alalicens Almost seveaty warables oere
Hentifrl The marlct researcters then added obout Lol sgain this macy
Variables and pe-fonned o larpe muti;le Enesr regression analysis of ssies of
exisling etations agzinst these yariables ard found atcy? thity.Gve ke be statis’
tically siguincact A forecssting equation was based ea this aaalyyss. Az OR

feun sabsequenily conxtrosted B mode bured oo caly cue of thess variables, -

trathe Bow, which predicted seles better than the thinty- €ve veriakle regremion
egation. The tenm went on o explain mles ot service stations T terns of the

ki : ST e ACLYAT

sederonce of ol but & fow of the vasishles used by the market rezorichers ecdlg
bearwbyﬂmreﬁcdmamhmphm . oL .
The mom) it eimple: e cannct specily whald Riermalion is requbed Ry
dﬁémmm@tnum,wymdﬂd&edmgmsdm
mhﬁdmmmdnﬁ&ﬁildmmmm
subsrstems of contro! sysiems. They cannot bs Sesigned adagu:&ﬂy =il
tsking eontrol in account. Furfbermare, whatever ess regression apslyse s

ﬂmmo:wmmmwmd;mm. L

deecribe and, at best, predich. ) o o .
. Give 2 Manager the Information He Reeds und His Deckion
RAlaking Will Improve .

b cen mdthlﬁam@gwhmﬁddnﬂthhfm
ORmn&to&emm.qu:mp!qﬁvemstmn?gmmmbﬂhﬂmd_
a typica ﬁui"mubmﬁmlm;mnnﬁn&sqmmnﬂwﬁfpmﬂm
and see how close ther come to an optimal solution. If their experience uod
jodement havesny taluethcymymtdohhdly.banthcyuingl@m&ovu;
uﬂlumtmmgtmmtpmbkmslhut-mwammypm:qmw
apcrience,judgment,wintﬁﬁontnpmﬁde;mdgmsu,m with peden
information.

Furthermore, wbmmuﬁpdnbﬂiﬁaﬁhvdvdinnpmhknt&m- )

guided minddmamguhndiﬁuﬂlyinawﬁngﬁmha@ﬂs?s.
We o1l know magy simple pxobluminpmhbm!yinwhi:hmmwrdmmirs
mﬂrdastuyhad]y(c_g,,mtmthmtodds that 2 of 25 pecplr
gelected at sandom will have their birthdsrs on the same day of the yori)
Fn:rcump!a,mfmohhensn!!sobtiimd qumgthmq,wh:nmag
and service arc probabilistic, ore obvious (o IMADITETS; DOT AXC thmxlll
fisk pnalysis where the manages’ oxD subjective e.stnPam of probabililis
#ﬁm:ilknmwMMbowweﬂngfx?mmnnﬂd
Momﬁmmm'dm:mpmdmeeumpmﬂﬂ
m%mitw:ﬂ,lhgyshoddbepmﬁdcdnﬁhcﬁbcrdmn!swwfdﬂ

this paint later.

More Communication Means Better Performance N
One cbaractenistic of most l!ﬁ'swhi&lhnmhm;tthqpm;j:
manazers with better currest information about what cther managess M},&d
Srpariments and divisions are doisg. Uoderyicg this provhion is the .
that better interdepartmental coramunication enables managers t? coordiny g
their decisions more efectively and henee i:npm_'&c crgu-z.l.ulbonﬂ gy
ﬂmﬁdeﬂyhﬁ:wmﬂ!nhtﬁaﬂd@ nsn-.OﬂB _
Myapc:&wnmpeﬁnzmpanh to beeome wmore cxgperslive

eustameny’ perception rthemgﬂmfdﬁmebstbygmgamxh H
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MANAGEMTNT MISINFORMATION STSTEMS B-151

! 3¢ information each acquires sbout the other is improved. This snalogy is rot

| » far fetclied as one might §rst suppose. For example, contider the following

: wry much simplified version of 2 situation I ance ran into. The simplification of

? 4¢ esse does not affect any of its essential characteristics. ' .

; A department store has two “Tine” operatiors: buying and relling. Each

{ wrimarily controls ope variable: how rauch of each item is baught. The Meschan.
Edng Depariment controls the price at which it is gold. Typically, the measure

d isventory. The messure applied to the Merchandising Deps-treent was gross
sles; this department sought to maximire the pumber of items zold times
teir price. . ) ) :
' Xor by examining & single item let us consider what happens in this gystem.
The merchandising mansger, using his koowledge of competition and cob-
: szxplicn, set a price which be judged would maximize gross sales. In doing so
’ be utilized price-demand curves for each Lype of item. For-each price the curves
; fow the expected asles and values on an upper and lower confidence band ns
; ¥ (Sce Figure 1.) When instructing the Purchzsing Department hew maoy.
gems to make available, the merchandising manager quite naturally used the
vilve on the upper confidence curve. This winimized the chances of his running
shart which, if it occurred, would burt bis performance. It also muximized the

|
’ d performance applied to the Purchasing Department was the turnover rate

» manager's. Say, therefare, that the merchardiving mansger initiaBy selected
: Wice Py and requested that amount Q) be made available by the Purchasing
Department. . . .

. Io this campany the purchasing manager also had acess to the price-demand
- mBeknrwtbemuchandﬁngmngudnnudadqﬁmkﬁuﬂy.

N\
K -T\
g 1 \\ .
o
.k \ ANy
“[’\ z \m_:':,:"c .
- b \\_‘ '...r’!a it S
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{ ynciica is pedformed by a ecparste department, The Purchasing Department -

thances of being over-stocked but this was not his eaacern, only the purchnsing -

B-152 " RTESELL L. ACKOPP -

Thtoelore, oing the same curve he read over from O.toiheuppuﬁnﬁt.m

- dowm to the expeeted value from which he oblainad @y, the quantity ke actacy,
- iaiended to make avalslle. He did pot intend to pay for the merchandi,

manazei's oplimism. If merchandising ran out of ciock, it was not his werry.
Kow the mrerchagdising manager war fuformed abovt what the purwhashy
mansger had done #o he zdjusted his price o Py The purchasing mangeer iy
turn was 10ld thail the merchapdising manager bad wnde thie readjustment o,
be planned to make coly @5 available. If this process—made possible exly by
perfect communication between departments—had been pllowed to emimps
pothing would -have been bought and pething would have been sold. Thiz om.
come wes avoided br prohibiting comununication betuween the twv departoran:
and forcing each to guess what the other was doing. .

I bave obviously caricatured the situation in erder to make the point clear:
whben orpanizationsl units bave inappropriate measares of periormanee which
put them in conflict with cach other, as Is ofien the cose, communicalion ba
tween them may hurt organizational performance, not belp it. Orgunimtions? -
strurture and performance messurement must be talen into sccount befod
openicg the fiood gates and permitting the free fiow of information betueed |
parts of the organiration. {A more rizorous discussicn of erganizationsl stroctark
and the relationship of communication to it can be found in [1))

A Managzer Does Not Ilzve to Understand How an Informeaticn Spstce
Works, Oaly How to Use It

Most MIS desipuers seek to make their systems as innocyous and unobtrasive )
8 possible to managers fest they become Irightened. The desipners try to provile
managers with very exey gecess to the system and escure them that they need
Lo Lkuow notking more about it. The desizners usually succeed in Leeping mea-
ngess ignorant in thisrezard. Thislesves managers uneble to evaluate the AOS o
a whole: Tt often makes them afr1id to even try to do so lest they display thew
ignorance publicly. In failing to evaluate their MIS, managers delegate much o
the control of the organiration o the system's designers and operators wb~
may have many virtues, but managerial competence is seldom smong them.

Let me cite a ease in point. A Cheirman of 2 Bozrd of 8 rrdium-size compasy
arked for belp on the following problesn. Ove of bis larger {decentralired) dvr
sions had installed a computerized production-imventory conlral end mase-
facturing-manager information systers abott & yesr esrhier. It had acquimd
about $2,000,000 worth of equipment to do so. The Board Chsirmss hod jot
geceived & request from the Division for permission to replace the origind
equipment with pewly announced equipment which would cost several time
the arizinal amount. An extensive *justifeation™ for so doing was ¥
with the request. The Chairman wanted to koo whetber the request ™°
geally justified. He ndmitted to complete ineoripetence in this conoection-

A mecting wns arranged at the Division ot which I was subjected to on v
tended ond detoiled briefing. The system was lorpe but relatively gimpla 41

the benrt of it tras o rearder point for oach iem 2od o mamimum
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ato eccount, The computer kept brack of stock, ordered items when required
! wd groerated pumeroas reports cn both the state of the system it controlled
i o itx own "actions ™ .
, When the briefing weas over I was ssked if 1 kad any questions. 1 did. First
" fasked if, when the system had been installed, there had been many parts
sbose stock leve] exceeded the maximum emount possible under the new system.
I'wss told there were many. ] asked for s Est of about thirty and for some graph
" ppes. Both uere provided. With the help of the system designer end volutaes
t d old daily reports 1 began 1o plot the stock level of the first Iisted item over
; tzt. When this item resched the maximurn “sllowable” stock kevel it had been
i ‘mordered. The system desipner was surprised and mid that by sheer "huek® I

{ hed found one of the fewr exrors made by the system. Continued plotting showed ‘

! that becanse ef repeated premature reordering the item had never gope much
; telow the maximum siock level Clesrly the program was eonfusing the maximum
i aliowable stock level and the reorder peant. This turned out 1o be the case in more
f ghan half of the jtems on the st .

1 Xext ] asted of they bad msny paired parts, ones that were only wsed with
: each other; for example, matched puts £nd bolts, They had many. A list was pro-
; duced and we began checking the previcus day’s withdrawals. For mare thas
lwdmwmmediﬁmmhthenmbenmdeduﬁthdnnmvay
hrpe. No explanation was provided.

Before the day was out it was pessibie t2 show by some quick and dirty

g cehulstions that the new computerired system nas costing the company almost

! 3150000 per month more than the band system which it bad replaced, inost of
this m excest inventories. .
_ The recommendstion was that the system be redesicned as quickly as pos-
sble and that the new equipment ol be authorized for the time being.

The questions ashed of the syxtem had been olvious and zimple ones. Man-
agers shonld have been able to ask them but—and this & the point—tbey feit
themselves incompeten! to do so. They would not hate allowed s handopernted

| m3tem to get 8o far out of their control. -

Ko MIS shocld ever be installed unless the maragers for whom it is intended

| are trained to evaluate and bence control it ralber than be controlled by it.

A Suzpested Trocedure for Designing an AUS

The erropecus assumptions I have tried to reveal in the preceding discossicn
az, I belive, be avoided by an spproprinte devign procedure. One is brefly
crullined here .

1. Avalysis Of The Decivion System

Each (or at keast each important) type of managerial decision required by ke
trganiration eoder study thould be identified and the relationships betwven
oo should be deteymined and Sow-charted Note that this is nal pecearily the
tams thing os determining what dxchanmn ary made, For example, in et com-

-
-

4
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pany I found that make-or-buy decisions coacerning parts weze made wly ot
the tims whep 3 part was infroduced inte stock and was pever subsequently
seviewed. For some items this decision had gope unrevigwed for as momy a
twentr vears. Gbuioush, such decicions should be made more ofien; in some
coses, every time an order is placed in order to take acrount of cwrrent shap
Jeading, underused shilts, delivery times fram supplicrs, end soon
Decision-flow apalrees are usually seli-justifyiag. They often reveal important
decisions that are being made by default (e.g., the make-buy decision n:f:m;d.h
gbove), and they disclose intcrdependent decivions that are bexng made b
dependently. Dession-fow charts frequently supzest changes in managerl
mpmﬁhmty,mpnhﬁmﬂm::;mand measure of pefonmoce nim:bq:,
catrect the types of deficiencies & N
m&mmmhmﬂmduﬂhmingdmdmwtﬁ
ther may be anywhere from enarse ta fine grained. How wuch detadll coe shonid
become involved with depends oo the amount oiﬁmeundmﬁmt?a
svailable for the nnalysis. Although practical considerations frequently restent
initia] analvees to @ particular organizational function, it is preferadle to perdem
n coarse analysis of all of ap organizstion's mansgerial functions rather than s

Bpe analysis of oue or a subset of functions. It is easier to introduce Eper -

formation into ao ictegreted information system than it is to eombine fioe cob-
gystems into ooe integrated system. .
2. An Anclysis Of Information R-juirements

Aoagerial decisions can be classified into three types:

{2) m for which adequate models are available or ¢an t:e constructsd
ond from which optimal (or pear eptimal) solutions can be denrad. In avri
eases the decision process itsell sbould be incorporated into the informatin
svstem thereby copverting it (at least partially) to o control system. A derm
model identifies what informsticn is required and hence what informates
s relevant .

{b) D-visions for which adequate models ean be construcled l'.?t‘!m whick
optimal rolutfons cannot be extracted. Here some kind ofhcm-:stucruta_n':
procedure should be provided even if it consists of no more than cm'npt:'m
trial and error. A simulatioa of the model will, os o minimurn, pmml.-comrﬂn-j"
of proposed allenative solutions. Here too the mode! specifies what tnformatee
i required. _ _

'(:1)' Decistons for which adequate modcls cannot be mtmcwd: Rﬁuﬂh r
required here to determive what informstion is reevant. If dn.c!.sm pakst
eannot be delaved for the completion of such research or the decision’s d’“‘l"'
not large enotgh to justily the cost of research, then judgment must be wﬁ‘ﬂ'
#zuess™ whst information is rclevant. It may be possible to make explcit .
implicit model used by the decision maker and treat it as a model 0’ type ‘:ul

In'zach of these three types of situstion it is pecessary ”m,',::a«
decision maker, Ench decision that in made, along with its predicted o9
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maeegement control gysters, I hall retum -

Tt B1s§

- a

Sould be praoped fegether as & single manager’s task. This will reduce the

§ Hormation & manager requires to do bis job and is Ikely to ixcrease bis under- . 5
¥

gseding of it. This may require a recrpaniration of the system. Evea if such o
aorgenration cannot be implemented completely what exn be doae s Bkely to .

£

[;Ddf;n Of Infornation Procssing

Rom the procedure for colleeting, storing, retrieving, and treating inforraation

} =rrove performecce eignificuntly and reducs the iaformstion loaded en musp- - -

¥ s be drcizoed. Sizce there & 8 volumisous Literatwe on this subjeet I shall ..
3 ave it 8¢ this except for oz point Sach 8 system mmt not oy beable o -

= peexer questions addressed to it; i should aleo be shls to omswer guestions that |
} tave not been oeked by rrporticg any deviztions from

i neeplion-reporiing system is required. -
£ Derign Of Contrel Of The Centrod Spefem
It must be assumed that the syxtem that is bring desizned will be defcient

|

|
L)

3

o omras Wy

b many erd £onificant ways. Therefere it b peceszary o identidy the waysin
ekich it may be deficient, to Ceign procedures for detecting its deliciencies, sod
Pz correcting the systers 30 53 to Tumove or reduce them. Hence the system .
} fould bedesizned to be fexible and adsptive. This isBrtle more thap a platitude,
it bxs o pot-rochvicus impleation. Xo completedy ecmputerized system

bt

expectations. Ao extensivo -

[

.
Cer il

e be 2 fexible and edaptive es can s mon-machine svstem. This is Blustrated

tr o concluding evanrple of o systemn that is belos developed and is partiafly in

cpesation. (Foe Figwre 2}

The coxxpany tovelved hey its market divided into spprestxately too hundred .-~
e=:teticg areas A roodel for cach bas been constructed as b ~in™ the computer. ¢
02 e bhasis of compelivive inteflizeoce eupplied to” the service arkeling 2

i marzrer by maskeling researchers and Informiatizo specizlists be and his staff

esle pelicy decisions for each ares exch moath. Their tectative decitions are -
b iz 1o the computer nhbich y iclds 3 forecast of especied pefortasore, Changes
&y mxde untd the expectations match what is desred. I this way they amive
2 *fins}™ decisions. At ke end of the month (he computer compares the actual .

Iecforinance of each ares with nhat was predicted. If o devietica excends nhat

eould be expected by chance, the company’s OR Group then secks the peasor . |
for the deviation, pedorming as much reseurch as b requined to fiod iL IS the
tru3e s found Lo be permancat the cormputerired juoddl is afjusted appropriately.  ~

Tte result is an adaptive rzan-machine systera whoss precitioa and gencrality

. Beoalicuouly Inereaving with wre.

Firally it whoadd be noted that i canying ous the dnizn
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Frcvze 2. Simplified diagmrs of o tmarket-aren eonlrol dpster

' l_ ebove, three groups should collaborate: information systems speci..-.list.g;"apai

ations rcsearch‘ers, and manogers. The participation of managers in the desizr of
‘8 system l}.mt is to serve them, acsures their ability to evaluate its porfermonr
by comparing its outpat with what was predicted. Alansgers who ace not wiln:

L Srxcuers, 8. 8, axp Acxorz, R
Peint of View,” JIEEE Tronsactions on

1865}, pp. £-13,

Rd’ermm_
L, “Systems Theo

LU

L

;_: toin\'esf.wmeoftheirthneinthispmoessnrenntﬁkelyfpmamsnagm
control system well,"and their system, in turn, is Ekely o abuss them.

7y from an Opernticns Rerecl
Systerr Srienes axd Cybernaties, Vel. 3 (Ser
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ANSTRACT

ke Data Base Munagement Sysiem Is now & well estub-
tnhed part of informaiion sysiems technology, but the

*pany architeciures acd their plethora of data madels ure

eonfusing to bath the practitivner and researcher, In the

pacdy ptlefs dove ben mnde to compure and contrnst -
P

soitie of hese aystems, bus the grealest difficulty arises in

- wghing » commun basin, This paper sttlempts to show how

Capwvinhized model, such as a relutionsl or DBTG:like

o generilized duta system (GDS), represented by two
different models, could form such a basis; il then proposes
that duta pelicy definitions cun restnict the SDS 1o a

madei. Finally, it proposes that this concept forms a better

busiy for dista siruciure dexign of specific system upplica- -

livns,

INTRODUCTION

The seveniies hus scca the peceptancs of the dutabuse
Manugement system {DBMS). .Commercial systems and
teseurch efforts have proliferated, and the subject hus
bevome a major conference topic. However, the poteatial
uner s still left with most of the questions thut first

appeared: Which is the best system? Am | locking myself

into one technique or implementiation method?

There have been attempts al eaplaining similurities und
differences in the busic clesses of systems,™ debage on the
effectivenezs of different data models,® and description of
the sclection and acquisition process, but confusion re-
mains, ‘ :

Pussibly the reason for difficulty is:

. " 1. The tople Is complex. DBM§ exist, but they are so

different thut they defy simple comparison. They also

run the pumut of size und sophistication.
3. They differ in methudology of data modelling, retalne
Ing, and querying, us well as their internal stoenge.
—_— .

' The aulbuss wish o capiens Wheir gratitude to'the U.S. Anny Computer
Sysemy Command win, thrvugh grent number DAAGY-76-G-0300 (Tile:

Problems in the Translation and Standardigtion of Relatunal am) Network”

Vape Datz Based, pruvided partial suppnt-and 1echnlvad advice,

_« afterthought,
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Testing is expensive: some representilive sysem
must be implemented on séveryl DUMS for compuri-
son, or diflicult simulativns® ure necded.

Funther problems arise In largs scule dautabise research and
there is need for a common busis' us a formalism for
describing such systems, Methods of defining the functions
alily of DUMS include set theory und gruph theory coa-
structs.” This puper attempls w define nuch 0 common
busis, and show how it con be vsed to cumpare muodels,

DEVELOPMENT OF A FRAMEWORK

There are at Jeast three distinct tevels in an inforimation
system: the information and its structure, the dati model,
and the stornge struciuring. Obwviousty, ao shorl puper cun
cover all three, and we will concuntrute on the duta model,
However, consideratjun must e given lo the infurmation
sysiem/duta model interfuce 1o net the slage for wiys o
define 0 good duta model with Its necd to refleet the way
dataare interreluted, munipulated, und protecied, :

A duta model is a sysiem In which u schemu may be
defined; the DDLC's definition lunguage® is principaliy a
mechuniem for defining the names and attributes of data
clementa, groupings. nnd.relationships, while the definftion
of policy (integrity, socurity, efficiency, etc.) is nlmost un

The information system—Duta model tnterfure

There is on importunt interfuce between the organization
view of Informution und the dits madel constructed to
reprosent it, This interfuce bs buing invemigated by re
scurchers who ure otiempting to Jdefing a process for
producing a good dutu buse denign piven u set of user needs

" or uxpirativas, Reference 9 Is a survey of curren! teeh-

niques, .
Complete knowledge of the Infurmation aystem und its
dutn usuge chirucierizes the company. Operiting pulicy,
however, summurizes the internal constrainty of the uegaais
zution, and the way that the functional subsystems interaet;
onc. author™ refers to these us vperative and dircctive
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information struciures. Seveenl researchers'™!" have re.
cently udvocuied the collection of trunsactions as a basls
for designing logleal data structures.

Qur gaul, however, is 10 develop a frumework in which to
study Ll models, and to incorporute imponant parameters
of the interface into the duts model: Diuta Urilization and
Operailog Pulicy. By incorporating these paramelers into
the duta model framework we expect lo caamine somé
classes nnd:

& l”\pl.un subile dlﬂcrcm.es,
o Explore declaralive versus proceduml aspects, and
o Charucterize their **semantics.”

Data architecture—A level concept

A recent puper'? proposes that there are four abstraction
levels for duta machines und models. These, in increasmg
abstraction, are: :

{. The Defined und Popilited Database: o fully opera.
tionud duta system, with database defined \"ia some
definttion lunguage.

. The Dutabase System: it involves no daula, but repre-
senis a specific system, with jts description,

3. The Duta Model: \he data system prior lo its applica.
tion. The cluss{es) of data structures that may be
supporied by the system have been fixed, but not
used.

4. Data Model Theory: a conccplual or generalized data
bise management system gencrator, assumed to be
uble 1o support all clusses of data models. o

()

These levels form a progression:. From one to four is
abstraction—from four -to one is ulilization; cach level
naturully subsumes or subsets the previous one,

As un example, Level 3 may be a Relutional Model;*
i.e.. it cun support a relational dita system, but no other.
Then Level 2 might be the implementation of a payroll data
definition; i.e., a definition of those items (and their attr-
butes} with procedures making up a relationi? payroll
system. Al Level 1, we sce sets of payroll |up|es‘ f.e.,
entries fur specific people,

We shull use this concepl as a hu\is for the paper.
Huowever, thete ure special operations perfurmed in going
fram one tevel 1o another, defined us follows:

"o Level 410 3 Duia Pulicy Definition.

In this step. the management and information system .

designers stale the major constriints on the operationul
sysicm. The resulting data model (or dutubase ma-
chine) al Level 3 is restricted: only some clusses of

dirtas struciures are pow allowed; some 1ypes of operas -

tion are restricied, allowing pAvacy or sceurily {(policy)
decisions 10 be stuted; some aclivas are performed
automiatically, alfowing validation and integrity {policy)
W e stated.

o Level 1o 2 Datn Opcmlmn Definition,”

Here, the administration is working with a restricted
sysicm in which daln struclure, some clTicieacy, and
specific policy considerations may be stated: ¢.g., Data
Policy Definition specified s retationul system with
validation ot input, now Dula Opcration Definition
delines a dutabase of 2-tuples involving social security
number and name, where the formes is a nine dJigit -
clement: This also involves definiion of the” proce-
dures for buitding, maintaining. msmpul.sllng und re-
trieving data,
¢ Level 210 1 Data Populalion and Uuln.ullon.

Finally the data must be loaded and used.

The data model generaror—;‘-genrralized dala system

Level 4 data archilecture or system can be viewed as
cither a theory or a machine: i.e., as eilher an absimct
description of a method, or as & machine implemcntation of
that meshod. If the concepts of Level 4 can be expressed in
set theory, then the **machine’ could be cither a theoretical
or working set processor. In this paper, we discuss two
candidates for Level 4 muchines. and then shuw how each
may be restricted to Level 3 machines, It is, however, of
tantamount importance that these machings be tiuly gea-
eral, snd Lthis exercise {s an atiempl to show the need and
generality, us well as 1o iltustrate the parts and use of such

~ machines. Obviously, if the Level 4 machine is sufficieatly

general, it will cover all possible duta machines at Level 3
(at lcast relational, hierarchic, and neiwork models). It may

: be considered a metn-data model or generalized data sys.

tem {(GDS). Furthermore, the use o{ such a system provides
u framework for data model comparison.
The two models discussed here are:

i. The Functional Model’ and
ii. The Set Theoretic and Extended Sel Processortd-"
modified 10 allow du:a pulicy and dala bperalion -
definition. '

THE FUNCTIONAL MODEL OF DATA

‘Here we consider the Funclional Model of Duta as a
GDS. First, Level 4 structure is presented, then duta policy
consiraints, are shown to add form and structure to the
model. The constriinis are semantic, and allow the Fuac-
tiona! Model 10 be viewed in resiiicted cases as cither
relational or DBTG (network) data inodels.

Level 4 structure

Level 4 is a meta-data level where the Fuactional Mudel
of dita is viewed as a direcied gruph: its andes represent
sets and its arcs represent total functions. Nodes e cither

. emtity scts or value sels. Endity Sets may hive any number

of incoming or vutgoing urcs; Value Seis may have only
incoming orcs, becuuse **values™ are the ultimate logical
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J yepresentation of informativn, 30 no arcs keave value set
avdes. A typical fevel 4 Functivnal Model p’.uph is shown
i Vigure |,

The dehinitional fagilities for the Level 4 Functivnal

utaded comsists of three creation and naming operalions for
value sete, entily seis, and funclivnal specification of an
entity act {i.e., specifizution of funclions whose domain is
ihe enlity sot).

There are aiso operations for deleting value scts, enity

sets, and functions. The deletion operations have the fol-
tuwing side-effects:

o Deletion of an entity sel also implies deletion of those
funcdons incident on it (hoth incoming and outguing);

o Deletion of a vilue set also implics dcl..uon of lhosc
functioas incident vn il;

s Delztion of a funciion does not affect its domain and
range scis, bui some may become jsolated nodes and
fay no fonger be relevant,

Duia policy definitivn
Data policy decisions are of the following types:

o The mcthodulugy' to be wscd to obtain the data struc-
tures.

e The representation of elements in the nodes Li.e., sets)

of the ‘Funclivaa! Model graph,

o The logical access mcchanisms 10 be supponed at’

Level 3.

While both information and management policy ramifica-
tions may be stated in a deciarative fashion (CODASYL

[atity Sets = €
Value Sat o ¥
Figure 1—-Functionad modcl graph st kevel 4

DDL."). maniugement policies are often enforccd by trans-
action-driven “triggers.”'® -

To refine these ideas we first address the ramifications of
data policy. The most important decision is the choice of
dota model methodology: this will determine the richness
und complexity of the ullowable data struciures. The meth-
‘odulopy adopted in the Functional Model is semantic pre-
dicution analysis,® a process devetoped 1o amalyze the
semantic structure of sentences. ‘

" A predicution represents a whole sentence: e.g.. an
assertion, a commund, or 8 question: il-may be decuomposed
into zero, one. or two arguments and a predicate. Argu.
ments may themselves be predications. **Dow ngraded pred-
icutions™ may qualify arguments (the semantic equivalent .

- of adjectival cliuses) or may modify predicates (the seman.

tic equivakent of adverbiad clauses). The lowest semantic
level cunsists of semantic fealures which scrve as alomic
semantic description units. Downgraded predications play

. the role of semuntic festures of the urgumcms or predncales :

that they qualify or mudify,

Here we ussume that u specification o!' data interrelations
ships is available, The anl'ormauon analyst's ‘role is to
obtain the corresponding predication structures and map
these 1o the Functional Mode! (an absiraction process).
Consider the statement; ‘

**Compunies supply parts to depariments in some volume™
¥
The predication structure is shown in Figure 2, where the
main predication structure '‘companivy supply paris'” is
represented by the predication PN, with arguments A,
(COMPANIES), A, (PARTS) and predicate P, (SURPLY).
The arrow under SUPPLY denotes the directinn of the
relationship represented by PN,; it corresponds to the
active voice of P,. PN, and PN, are downgraded modifying
predications representing the indirect object and adverbial -

l' 1 ‘\
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F;;ure 1—The predication siructure for e sentence; “"Companics supply
. PAML 10 depariments in sume volume™
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¥ =-Yalue Sel
A= Argument Sut
P » Predication Set

Figure 3-The functicnal model data siructure

information, respectively. The X's refer to P,, which their _.
r:urrcspondmg predications modily, Semantic feutures are

131 present in this example. but correspond 10 descriptions
of the arguments {COMPANIES, PARTS. DEPART-
MENTS and YOLUME). For cxample, DEPARTMENTS
might be characterized by NAME, ADDRESS, and NUM-
BER.

The choice of the .:hslmcnon used to map predicalion

struciurey 10 Functional, Model data structures is parnt of
duta policy. As an example, the mode) might be restricted
as follows:

o Semuntic features map to functions whose mngc sels
are volue sets.

® Argumenis corresponding to “real-wordd™ enlitics map
1o named argument sels,

¢ Predications map o named predication sets. and the

" arcs puinting 1o argumenits become named funclions.
Also the predicate :md its arrow are attached to the
predication set.

e Downgraded predications are represented by functions
whose dumain is the main predication set and range s
cither an argument sei or a value set,

Figure } depicts the Functional Model dia structure based
on the predicativn structure of Figure 2 und the above
abviraction rules.

Thus the choice of the methadology used to model the
organizatinn is one uspect of duta pulicy which induces
struclure in passing from Level 4 1o Level 3. At Level 3 the
Functional Maodel hus entity sets ¢lassified us cither predica-
ton seis or argument sets (demted P and A, sespectively)
and value sets remuin unchanged, Funclions perform two
roles: a function may pravide information about o predica-
tiun structure or it may represeal a semantic featre. The
duta structures supparted by the predication analysis and
absteaction process ae depacted in Pigire 4. Al these dida
strpctuates g possible for the ooy noeal Model, but st
NTDR T TS B I RN

LR £ B Y AT T aal \. IF w0

L . ' iy 1 vl

¢ Functions cmanauna from a pn.dlcallon sel cannot
have prcdacalion sets BS ranges,

then only cases ¢ and d are admissible. This is precisely the
case in the Entity-Relationship model ® where predication
and argument scts are called relationship sets and enlity

" sets. respectively, In the Functional Madel arcs all repre-
" sent total functivas. whereas' in the Entity-Relutionship

model arcs are either 17N mappings {for cntity sets to
relationship sets) or funclions (fur entily sels to value sels),

So fur. we huve only considered the methodology for .
obtaining duta siructures. Although the set types play an
important role, the function types are important in expres. |

"“ing logical uccess mechanisms. Consider a binary relation a

from set A to set B, and its representation, R,, as the set of
ordered pairs

R.={(a, b)]atA & beB & aab}

Obviously. there exists an “inclusion’ function, i, which
. assigns an clement (a. b) of R, 1o its corresponding element

{a.b) of AxB. the Canesian product of A and B. In
addition, there exist functions (:R,—~A and g:R,—B such
thal the diagram of Figure 5 **commutes.”® In terms of the
Functional Model predication structures, the binary relation
a corresponds lo a predication structure consisting of a -
predication node (lubelled **a™"), argument nodes (A and B}

‘and arcs ([ and g) (see Figure 5). The actual representation

of the elemenis in the predication set is by means of the set
R,. :

. The functionality types of f and g are mporhnl in
modelling the semantics of a: i.c.. whether a.is a relation. a
panial function. or a tota) function. There are sixteen
pussible configurations- for the predication struclure, be-
cause [ and g may be onc-10-on¢. onlo, both of these, ur
none of these. The most impuriant configurations are




Duta Architecture and Datn Mudel Considerativng 89

Higure S—~Representuslos of & hinary relation and predicution stucture

summuiized in the following:

Favt:
tet @ be o binury rcl.mun from A tn B wilh funcuonnl
specification f and g.

Then:

1. ¥ ncither £ nor g are one-to-one (1:1), lhen alsa
selation:

LU il ihenais paninl funciion:

3. iffis 1 I and onto, then a is a total function;

4. I ris 131 and onto, while 8 Is I I, then als a 1:1

function;

S. IfEis 1:1 and onto, while g is omo then a is an onlo *
function;

6. If fund g are both !: 1 and onto, |hcn aisalso 1:1and
ono,

The functionality type of [ delcrmines whether a Is 8
telution, u partial function, or u total funclion, If a is a

funciion, then the funciionality of g determines. whethera is

one-10-0ng, onlo, B une-lo-one correspondence, or nons of
these,

In terms of predicallon siructures, a predncunon sel may
thus represent a relation or a function, which implies that,
in the latter case. a may be represented by un are, This is
indecd true, bul it must be cunsrdercd a Dwia Policy
decision,

One-to-onc functlons play an important role in nccessing

a panticular clement of a set. If the function fin Figure S Is -

ene-to-one, a particulir neA will participste in (at most) one
ordeted pair (a.b)eR,, so that the second clement of the
ordered pair may be oblained by evaluating the funclion g.
Thus, any one-lo-one funclion oulgoing from a set is a
candidate (key) for accessing the elements of the set.

The notion of logicul nccess can be extended to predicas
tion sets- involving more than two argument sets and
various value sets (as in Figures 3 und 4). In this case, the
predication node represents an n‘-nry relnlionship, where
each clement muy be viewed 83 nn a-tuple of entities und
values. For n-ury prcdlcmion seis, a composuc key Is
precisely the concept in Reference 22,

Finalty we illustrute n manigement policy ‘constraint
whose predicalion structure has unother predication node
as an argument (e.p.. Figure 4(0). The operational cone
Mraint A company must supply at least three pans to
wme department during & quurter to remain a valid sup-
Plier.** could be modelled by a predicution siructure con-
sisting. of a “*must™ predication set with argument scts

i

-~ COMPANY und SUPPLY (a Figure 3 predication sel), and

semuntic features (functions to value sels) TOTAL-PARTS
and QUARTER. Elemeiia of the “'must*’ set might be
updated by progrum on the occurrence of a- SUPPLY
transaction, but the validation would probably lakc p!.nce w
the end of cuch operuting quarter.

The rdniloﬁal model of dats

The dula policy constraints on the Functivnal Mudel
- predicativn structures which trunsfurm it Into the Ru%.niurul
Modcl are:

o Valuc scts are domaing;

-0 Argument scts and predicutlon sets are relations whose
clements are represented by tuples of vulues from
domains;

¢ Functions whose range scts ure value sets hecome the
atiribute names of thelr respcctive relations;

o Functions from predicalion sels to argument sets are
replaced by the attribute name coriesponding 10 the
key (pcrhaps the composite key) of the argument set.

The conscquence of these restrictions is to allow only
_ nodes which represent Level 4 entity sets as relations:
rrepresented by tuples. The arcs can now only point away

from nodes, and their funciions are the names uf the value

sets of euch ¢lemant of the tuple: see Figure 6.

The DBTG data model

The Functional Model can also be transformed into
DBTG ype Data Structures by data policy definitions,
First, the record will be simplified by ignoring repeating
groups—in this case o record is a tuple, and may be

. represented in the same way as the relational data struc-
ture. The DBTG-set, in its simplest form, Is & represente-
tlon of a functional predication (i.e., a predication which i
a funciion). The arrow of the function name is in the

. opposile direction to the arrow in the equivalent **Bach-

* Diagram.™ For a more ¢complicated DBTG-set struc-
lure. there is a predlcalion {o record) between two.other
relations (also records). This represents an intermediate or
link record belween two others; these structures have chn
discussed as linking records between two relations in Refer-
ence 25 and termed **associations' in Reference 26,

Whether the mode! trunsforms a function pame into a
DBTG-set or follows the Predication {Record) nume mode)

“« Is 8 datn policy decision: the same results may be obivined
provided that one record is functionally d‘.pendcm on the
other—but not if the relution is N 1o M,

The insertion propenty of a DBTG-set s either AUTO-
MATIC or MANUAL. Which set has which property is
defined ut Level 3, but the abilily 1o define theae properties
of a funclion is a Duta Poli¢y decision, which delimits the
Level 4 to ) structure nnd defines the DBTG Model,
. Similarly, the deletion propenies (MANDATORY und OR -
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Relation Name

Function (Attribute)
Names

Value Sets (Domains of the relation)

a) Relational Data Structures

Item Names

Record Name

Predication
(Record)

Function
(DBTG-SET)
Name

Value Sets of the items . ' ’ . .
{e.q., PICTURE clause) ; ' .

b) DBTG-like Data Structures
Figure b—Level } data struciures in the funciional model

TIONAL) are 1evel 4 10 3 dida policy decisions which Comparisyns
define the vpenition of o DBTG model. These two proper- _ )
ties are therefure declonatives associaled with the ares,  1tis uselul 1o compure and contrast refatioaal and DBTG
similar to the functionality types in a functionsl model, but duta policy uperations. Relational systems like System R
obviously huving sironger effect. The enfurcement of this and INGRES™ us¢ the theory of nurmal forms to provide
policy is. uf course, procedural, goud data structures and then utilize these simple structures
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through data-name linkages and dats operutions like JOIN
and PROJECT; they upply other date policy such as
consistency, {niegrily, and validation through system modis
fivation of the uner stutement (INGRES), which is immedi-
acly initiated, or through system riggers (SYSTEM R)
which ane tranzaciion driven. but may be delayed. These
two implementitions differ in the fact ihat INGRES speel-
fies policy in decturatives with procedural enforcement,

“while '-VSTLM R i procedurad buth in dccl.nmuun and®
enforcement,/

The DBTb data policies are both dectarative nnd proce-
dural: some. such as AUTOMATIC, are declurative und
apply » primivive funtion on operation implying a **seman-
ics'' ab sioruge of a record; others, 1the Dawa Base Proce-
duses, are procedurnil and are invoked by some trigger: €.,
on update (vatidution), privacy and security checking.

THE SELI‘ THEQRETIC DATA MODEL

The set theoretic proccssor owes lts existence 10 the

concept of an extended s¢l, The extended set consists of
glements which themselves may be conventional sets, sc-
qucnccs. ordered scts, atoms, or even extended: sets, but
cuch element is identified by a position-identifier (numeric
or mnetmonic). The extended set is enclosed in square
hrackg!u { ) while the ordered sets or sequences are in

angle brackets { ). Thus if X is an extended sei consisting -

af clements Y and Z in poslions | and NEXT, we have:
- X=[(LY), (NEXT2)]

If we use brnce; { } 10 enclose sets, then if Y s the sel of
the first three integers and Z Is the four-tuple consluing of
*0,1,0,2" (in order), then:

Ya{l,2.3)=[{#,1),{#.2),(¢.3)}
and

z«(o.l.o.z)-'-ul.o).{é.li.}s.o);(4.2>l-

Rcfc.l-._rence 16 shows that the extended get ks o normal

exicnslon of set theory and that predicate culculus opern-
tions can be defined on the extended sel. All normal set
opcrations (unlon, intersection, difference, etc.) may also
be defined, except that operations are position dependent,

L

o \
Lfm' 4 structure
\

The modcl consists of the foflowing objecis or elements;

Atoms, which rcprcscm a.number or character string; Sets, -
" composed of any object; Ordered scis of sequences, com-

posed of any object; Extended scts, composed of any

object. Of course, no object may contain itself. The other

‘model objecis may all be represented as’ extended sets,
position identificrs (which are atoms), and atoms, Cnmman
are used 1o delimit objecis in a sequence or set,

The basic language of the Levet 4 duta model consicts of; <

predicate calculus cxprcssions. algebraic expressiors; as-
sigament {storugye) stilements; reirieval expresslona.‘ with

r l

predicaies 10 limit the response: und mucros which simplify
operations (¢.g., Average, Sum).

In order 10 illusirate the operations of the extended sel
processor (XSP) a1 Level 4, a serics of uperutiuns is given
in Figure 7. The first ten operations are all of the **storuge
by ussignment™ type: they store ten extended sels. with
synonyms {(namcs) ME, YOU, etc. The VALUI function
invokes a *'copy'* operition, which does nut necessarily
dugplicate the string: the resull muy he represested inters
nally by pointers. The set AUTHORS in thercfore mide up
of the two exlended sets ME and YOU. ‘

The ussignment operation for X defines a new extended
sel: It is a simple set containing the numes of the two
authors of this pnper. This puniculur operation extracts
{from the set AUTHORS) the values which huve position
indicator NAME. Furthermore..the summation operation

* {SUM) counts the elemenis (twa) of this newly defined set
X. The keyword LIST in the find instruction of Figure Tis

used 10 denole a set of 0 10 "N replications. The names
and symbols which havg not yet been described, such ag
PHONE. NAME, AUTHOR-TYPE and PICTURE, have
- no semantic meaning ot Level 4. Later. some will have

_ semantics in defining policy, bul here they are merely

symbols. At Level 4 the XSP is unrestricted. It will siore, -
maintain, retrieve, or manipujate the whole or any part of
‘any extended set. However, the XSP must have operations
which can be triggered by events or, condiliuns; these
operations.” applied in going from Level 4 to Level 3, are
the Data Policy definitions.

Data polu')' definition
]

, Thcre are two iypes of XSP sysiem nppiled cons‘mnu'
) stal!c and dynamic. The statlc constraini is one that musl
always be satisfied: e.g., the data structure class must be
hlerarchic, or the access 1o some parts of the database are’
password protected. Such constraints imply o systcm action
whenever violation- ‘occurs, and these may be implemented
as- special sysiem actions (“‘compiled Into the system®) or

_ a8 Interpreted actions. with well defined ervor response.

Most cumrent systems *“compile™ these constraints (i.e.,
they **do not support other models of data" or *‘allow the
following types of data protection . , ). .
The dynamic consiraint is one that is satisfied at specific
times or for special operations; e.g., the validation of an
element s only to be pr.rformcd at input, or security is to be
checked: egainst type of user and type of opetation for
every access, These constraints arc essentlally Interpreted.

a ’ﬂn relatlonal model of data

An cxnmple of the dcl'!n!uon of allowable data siructure

. classes for o relational model s given in the restrictions of

Figure 8. This definition states that all sets are made up of.
ordcred seis which contaiir " pitribute-value* pairs (e.g., .
the elements ME and YOU in Figure 7 are ordered sets of '
lhrcc p.ﬂrs) Horeover. lhe posmon identifiers shall be
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. TITLE-TYPE = (PICTURE X (UNRESTRICTED)}

AUTHORS "= {VALUE(ME) , VALUE(YOU))

HE = [<NAME,SIBLEY>,<S54,017) 32| 7992>, <PHONE, ( 301)262-7138>]
YOU = [<PHONE, (301)937-7726>, <NAME, KERSCHBERG> , <S54,294 |36 4321>]

17 ‘= [<TITLE,DATA ARCHITECTURE ETC.>,<AUTHOR, (VALUE{ME),VALUE(YOU)}>] -

AUTHOR~TYPE = [<w|é.NmE-va,<|;HONE,PHONE-TYPb,<ss§,SS£-TYPE>]
NAME-,T#PE a {PICTURE X(25 MAX)} |
PHOHEI-TYPE = {Plcruaé '('999')'959'-'9999}..

s.s#-l-f\;PE = '{Plcwaé 999"/'99.'/'9999}

ARTICLE-TYPE = [<1,TITLE-TYPE>], -

PRINT .(NAME-TYPE)

X = (NAME | SET = AUTHORS}

¥ -'sura(.X)

Z = SUM ({AUTHOR|SET=IT}) .
X1 = {NAME |SET=AUTHORS AND SS¢ NOT='017132]7992°)
AUTHORSHIP-TYPE = [<AUTHOR,LIST (AUTHOR-TYPE)>,<ARTICLE,ARTICLE-TYPE>]

AUTHORSHIP = (VALUE(IT))
Fiy tre T—Same uperations of aa XSP at Levd 4
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P POLICY RESTRICTIONS OF XSP,

. GBJECTS: ATOM, ORDERED-SET, SET. |
MEMBERSHIP: MEMBER (bRDERED~S£T§'Is <POSITION-1D, Af0H>9
MEMBER (SET) IS <#, ORDERED~SET>. |
| CONSTRAINT: ALL POSITION-ID (ORDERED-SET) IS MEMBER {POSITION-1D
(ORDERED-SET-DEFINITION)).

LEVEL 3: DEFINITION WITHIN RESTRICTION.

SET 0BJECT.  AUTHORS.,
ORDERED-SET QBJECT.  AUTHOR-TYPE. . |
ATOM OBJECT.  NAME-TYPE, PHONE-TYPF.'SS#-TYPE.
TIMING. .

APPLY PHONE-TYPE, SS4-TYPE ON INPUT.
APPLY NAME-TYPE ON OUTPUT, INPUT.
APPLY AUTHOR-TYPE ALWAYS.

An Tnvalid DEFINITION would be:
‘SET OBJECT.  AUTHORSHIP,
ORDERED-SET OBJECT, AUTHORSHIP-TYPE.

... {See Figure 4.1: this is not a first
' Normal Form definition) ..
Flgure 8- Policy ssicments and kvel 3 definition for an XSP: Exarple 1; Relatioad mude .
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v

found within a dcl’;nitiuﬁn. Thus, il we consider the Level 3
definisians of Figure 8: AUTHOR-TYPE dcfines the posi-
tion identifiess (NAME, PHONE, S5#). then ME and

YOU conform to this type of ordered sc1. Morcover, the set

AUTHORS in Figure 7 now conforms to the definition
AUTHORS in Figure B.

¢ is now obvious that Figure 7 contains definitions of

" extended sets which can apply (or be upplied) with seman-
tics at Level 3. We cluss the clements by statements in
Figure 8 which shuw the definition that AUTHORS con-
tains elements (tuples) which comply with the (Figure 7)
AUTHOR-TYPE definition, while the {validation) ¢rileria
of the atoms SS#-TYPE, etc., are upplied on input, with
NAME-TYPE checking also on vutput, Mareover, because
some extended set operations, might allow peneration of

invalid sets dunng valid operations, the AUTHOR-TYPE -

criterion is applied on all operations (this may be a duplica.
tive statement, depending on the overall cone
straint . . . ALL POSITION-ID . . . efc., being universally
applied. or ““compiled into the system’).

If we gave XSP, the definition for AUTHORSHIP-
TYPE. an c¢rror must occur,. because -the delinition in
Figure 7 allows non-atomic clemenis in the ordered set (due
to LIST).

" The DBTG datz model

la dealing with the definition of a DBTG-like structure,
one is faced with some prior decisions. Using the definition
_of Reference 25, a DBTG-set consisting of an owner record - *

{A)) and three member records (Bu. By's By"), In that
onder, w:ll be represented as

(Ah (BU! BH ] Bn')) ‘
The restrictions imposed in an cadicr section on DBTG-

records is applicd here also: no repealing groups are

allowed. Thus the definition of a record in Figure 9 follows
* that of an ordered set in Figure 8. The definitions therefore
are special only in their inclusion of memhetship in DBTG-
scls

“Data Policy is represented by the nbthly 10 have AUTO- -
MATIC operatian of DBTG-set inclusion on stonng a
predefined record. - . .

Comparisons |
ol .
it has bccn,‘suggc.s:lcd that the implementatizn of a

relational structure in a DBTG sysicm is a matter of:”

Only allowing syslcm owned sets (DBTG 1c: mcd this

a "SINGULAR SET™);

2, Removing concepts of database procedures, mc!uqlon "
and delction prupenics (AUTOMATIC, MANDA-

TORY, etc);

3. Making kcys unigue {using CALC wnh a2 DUPLI-
CATES NOT ALLOWED clause);

4. Allowing now macros like JOIN and PROIECTION
on (mathemnatical) sets of reconds, .

It will be scen that the definitions do not truly reficct the
first requirement. and that the second cun be considered g
tripgered or system applicd procedure (the result of as
operidion depending on the functional propertics of Ihg
DBTG-set, etc.). Thus the restrictions are not correct. By
further refining the models, it should be possible 10 deter
mine true similarities and differences  However, il is firu
necessury to add the operations and their mapplngs—a non.
trivial lask

POLICT RESTRICTIONS OF xSP,

00JELTS:

ATOW, RECORD, DATG-SET, STSTON-BLT,
WrBLRSHIP:  MOMNBIR (RLCORD) 1S5 <POSITION-1D, ATOM,
KLPSCR (BTG-SIT) 18 <), RECORD> 08
«2, LIST {RLCOZD)> , .
MEMBER (SYSTEM-SET) 1S OBTC-SET.
CONSTRAINT: ALL POSITIONIO (RECOAD) 15 PEM@RR

(POSITION-10 (RECORD-OCFINITION)),

LEYE 3: DLFIMITICN VITHIA RESTRICTION.
SYSTEN-SET OBJECT.  AUTHORSHIP
ORTG-SET OSJECT. AUMHORSNIP-TYPE.
KECORD OSJECT. ARTICLE-TYPE, AUTHGR-TYPE. .
ATON QBJECT.  TERETYPC, MVG-TYPL, PHOIG-TYPL, 381~ TV,

- 1IKIR,
- APRLY AVTOMATIC TO lulﬂﬂ.f.-ﬂﬁ [-R3

' nma-mquumuwwwwmruux»mm:

DBTG mdd

.o

CONCLUSIONS

) Wm'k wuh luo GDS (Funcnonal and: Extended St Models)

Ieads us to the l'ollowmg conclusions;.

) I The model of an cnterpns: information structure may
be defined indcpendently ol' the GDS used for its
implemcntation,

.2, Il the GDS is **universal™ it muy store any informae
tion structure (hoth data syniax and semantics) in

. terms of its primitives.
3. The specialization of the GDS to a duta model Ilkc that

supported by most cumrent rescarch und|cnmmcrcial,

DBMS Involves Data Policy definition. Using ihis, a
GDS may be restricied jo perform as ond or mwre
specific data models,

4 The progcess of mapping frum an lnl’nrm.mon siructure

_ within 0 GDS to a data structure within a Iruditional -
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SYSTEM - . DATA DATA . _ DATA
CLEVEL SYSTEM MODEL LEVEL
DATA MODEL GENERATOR [ Informa- | INFORMATION MODEL
(Generalized Data Repr::gz- ‘
a ‘ System) tation .
Examples: g~ — — = = Examples:
Functional Model ‘ Infological
DATA Extended Set Model Synglish (ref.29) | DATA
POLICY ' Conceptual MODEL -
DEFINI~- Schema . LING
TION : '
- -
N W
SPECIALIZED DATA 3 DATA MODEL
© MODEL gata :
epre- :
3 o senta- ] | 3
Exam;lﬂesi:' s tion . |. Examples:
Relational System [ — — = o ' PN
Hierarchic System o ODL 52:3::
- DBTG System ° -
~ Special Usage of N %DATA
' Special System : OPERATION: .
- : . DEFINITIOU
~ Example: A personnel 1mplementation in a Rehtional System
_f I
1 Populated Database \U/ " DATA POPULATION AND
" S - UTILIZATION
for the Specific Usage. l :

DBMS follows the restrictions of the Daa lgnlic}
definition. Consequently there must be a correspind-
ence between Dta Policy restriclion and duta modek
ling (i.e., passing from information structure to <ata
structure). This process is diagrammed in Figure 103

Flpure'10—The uraltelism of data policy und mokling

Most information analysis already have a speciulized dula
model {c.g., DBTG systems) in mind when construcling
_ their Information model. Thus, they tihe the. Dt Madid:
ling route in Figure 10, We supgest thal the corres
general) process is to eapress conceptuad inforn

r
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tures in the GDS and 1o "“tune” the Information structures
tc data structures by meuns of Duta Policy decisions, In
other words, it is advantageous 1o represent information at
Level 4 s0 that all scmnlms of the information are re-

" tained,

i
\l‘ll‘

Duta Policy definitions impose added structure {with
restrictions) on sdlowable data structures. Tradeoffs will
then mike it gusier 1n ¢onsider the losses in represcntation
of information struciures in the supported data structures,
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Mcarddypu With *Employer” Role
I ats structure diagras)

Y

Figure 7

ernmenta! unit’ record-type such thut nll are able to
assume the rule of owner of the “employer——semployece"’
sel. 1t is necensary Lo declare the “*person' record-type as a
somctime sel member, “'sometime,' since all persons are
not necessarily employers,

In the cuse of o persun whe s sclf~employed, the same
*person’ record would be the owner and member of the
same oceurrence of the “employer———employer'’ set. Both
the alternutive owner (prop. 3) and recursive sel (prep. 1)
proposals would nced to be accepted 1o support this struc-
ture, ‘

The reader should glince back to Figure 6, one of the
possible mecans of implementing the organizational unit
aspeets of a corparute strugture. Given this sttucture, now
imagine how the vrgunization-to-employce relationship
would have to be hundled. Euch organizational record,
from the ‘‘corporatiun® record through to the unit”
record, must be able to handle the role of employer. All
seven of the organizational records need 1o be declared as
alternative owner Lypes lo the organizalion—semployee®
sci. Figure 8 iHusirales this extension 1o Figure 6.

If one ussumes thut ench of the units nceds to have a
manager, who is u person, then eiach of these seven
organizational unit role record-types must ulso be declared

as a member in the “managed’ set, The support of the

managed'* xet gives an example of the uselulness of the
ability to declared multiple record-types as members of the
same sct-lype. {Proposal 2. Figure 9 itlustrutes she further
exfensivn of Figure 6 1t include the ‘manager-
—sprganiziation’” set. '

RECORD-ROLE CONCEPT

For the theorcticians (and it is they who have largely
argucd fur reducing the number of member record-lypes
declurible for a scl-type to one, and keeping the owner
types declarabie 10 one) the introduction of the *‘record-
role'* concept may be of greal importance. This is because
there will be no urgument from the prictitioners over
having only one rele declired as the owner of u sel-ype

~and only onc sole declared as the member of set-type if

roles become declurable entities. Funthermore, the owner

[eroen company qovorr;t.cntal
. unit
\
’
\\ /’ ‘erpieycr==rargloyoe” oot .

and the mcmber declarations could be mldctcd to- by
dilfercnt *'roles.”

In the work at Honeywel! Information Systems on thiy
subjeet, the word *‘record-role’* has been used to charuc.
terize the role concept Introduced above. The I‘ollowlng

' dcﬂnlllons apply:

*

o A “*record-occurrence s the dutabase repmcntalion
of a real world cality.

o A “record-role™ Is a declaration of the a collection of
the propertics (fields and sots) which a record-occun
rence may represent on behall of one role of o real
world entity.

o A *‘record-type™ is a declaration of a colleellon of one
or more record-roles which a record occurrence may
represent, while roles are all played concurrently by a
real world enlity.

o A *‘record-class” I3 the collcction eof all record-occur-.

" rence of a particular record-type. A recerd-occurrencs -
.Is always In only one regord-class, defined by 8 records
type.

. & A “roleclass” Is the collection of all record-occur .
rences of a particular record-role. A record-occurrence ¢

i

Multiple Owner "E:mpl.oyen" 8ot :
(Cata struature 1

—
ation
4 [ '

] exoup :
¥ ot

: < T ldivieten
Y
¢ dapartment
Y

- 8ection
femployce® set

: 3

- sub~-
scction

!

employee dnit

Figure 8
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Is In one or more many role-classes depending upon ils
record-lype declaration.

° A "role-occurrence™ is a subdivision of a record-
occurrence which is the representation of that record-
occurrence playing one role,

This distinction between record-role and record-type has
nol been made in existing datubase systems, While a record-
type may have represented several record-roles, Lhere was
no mechanism of shuring the record-role declarations be-
tween two or more record-types. Thus the same fields and
scts, relative 10 the role, had 10 be multiply declured, once
. for each record-type which played the role. This led to the
requirement for multiple member declurations and altemate
owner declurutions for sets.

With the record-role concept, the declaration of ficlds.
groups and scts are all associated with the recorde-rule
dectaration, Ficld may be uccessed using field-names which
are qualificd by record-role-name rither thun record-lype-
names, Scis are ordered by role declared ficlds. Set owner
sclection is huscd upon role declared fields, Record oceur-

rences of different record-1ypes coexist within the same set

type as owners or members when the record-lypes shurg .
the sume record-role wilh the declared function, C
In the paper “*The Evolution of Datu Structures,? there
wus 0 sequence of data structure diugrums which were used
to illusirute the progressive introduction of new mela ob-
Jects und new Inter-ohject retntionships into data structuring -
capabilities, The first two of the following three dutn
structure dingrams ure reprinted from that wiicle. Figure 10
illustzutes the meta entities: record, field, group, owner,
member und duta-structure-net, where there may be an:
unlimited number of member record-types wnd owner re-
cord-types decluruble fur u sct-type. The dingrum of Figure
10 is-the meta ohject structure which | recommend - to
DBTS und have recommended and used for a number of

Yeurs. ' .
Figure 11 is a simplification of Figure |0 where the
restrictions of n one owner entity-role annd a one member
entity-role have been placed on the set-type. The set-owner -

and set-member meta entitics have been merged with lhl:',," :

sel-type metn entilics, ns they existona 1:1: | basis. This

- yields the restricted structural cupability which wns recom-

mended by some of the uttendees at the Namur
Conference.

The data structure diagrum of Figure 12 introduces the
metd entity *“*record-role'’, In thix structure, the *‘record.
role'” meln entity has displuced the *‘record-type* meta
entity in its direct relationship to the set, group and field.
The record-lype concept is ndw at the side, associated by a
declared relationship with one or more **record-roles’”,

*Record-role'* declarution may be associated with one or

‘more record-types. From the viewpoint of the set-type, '

there is only one *‘owner' record-role and only one “mem-
ber'* record-role. This fits more easily into the viewpoint of .
both the relational mode) and the Data Independenl_Acccu ‘

Neta Envity Furucture For Untwstrictad Sov/Recnsd Rolosicashlps |
. (data strvasnre disgram)

ML
Lo -

/”

et

tyge . Lype
or et
tree > -ty

fleld
ype

Figure 10
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Model. However, the requirements of the real world which
we wish 1o model coan be satisfied as each real world entily
can be recognized acling in ane or more roles and its

" record-oceurrences are combined with the declared role
occurrences.

Al this time § have no interest in trying to introduce the
**record-role™ concept into existing data description lan-
guages and data manipulation lunguages. Rather, I wish to
provide the rationale, within these lnnguages, for:

{1) recursive set-lypes,
(2) multiple member set-types, and
(3) multiple owner set-types

Peta Entity St.ucture Wilh n.wm.r.all Concept
{Gats strugrure dlagram)

1scord record
sols LYpe
\\\ |
giou} sot tceerd'lfl.
type (37 sasociation

1ie1d
type

Figure 12

" record-types. “"Employer’ and ‘“‘employee™
" roles. A complets data structure diagram would show each

which provide an altemate means for achievlng the objecs
tives achicved by the record-role concept while remaining

. within the limitations of the presently available meta ontle

ties.” However, the eventual introduction of the “reeoul-
role’ may be the unifying factor thal we seck.- ’

The duta structure diagrumming technigue has been ox- !

tended 1o support the concept of record-role, Figure 1) is 2
redruwing of Figure 7 with focus on the record-roles OI'
employer and employee.

They are illustruted by the two hexagons 5o dcslgnaled

- The record-types with which the roles are associnted' are

designated by the background boxes, The employer role iy
pluyed by the company. person and govemmental-unlf

. record-types. If classical data structure diagrams were

thought to represent record-types and the relationships
between them, then the new diagrams illustrate record-
roles, their associations with record-types and their rela.
tionships with other record-roles. Record-roles are illuse
trated by hexagons and the background boxes name the:
record-iypes ‘which play the role, Each record-type is
considered 1o have one or more roles. In this example
“*person,” ‘‘company’ and '‘government-unit' are the

record-lype ance as a box on top of a stack of hexagons.
Each hexagon representing a record-role played by the
record-type. It would also show each record-role, once as a
hexagon at the top of a stack of boxes, Each record-type
would appear once more as a background box behind ench
, record-role it plays. Figure 13 is thus an incomplete data
structure diugrom as it shows the record-types playms each
record role but does not gruphically- llluslrate each record-

Employer and Employee aecord-nolea .
{cata atruct.u:e giagram) .

! ' l'govarnncn 1-unit

© | company

erson

empioyéz‘
role’

“empl oyer-;bamplo) se"
se

employee
role

perscn

*Figure 1}
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Person, Company and Governsental-Unit Secord =Type
amployor employer
_ person company
orployes
r govermental
unit

Figurs 14

type with jis record-roles. Figure 14 iflustrates each record-
type with the record-role that it plays. Thus most old data
structure diugrams can be considered as being examples
where the record had only one record-role. Thus no role
factoring is neccssary. I alternative owners or multiple
members exist in those dingrams, then the record-roles for
them has not yet been faclored. The importance of the
record-role concept to data structure diagrams may not be
immediately obvious at the first comparison of Figures 7
.and 13. However, consider the follawing analogy. If identi.

cal programming code appears in several parts of a com-

puter program, it is common to fuctor this code oul as
subroutines or at least as macro procedurcs so that the
documentation is more eusily understood. The record-role

concept is the data structure diagram equivalent of g’ '

subroutine call. The dingram illustrates the shared aspects
of the record-role and also all the plnces it has been
invoked. For data structure diagrams, representing complex
organizations with many record-types, record-roles and

+

their relationships, the record-role has proven to be ex.

‘tremely useful in simplifying the dingrams., They ure much

more readuble, OF necessity. these diugmms are only
effective after the new concept has been understood, used
awhile and accepted. '

SUMMARY

The data struciure sct is almost the only structural toof

* curreatly available to the datubuse administrior to repre.

sent the relutionships between entities in his enterprise. At
this time when ull of ity usuges are unkpown, it seems
desiruble not to pluce any restrictions upon its application,
Proposal 1, 1o permit recursive scin (where owner und
mcmber are of the zame record cluss). is a proposal to

- remove a reslriction. Proposal 2, to prohibit multiple mem-

ber record-types. is n proposal 1o add a restriction, Pro-
posal 3. to permit altcrnative owner declarations, is a
proposal to remove a restriction. These [ucilities, within
today's record-netwark mode! would provide a -workable
implementation of the role concept. an expression of the
evident and imporant multiple behavior patterns which are
characteristic of real world cntitles.
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Data management for clinical research -
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ANSTRACT

This paper discussos o protalype system Intended for the
personal use of physiclans enguged in clinical resenrch. In
pattivulur, the protoiype (v o highly integrated, interactiva,
minicwnputer based duta munugement und analysis system.
The facilitios offered by t(he system ailow the clinical
mvestigator 10 store, recull, annlyze, and displuy his re-
seatch dnia without resorting 10 computer progrumming,
Mudern duts base techniques are available to the physiclan
av aids in orgunizing, suring. and retrieving his dutn, The
Jata hune concepts ire eapressed In tarms that ure fumiliar
w i ¢linical reseurcher,

PURPOSE

The purpose of this puper is 1o discuss o prolotype sysiom
miended for the personal use of physicians engoged in
shnica) research, In panicular, the protolype Is o highly
integruted, interactive, minicomputer bused data munage-
ment und analysis sysiem, X

MK CLINFO PROJECT

The CLINFO prolutype dala mansgoment and unalysls
wlem described in this paper has been doveloped as punt
of the CLINFO project, a scientific inquiry xponsored by
e !}i\-lslun of Resewrch Resources (DRR) of the Naticnal
ln\lll’ulﬂ of Health (N1H), The goals of the project are to
wentify and chamcterize the infarmation analytle tanks und
the infarmation flows In clinlcal rosearch, and to develop
methinds for facltitating these tasks and flows, The project
® baing conducted by chinical investigitors ot the Baylor
l.ullruc of Medicine, the Universily of Washington, the
University of Okluhoma, and Vandorbllt Universily; by
formation sclentists ut the Rund Corporation; und by safl
eembers of the DRR,

We huva thus fur (1) Interviewed ellnical Investiputurs
St farmally and Informally, (2) charuetedzed their Infor-
Swliun procassing nceds, () identificd duta munagement
and wnalysis as mujor prublems, (4) examincd existing
fumputer systems vimed at sathfylng those needs, (5)
Sevned, bulll, and Instutled ihreo coples of a prototypo
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systcin, and (6) sturted the unalysis of instrumentution duta
and user intervicws 10 halp us evaluate the system,

References |, 2, 3. and 4 discuss vurious aspecis of the
foregoing points,

CLINICAL STUDY DATA VOLUMES AND
ACTIVITIES

A General Clinical Research Center (GCRC) provides
fuciliies which clinical research persunnel cun use in con-
ducling a vuricty of medicul studies. Bach study tends o be
scpurate and distinet from other studies and provides »
naturnl focal point for datu collection und unulysis. A huirge
study Involves upproximately 75 subjects (palicniz) and &
total cullcetion of upproximately 67.000 data values.' |
Genarally, a clinical swudy Iavalves the following activi:
ties: :

o During the study design the investigutor decides whal
dota are 1o be coliscted, at what rate, and in what
volume. ,

o As the study progresses, data are collecied and re-

+ corded In a centrul duta flle. Consideruble care is luken
10 onsure the vaulidity of 1hose data,

o At the siudy progresses, the investigator reviews und
summarizes the duta, Punt of the process of summards
zalion involves trunscribing the dula into a form sulta-
ble for statisticnl analysis ax well us the prepuration of
plots, graphs, und repors,

The CLINFO prololype'ls dulgn'ed lo accoimmodate 28
such studies,

SYSTEM OVERVIEW

The prolotype is Implemented on o cummercial minicum:
puter {Dutn General Retlpae S/200) uning multi-user er-
tended ‘BASIC,* Buch study hus its own pantion of a 28
million chirucier disk, When un investigator (or & member
of his stafT} uses the system, he Interusts with the CLINFO
software (primurily by responding t prompis) and s pre.
vented from using BASIC procudures (o affect his dato,

Flgure | lllusirutes the muin femiuros of the CLINFO
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Figure lenCummandy-» -} and data {—) flow in the CLINFO prototype for
a single prolucol

prolotype, The ellipses encompass the three peneral activi-
tiexs which were muentioned nhove, The rectungles indicate
the various waya in which dutu (or descriplions of data) are
siored in the pratotype. The diagram encompusses a single
siudy {or research protwcoll, This paper is concerned
primirily with the sctivities lubeled "DESCRIBE," “EN-
TER" and “RETRIEVE" and the dita contained in the
“SCHEMA,” "UPDATL," "PATIENTS," "SUBSETS,”
and the “STUDY DATA® structures. The “ANALYZE/
DISPLAY.” "INPUT,” “OUTPUT." and '*BASIC" ac-
tivities und their unsocinted structures will be described, but
Cin less detail,

THE DATA BASE

The organization of u CLINFO study dala base is predi-
cuted un three observations:

¢ The fundamental unit of analysis is usunliy the patient,

o Data ure collected ubout that putient over time,

o The dutu hive natural groupings in tme {(e.g., the vital
sipns of o patient ore sumpled 8t cssentially the same
lime).

The time-vriented nature of clinical rescarch divta has been
diseussed hy Fries.* Dr. Fries® ideas have been further
reinfurged hy our observations of the current munual tech-
nigues for recording that date. For exumple, dala are
reconded in pitient Nowsheets (one for each pulient) which
are twosdimensional wrrays with the rows representing the
datu items 1o he measured and the columns containing the
vilues of an item for different times of measurement. We
huve further observed that seme of the rows can be
grouped naturally into relited items (examples of  such
proups are vital sigos, blood serum lests, urine nnalyses,
etc.}. However, the groupings dilfer widely from study to
stady, The CLINEO term Tor u grouping is " PANEL.' The
euncept puruliels records or groups in the CODASYL Dita
Base Tuak Group (DBTG) report.!

PATIENTS/SUBSETS

The Key structure is the PATIENT file which contalns an’
eight churucter ubbreviation for euch patient (assigned by
the clinician when the patient Is added 10°the study) and an
internal numeric key (assigned by the system), This filc can
contain up to 392 different entrics, The entries are ordered
alphubeticatly on the patient abbreviation to allow for
efficient ssarching.

A subset Is o named file (e.8., LOWBLOOD) with the
same structure ns the PATIENT file but conluining patienis
with purticular properties. No particular paticnt ordering is
maintained for subsets. There cun be as many subsels ns
space allows.

The numeric key associated with ench patient references
a block of data in 8" PATIENT DIRECTORY (not shown).
That block contains some redundant identification dnta and
two tables. The first table containg pointers to the patient’s |
set of panels (see above) in the STUDY DATA file and
counts of the numbers of instances of the panels, The
second contains dais conserning the stote of the various
EVENTS (10.be described later) for this patient.

DESCRIBE/SCHEMA

The SCHEMA' provides the mcans for adapting the
CLINFQ data base structure to the needs of a particular
investigator. It is a description of the pancls and their
contents. The schema exists in two furms: the external
textual form and the internal compiled form. The lormer Is
for humun interuction, the laiter Is for computer processing.
The DESCRIBE activity is in essence an interactive editor
which atlows the clinician to create. edit, and compile his
schema. |

The schema describes three main entities: ITEMS of
data, PANELS of items. and EVENTS triggered by the
occurrence of cenain values for particular itema. g

PANELS huve eight character names, and references to
them by name imply reference to all of their ilems. There
are two types of punels, numeric and textual, The type of -
the panel determines the types of the data hiems included in
that pancl. Euch puncl can contain’ at most 30 {téms, all of
which are cither 32-bit flosting decimal numbers. or charace .
ler slrinp al most 70 churncters in length, A sample punel
entry in the schemu might be, :
PANEL 1 hist . paticnt 1D'& hisiory.numeric;

Reading feum 1ef to right, this Is the first panel (PANEL D),
its name is "*hist **, it conlnins "pmicnl 1D & history,”
und its itemx are all numcrlc.

ITEMS also have clghl character names which are used
to reference the data associnted with an item in a wide
variety of circumstances. Agnin. an item may cither be
numeric or textual, In uddition, there are parts of the item
deseription that serve to screen, validate, and’ possibly
encude the vadue axsocluted with that item. For example: -
ITEM 9 HT ,Height

Jdnches  .num.mnge{55.80).n0;
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Reading from e to right, this Is the ninth item In the
schema (STEM 9), Jis nume is “HT "', ita values represent
height fn inches, lts values ore numeric und munt ile In the
punge S5 1o BO Inches inclusive, und lia vilue necd not be
considered confidentiul (*'no™). *"Height'' nnd **inches’ ure
purcly descriptive nnd do not imply mllumulic units checke
ing by the sysiem

The sequence "num ringe,(35,80)" illustrutes one option
aviilable for duts screening, Other uplium for lems In
numarie puncla nre:

o dule,rungc(01031976, I"!Sl'i&&’ll .
tho flem value i o duty In the Indicated runue {11976
to 12/25/1980 inclusive).
o {ime,range(1300.(330)
the lteen value is a time In the indicated range (13:00 (10
" 13:30 Inclusive).
4] num.chct‘k(‘".(".lo.ﬁ-”
the ftem vulue Is numerc und one of the listed 4
vulues, \
i chur,code()dyes .no ‘wnk )
the item value ls externally one of the tisted 3 characier
strings ond is curried internnlly ns one less than the
ordinal positlon of the string in the list ti.e., 0, 1, or 2).
o the data lypes dule, time, and num may require no
validuting, e.g., num,none.

The textunl pancis ond liems are of the form:

PANEL 2 demo ,demographic data,lext;
ITEM Io.namu .pnllem nume.lequO).

The item *‘name" will then be allocuted 30 characters In

each occurrence of 4 *demo’* panal.

EVENTS are time markers maintained by the CLINFO
prolotype system to aid the user in the retrieval of his dota.
1t is common in clinicul reseurch 1o retale the response of o
patlent 10 a procedure by referencing some events which

marks the application of that procedure. For exumple,

" blood sugar Jovels are mensured ot regular [ntervals after

the Ingestion of glucose. Events provide the means for

deuling with relutive time. A sample event Is:
EVENT 3 test .glucose ingest,gipc ,FIRST;

Reading from left to right, this Is the third event in the
schemu, lts name Is **test,” it relutes to glucose Ingestion,
atd It records the time at which the item *'gluc™ FIRST
tokes on a vulue, Time Is tuken here 10 meun o combination
of dute and time, _

Evenls may be trlggered by the “FIRST,"
“LAST.'"'MAX." und ""MIN" values of its governing
dtem, In nddition, on. event may be triggered ut the flrst or
kst time the fiem 1ukes on a purticular value,

When the cliniciun is suisfled with his description of the
" data he Intends to cullect, he compiles the schema (the
system pruvides upproprinte feedback aboul errors in the
tompilation). He then requests thut disk space be alipented
o nccommodate hiy study. He ussists the allocation by

’

estimating the number of putlents he expects to include In

his siudy und an approximie number of eccurrences of

cuch pancl type for 1he averuge putient, .
He s then ready to sturt entering paticnts and thelr duta

" |nto the duly buse,

ENTER

The maln function of the ENTER uctivity Is to process
data {entered inteructively) In the light of the dutu screening
spocifications contained In the achema, Tho duta thut ure
accepted aro not puused directly to the STUDY DATA file,
but are recorded. in an UPDATE flle whose conionls ure
merged with the STUDY DATA flle at some convenient
time, This buffering of the input data nllows a simple
structure for the STUDY DATA file, reduces the exposure
of the system to computer malfunciions, and provides u
means of reviewing the Input duta before it Il actually

recorded in the STUDY: DATA file.

Agaln, n CLINFO data base Is patient- and time-oriented,
In order to enter data, a **context™ must be established for
that data. That is, the dato must

o Belong (o a patient alrendy in the PATIENT file.
© Have an associaled date and time of duy at which the |
data are assumed to have been sampled.

~Afller a context has .becn established (by inteructive
prompty and responses) the clinlclon may then enter vahm
for ltoms by eliher v

¢ Typing the name of an item followed by lta value.or
e Typing the name of a punel, whercupon the system
prompts for each of the ilems in that panel.

The context siays in force for all data entered subsequently
until the clinfclun desires to change It. The context may be
changed at any lime by typing *'patient:,’ '‘date:,’ or
*“time;"* followed by the corresponding value,

As each ‘value (including pallent abbreviations, dales,
Mmes, and panel ond item names) Is cntered, that value L
checked for rensonableness, The patient nbbreviation must .-
be in the PATIENT file; dutes and times must have ‘the

. correcl format; panc! and licm names must exist In the

schema; the value for an llem must salisfy the criteria in the
schema. Incorrect values ure refused and re-prompted for
by tho system. An exceplion Is the case of an cut-of-range
numeric value which may be forced upon the sysiem by
entering the Initials of the datu enterer, Incurrect but
rensonuble values thut have been accepied by the system
may be correcied by re-typing them (perhaps ul'ler re-
establishing the correct context).
ENTER hus three additfonn! functions:

» Adding patient nbbreviutlons 10 the PATIENT file,
¢ Reviewing data in the UPDATE flle.

® Ciupy oy und screening data from a worksheet Into the
UPDATE fle.
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As an ollernative to Itcm-by-‘nem data entry, an entire twos

dimensional array (he., a “worksheet'’) of data may be
entered. A worksheet is o two-dimenslonal areay of numerie

entties extended \o include B-gchurucier luhels for the rows

and columns as well as 8 worksheet name, title, dute of
crention und dule of Jast modification, A worksheet s
stored by the sysiem as a file with the same nane s that of
the worksheel. Worksheets provide the duta organization
reytired by the ANALYZE/DISPLAY activities, The row
and eolumn labels cun be used 1o refercnce patients,
relutive limes, and items, These lubely are used 1o dircet the
dati entry process, Duta ontry via workshecls provides the
facilivy for entering **derived” data (l.e., data produced as
the result of the analysis of raw daw) into the STYDY
DATA file. I ulso provides snother data entry rou(e that
muy be more convenient In some circumstances.
- As indicated above, the clinician ¢un interactively revisw
, the cantents of the UPDATE fil and edit it 10 the extent of
deleting blucks of data,

When he s sullsfied that the datn ure correcl. the
chnlciun can request that the UPDATE file be merged with
the duta already In the STUDY DATA file. The newly
entered data are orpunized uulomaticully Into panels, those
parcls are marked with the internad patient identifier, the
panel number, the date und time of sumple, the dale’ und
lime of data entry, and the initials of the data enterer, and
the results ure merged by dute and time of sample. The
meege procesa checks for existlng Instances of panels with

the sume dute und timé us those belng merged und for ltem

values previously eniered in those instances.

The investigator is now in a pusition 10 retrieve his dut
from the STUDY DATA file and 10 format it in 4 variety of
ways: Into worksheets, as a displuy at the terminal, or as o
file o be passed to an externully generated nppllcutlons

puckuge (Such afile is a "communlcullon" file in CLINFO

terminology.), .

RETRIEVE

The data In the STUDY DATA flle may be viewed as

vilues associated with puinis ia o three dimensional space.
Figure 2 illustrutes that spuce. The uxes are lubeled **PA-

TIENT", “TIME,” and “ITEM" 10 reflect lhe purameciers

it uniquely identify o data vilue,

The three dimensional space is sp.nrsely pOpulnled wilh

distu puints, expecilly if the TIME uxis is tuken 10 repre-

sent absulute dutes und times, Morcaver, not all data ure -

collected uhout ull putients for alt of the expected timas,

It In the intent of the KETRIEVE activity 1o identify a
planar slice of the-datw space und to ubstruct purt of- that
slice into o two-dimensional form (i.e., a worksheet). Se-

lecting o slive un illustrmied in Figure 2 resulls in whal was. -
referred to-ubuve un a flowsheet for that putlent, A slico.

. paraliel 10 the PATIENT-ITEM plune produces un wreny of

relttive 10 an event (¢.3., Iwo hours ulicr plucose inges.
tion), Finully, a slice puraliel to the PATIENT:TIME plune

" tions Jy npproprinte (¢.g.. 8

T

_7___~_I_.T_'..i

ITEM

Flaure 2==A three-dimensonal representation of a time-orfented data Nie, §)

in & panel of iems for patient P ot time T

Tesults In worksheel containing the time history of a
- partieyfur item for a group of patients (ugain either absolute
or relative time),

The cliniciun constructs hls retrievul request interactively
under the control of the schema. In particular, coded [lems
(e.g., sex moy be either *‘male* or ‘‘female’”, bul k
encoded as eilther O or 1) are referred Lo in terms of Lhe
external form (*'male,” *'female’) while the system deals
with them as numeric values (0 or 1), The values of items

“play a role if the clinlcian wishes to restrict the punels being

relricved by lpecifyins conditions lhnl the values must
satisfy.’

When he completes the speclﬂcmlon. Ihe syslem sun'eyn
the uppropriute parts of the STUDY DATA file and pro-
duces a workshcei with the rows and columns .Appfopnalely

_labeled,

. The retrievals ducussed above bre lnmhed to nymeric {of
- ¢oded) lems. However, textual panels may be retrieved
" und displayed at the terminal or passed in their entirely to s
. ‘communication file. This fucility allows the cliniclan W
- review his notes ubout a paticat or Lo puss d:mosnphn.

duta to o BASIC program that, fur example. producet

mailing lists,

Fur those retrievals In which a bl of p.nicm sbhrevia:
slice poralle! 1o the PATIENT:
ITEM plune), the investigutor may provide that list

. giving the name of o SUBSET,

© _SUBSETS
ftems for u group of putients st o particator time, That time '
niry he vither an absolute date und time, ur it cun be a time

As mcnliu.ned above, subsets ire files containing patient
ubbrevislions and numcric Keys. The files have the suin¢

- structure ag the PATIENT file,
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Sut;lcll are created in a varicly of woys:.

¢ By listing puticnt abbreviutions,

o By the usual set operitions . (e.g., intersection and
union) among existing subxcts, '

o By requiring that o pitient’s dat fn the STUDY DATA
file satisfy a set of conditions,

o By rcquiring that a putient's dutn in & worksheel (¢.g...

the values in i row lubeled with the patient's abbrevias
tion) satisly a set of conditions.

The sets of conditions mentivned in the last 1wy members
of the above list ure made up of lists of either conjunctions
or diyjunctions (but not both} of range restrictions on the
values of itlems. A sample set of conditions is:

If 30 = age = 65
undif 120 = sysiol = 140
and if 1ex = male

The last linc ilusirutes the use of o coded liem which .lakel
on onc of a sct of discrete values,
In addition to the conditions placed on item values, the

. . ime at which a sample wus aken can play a part in the

sefection. For eaumple, the above conditions might be

. fequired 1o hold in the third hour afier the ingestion of

ghycose.
In any case, the usunt resull of a retrieval using either a
subsel or all of the PATIENT file is a worksheet.

" ANALYZE/DISPLAY

The CLINFO approuch to dala anulysis'is to abstract the
desired data from the STUDY DATA file (which ¢an couse
very intensive accessing of the disk .storage) into a works
sheet which fits into the user's working space in main
memory. The worksheet cun then be manipulated effl
clently, especially since its conments need not be re-ab-

. sracted from the STUDY DATA file each time a new

question is asked of those contents,
A sample worksheel has the format illustrated in Figuro

WORKSHEET CLINICAL
TITLE Clinical Characterislics of Diabetic Patients
CREATED 1117175 MODIFIED 1217175

#OPROWS 17
¢ OF COLS 4
ROWS/COLS 1 ] ] 4
LABELS o g Hidlwt dur diad
lemed n male 100 "
qcal M female «“ "
Jeaso d n malg 9 15
doaw ¢ H male 1 0
Jeaum 3 H mala %% 9
boann b 1) malke 1ee e
Teasg? b | femake » 19
{Nois: , . . Indicates missing values)

Figure 3—A sample worksheet

A worksheet cimn hold approximately 2200 entries und its
dimensions can vary within that reatriction. In the cuse
nhove, the row, lubcls are ‘puticnt: ubbrevintions nnd the
column lubcls are ltiem numes, These labels und the con.
tents of the worksheat would ordinarily be supplicd by the
rclricvul process. In addition, Figure | indicates an INPUT

. facility thut ullows the direet creution of worksheets, the

labelling. of their rows und columns, und the entry of ity
into those rows nad columns, This focility allows the

.investigator to use CLINFO's unulysis und displuy features

Independenily of the STUDY DATA file.

CLINFO muintuina a **currem™ worksheel so lhul the
same worksheet can be used in @ varicty of sliunlions
without the user rexpecifylng it as the worksheel of Interest,
Most of the worksheel anulysis and display functions apply
to the current worksheet, The main workshcet mnmpulnlion
fucilities are: '

¢ Select a worksheet as the current one by typing ity
name. If there is no worksheet by that name, ¢reate
one as specificd by the user.

¢ Display a workshee! al the terminal (see Figure 3).

¢ Labe! worksheet rows or columns. :

¢ Enter data into a. worksheet by row or by column or by

-~ individual cell,

o Discard (destroy) n worksheet.

¢ Sort a worksheet by rows or columns, -

e Edit n worksheel by adding, deleting, or moving rows

" or columns,

o Copy a sub-arvay of a worksheet, with labels, into the
same or another worksheet,

o Print a worksheet on the system printer.

o Display a list of all the workshects.in this study.

Worksheets created by the retrigval process or by difcél
means can be uscd by the analysis facilities. In gencral, the

.analyses can be made 1o apply to sub-arrays within the

body of a workshect, The results of some analyscs may be

stored In worksheets lo minimjzé transcription and to make

those results availuble for further analysis, . ~
The CLINFO anulysla facilitics include:

e bcs;:dpllvc s:nmuc- {means, standard devlnlionl.'
cte

o T Test,

-~ o Chl Square Test,
e Linear Regression (simple and multiple).
® Analysis of Variance,
® Cross Tubs. ! '
» Scalter Plois and Bar Charts, '
o Hislograms.
¢ Frequency Distributions, -
# Normallly Test, ’
¢ Non-parametric Pnired Tests,

“In addition, speciul calculations may be pcrfo}med ona

worksheet, and the result of these colculntivns are stored in

the worksheet, This fucility repluces in pant the need for

lpeclnl purposc computer progrummins. These ¢alculutions
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aret
¢ Qencrate values In a row (or column) as the result of
ovulunting a single algebrulc-like exprension involving
other rows (or columns) us varlubles.
¢ Oenerte truth values (0, 1) on the same basls.
o Purfurm »pecinl cutculutions such os cumulative sum,
time differunces, ete.

SUMMARY

The foregoing dinvusslon Joss not describe the properties
and fucitities of the CLINFO prototype In thelr entirety,
The Intent is ruther to outline those properties and Mcllities
and to emphusize tha iden of o personul, Inlegruted, highly
Inteructive sysiem:pluced in the hamds of personnel whose
primury interest ls to use the aysiem os a tool.

Al leust one CLINFO prototype hus boen In dally use by
medicul personnel since Junuury of 1976, The ncceptunce of
the system seems to be good and It Is being used In
productiva wuys. Moreover it |s being used personully by
seniur medicul stufY, that is, the rescarch stuff for which It
wus designed.

Our eaperience 10 dute indicates that modern duta base

lochniques (e.g. the SCHEMA), when oxpressed In the
user's owa terminology, nre reudily undersiood, accepled,
und used by those personnel, The use of tarms such as
" UPATIENT', “PANEL". and "WORKSHEET" and the
time orieatution of the STUDY DATA flle ure not uccidon-
tul. They play un importunt role in moking the computer
scicallst's techniques understunduble by and useful 1o the
slinlcu! reseircher,

Another point of Interest Is the uiility of two distinet data

structures, the STUDY DATA file (und lts assoctuted files)

~and worksheets, The STUDY DATA file ucis as a pool of
duta whore cuntants can be uhstructed und armnged Into o
form mure suituble for viewing und unalyzing (i.e.. o works
sheat). In wdditlon, worksheets sorve 1o store duti and to
communicsio them bulwoun steps in tho unnlysls process.
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A methodology for multi-criteria

information system dcsign*

by JOHN 8, CHANDLFR nnd THOMAS O DHLUTIS

The Ohinr Sum Universiny
Columbus, Ohio

ANSTRACT -

e design dilemma fuced by the deslgner is 10 sulisfy a set
of conflicting user demiunds und resolve a set of conllicting
tesdurce requirements concurrently. In light of the come
plexity of modem systems, it is assumed that good system
Jesign need only produce sutishuctory performance for hoth
criterin, Current evalumive techniques, however, concenr
" irute on elther the user criterion or the sysiem criterion
aspect of the tolal design problem, but not both. A method-
ology has been developed thut esiablishes a formal liaison
between the evaluation of user goals as a funciion of system
alivity and the evaluation of resource wiilization as a

function of user demand. thereby creuling & design/evaluse

tion process that encompusses both crileda. The methodol
apy employs three stages in an iterative manner to produce
a “sutisfactory" design. The IPSS simulator models and
mecusures syslem aclivity, multiple goal programming eval-
uales both user and system goals, and heuristic procedures
determine design modifications to ipyprove performance. A

" functional description of the mclhodo!ogy and an exampla
uf s use will be presented.

INTRODUCTION

In Murch of 1973. ACM and NBS sponsored a \Vorkshop".‘
un computer performunce evaluulion. One of the mujor
fesulls of that Warkshop was o consensus that there have
|':ccn lwo separute approaches 1o the evuluntion of informas
ton systems performance—one which focuses on the com-

puter system domain and the other whose nttention s’

directed ut the upplication sysiem (user) domain. Euch have
their own gouls nnd ‘measures: the compuicer system domaln
Mcusures ure bused on resource queucing und utilization
statlstics und the user domain is evuluated through the
performance of requested sr.rvnccs

* This wch
Fuoundation, Grast No, 5157521548,

** This was one in a series of Workshops sponsored jointly by ACM and
. MBS 10 examine 1he majur haues involving computers. Prrfocmance evalut
Uow was chosen 85 the lupic of this Warkshop because of lts significaal

Impact 0n computer uiage, A summary of the :un.luuuus appeurs in
Reference I. .

Meiusures such as °

l?cmg tondl‘clcd wilh the suppon qlm Nallyml Sdcnq .

throughput and response time are common for the lutier.

The Workshup ulxo concluded that any performunce unalye

ses **should recugnlize both the costs of a computer instatla.
tion und the needs of users for service.”
The complexity of ithe design problem for mudern con-

puter bused information systems hus increased significantly -

aver its predeceasors dueto:

a. the servicing of un expnndmg runge of user of uss

with correxponding diverse perfurmance poals dnd :

resource requirements, und _
b. the dynumic und unpredictubic behuvior of the sysiem
as a I'unuiun of design decisiona und foud mia.

Thus, it is quite possible to improvc the performunce of the

system with respect 1o one or mure users at the expense o

others. Likewise, becnuse sysiem resources are used by

different users, improving the performunce charncteristios .

of one¢ or more resvurces for the beneflt of spevific users

may have an overull detrimental effect on performance. The

problem presented to the designer is 1o configure a sysiem

which salisfics the user criterion while uchieving s)mm
resource reluted performunce criterin,

A’‘computer bused informution processing xystem. cante -

viewed ns a symbiotic retutionship between the sysiem's

users and lis hurdware, sofiwure und duta resources. lde- .

ally, the system will perform **optimally** when it uchleves
its user oriented objectives within a minimum cost system.
However, optimal solutions wre seldom uchivved when

systems ure complex, il defined or construined furreasons . .
outside the control of the designer, und thus, the designer,

usually scuiles for o satisfuctorily behaving systum. Hope-

+ fully, systematic procedures. arc. empiuysd 1o uchleve ayp.

893

tem configurutions which concurrently mect the user pbjocs

tives while ubtaining efficient utilization of it resounces. -
Current evaluative technologies focus on only one criterion.

>

in the systcm design equution, cither the user of . the .

syplem’s FEscUIe p,:rfunnun,ce. The (ubiluy |p simult.}nr-

ously uxcertuin the impact of resource performince. on usey. -
goulx or vice versa ix not readily schievuble through tbene |
methodulogics. The purpose of this paper ix to deserihe ¥ ‘
methadology which establishes a formal tiaison betweep the™ |
evaluation of user gouls as » function ‘of xystem b..ha\inr
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und the analysis of resource performadce as a function of
user nétivity.

User arented analyses with ohjective functions hased on
respanse time. throughput, nnd cost have been {und are
continuing 10 be) rcported in the literuture. Most free
yuently, analyiic approiches use queucing models as theip
hasis {References 2-4 are representalive of this type of
analysis). Due 1o the necessity to maintain tracinble
madels, many simplifications ure required for a model's
anatytical solution, Simulatign mdels have also been ap-
plied to user wvricnied analysis.™ Unfortunately,' these
madels yicld only average and/or aggregale measures of
system fesponsé. As a resull of these simplifications, the

analyses produced by both of the appronches fail in many .

cuses to identifly the relationship between users and re-
sources. Therefore, they are suspect when used to predict
the impuct on system performances of modifying the cur.
rcol environment.

Aliernatively, performance unulyses cun he made from
the system’s standpoint, trealing the user und his goals in
the aggregale, The most comimen appreach is o subsystem
study, where u particalur part, of the informution system

“complex is isolated, with the subsystem user(s) represented
hy i slochustic generitor, both analytic and simulutive, The
most emphasized ureas of rescarch hus been the VO sub.
system? ™™ and CPU utilization.' ~'* The problem with this
level of evaluation is that, nlthough. providing valuable focal
intuitive insight. these models rurcly relute to the ultimate

. informalion sysiem user, und, therefore, do not provide

realistic insight into glubal performance,

Exuminations of complete systems have ulso heen made,
Exhiustive hardware/softwure measurements have been
analyzed hy Gonzales and Cantrell™® while simulation
models, including an aggregale user component, have been
built by Reeves und Pooch, Norfund, and Lum, ™~ Al
though results of the evaluimtions include resource utiliza-
lion sliistics and user oricnied measures such as response
- lime, there is little uttempt in these models to relute
panticulir resource usage 10 the clfort on user goal atisine
ment. (Two  exceptions are  Lindsay's study of the
KRONOS system' und Hall's duty basc ‘investigalions.®)
But from practical experience it is cvident thut there ix
indecd a refationship between user goals und resource
usage, In fucl, Buzen® has recently proposed sume funda.
mentad laws for computer performance which relute re-

souree activity 10 plobal sysiemfuser. measurcs such as

Cresponse lime and throughput, | -

It is assumed that the objective of good system design is
o satisly both performance reluted criteria, However, in
light of the complesily of modemn sysiems, many design
decisiony tend 10 be ‘made without proper supportive ¢vi-
dence on performance. The crux of the problem ix 10
establish 4 chusal reltionship between user goal atthinment
and system resowree expenditures. The methadology to be
discussed has been designed 1o estublish such a liuison and
will be ahowa 10 allow for the callection of heretofure hard
fo ebtain eviduative information, The methodoiogy meas.
ures the impact of individuil user chusses on internil system

perfornance and identifies system hottlerecks which inhibit

¢
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Figure 1-—Stages in systess desige procens S .;-.-,

the atininment of user goals. This Is achicved by mumlaln-
ing rexource utilization’ stutistics on o user class basis, This
methodology presents an evaluulive framework which:ls
cupable of climinuting many of the numerous nonsatisfece-
tory desipns by directing the designer 10 the most udvania
geous vnes. Thix methodology Is un lterutive one with each
iteration involving three scpuarnle but integrated stuges,
Figure | illustrutes the uctivities for an herution. Bricfly'the
reaponsihilitics for cuch stuge shown in this figure are:

Stage 1: System Evaluation

.l

This stage is rexponsible for evalualing the hehavior ofa
specific informirtion system model. 1t dues this by assochugy

ing the hardwure, software and daty activitics belonging 10

n specific desipn with the sysiem's user activities, The-
uulpulﬁ of Stuge | arc performance statistice for lhe mv_
sources in the nggregate und for their behavior with r.::ipgcl-
v identified users (ur uses), To perform thix l’um.tiun. ihc
IPS.‘) Simulutor is employed.t :

t w\smwu purpane discreie event simubitur whine development was
conducted with the suppont of the Nutiona) Science I’mmd.uba. Gmni No.
GN-Joa2},
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suge &3 User G«ml En ulmuhm

.. Siage 2 has lwo purpuacl. "The first I8 to nscenuln whether
she user goals ure being either aver or uader achieved, The
wound purpose is 10 determine the “*hewt®™* set of guidelines
(or alicring the current system configuration In order 1o
obusin the user goals with ‘minimum peaalty for elther under
~ over achievement. Multiple ;.u.al pwgmmminu Is used for
this purpane. As will be seen. “best” In a function of the
asigned penuliy cocflicients in the guul programming ob-
gotive function,

stupe 30 Design Evaluathon

Stuge 3 has two functions. The first I3 1o uscertnin
whether-or not the current design’s performunce s satisfugs
tory with seapect to both the uker criteriu und the system
criteriu, 1f the design ix not satisfuctory, then this stuge's
second goal is 10 define » new sysiem based upon the
current design,’ prior alterutlons, und the results of the
Stage ) ond Swnge 2 unulyses. Heurstle ‘procedures are

. vurrently employed for Stage M. :

The focus of thix paper Is on the Stuge 2 formululiun and
its formal Halson to Stage 1. The pupeér also identifles the
unigue feutures of IPSS which permit this multi-stuge multi-

a

criterio methadology 10 he achicved. The puper cnndudu;”
with o discussion of the une. of the Stupe | and Slm 2

.rcnulln in the Slnsc 3 heurintics,

EVALUATIVE REQUIREMENTS

For the PUTPINN of this méthadology, un Infurmation - - ) ,
system is viewed ux the sum of its urers und thelr goala, ind

the system's services and their subondinate netivitien. This
ix iusteutesd in Figure 2, 10 wsstmed thut the sysiem’s
anutys can identify und slmslfy the system's usér tiwcopds

ing 16 their wervice request chunseterixtios und uevonding to
the parformunce constriinis imposed upon the system (ie.. -

gouls) when honoring their requents. Tt ix ubwo assumed that -
the unulyst cun identify thuse infurmation xymem sctlvities .
which ure eritical 1o system performunce. Obviously, the -
sompleaity of the problem Is increused substuntlully when a
system supports dlverse users or provides u wide spectrum
of services, ‘Whether or not the xystem is complex or
simple. the criterin fur identifying system - uctivitles sbould
be hused upon the wenfitivity of the system’s performunce
with regurd 10 chunges In their behavior, .
Information system services upe viewed s belng u series
of distinct yet Interconnected uctivities which are invoked
during the processing of a streum of user requests for the

Users ' ,
P ”
»7
”
”
’ .o
”
. P4 .
-~ R
” .
. . Raguast for /
. Bervice 81
]
' 1
s Requeat for
Servica 2 ™™™
T
1
|
Nessures of tha
Systemn's Attainoant N
of User Orlented . ""-.,___
Performance Coala S
A B -~
Service #2 S~
| ‘ Servica 12 -
Service 41
[ V—
Services o

Fluuul—"l‘ha mlhdulo.y‘nkvduhhmham . » . ‘
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service. Agiln, Figure 2 illustrutes this view of a system.

Moni llkely, nystem nctivities ure aggrepailons of one or
mure truditional computer system functions thut perform
the fullowing tusks: ‘

I. request (joh) scheduling,

2, tank management, .

3. resource ullocation,

4. secondiry stonige 10 processing,.and
5. upplicution processing, .

The choice of whit constitutes in nctivity Is part of the an

of performuncesevaluation, however, o necessary condition |

for their xelection ix thut they he measuruble and thut these
mewsurements dintinguish the service rutes for sepurute
clusses of system sevvices. 1t Ix also nssumed that the role
of pedorinunce measurement Is 10 delermine the current
processing rule for the jth nctivity with respect to the jth
service, ' '

Figure 3 is a schematic of the functionnl composition of

Arrival of a
.Request al the Activity
for Bervice Type 1

|..,__

- .

system ustivitics. Euch is viewed as on Individusl queuéing :

system contulning ane or mere priorly queues and one o7

more identicul wcrvem, Additionally, the perfommnq
meusure for the nctivity in procossing » request type Is.the
sum of both the queue performance und service functiona of
‘the uctivity. Throughout this paper, the varinble Ryl
empluyed to identify this performance of activity Aj..with -
respect 10 Service S,. 1t Is assumed to he the averuge of”
performance for all the exccutions ol A for S Alse
associuted with euch uctivity A, is the performance fuciof g,
which ix interpreted as the sculing fuctor 10 be upplied te

" the Ral) to obwin the level of performince for the jih

nctivity which minimizes the gonl progrumming objective
function. It should be noted thut the problem of Identifying
a “*goud" level of performunce for uctivities, I.e., detérmin.
ing the appropriate valucs of the RAI)'s is compounded by
the multiple use of the uctivity by different and possibly
conflicling services, Therefore, the modificotion of an ags
tivity's processing rate 1o nchieve one goul may be counier
productive to the atainment of another gogl. It is on this

Queve Tranoit
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" possibility of multiple canflicting mtcmcuons and go.tla that

this methodology s l’m.uwd

I }ORMULATION OF THE STAGE 2 hVALUATIVE
PROCEDURE

Stage 2 is based on an evaluialive procedure commonly
called multiphe goul propgramming (MGP). The pracedure
was first formuluted by Charnes and Covoper® in 1961 10
solve lincar progrumming problems that had conflicting
vrslraints, Jig® developed the details of the procedure
within the fmework of mdhemivical progrimming. This
wechnique has been used 1o solve problems in the areas of
snitegic management plinning such us accounting con-
wol,® adventising-media planning (Charnes and Cooper?),
and resource allocation.”* The employment of goal pro-
cramming in conjunction with information system perform-
snce evaluition is a new use of the procedure, o

There are three reasons for choosing multiple goal pro-
gramming for use in this stage of the methodology. First,
this nppro.:ch can cvaluaté finear and ordinal multiple gonl
situations, both of which ure inherent 10 information sys-
lems evaluation. For example, one user class muy pay
twice us much for its service, and, therefore, sutisfuction of
its puals may be worth twice ax much as others: a lineur
relation. On the other hind, certain users, such as a critical
patient monitoring applicition, may have incompurable
importance relative to other clusses; an ordinal relution.
Sccond. multiple goul programming produces a solution
thal not only e¢valuates the total goal situation, but also
evaluates each gonl, individually. One of the purposes of
this methodolopy is 10 determine .the cntical user classes
and associaled activilies. Third, MGP derives the “*hest™

- design under the given goal constraiints, Other design ap-

- proaches such as weighting, sequential elimination, and

spatial proaimity,™ ure based on selecting the **best™
design from a finite set of alternitives. The purpose of the
overall methodology, however, is to design an appropriate
system to satisfy the user and resource constriints. The

- stundurd formulation of a muttiple goal progr.ummmg prob-

lem is: : ‘ , ‘
[A) Minimize = P-D
Subjectto A-X+D=G
where . :

A=a matrix of technological cocflicients
| w'hi_ch cun be thoughC of us the rates at
which the ith service uses the jih re-
sOurce
X=the arruy of resulting system resource
allocation levels
. G=the array of service goals
D=the array of discrepancies from these
goals
P=the urray of penulties associated with
the discrepancics in D

and where the ohjccﬁvc function is 1o minimize the product

of the discrepancies and their associaled penaltics. The
solution ta a multiple goal programming problem rcpres.;.nls
the hest set of levels for the resource atlocation vector X
such thit the vbhjective function is minimized. The remuine
der of this section discusses the specific formulation for the
Stage 2 component of the methadology.

Figure 4 illusimiles the relationship between MGI' the
infurmation system awtivitics, and its servicing of user
requests. The servicing of o request type | is 4 sequence of
activities, A, Ayl ... 0 A, each pssumed (o be mcasun-
hle by Rti). In genersl, the measure cun be o function
MIRLIN of the service time. hawever, just Riti) will he
employed in the following discussion. ‘

The perfurmance of the information system for scrviq‘e

' lypc i is given hy the relution

Tdi)= 'E (RAIN - ‘ m

where T, i) is the average system response time 1o service
requexts of 1ype I. Assuming that the performance goul for
the scrvice is Tu(l] then the d:scrcp.mcy between perform-

. unce and goal is g:vcn by *

Dli)=Tdi)-Tdi). 2 .

The objective of MGP is to determine new performance
tevels for euch activity in such u munner that the weighted
discrepancy, P-D, is minimized thopefufly to zero). Lelting
B be a scalingifactor 10 be applied 10 the jih activily, then
the new performance level for the activity is R{i)8,. Incor-
porating the B8,'s into cquation (1) results in the following
expression for the discrepancies:
a
- Di)=Tyi)~ 2 (RA)-B)). o)
Observe that both pusmve und negalive discrepancies are
possible, and, therefore, the formulation of the user goal
evaluation as a MGP problcm becomes: 3

(B} ‘Mi_nimizc Pp*-D'+P°'-D'
s.l. R:g+D*-D*aG . oo
where . ’ -
R is a mutrix of service mies _
B8 is the array of sculing fuctors
Q%' is the array of user pouals
. D* and D™ are the urruys of. respectively, lhc posi-
tive and ncgative discrepancies from the .
user pouls
. P* and P~ are the arruys of penaltics associuted wn;h
the corresponding pouuvc und negative'
. discrepuncies. :

The formulation serves two purposes: It evaluates g@al
achievement und produces the 8,'s. By setting the viluey of .
the B's 1o reflect only the current confiy ;,ur.mun (i L., p,-l]

{ The complete :lenv.umn appears in a previous pupcr h1 lbc ambm
presented &t the Annuid Conference of the Computer Measuremend Gruup.
November, 1976.7
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the cvaluation of the systém's attuinment of the user goals
is uccomplished.

Experiments with formulition [BY produccd vulid; but

impructicul sets.of g's. The MGP problem as stuted allowed
for the possihility of sulutivns where u 8, could equal 0,
clearly an unicceptable situstion. In erder 10 inhibit this
type of solution, limits were placed on the ringe of possible

B, vilues. This was accomplished with the following set of .

additional constraints:

Bituy—pt=L,
Bty -t =H,
where
o<t s1
1=H,

L, is used to restrict the alternative possibilities for the cuse
that B,<| while H, is used for those cases that g,>1. In
general, the set wlall positive discrepancies-for Ly's, (u,*,
Bte ooyt )= M ound likewise for Hiw*, w*,....
1) =N’ (M- und N* have simitur definitions).

W)
{5)

These construints are reflected In the ohjective mnclion
in & manncr different than previolis constraints. Instead of
minimizing both discrepuncics, only one is minimized. In
the cusc of L, only u,” is included, since, if u,~ Is driven to
zero, then Ri(iNg,—u,*=L,. implying thu R,h),ﬂpl.,. the
dexired condition. Similurly, for H, only v,‘ is in the
objective l'unslmn bgc.:usc minimizms v, rcsulls in
RADB<H,. . Lt

These added constraints also h:wc a physical lnlcrprcln-

ion relative to the evaluation of ‘ihé yStem. No uctivity

cun be climinated from a system (i.e., f,=0} since L; must
be greater thun 0. ln gencral, however, L, represents: the
lower bound on the degree of reduction feasible for. the
current. rate of usage for an activity, For example, L;=.28
implies that the usage rte for activity j can be rn,lde. at
maost, four times Tuster, being reduced to 256 of s cun‘enl
rate. Simikurily; -H, represents ‘the - upper bound © on- the
degree 1o which an activitys rute can be increased {sluwed
down). It must be cmphasized that these limits are oaly
rough cstimales, not exact vilues.

In order fo reduce the number of uliematives une shuuld
minimize the pumber of modifications indicated per evalua-
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tign iterntion. Since madifications are characterized by the
pmduc!mn of 8,'s not equal W), u secondpiry objective of

stage 2 is 0 produce as few B#1 solutions as possible,

This is accomplished by including the constraint equation

Bty -¢*=l . 6 .

_while minimizing both ¢* and ¢~

constraints of this type provide a default value of ) fof the

muitipte goai programming procedures in the cuse where an
sctivity is neither critieally incfficient or eacessive. {Note;
16", &', . L )=E)
- As a result of these added constriaints, the actud) formu-
ution of the MGP problem used in Stuge 2 is given in
foranulation [C] below: : .
Pp"D""PD-'D-*’Pu,
N""P.;"E""P.;—'E-
8.1, ) R-84+D-=-D* =0
BEM —-M*=sL
PrN-=N+=H
B+E -E*=]

[C) Minimize

where
R is the matrix of service rites
B is the array of scaling fuctors
G, L, H, and | are the urrays of goals for the
uscr criteria und the respeciive 8
_ constraints
D*, M*, N* und E* are the wrmays of positive nnd
negative discrepancies from the
respective goals
Ps2, P,,.‘. Px*, and Py ure the armys of penalties for
the associated discrepancies.

The solution variubles for the MGP problem are the 8's.
They identify those activitics that must be altered in order
o improve user bused or system hased peformance. If the

_value for a 8= | then the service churucteristics oréctivilyj
were adequute 10 satisly ull the user's eriterin, If u g,<I,

this implics thal the current scrvice rate of activity' j is-

InsufTicicat 10 mect the system's needs, The new service
rate for the uclivity should be R{")=(8,) ‘(Rp( N Mfa B>l
then ‘the current service rate of nctivity j is fuster than
necessary and there exists the possibility of excess capac-
fiy. The new unit rate should be R}=(8,) (R,
Assuming that an activity follows the chanwierization in
Figure 3, then the analyst has three avenues of action when
& A,#1. First, he can analyze the queve dispatching disci-
pling in erder to increase queue throughput {or possibly
repluce it with i simpler one if 8,>1), Sccond, he can ulter

the service rite charucleristics of 1he servers, e.g., slower
hardware devices. And third, he can inerease (deereuse) the ,
degree of paruliclism umong servers, for eaumple. by ndd-

Ing (removing) » hccnnd Lh.mm.t controller, elc.

L1AISON WITH STAGE |

The critical fuctors in the Stge 2 evaluation are the
values for the R_,ti)'s nceded by the MGP formulition.

‘M=+Py* -

-

These values are cnlcululcd in Stage | and are the stutistical.

mensure producced vis-i-vis the simulition. The ﬁpccll'ic
madel 0 be evaluated is the result of the heuristic proge-

dures ‘constituting Stage 3. The linison is hused upon the

assumption that un information <ystem can be viewed ux o
collection of resourde allocation amd task mam.u,cmcnl
activities and user oriented services. This view is supported
by the ltenmture, e.p.. Madnick™ and Zorcher asd Rin-

dall.®® IPSS alw views the muodeling of an information,

system in o similur nunner, and thus, facilitates the devel-
opment of the formal linison with the MGP user eviluation.
The view of the system taken in Stage 2 (as iHustrited in

- Figure 2) has an analog in 1PSS. Lis hasic modeling concept

is that of a service as shown in Figure §, The service is
classified in 1PSS s o procedural Facility and is capable of
representing any information system activity including “re-
quest (jub) scheduling, tusk management, resource alloca-
tion, sccondary swrage /O processing und npplicmion
sofiware. Since services ure ullocutable fucilities in 1PSS
they have associited with them buth queueing and utiliza-
tion slatistics. Furthermare, service behivior con be predi-
cuted on the quantity and churwteristics of other IPSS
hardware und softwure facilitics. Therefore. the statistics
associated with service facilities huve the uppropriute struc-
1ure la service ax the R,'s m.cd:.d inSge 2,

To complete the formal Tiaison between the two stiges n
second I'c.\\ re is employed, This is the Tuxk Ruwility.
Through ils’use, the service fucility statistics cun he huto-
matically segreg.ated into servive sjatisticn by user, In this
manner, the stitistic R4i). required hy Stuge 2, is collected.

Thus, the Stage 2 users (indexed by 1) und the nctivities . .

(indexed by j) ure, respectively, an IPSS model’s Task and,

Service fucilities. An Ri) ix the sum of quecucing And s

wtilization statistics gathered for Scmce | when cxccullng
Tusk j.

Stuge 1 must also be aduplive 10 model changes diclmed
via Stage 3, Aguin, the 1PSS model synthesis philosophy
and linguage constructs permil the desired ndupliveness.
This is possible for reusons too detailed to discuss in this
paper. A complete description of IPSS s uvailuble in the
document titled **The Infurmation Processing Sysiem Sim-
ulitor (IPSS): Liinguage Syntax and Semantics.”™ Bricfly,
however, pussible modifications 10 un existing and execut-

Ing mode! without requiring complete reformulution include -

e I
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. cliinges lo: ' »

}. timing und space charcteristics usxocinted with sec-
ondary storige hardware and storage media,

2. the secondary storage O configuration,

1, user usape putteras and service requirements,

4. file ovganizition methods und space management poli-
cies,

. the queucing disciplines associnted with joh ﬁchcdul-
ing. resource allocation wind Lusk munagement, and
memory management policies., .

-

1i-58 supplics the Stage 1 processing with 4 capability of
buting self-adaptive with respect to Stage 3 outpats. Cur-

rently, the methedology employs modeler assistunce in -

Sizge A, Future research will be directed ut providing more

sophisticated heunstics for Stage. X in order to provide -

wraly sclf-contained iterative methodology fur the multiple
¢iteria evaluation of information systems,

STAGE 3 ANALYSIS

The functions of Stage ) of the methodology are to
determineg whuether the currenr configuniion is satisfuctory
and (o fornmuliie o new model in fight of the duta provided
from Stage 1 and Stage 2. Figure 6 shows the informition
fiow 10 Stige 3. New models veflect the performince goals

Ansauecn
Aceiviiy
Krasurus

{e) Current Hodad
$peciftcacions

(d4) Nistorical
Dats om
Fusvlious

Itevagjcas

Figure 6—Infiu ﬁmlinu flow 1o sagr )

of both the user und the system. Heuristics using Sﬁi'&....'.

land's® definition of a heuristic are employed in Stage ), -
The problems cncountered are complex und unwrue.
tured. Determining if the curremt design s BcceMaMe

requires a mixture of ohjective und suhjective reasoning, Iy -

would be a rare situation if a1l the user goals and- system

. constrainls were sutisfied simultaneously. Generally, 35 -

extremgly wide spectrum of acceptable performance levely
and alternative designs are possible, ot eich iteration, 1°

satisfy both user und system criteria. Tiade-offs will dom;. -
nate the decision processes. Muny factors effecting sujtble -

dcsn;m may not be included in the formulations and proce.

dures of the first two stages. For example, there may he.
external political, erganizational or economic coasideny

tions that ire not directly related to the performance of the
system, but may be a major factor in the final decision, The

methodology docs assume, howcver. that the hcuri-ng'_

proucdul’cs have iiccess 1o this external criteria,

When it has been determined that another iterution is
desirable, it is nssumcd that the heuristics will eXamine
current and past desipns. Whatever the heuristic .cfnploycd.
idcally its objective is to produce a sequencé of models

whose 8, charucleristics (for all 8's) behs_wn'ﬁs follows, . °

~

oy
Itsrations

The emphasis. of the current research is to provide insighl

into the decision process for nmprovmg the performance of

information systems. Stage 3 is this decision process, 1y is

nided hy input from four sources within the methodology.

Thcsc sources are: () the Stage 2 outpuls, specifically the' -

Bi's identified to improve user and system goal perform- -

ance, (b) system behavior stutistics fram Smgc 1, {c) the

. cutreat model, and (d) historical data from prior terations.

1t should be emphisized that at this juncture in the develop-
ment of the methodology no formal heuristic procedures
have been implemented. It is one of the purposes of this
research. however, to investigate the nppropriateness pnd

success of viarious heuristic decjsion rudes. Rules of thumb’

such as those propuscd by Buzen™ are passible aveaues to.

be investigated.

AN EXAMPLE

In vrder to validute the procedures develuped : ln.lhis', _
methedulogy und the linison between Stuge 1 and Stage 2.a-"
- test cane was develuped. This example was modeled apd

N

exccuted in IPSS 1o musfy the--Stage- 1 rcquircmcnts."

* A heurisic s “a disciplined triak-and-crror process. . ..
scCeVe improvement, where we miy leam (nm both succews und filure
und where the criteria for ruccess and Liflure may vary with \Ihll we han
previously lcamed (p. 1B3; Reference ™). '

.nanm-heh :
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TABLE b—=User Gual Evuluntion

Goal Over-Achievement Under-Achicvement
USER, 6.6 : 0.0
USER, : 0.0 1.5
USER, 0.0 ‘ 2585

Several iterations were applied, demonsirating the evalua-
tve capabilities of the methodology. The following is a
Jeseription of the problem, the corresponding model and
w-zresults of the first two Rterautions.

e example is & model of un on-line document retricval

system. There are three files assochited with the systesa; an
authaoititle index (AT, a system document identificition
fil (iD). and the document file isell (POC).: They are
struciurally related such that an entry in the A/T fiie puints
to vi:e or more entries in the 1D file und each 1D filz enny
in turn is nssociated with only one DOC entry.

Ti:: model is designed so that a unique. activily is
nssocisted with the accessing of each file; Activity | with
the A/T file, Activity 2 with the 1D file und Activity 3 wilh
the DOC file. Each activity performs similar functions:

obtaining and releasing devices, reading reconds, perform-

ing 170 techniques, but 10 different files.

Itis assumed that the sysiem supports three vser clisses,
cach with a different demand on the retreval system und
cach characterized by a different combination of aclivities.
The puipose of the first user class, USER,. is 1o retrieve a
docizment- for a particular author, thus utilizing all three
nctivities, Those in the second user class, USER,. wunt 1o
detenaine the existence/non-existence of on entry in the
system for o given uuthor, nnd therefore, need (o use only
Activity 1. The final user class, USER;. already has the
address of the 1D entry and wunts to retrieve the associated
DOC entry requiring only Activity 2 and Activity 3.

In order to complele the formutition of the performunce
évuluation problem for this methodolpgy, issumptions con-
ccining the performince of the system .were made. A
sunniry of these ussumptions for the user goals and 8
constraints and the penalties associnled with thé corre-
sponding dhcrcp.mcms in uccordance to the n.qu;rcmcnls
of furimulation [C] is shown below.

“G=( 150.0, 100.0, 400.0)
L=( -2| -21 "2)

H=( 50, 50, 5.0
l=( 10, 10,  1.0)
Pp*=(1000.0, 10.0, 1000.0)
Pom=( 1.0, 00, 0.0
PutePy-aPpt=Pis=( 10, 1.0, 1.0)

The model constructed in IPSS assumed o simpie config-
" unatic.e of one processor and one bunk of 18M 2314 1ype
dive .1 uccess devices. Under a given loading (which is not a
vaateolbuble variable in this methodolugy) the resulting
paifuzinance statistics, the values of matrix R, are shown

below.

Q= 00 Qil= 00 Qdli= 1.4
~Sy(1)=37.2  Sgi)=37.1  Sgli= K9
R(N=37.2" RAN=37.1  Ry1)=1023
TQUD=122 QY= 0.0 Q4= B9
SU=363  Sg3)=39.1 SiN= 93.5
RN=48.5 RAN=.1 Rg})=102.4

. This perfermunce dnformation, coupled with the goal *
ussumptions, was input 10 Stage 2. The evaluation of the .
- surrent confipuration’s performance with respect o the wet

of user's poals is shown in Tuble | It indicates that the

poals of aser classes 2 and 3 were sutisfied with a good

margin of slack, (which is not penalized in this example)
while the goad of the first user class was not satisfied (ovér-
achievemaent implying non-stisfuction),

"In the second phase of Stage 2, the 8's are allowed 1o be
munipubated until they sutisfy the user goal constrints and
Lest sutlice the system, guideline constraints. The result is
the jdent, cation of these activities whose performunce can
be, and o od to be, improved with respect to one or both of
the criterin. The values for the 8% as calculated were

=10 B,=l0 A= M

These ure intgrpreted us indicating that both Activity 1 und
Activily 2 ivere ndequate to meet the uner demands put 1o
them. Activity 1, however, was found tu be insufficient to

satisfly the rcquirements of user clusses | and 3, The -

modification indjcuted is to reduce the present rute of usage

for Activity 3 by at least Y in order to sulugfy the user -

goals, in particular, the first user cluss goul.

The determination of whether tu cease the design loop by "
accepling this peiformance or to continue by modifying the -
existing odel is made in Stage 1. Given the stated goal/ -

penally structure. it wus assumed thut the over-achieve-

queucing and scrvice fime statistics for the first lteration,
one ¢an climinate some of the modification possibilities.
The result of Stige 3 unalysis was a decision to repluce the
IBM 2314 type device with a faster one, i.c., an IBM 3330
type device.

The originat model of this example system was dynami-
caily altered to reflect this modificition. Under the same
loading as before, the following performance statistics were
accumuluted.

Q4l='38

Q=00 Q=04 Q,

SAD=119  Sth=11.3  SA=226
RiD=118 RAD=11.7 R{1)=31.4
Q=38 Q)= 00 Q%)= 0.0
S{=111  S4N)=12.0  S(3}=29.1
R(2=149 ' R{I)=13.0 Ry3)=29.1

‘ment of USER, goal was ut un unuccepluble level and the -
design procéss must continue if possible, By examining the -
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Stage 2 unalysis showed that now all three user class'

goals were satisfied (Le., not over-uchieved), The culcula- .

tion of the f's, however, indicated thut while Activities
and 2 were still ndequate (8,=8,=1.0), Activity I now had
the possibility of excess c.np.acny (By=4.0). Although a
slower und ‘probubly fess expensive device for Activity 3
would be more approprinte, we had found in the first
iterutiun that such i device was not able 1o salisfy all the
user goals. Therefore, in future iterations, Stuge 3 proce-
durcs had 10 cxumine more subtle methods of improving
performance.

CONCLUSION

Modcrn informition sysiems.do not exisl ns entitles unto

themselves, but must interisct with their environment, i.e.,
their vsers. The loading und mix of the users effect the
performance of the system resources and likewise, the
service characteristics of the system resources effect the
satisfuction of user goals, In order to design such systems,
one must salisfy o large set of users demunding a conflicting
set of performince gouls white operuting within efficiency
nnd minimum cost constraints, Thus, performance evalua-
tion of informalion systems is o mulliple criteria problem.
Concurrently sulisfying both of these sets of criteria is the
goul of this methedology. Current avuilable techniques,
however, only uddress one side of the protlem, either the
user or the system. The methodology described in this
paper establishes i formal laison between the evaluation of
user goals us o function of system hehuvior and the unalysis
of system resource performance us a function, of user
demund, therchy, fucilitating multi-criteria evaluation,

The methodology is iterative, comprising three separate
hut inteprined stages, The first stuge models and evaluates
system hchuvior. The particulir technique employed in the
first stage is IPSS and it is uble to collect the necessary
stitistic, RAi). The second slige evaluates the user based
crileria and provides evaluative insight into performince
impravement. Solution of the MGP formulution in [C]

produces a set of 8's, the variables of Stuge 2 which

indicate inefficiencies und/or excesses in the current model.
And finully, the third stage heuristically determines the
currem model’s neceptithility amd need for modificutions.
The evalwive procedures dv.vclnpcd for 1his methodol-
vy huve heen ~huwn to be vitlid in pructice. Furthermore.
this mcthodology prnv:du an excellent basis for. continued
sescarch into areas such ns: -
a. invcstig;tliun inte the ciusal rehtionships between
user demand and system uclivity,
. .sensitivity analysis of these rekitfonships,
mvcstu..tlmn inta suitahle henristies for Stuge 3

!"7‘

. wither

testing existing  hewdstics or development nl’ new

unes, und
d. development of hewnstic/modification niles 1o close

the design loop mlu un uutum.mc sell- mudll'ymg proc-
eS8

g
h
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- Applications of SPARCOM data base concepts
to a crime combating envnronmcnt“‘ | |

by RON ASIIANY

Yhomug J. Wautsun Resvurch C‘umv
Yorktown Heights, New York

ABSTRACT
In this paper anly certuln aspects of 4 powerful Duta Buse
-System called SPARCOM, ns refecied by some applicas
tions In a erime-combating environment nre presented,
SPARCOM suinds for Sparse Assuclntive Refutlonnl Cone
nection Matrix, It is o mothod that was developed fur the
analysls, interpretation, orgunization, chissification, updute.
and structure of stored dutiv an well as for the seurch und
retrieval of informution from lurge duta buse (LDB) sys
tems. The unique upproach of this system iy the conversion
of data into lurge spurse binary matrices that enubles une to
apply sophisticated spurse matrix techniques to perform
data base operutions, The operntions are performed-on the
matrices as though the entire matrix were present, but great
amounls of stomge spuce are saved, and exccution time is
significuntly reduced by the storage and manipulution of the
_nonzero values only, Additionnl reduction in stornge re-
quirements and in exccution tUme Is uchieved by SPAR.
COM's Intrinsic normulizatlon process that nlleviates the
pruve problem of duta redundancy, cnused by multi- vuluc
aitributes,

INTRODUCTION

Al the current state-of-the-art, Duta Bn:c systems are sull
turgely the result of Ingenfous cusuul und ofien belmed
altention to hunwa factors, users' needs, system configuni
tions and progrumming problems, The methods used In the
development and design of such sysiems ure csientiully
trial-and-error. No evidence is to be found in the technienl
Biernture, describing existing systema, lo indicate thal the
development was based on a sound selentific foundution or
on ‘well estublished engineering  dlsciplines. Generully
spcaking, no unifying concept. generul lhcnry. ur common

dum base technalogy, One of the mujor contributing ﬂu.luru:

10 the haphazund upproach iy the Tiek of distinetion, during
the development phises. between nhynhnl und logical con
slderiions,

Befure contempluling the dnvclnpmcnl und design of any
system. an uppropriite conceptuyd frumework must be

estublished. To undengund and communicate the concepis

of xuch o framewaork: certain definltions must be postulited,
Some of the definitions are precine und have heen estihe
lixhed vn rigarous mathemutical foundations, others ure of i
generde nature und sl others huve been estublished to
pravide u common buse of reference, tn the new fleld of
ditn huac"‘cchnnluuy. there is no evidence of un existing
cammonly hgreed nomencluture, Muny terms. introduced in
this ‘paper arg new, othem were wdopted from different
sources.

BASIC CONCEPTS AND DEFINITIONS -

e

The dngnml computer cannat deal with phwical uhjcctm .f-.: -

optisul images, eventx or abstruct concepts direétly. A dutu
midel of the physicd world or of the ubstruct concepts
which can be casily nuinlpulated must be constructed fimt,
The Data Modet {DM) Is the informution content of the

©dutn base as it I vidwed by the users. For exumple.

systematic approuch is us yct evideat in work in the l'cl-.l of

* This work represents upplicutions of some concepta, investiguted as punt of
@ rescurchs reponied in the disseruaion by R, Ashuny, SPARCOM: A
Spusse Muirix Aspsclutive. Relutlional Approvch o Dynumtic Duta Structum
dag and Dutu Retrieval, submitted W the Fuculty of the Pulytechnis Institute
of New York In panlal fulfillment of the requirements for the degree of
Ducm of Philesaphy LEkectrcal Enginesring) June 1926,

Regulur Dita Orgunizntivn (RDO) In oa urrty form us
Mtustruted by the criminal file In Figure |, I8 ‘un accepied
form of representing dutus therefore, it is u duta model.

A collection of provessable dutn from which un vnterprise
A puliw )

cun derive Informution is culled a Date Base,
depariment. & hospitil, 4 court of justice. u univershty. o
bhunk or any lirge-xcale ndministrutive, sclentifie, technical,

commercial or other type of npcmllnn in culled un Enters
prize. An item of interest to an enterprise ahout which d.alu- o

are recorded or computed Is culled an Eniity,
In uny given enterprise, there muy exist different Im\.‘n of
entlties, a criminul, a detective, u bullets signature, o ¢ir, n

I'irc'lrm./ a crime, o portruil, 0 report, ele. Entities are. _
identified vin their atiributes. An Attribute i’ a ;pmrc_
class of Informution nbout un entity; ench entity hus nl!luunl

onc attribute. Necause of their wide and frequent ukige.’a
number of attributes have been given numes such un.,:{\gc.

5719
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TID | NAME CRIME ARM | LOCATION®] SEX | EYES | LANGUAG
1 John Murder A Detroit - M Blue .Engli#h
"2 | claude Raﬁe. B’ N.Y.C. . M | Green. Engliéh'
' Arm. Rob. ' Frxench °
German
3 Robert ‘Hijack D Houston M Hazel| English
‘ German
4 Nancy Homicide A .Chicago F Blue English
: . German
5. Ingmar Rape. "D Detroit M Blue English
Murder Russian
Swedish
6 Roberto Murder -] A Chicago M Black Enéliéh*
N\ ' Italian .
: ,__panlsh
7 Marcel Kidnap. o N.Y.C, M Green French
Hijack German -
Spanish
8 | Johanna | Drug Push} E L.A, F | Green} English:
Arm. Rob., ‘ T French
. . ) Spanish
9 Jurgen Kidnap. B Detroit M Blue English:| =
. Homicide German '
. Russian
10 | Tom Drug Push{ C . | L.A. M Hazel| English
' Arm. Rob, - : ' .French -
- Swedish

¢ (Crime Locaélon)

Figure 1—Sumple of regular dala organization (rom a criminad file

Sabary. Color, Sex, Weight, etc. There is.a CI;::lf distinction

between the Aitribute Name and Anribute Value., An entity
pamed cor has an attribule named color, the value of the
attribuic is hlue. The ordered puir Atiribute-Value is culled
p Property, A collection of entities descabed by similaz
altribules is called an Emsity-Set. If an attribute assumes a
unique vidue for cach entity in an entity set, it is called an
Ientifving-Actribise,. An entity may have sevend identily-

ing attributes; e.g.. Full Name, Social Sccurity Number, .

Employee Number, Prisoner Number, etc. The values of

' spulﬁc entity, E.Ep. ..

idéntifying antributes are colled Menifiers. Attributes.
whose values can be culeulated are called Virwal Atiri

 hutes, such ax Age: sublracting from the currcnl ycnr lhc Py
. year of birth the age value i determined. :

In the re;.ul.lr duta urg.lmz.mon of the criminal, f!e.
illustrated in Figure 1, coch row in the army belongs to a
£a. Eich column belongs (o a
specific .n{lnhulc. AAg, oo WA, Each clement of the !
array is associated with a \p\.CIﬁC entity £, und a specific
atiribute A, and represents a specific value Vy selected from
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t

« finite sct of vulies pertnining to attribute A, The set of
values pertaining to atiribute A, is called the Dumain D,
The domain of utiribute xex containg only two clements
(M F): the domain of sutrhute cyes (meaning eye color)
contilns five elements (blick, blue, brown, green, hazel);
whe domain of altribute Tanguage is much largers it containg
all languages spuken in the world. A distinction should be

made between singleevilue uttributes and multi-value uitri-

hutes. AR eatity can possess only one element from the
comain of u slngle-value atribute, but it can possess one of
mure elements from the domain of & pudti-valie aliribute,
Gex and eyes nre sinplesvalue wttrbutes: lungunge is n
aulti-vatue nttribute. The multi-vilue utiribuies cuuse ser-
"uus problems in some existing approaches for searching and
retrieving data'=* but, they cause no problem whulsoever in
SPARCOM. , .

The ordered triple (E,.A4,,V,) rcpresents an clementary
data lem which is the minimum umount of data required
tor meaningful information. The ordered pair (A, Vy) cep-

- resents the property Py. Consequently, the ordered pair
(E..Py) represents an clementary duta item, Let's illustrate
the meaning of the minimum umount ol duta required for

meaningful information: the entity John by itsell does not .

tepresent meaningfu! informntion, the prupenty Eyes Blue
daes not represent by itsell meaningful information, but the
wriple John Eyes Blue is meaningful and precise, It is an
elementary duta item. The elementary data item (E,.A, V)
§s also known as the Atom of information because il cannot
be further decomposed without lusing its message.

MULTI-DIMENSIONAL ATTRIBUTE-SPACE MODEL

An entity cun be reépresented os a point in a multi-
dimcnsional Euclidean .space by a vector. The six-tuple
E {John,23,5.10,180,M,Blue) is a veclor rcpresenling @
point in o six-dimensional space and it can be interpreted as
a persen possessing the properties Nome-John, Age-23,
Height-$410%, Weight- 180, Sex-M, Eyes-Color-Blue.

The notions of point, tine, and plane from the famillar

threc-dimensional spuce may be generalized 10 higher dis

mensionn! spuces, and extended geometric interprelulions
of nlgebraic relationships may be given. Starting with a
. three-dimensional space, on entity set consisting of *‘m"
eniitics can be envisioned as a set of points with corre-
sponding coordinates described by 1 set of ordered triples
EdVi.Viu.Vy) where in 1,2, , .. ,m. The values ¥,V Vs,
are sclecled from the respective domains of altributes

AnAzA,. For example, the atiributes Age, Height, Weight -

gan represent the respective orthogonil axes A, #, W, The
et octant of the space is bounded by the three orthogonal

phines; Ape-Height, Age-Weighti and Height-Weight or

AN, AW, W, respectively, The uiples
E10.0,0); E,i1,0,0); £,10,1,0); E,(0,0,1)

pepresent lhe Origin and Unir points, respeclively. To
#epresent the aforementioned propertics of the first four
.ali;ics from a specific set, the following four riples ore

ncededi

E (20,510,180 EASA 11705
E{27.6.02.210): £ 419.5.04.130)

Ench tuple feprexenis n vector from the drigin to a specifie
puint In space. Each point cun be projected on any of the
three orthogonal plunes. The 3-tuplex .

E,(23.,5.10.0); £,(23.,0,180); £,10.5.10,180)

represent the projection of the first point on the AN, AW,
und MW plunes. respectively. They ulso represent the
projection of uny, puints thut may be found nlong the
respective perpendiculur Hnes through the points of projece
tion. Clearly, any cntity with properties Age 23 und Helght
5'10" rcgardless of its Weight will be projected on the same
point on the AH plane, the discussion is similur. for. the
other planes. Much in the same manner the tuples

E(23.0,0); £,(0.5.10.0): £,(0.0,180) . .

represent the projection of 1he first point on the A, X, and
W axes. respeclively. They alxo represent the prajection of
any points that may be’found on the respective planes that
are perpendiculur 10 the respective nxes and intersect them

at the points of.projection. Actuully, the triple E(0:0,180)«

represents a plane parallel 10 the Al plune (perpendicular
10 the W axis) and intersecting the W anis at 180, The triple
E (23,0,180) represcats a linc parullel to the & axis (perpen-
dicular 1o ll;e AW plane) und intemsecting the AW plane at
the point (23,180). '

QUERIES AND SEARCHING HYPERPLANES

Following the sume line of rensoning. it may be said that
in a three-dimensional spuce, a 3-tuple QV,.V;.V,) can be
interpreted as o Query (un intcrrogation, a question) ad-
dressed to the dutu model. The request of the query is to |
search all entitics represented by the poinis that coincide
with the point specificd by the coordinates of the query
Vector Q. This is defined as the Searching Point Qiiery.
Each of the 3-tuples 0.V, V)i QUV,.0.Vy): Q(V,,V4.0)
represents o query vector that requests the search of all
entities represented by the points that their prajeciluns
have the coordinates {Vy, Vy); (V1. Va)i (V),Vy) on the orthog-
onai planes. '

Obviuusly, in the multi-dimensional Euclidean space, the.
entilies and querics arc represented by ordered N-tuples.
The five tuple Q(V,.Vy.Vy.Vi.Vy) represents a searching

point query in a five dimensional atiribute space. The tuples

OV, V,.0.V..V,) and QLV,.0.V,,0,V,) represent seurching
lines and seurching pline querien, respectively, while the

"tuples (1V,.0,V,.0,0) und (210,V,,0.0.0) represent 3-Nat nnq

4-flat Scarching Hyperplune queries respectively.

From this discussion, it should be obvious that the search
is bascd on the content of the cntities. ruther than on their
addresses, and that the entitics that qualify- are determined
by the association that cxists between the propentics
contained by the ¢ntities and those specificd by the.queries,
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The query vectors must have the same dimensionalily as
the entily vectors scurched by them. A gollection of ¢ query
veetors Is called u Query Set und is represented by ‘an ¢ Xa
Query Muatrix, Query Complexity Degree (QCD) is defined
os the number of non-zero clements ‘specified in the query
vector, The QCD should not be confused with the Request
Complexity Degree (RCD) which s determined by the type
and pumber of properties, operators and operations re-
quired 1o get u complete response. The RCD will be defined
in unother section when the meaning of type of operators
nnd type of operitions will be beiter understood. To
illustrate the meaning of QCD: the enlity sel defined by the
uttributes, Age: Height; Weight s interroguted by the
fullowing three requests:

0,(21.0;0%—Identify all criminals of age 21,

0L35.5. 11 \(}}--ldcnufy all criminals of age 35 AND Height
5.1,

Q.£27.6.02.2100—1dentify sll criminuls of age 21 AND
Height 6.02 ANLD Weight 210, :

0, is u simple query QCD= | and It requires the seurch of
only vne domain,

)y is 8 complen query QCD=2 und it requires the search

of two domains, retrieving two subsets und retrieving the

subset that results from the intersection of the previously
retrieved (wo subsets,

@, is n complex query QCD=3, the same as for Q. but
with three domains,

Il the rrqm'sl is 10 identify all criminals of age 21, and

retricve the names of oll ¢riminals who-live in the same’

cities us those of the identificd criminuls, and spenk Span-
ish, the request indeed starls with o simple query over one
domain, but, imbedded in the request are complex querics
that require the search of uddition entity sets over difTer-
cnt domuins; obviously, the RCD should reflect the neces-
sury inleractions.
Another type of qucry known by the name of Range
Query specifies a range of values over a domain rather than
one specific vatue. For exumple, the requést to identify all
criminals between the nge of 21 and M4, when the age is a
diserele type ultribute with 4 domuin of positive Integer
numbers in increments of ane yewr, the query has aon
QCD=4, hecause in this DM, the request has to be formu-
lated s tidentify all criminals of age 21 OR 22 OR 23 OR
34", tn this data model, ifthere is 2 number ¢ of ORs in the
request, what appears 1o e one query has uclually to be
split inta g={r+1) querics. The four J-tuples rcprcsenlmg
) the nbove mentioned request are .
TR
(2:421.0,0): (0,(22.0,0): 2423,0,0): (2 £24,0.0)

und four subsets representing the puints found on the four
parulle! plines will be retrieved, The suhsct obtained by the
anion of the retricved subsets will represent the requesied
answer,

A similar sitnnion will occur when the request deals with
o mdti-vatie attribule, For example, uxsuming thatl the
¢ntity set belongs to a 4-D (four-dimensional)- atribute-
space, and the request is 1o identily oll criminals who speuk

English AND Prcnch the qucry will have to be splil ln;o
two 4-tuples ‘

©,{0.0.0,English) und 240,00, Frcnch)

but the subsct representing the result will be ohlalned by' _
the fmtersection of the two subsets, |

It is 1o be emphasized that the AND opeiatofs as .
apposcd lo the OR vperators do not require the splitiing of

the query except when a multi-value airibute is Involved. .

The request 1o identify all criminals who are males AND-
have blue eyes AND speuk’ English AND German ad-
dressed 10 a 3-D entity set will be satisfied by splitting the:
query into Iwo 3-tuples; i.e., Q«{M.Blue,English) and
(24 M,Blue.German). The split is caused by the AND of the
mulli-value attribute and the answer is obtained by the
interscction of the two respective subsets. - T

SEARCH DIFFICULTIES IN THE RDO MODEL

In the RDO model where numeric and alphanumerie
values appear in the same amay it is very difficult-to
perform a search simply by comparing the corresponding
clements of the entity vectors and query vectors. The
senrch process can be greally facililated by encoding all
alphanumeric values into pure numeric values. For.exam-
ple. 1he values of the crime attribute can be encoded so that

-Murder = |, Rupe = 2, Homicide = 3, and so on; the

values of the eyes-color uitribute can be encoded so that
Black= |, Blue=2, Brown=3, Green=4, and in the same

. manngr for all atiributes with alphnnumeric values. .

Assume that ench entity and each query, represented by
numeric veclors only, are structured into an mXn matrix
called £ und into an ¢ Xa matrix called Q, respectivély, and
thut the ». attributes are single-value attributes only, . To _
pcrfcrm 8 search becomes a simple task. 1t requires deter-‘ :
mining whether the number of identical elements, whéh .
comparing currcspondmg clements of an entity vector and.d -
query vectur, is equul 10 the number of non-zero elements
specificd in the query vector, If the answer Is positive, it
indicates that the respective entity is represented by a point
found on the seusching hyperplane. Algebraically, if Ew=[e,)
and @=[ey] ure the two matrices, and denoting the compar-
ison of identical elements (¢y=ey)®} and non-identical

" clemenis (¢ # o) =0, the above condition.is met if und only

il (tl‘ﬂ

2 (ey=qge) =ty whcre"t.-n-z. nnd L,Sn

* 2, heing the total number of zero c!cmcnls spccil' ied in the k
© query vecter.

The t10tal seurch process can therefore be purrormcd by a’ .
Generalized Inner Product (GIP) between matrices £ .and™’

_ Q. The GIP permits the use of nny dyadic operutor between

corresponding clemenis of two matrices where the only
necessary condition s, us usuabl that the two matrices must

* be confurmuble (the number of columns of the icfl matrix

must be ¢quil 10 the number of rows of the right matrix).
Two among muny ncceplable GIP forms (in the APL
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tanguage) arc:
A+.%x8;and A+,=8

The first form is the knawa matnix producet, the List form is
the one used o perform the search deseribed above.
By “‘post-muliiplying™ (using the GIP+.=) the catity
malrix E by, the trnspose of the query maitris (J a response
matrix R of mx{ dimensions is obtmncd Denoting by (7
the Iranspose of ¢

R=E+.=07 rp= 2 wy=qn) ond ryse,

where =02 . ...m J=LY ... k=12, ... (. The
point representing entity £ is found on the searching hyper-
plane defined by query vector & ifT r.=1,. Cleardy. cach
column of the R mutrix contains the nnswer to the respecs
tive ¢ queries. If r, <1, the indication is that entity { has
only r, identicil propenies with those specified in the
query vector k. According to the user's needs cnuucs can
be reiricved for any rie v nluc.

MULTI-DIMENSIONAL PROPER;I'Y-SPACE MODEL

To illustrate the strength of the modei developed and
described in this section, a specific case must be analyzed
first, In the section thit describes queries and searching
hyperplanes in the RDO model, the R'mgc Query was
discussed. This is one type of query that is mast frequently
used in scnrching criminal files. A wilness may describe a
criminal in the following terms: Ape between 18 o 24,
Height between .07 to 5,11, Weight between 170 10 190,
Male, Caucasian. The ranges specified for the Age, Height
and Weight attributes indicate that there is a certain Degree
of Uncertainty (DOU). Assume that nge is stored in incre-
ments of one ycar, the height in inerements of one inch and
the weight in increments of 10 Ibs,. and the DOU for each
autribute is defined as the number of nonzero values within
the respective specificd ranges minus one. (The minus one
comes te indicate 1hat al least one value has to be nlwnys
specified.)

In the given example, the DOUs are 6, 4 and 2, respec-
tively. As expliained previously, each runge causes the
query to be split. In this panicular case, the query has a
QCD=7+5+3=15; theoretically, at least 15 queries are
nceded 1o retricve ‘the sct of criminals that quatify. The
following process has to be invoked: (1) Structuring a 5-D
subschema of attributes Apge, Hcight, Weight, Sex. Race;
{2) Formulating three 3-tuples (0.0,170.M.Cauc. ) 0.0,

180,M.Ciiuc.) (0.0.190,M.Cic. Y (3) Retrieving n subset of
entitics obtaincd from the union of the three previously
reiricved subsets; (4) Scarching the retrieved subset by five

3-tuples of the form (0.V,.00.00 where V,=5.07,
.08, ....5.11; (5) Retrieving n subact of entitics obtiined
from the union of the five previously retricved subscts: (6)

Scarching the lust retricved subset by seven S-tuples of the

“form (V,.0,0,0,0) where V,=18.19, ... ,24: () Obaining
the subset of entitics that represent the answer, from the
wnidn of the seven previously retrieved subsets.

The sume result can hc ohtaincd hy formulating 105 $-
tuples queries (re=7x5x3=108) of the form (Vi.Ve.VaM,
Cauc.) obtained from the Cartesian product V,xVyxV,
where  V,{18,19,....24): V,={5.02.5.08.... S.01) and
V,={170,180.190}. The final subsct that represenis the .
answer is oblained from the union of the 105 prcwously
retricved subsets,

Despite the use of mmpulcm where the union, intersec-
tion and all other epenitions can be easily |l¢rfurmcd on
large number of sets, the approach just described’ for.
handling one request appears o be oo complicnted, more
so when many simitiue requests have o be satisfied over a
shon period of time. The solution to this probiem, to

probfems previously described und to additional sidngent”

requirements {6 found in the multi-dimensional property-
space model, represented by the extended binary vectors
and the hinury connection matnices.

1

An a.D attribute-space conlaining A;/Ap. . . Ay at%
butes, with their domains of distinet  elements
D,.D,.. .. .D, of curdinality .y .. a respectively,
can be lr.lmfurmed into an N-dimensional property space
where N=32L., d, represents the number of distinet p/ropcr-
ties P\ Pyl o . Py necessary 10 map any paint l‘ronythe n-D

altribute-space- into the N-D propeny-space. Obviously N
is targer thap a, and to represent a point in a multi-
dimensional Euclidean space requires many morc coordi-
nate axes, thus larper vectors. In the propcny space,
however, anly 1wo distinct points exist on éach axis; zero

and oac, and each coordinute axis rcpreéenu a specific

propcrty. /

An entity that is described in the nunbu:e -space by n .
single-value altribuies; i.e.. by an a- tuple. is described in
the property space by u binury N-tuple with n one valuc‘l
and N-n zcro values, The one vulues are inserted in the
positions representing the npp!lmble propertics. Since the
cardinal number of attribute Sex is two (M.F) and the
cardinal number of ntlrlbule Eyes-color is fi ve
(Bluck,Blue,Brown,Green, ancn the cnlity with properties '
{M,Bluc); i.e., Sex-M and E;-cs-Blue is represented by the,
T-tuple £(1,0,0.1.0,0,0). Thc 2.tuple is transformed intga 7-
tuple with e nonzero clements, and if the single value
atiributes would have respective cardinul numbers. say,
dy=10 ind dy= 12 the 2-tuple from the attribute-space would
be transformed into o 22-tuple in the property-space, again
a binary vector with fwo nonzero vatucs but 20 zero values,
These vectors of the property-spice are called Extended
Binary Vectars (EBV) and they are usually very spurse.

A sct of m entitics will be described by 8 mxN binury
madrix called the Binury Connecrioa Mutrix (BCM}, be-
cause ils nonzero elements indicate the connection that
cxists between vach entity und i1s respective upplicable
propertics. il is more specificully calted the Binary Property
Marric (3PM). Onc important feature of EBV is that single-
value auributes and multi-value attributes are represented
by one and the same vector solving the serious redundancy

i

THE BINARY CONNECTION MATRIX _ ;o

.
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problem described previously, The 6-0 autribute-spuace (the
nume-allribute is considered 8 unique dentifiér) of the
criminul file from Figure 1, is trunsformed into 32-D prop-
cry-spuce us illustrnted in Figure 2. The corresponding
BPM is illustruted in Figure X, Obviously, in this matrix
numedic und wlphunumeric values are represented in the
ime manner. there is no need for special encoding as in
the RDO muodel since the nonzeru bit position implies the
value,

The matrix is very sparse and this Is another ndvantage
beciuse the applicution of sophisticated spirse matrix tech-
nigues not only provides the cupahility to suve in sloruge
requirements tonly the nonzero elements are stored) but it
provides the mcans to perform very efficicnt operations an
the mutrices (only the nonzero elemenis are operated on) as
indicated in References 4 through 7, S

Among other advantages the binary matrices cnable one to
usc Boulean Algebra alporithms to solve dita base’ probe.
lems (see Refercnces 8 and 9), 1o eliminnie the difficulties
of the range:query. to gither stutistical data, to determine

the rclationships nmong aoll cntity pairs and all property -
* pairs, 1o assure privoey and security and many more, -
Just looking at the binary matrix of Figure 2, one can
scan the rows and sce the upplicable properties of each and. -
every entity, but scanning the columns enubles one to . .
determine ull entities that have n specific property. This Is -
the most importunt feature of the fidly inveried files, where :
for cach and every property. @ list of entities possessing the .
property is maintuined. Therefore, the BCM in the prop- -
crty-spice represents both a direct file and o fully inverted
fite at the same time, which is a very significant fealure, to
be fully tuken ndvantage of in this-investigation.

' SEARCHING THE PROPERTY-SPACE

The scarch in this model Is performed much In the same
manner as the search In the uttribute-space model. The
query vector must have the same dimensionality as the
entity vector, if Indicates the coordinates of the projection

CRIMES ARM TYPE | LOCATIONS |SEX]|EYE COLOR LANGUAGES
o o . ¢ [+
el ulala -l o
o4l |'eldl'e 1 o] x| 8
oiel |4 ol e ol vl elu{ulw g clelzlc
ulAl R |8 IR a| &l el gl alw|vl
| Qo U '8 B O[]~ K Fc-—i-uug-d--c.d--cl
BB Ul htw I u| o 2| ol oj-| Ef B[~ u) |z
sl e~ 2l ¢ Atalstalzlv af sioi el nlelolwlaloiaol
S1G| &) b S riulololwln et n) Wl el uleldfa|dls
Slrixil=ioj<[ADjCID|ElUulajie| || M| Flalnal clR W ko]~ iuln
ID [ WAKE T ] - RN -
1j2]3 a5 ¢l i) 2)3[4fs11 af3fa|5{ejaf2af1}2|[3(4]|5/L[2|3|4[5]|6]7
1 | John 1 2 1 112 1 _1T_
2 | claude . 1) ﬂ_ 14| 1] Ih il
3 | Robert 1 ' b 1 1 ity
& | vaney 1! 1 i I B! 11 111 .
5 | Ingrar S I D | 1 11 .11 1 111
6. | Roherto |1 1 1 1 1) 1l 11
7 | marced | .b Nl 2l § [ ].h _ 1 1 wd il 1
8 { Johanna ‘ _11pl 1 1 — il 1
9 | Jurgen i1 _______Ll_‘ 1 . 111}
10 | Tom 111 L ) o 1 111l 1
1)213[4|5]6]7]|819i0|L|2]3 45 (6{7|8|9lo|Lj2[3|s]|5]|6]7|B|Sio[X]2
10 20 30
¢{Crize Loé;at:ion) - > '

Figure 2--The hinary propenty m.unl of the RDO sample
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1 OvCR
10000001000001000010001001000000
00010010100000001020000101110000
00001000001000100C10000011010000
- 01000001000010000601001001010000
1001000000100:000010001001000101
1000001000011C000010300001001010
00101000010000001010CC0100110010
0C000110000100010001000101100010
011000001000010000100010010104100
000001100100C0010010000011100001

Figure 3—The binnrsr property matdx {compact l'uﬁnl

point, on the hyperplane defined by ils nonzero values, that
all entity points must have'in order to qualify. Denoting 1he
mXN cntity matrix by £ and the ¢ XN query motrix by Q.
the scarch process is performed aguin by a genernlized
lnner product (GIP) beiween the E=le,) matrix and the
transpose of the Q=[y,) mutrix numed Q7. By post multi-
plying £ by Q7 the mx{ response matrix R={r,] is ob-
lained. This time, however, a regular matrix multiplicution
is performced, because the scarch criterion requires deter-
mining the aumber of corresponding nonzero elements
between the enlity vector and the query vector (i.e., the
number of identical properties specificd in the two veclors)
and, for binury veclors

eyXqy=1iff ey=1and gy=t;
for other cases ey=q,,=0
R=E+.xQT
L4

ru=}%ruKQ»
where resy,

,
=3 Tuy

J=)

The number of nonzero values specified in n vector Is called

the weight of the vector, the weight of vector Qyisty. The .

matrices In Figure 4 illustrale the scarching process.

The Negativn Query is another efficient form of file
searching. Rather than specifying in the query the proper-
tics that an entity must have, the une values in the query
Indicate the propertics that the entities must ao have. For
example, the hijacker does not speak English, French und
German. By post ““multiplying™ E by QT using a GIP form

" ReE+ . <" which is
TN _ N
ru"JZl (eu<qu) rust, ‘t“JE Quy
- -} -

The Range Query. Let awribute Age have six distingt
values; 20.21....,25 and aunbute Welght, four distinct
vajues; 160,170.180,1%0. In the property-space the
Age,Weight attributes for m cntities are represented by m

¢

10-D binury vectors represcating the respective propenty

positiona | ,
P (20.21,22,23.24.25.160.170.180.190)
Elt _0. 0. I. 0- ou oc o- ‘I oa o, *
QI( n' lv lo ]o ll 0. oo |c lo l)

The &, cntity vectur represents a cAminal of Age-22 and .

Weight-170, all other (= 1) entity vectors have o non-
zero values at different positivns. The (1, query vector
represenis the range query for the identification of all
criminals of nge between 21 to 24 and weight 170 to 190, By
post multiplying the s x 10 entily matrix by the trinspose of
the () query veetor, un mx1 R, respanse, vector is ob-
tained. The clements Ry i=0l2.. ..o of the response
vector have values of 0, 1. or 1. Clearly, only entitics
associuted with R, =2 qualify. thut R,,=2 is obvious. As
scen in this punicular case, the weight of the query vect
is ;=7 und r, 52, the cause is selfexplunatory, o
Thus, this is the simple and elegant solution to the

complicated runge-query problem postuluted ut the bogine
" ning of a former section. Instesd of 18 queries und the

necessury set-operations, or instend of the 105 queries with
their set-aperation, one und only one query vector with a3
weight £,=17 will produce 4 response vector with elementy
ry=3, and ull the entitics with r,=3 will quulify. This is
illustrated in Figure 5. where a number of runge-queric
scarched simultincously the entity set. '
The OR-Query. In the RDO model the OR operator
always causes a split of the query, in the BPM model it

i ove : e
100000010000010000100C1001000000°
00001000001000100€10000011020000
1001000000100100_0(21000100100010,1
0000011000010001€031000101100010
000001100100000100_10000011100001

TK++/Q
TX -
679909 .
RQ«CR+.%8Q - ~~
RQ :
6 2 512
2334y ,
2 7313
32221
$3.91 3
32343
13133 o+ e e =
1119%5
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§
:
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ARWSRB IS A BINARY MATRIX FRODUC!D 8Y THE LJMHMN’ON OF ACE RGP, WGT. 8&' ARD RAGI'
Q10 IS A BINARY QUIRY MATRIX THA? CONTAINS FIVE RANGE QUIRIES

CrL 1S A FUNCTION THAT IDHITIFIES BITITIES THAT QUALIFY FRON THE REN&SE mrnrx
THE LIFT ARCUMMIT OF GIL CONTAINS THRESHOLD VALVES FOR THE RESPECTIVE QUB‘?IB o
COLUINS 1-32 REIRESENT THEAGES 10 YRS.-5 YRS, . _
COLULNS 33~ %1 REMMESEIT HEICHTS 60 INCH.-78 IRCH.

coLunnS 52-67 REIRESEIT WEICHTS 100 LBS. -2 %0 LBS.

COLUNNS 68-69 NLIRESUIT THE SEX N AND F RES PECTIVELY

CoLvMNS

t ovAuwSHBL 14y ) | :
0000100000000000000000000000000
500000000600000000100000000000000
00000900010000000000000000000000
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1 0vgi10
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00010€%7 3

NLGI'O ORI BN,

0000000001000000000000000001000000 10000
0000000000100000000000000100000000]20:100
0000000C0000010000/0000000000010000101000
00000000010001000000000000K1{100

111111ooooooooooooooooooooooooo 0000f . '110000000{0000000111000000[10J21000
0011111110000111100000000000000{000001°  :1111310000000111333383000/101200
00000000000000000000000000000000113111; " "00000000011111110000000000P11000
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R10«AHWSRB+ 25010 '
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AL0l;124) o
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2 12172327 06 0 0 0 O © 0 O 0 0 O O 0 O O ¢ 0 O O
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Figure SA-~Scarch by runge queries

J

depends on the form uflhc request, To identify all criminals
of age 27, height 510 und blue or green or hazel eyes
requires the Tormulation fof one query vectur, of wcluh!
fy=5; the entities that qualify huve an r,=3, The sume
request. only this time for criminals- of uge 27 or 28 or 29,
will require again une qucry of the sume dimensionality
withu h,=7und r,=3, Aclu.llly. these (2R queries are range
queries. Hut, if the rcqucxl is age 27, height $'10° und blue
OF Erecn cyes, or jpe "8 height $'10° and green-or hazel
oyes. o ape 29, height §110° and blue or hazel cyes, three
REPRFILE guenies are rcqmn.d

Denating wtiributes Age, Hs.ighl und Eyes Culor hyA H

request will qualify for the first and third requests. In the -
property-spuce, m entitics can be represented by a.sub-
schema that contuins all the properties specified in the three
requests by m, 1-D binary vectors representing the respeces .
tive property positions nssocinted with each entity. Each-
und every entity can have a maximum of three nonzers
vilues, becuuse Age, Hclshl and Eyes Color are slngle-
vnluc attributes.

und €, respectively. und using switching theory notation, (501, 0, 0,
the three requests can be formulited us é-:;:g (',: ?‘ : i O .

(D AHUC,HCHC)
A LG+ AL Co AL Cy—3 triples

(N (A + AL+ A0, +(‘,+C‘,l
SAMCHATLCH 4 ALCY trples

(k) Alnu 1(9+AI!K 3+ )+ AJLIC, +C3)
=4, 11,C+A N +: S+ AL C—6 (riples

Obviously, all entities thal van he projected in any of the
three puints specificd by the triples of the first request will
guilify for the fiest, second and third request, all the
eatities that can be prajecied in any of the six poinis
apecificed by ihe thind request will qualify for the second and
third requests but aot all entites that quadify for the second

It Is appurent, however, that while the @, qucry v:clor :
defines the three necessary triples and the (0, query vector
defines the nine necessury triples. to.define the six ncccs-'
sary triples fur the thind pequest three separate: qucrlca
(€5 und QF have 10 'be formuluted. This is requiny’ m
arder to exclude the three undericored triples from Ihn plnc

AdLCAHCANG
) A H|C| Aal’|c.gp "’ C]
\, A;”|C|:A;’IICI:A;’I.C'

buus‘thlc triples, The response 1o the third request is pb-
tiined by tuking the wnlon of the three subscis relricved by
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(5.0; und Q7. Observe that entity £, thal possesses the -
projection A1, C,y. qualifies for the first nnd second re-
quesis but docs aot gualify for the thind, Informally. it may
be sinted that the number of sepisrate queries Lo be furmu-
lated s equal 1o the number of members In the lefi-hand
side of the cquation.

HUMAN-FACE IDENTIFICATION

Human-fice features of o farge population cun be stored

- in o computer. The problem is how 1o struciure the dati xo
* that an efficient senrch cun be performed to kientify an
individual when o number of features is specificd, or how v

THE IDWIIFIIRS FROM REI0O ARE USED IN THE FOLLOWING TABL IS

V1

ID AGE HEIGHT WEIGHT SKX

71

IDGLI; JAGCUI; JHEGLT: I WEGLT: ) SEXGLI )

ID
9

I+«Rrol1;1)

Vi TABLE 74

AGE HEIGHT WEIGHT SEX
18 S.11 190 M
vio

ID NANE AGZ REIGHT WEIGHT SEX RACE . o

710 ;

JIDGLT; ) NAMGLI; JAGGLI; JREG(I; ] WEOLI; ) SEXC[{I; JRACEG(X; ]
‘ T :

ID
12
17

23
27

ID
20

ID

20
23

I«RE10[2:1 5)
V10 TABLE T10

NAME AGE HEGHT WEIGHT SE RACE
CLAUDE 35  5.41 ' 170 M CAUCASIAN
MARK 24 5, 06 150 X EURASIAN -
RUDY 25  6.03 210 N CAUCASIAN
‘C RALD - ' 32 5, 06 160 M CAUCASTAN
DONALD 26 6.0% 220 M IURASIAN:
I+R Bol3512 )
V10 T4BL E T10 '
NANE AGE HEIGHT WEIGHT SEX - RACE .
NANCY 18 5, 04 130 P CAUCASIAN
JULIA 24 5,05 140 F LAUCASIAN. -
IT+RE10[ 5133 - ’ R
V10 TABL E T10 . S
NAME AGE HEIGHT WEGHT SEX RACE .
NANCY 19 5, 04 130. ° F CAUCASIAN o
JULIA 24 5. 0 5 140° . F. CAUCASIAN -~ - .
CIRALD 32 5,06 .160 _ M L

CAUCASIAN
' Figure SB—-Retricval uficr runge query search ’
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Iclu“lfy individunx in distinct classes aa & functlon of thelr . criminal, or a number of criminals, with different DOUs,

feutures. A few- rescurchers huve investigaied the prob- the process of interrogating the entity set with many queries
lem.'"" It appearn. however, that more efficient methods concurrenily. called a parallel search, provides the capablk .
ure needed 10 obinin o quick anxwer, enpeelally when many ity to check a number of aliematives, us {lfustrpted In .
different descriptions are to be considered simultuncously. Figure 8. o
Structuring the dita in a binury property-matrix form, as Distinctive features are ensily dis¢overed In this model by

ilustruled in Figure 6, und Figure 7, provides the means for culculating a figure of merit culled the Degree of Distinction -
fuxt dentificinion and classification. The tubles are sclfe (DOD). Assume that an mxN matrix £=[ey] contains the

explinatory. the atiribuica cun be permuted in any order so duta of m human fuces, some of the N fentures are .
that muny different sub-schemus ¢un be derived, If a associuted with fewer fuces than others, (hese are the more
wilnens deacribes o criminal that had his fice covered from distinctlve feuturcs. The DOD for each and every property -
the nuse down, unly the huir, eyehrows, eyes, forchend and cun be culculuted by dividing the column vector welghts of *
eurs are nceded in the subsschema, A witness may describe the £ matrix by m, : o
o erimingl without being able to assign a specific value to . '

each and cvery feiture: in other words, features may be DODU‘)--m-.g ey

described with different degrees of uncertuinty (DOU), For : e

example. describing the nose, the wilness may say thal he The lower DOD{/) values Indicate the most distinctive
is not sure if the nasc-length should e considered us short propertles P, which are very important ndlcstors in deter
or medium and if the profile is concuve, sruight, or mining the festures to be described In & query to get'the

somewhere Inbetween. In this panticulur casc, these altr- most pertinent answer. . S
butes will he covered by a range-guery of the form (1,1.1,+ The human foce file contains # single-value allributes
0.0.1.1.1.0,0). {¢yes-opening, eyes-scparation, eyes-color are three dis.

The sirength of the method is not restricted to the:  tinet attributes) und considering that the row vector weights |
cupubility of applying range-queries to each and cvery of un a-iutribute entity set i X%, eymn, the degree of

altribute nt unce, 50 as 10 overcome the uncertuinty prob- uncertainty reflected by each query vecior of a 0=[qu}
lem. Assume thut severul witnesses describe the same query mutrix that interrogates the £={e,] entity matrix can-.
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be determined us follows
N
oouu.')-‘):l G~ VIK) where VIK)sa

The V(L) vidue s determined by the number of attributes

covered hy guery (4. The two defined cocflicients DOD -

und DOU ¢an be cilculated in muny ways us illustrated in
Figure ¥, bul they are remdily obiained from Slmilunly
Matrices.

The Entity Simblarity Marix (ES) is a symmetric mXm
matris ohtained by post-multiplying the cnlily mutrix E by
its trinspose

¥
ES=E+.xET=|e ]x|en] esu=Y €00
el

where i=1,2,. .. k=12, .. .m.

The (ih clement of ES represents the number of common
properties pussessed by the pair of entities E, and £, When
i=f the clements () of ES ure the elements of the main
disigonal. cach clement representing the number of proper-
lies specified in entity E,, which is the weight of vector E,.
The Wi J} elements indicate the degree of slmllatnly between
cntities E, anid &,

The Propecty Sunihmn Mutriv (PB) is ohmined by pre-
multiplying the £ matrix by its transpose E7, it is on NXN
symmetric matfix PS=ET+. XK, The (Iith clement of PS
represents the number of enlities that possess Lhe proper-
tien M oand P, The (Lith ¢lement of the main diagonal
represents the number of entities associated with propeny
£,. Dividing the i) ¢lemeais by an the DODW is obtiined,

Tl Query Nimilarity Mairiv (QS) is obtained by posimul-
tiplying the query matrix (0 by its trunspose Q7. if () Is an ¢
xN mutrix. QS is 8 symmetric ¢ x{ matrix. The (//ith
clement of QS represents the number of commun properlies
specified in queries (O, and O, The (L.ith element of the
main disigonal re prcscnh the numbwer of propenties specified
in query (.. this number was defined, previously, ud the
query complexity degree QCD. Subtructing from the cle-
ment of the mauin dingonal the Vi) value, ‘which represents
the number of aniributes covered by query Q,. the DOUL) is
obtained,

The V) valug is called the Covering Cocffivient of query

(2, and as stated previously Vidsa, If there ure o-atiributes
it is hnowa that N=Z2%,d, is the dimensionality of the
query vector in the property-space. One can. however,

- apecily ina (2, query vector of dimensionality N, properties

penaining t0 & domains (ksa); j.e.. the query cevers only &
attnbutes, therefore VD=4,

The Query-Property Similarity Matciv (QPS) is an Nx N

symmelric matrix ohiained by pre-amiltiplying the () matrix
by its trunspose 7. The i) clement of QPS indicates the
number of queries in matrix O in which properties £ mid P,
wre specified, this is a0 Poir-Usape-Frequeney Indicator
(PUFD) because il indicates how frequently pairs of proper-
ties are specificd in gueriés. The (.0 clement of QPS
indicates the number of queries in matnx @ in which
praperty P, is specified, it is called the Usuge Frequency

Indicator (UFI). The UFJ is a very important factor i
determining the hcnt"slmlcgy for stornge allocution.
One of the most important aspects of this associative
approach is its great flexibility in Logical Reconfiguration;
i.e.. the cupabitity 1o **cut and paste’ attributes or proper-

ties us o function of the time-varinble querics. As Mlustrated

in Figure 7 by the matrices FOR; CHE; CHI; MOW{ MOL;
NOL: NOP, etc.. one can concenttate on the forchead,
cheeks. chin, mouth's widith, mouth's lip overlap, nose's
length. nose's profile, respectively, or any combination
thereof, 10 create new subschemas or Aggregates. Il a

“wilness recalls that a criminul has a long nose and curdy

hair. the search cun be performed over altributes hair-
texture and nose-length. or over any specific . propertics.
The flexibility of this approach cnables one to crente
apgregates of properiles thal belong to dilferent atiributes.,
One can also create nggregales of - the most distinctive
feutures stored in a file, for example, the ten properties’
with the lowest DOD vulues as illustruted in Figure 9.

If the intersection of the set of criminals that possess the
most distinclive properties with the set of criminals re-
tricved by the senrch over the properties specified by the
witness is not emply. the interrogator may ask the witness
to try and recall if the criminal did not have any ol‘ lhe most
distinetive leatures.

CONCLUSIONS

Only o few basic concepts of SPARCOM have been pre-
sented in this paper. Many other concepis and nlgorithms
have ulso been implemented and tested. The APL is used

‘here merely as a ool to explain the concepts, The strength
“ of the method and the efficiency of the system have been

cl-.nrly demonstrated in an Asscmbler Language implemcn-
tation when ‘a Data Base of 100,000 entitics vs. -63.000
polential properties was searched concurrently by S0 com-
plex queries. (Each query contuined over 30 diffcrent
propertics from a sel of 65.000 putential properties.) On a
system 360 Mud 85 all entities that qualified were retrieved
within 60 seconds. A detniled description of SPARCOM's
concepts can he found in References 7 and 12,
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GO System—Design and implementation

of an output generator*

by ROLAND R. BONATO und KENNETH C, YANG

The Geurge Washingtirn Univenity
Washingion, D.C. .

ABSTRACT

This puper concerns o conceplual model for u general
purpose outpul gencrutor und its implementation. The Gens
eruted Qutpul (QO) Sysiem s bused on two major criteriu;
(1) user oriented und (2) casy milntenance, lis goul is to
produce tnifored output in un unambiguous, cumern-ready
form. Basjeally, the sysiem is comprised of o derived file. a
descriptor file and un interfuce module which integrutes the
two! files occording. 10 nh.m.llly supplied specifications,
Perived dita are usually numenic results such us percents
ages, toluls, sulotals, ete. Descriptors nre defined as
alphunumeric liubels whose funciion is to clearly identify
Jerived data. Clussification of different lypey of culculuted
und lubel files are discussed with uccumpnnymg examples

and illustrutions. :

BACKGROUND -

In a socicty where compuier oulput is being widely used for

business und scientific reporting, this medium has become

un increasingly nccepted vehicle for humin communication.
A review ' of computer vulpul during the pust two decides
indicutes that there Is 4 irend sowird more complex formal-
ting. The chunge is mustly due 10 an expanding und more
vuried usership: i.e., as the consumer becume more sophis-
tivuted, the demand for custom-luilored or even cumeru-
teudy output increased, For the must punt, the DP commu.
nlty responded to these demunds by developing a compiler
approach to producing sl.mmcul tubles, The. Repont Pro-

prum Generator (RPG) by IBM und Tuble Producing Lin--

puage (TPL) by the Bureau of Labor Statistics are exumples
of systems that were specifically designed 1o accommuodate
3 varicty of output displays. .

|

INTRODUCTION ‘l
‘ :

A ‘\ myjor problem in the producuun of computer ouiput
‘nvolves the munipubistion of alph.mumcnc descriptors, i.e.,
S —bicprey i

P evepuretion of Ihs puper was Suppined’ M Qeunt #3-H0)-MII1-2301%-0)
i+ the Nutional Instisule of Mentad Heubth' U.S. Public Heulh Service.
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lubels whose sole function i 1o ¢leurdy identify data format.
ted output, As opposed to caleutulivns, lubels ure avt
reudily derived from ulgorithmic models. At the Biometric -
Laborutary, The George Washington Univerxity, we re.
viewed the problems ussociuted with wulpul furmutling and
came 10 the folluwing conclusions:

(1) Labeling requires extensive umuounts ul‘ tedious for

matting effort. Cunsequently, Iuhw.lmu lends to be
. sparse und ubbreviated.
“{2) Revision of oulpus formuts is equally 1edious,

(3) General purpuse progruma, in aider to nuintain their
generality, t¢nd 10 reson W um.-ri. labein, e.g. % or
$. However, there ure many n-l..mccw where such
generic lubels Jo not suffice.

{4) When unambiguous Iulxlmg ix fcqunred the program-
mer resons Lo one shol™ progrumming gonsisting of
repelitive calculution lugic ind unique alphanumeric
formats; i.c., the programmer is forced 1o **re-invent
the.wheel** culculutionwise because of lubeling spc-
cifics.

In order 10 reduce these problems und provide Nexibility
in scncmung output, we have developed a syalem based on
two major crileria: :

{1) User oriented—users should be uble 10 \pcufy not '
only numerical results hut also the terminolugy to be
employed und the pusitivning snd urdering of their
oulput, .

(2) Easy muintenance—atilizution and mulntenance of
the sysiem should be uccomplished mostly by trined
techniciuns.,

The following sectivas describe the design, basic con-
cepla, implementation, und example vulput from our ayse
tem,

DESIGN

Given the above-mentivaed criterin, we decided to treat
durlved datla und rhelr usmwluted deaciiplon us sputiule
entities, Le., independently-gencrited files.,
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Figure 1=Design of an culpul generator

Derived dutn are viewed as calculated results such us
percentages, lotals, subtotals, eie. Descriptors are defined
as those ulphanumeric libels needed to Identily results,
Merged output is uchieved via an [nterface module which
Accesses both the results and descriptor files as shown In
Figure 1. '

This design has the following udvantages: -

(1) Generul purpouse calculation programs can be writien
independent of formatting construints, '

(2} The deagriptor file can be modified and maintnined as
a separale calily,

(3) The Interfuce module provides flexibllity in the ar-

BASIC CONCEPTS

, rangement of final oulput, e.g.. configuratlon of out.
put cun be tulored to the Individua! user without
exlensive reprogramming.

The purpose of the following discussion Is to explore
concepls that will ylcld results und dexcriptors with some
degree of generulity und 8 minlmum of effort,

A viewed here, ult output can be subdivided Into a serfes

of component parts. _

" Figure 2 represents the concepis Involved in the GO

system, from the most elementury 10 the mosl complex and

their interrelationship. Starting at the top of the schematic,

TOTAL OUTPUT is mude up of PAGE IMAGES, and one

or more TABLE(S) constitule a PAGE IMAGE, TABLES\
In tumn, are derived from RESULT CLASSES and LABEL

~ TYPES. Finally, results and labels are. composed of cle.

menly, i.e., u single calculution or an alphunumeric word.

A page image is defined ns an output unil whose content
forms u lugical whole within the totul output. Although the
dimensions of a page imuge are theorelically unlimited, an
actual page image introduces cenain cunstraints; e.g., ma-

1 .

TOTAL
QUTPUT
PAGE IMAGES
£ L . Sttty
TABLE | TABLE 11 TABLE 111 TABLE N
KATRIX TYPE A
: TYPE H :
RESULT CLASSES VECTOR ‘ . LABEL_TYPES -
TYPE § ' )
DATUM
; TYPE 0
| 4 . 5
} f 3 4 . ]
s /r/

RESULT ELEMENT

Figure 2~Components of output

LABEL ELEMENY
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chine limitations, such as finite number of print po:llluas.
~tend to influence the page size.

A tuble is defined os a merged display of results nnd its
descriptors or lubcls (whencever & single tuble is Involved.
the page image is the 1able). All results can be divided into
ihree clusses: a datum (1% 1), a vecior (1 XN), and a matrix
(NxN}. Descriptors are divided into four types: All nlpha-
aumeric (TYPE A). Heuders (TYPE H), Stubs (TYPE §)
and Others (TYPE Q).

Label deflnitions

(1) All alphanumeric (TYPE A) lubels consist of onc or
more lines of pure ulphunumeric oulpul, As opposed
to TYPES H and S, their position is minimally
corrclated with the result clusses: i.e., the form and
alignment of TYPE A is not determined by derived
outpul. TYPE A is commonly used for table descrip-
tion, foolnotes, clc,

(2) Headers (TYPE H) are defined as labcls that describe
cotumnar results, The position of TYPE H clements
is a function of the format of the result mnlrix and
veclor.

(3) Stubs (TYPE $) are labels that define rcsum row-
wise and are simitar to TYPE H in that the location of
TYPE S elemenls is determined by results,

(4) Other (TYPE O) labels describe data plus special.

characters that are not neccssanly associated with
resulls elcmcnls

Results definitions

The meaning of the three result classes is ‘commonly
. knowa. However, the definitions apply to outpul require-
ments as opposed to the calcutated results format,

Tables and puge image

Usually, the most convenient type of oulpul involves the
Juxtaposition of related data on a single physical page. This
saves paging buck and forth, transcribing, or cutting and
pasting. ln nddition to convenience, interrclatedness and
machine limitations, acsthetics may be a major determiner
of the page image, ¢.g.. neul and uncluitered output,

From the ubove, it becomes apparent that specification.of
page imuges is a function of the number, redundancy,
symmeltry, extent and varicly of page elements. For exam-

ple, when the same page image cun be repeated across

many physical pages (redundancy), the costbenefit ratio is
enhunced. Similurly, when lubel and result clements are
evenly spaced, symmetrical tables ure produced and the
ulllonlng of the tublo Is slmpllﬂad Usuully, the most
costly”™ tables to spcclfy are u senies of non- u.-dund.mt
nsymmclnc.:l lubels and’ n.sulls

it

IMPLEMENTATION

An experimental model of GO (Generate Output) System
hos been developed nnd Implemented at the Biometric
Lubomntory 1o test the concepts previously described.
Throughout the developmental phase, we have designed

" numerous utilizable functions and implemented Y principul

modules und 9 sub-modules, serving key functinns, for the
GO System. All programs ure wrillen in FORTRAN and
PL/I for un 1BM 370v135—265K—O0S/VSI System.

The foliowing represent the modulex thut have been
implemented for the GO System:

(1) GOMAIN (Interfuce Main Module}—This module
accepts inpul parumelers, refers o appropriate fe-
sult and label files. and combines appropriate sub-
modules for fMexible output, Its Nexibility can be
obscrved from the ensuing exumples. -

{2) GOCLAR (Interface sub-module}=—To clear the
area, buffer, in which the resulis und lubels wlll be
merged,

() GOREST (lmcrfnce sub-module}—To restore a page
image for repetitious use of the same page image
with differential results,

{(4) GOGRED (Inierfuce sub-module}—used as mput
function for generution of gruph displays, :

(5) GOGRPD (Interfuce sub-module}—used in conjunc-

" tion with GOGRED to gencrute and plot data for
displays.

(6) GODATM (Interface sub—modulc)-—lo wrander da-
tum results o output buller.

(M GOVECT (Interface sub-module}—lo transfer vec-
tor resulis to output buffer.

(8) GOMATX (Interface sub-modul:)—-—lo trunsfer ma-
- trix results to output bufTer.

(%) OQUPDT (Interfuce sub-module}—-used .as update/-
modify function for previously-crealed page images,
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TABLE 1i=Merged Fage Image and Rosully

(TYPE A) PSYCHIATRIC RATING SCALE = ANKIETY
. Vs
PRETREATHENT S
NOT HILD MOD~ SEV- - NOT  POST
PRSNT ERATE . ERE ASCRT _/,T.OTAL .
NOT PRSNT 0. T 1 4 o [/ las
P . /‘/
0 MILD | ' _g_ .22 -1 /,0 36
S ’ :
T . MATRIX -
T
R MODERATE 0 ' ] 2 16 ! 20
E s e .
A
T : VoL : 1]
SEVERE S | 2 Y ! "
*NOT ASCRT 0 ‘ 0 -1 0 _Q_ I
PRETREAT, .
TOTAL‘ | ' 18 38 38 2 ‘-VECTORS
ToAL N = (5)) N = NOT ASCRT = B
NO CHANGE = ' INPROVED = WORSENED =
" DATUM ' DATUM DATUM
(10) GOPRNT  (Interfuce  sub-module)}—prints  ihe. XX, 'X. and o conducted '(inclusive of row %.
merged output which resides in the buffer in user- column %, table %, cumulalive row %, cumulative
specified format, | - column % for & and LY). The resulls are docu-
U GOPAGE (Label Gencrutor Modulel—to create mented and stored on temporary disk file {result file)
Page Dirvctory constituted of poage images lnilured to be utilized by the GOMAIN, .
_tw user-apecificd oulput, . . . .
(l") GOSTAB (Generul Purpose Calculation Modulc)— During the devclopmental and design phise of the GO

Mulliways cross-tabulition and compututions of a, Syslem, we also cnvisioned a spin-off from this concepl,
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TABLE V=Summary Table udmlne Appllcu!nn'

BLOOD DISTRIBUTION STUDY = X BREAKDOWN\ MeE)

(REGION)  JACKSON= TUCSON KANSAS DALLAS BALYI~ MEMPHIS PHILA= TOTAL ,

(INPUT) VILLE cItY "MORE DELPHIA -
WHOLE BLOOD - : _
COLLECTED~FACILITY: 63, o, 0. 162, 532.. 624, IJH\. 6549,
(X WHOLE m.ooo) 474 0.0 0.0 5.18 211 47.38 13.8) 18.49
RECEIVED: : ' : ot f/
WITHIN REGION 1208, 731, 2425, 2510, 1772, 403, B080. - 26592,

(% RECEIV-wB) 95.34 84.61 96,69
(% WHOLE sLoOD) $0.8) B4.61 956.69
1 (% RECEIV-WB+RC) 57.52 bo.59 §7.25

80 19 - 72.30 30.60 84,3 75.08 -
66,74 65.36 45.38 86.23 ,67.58

(% TOTAL INPUTY 49.77 37.85 ° §7.01 59.49 42,79 23.21 66.55 /53.05
OUTS IDE REGION 59. . 133. 83. ] 458, 147, 290, 174, / 2238,
A% RECEIV-WB) 4,66 15.39 3.1 . 15,43 7.66  41.85. 2,11/ .2.89

" (% WHOLE BLoOOD) 4. 44 15.39 . 3.l 14,63 6.00 22,02 1,82 6.4)
o (% RECEIV-WB+RC) 2.8) 7.38 1,880 | 12,18  Ss.42 32,66 1.86 5.82

(X TOTAL INPUT) 2.43 6.80 1.95 10.86 3.55 16,721 V.44 4,54

YOTAL RECEIVED 1267. - 864,  2508. 2968, 1919, 693, 8234, 28870. -
(X WHOLE b5LOOD) 95.26 100.00 100,00| . 9L.82 78.29 52.62 84.17 81.51-
(X RECEV-WB+RC) 60.33 47.97 59.21 78.82  70.79 78.04 88,09 73.80
(X TOTAL INPUT) 52.20 Ly, 15 58,96 . 70.35 45,34 39,92 /67.99 57.59
TOTAL WHOLE BLOOD . 1830, 864, as08, 3130,  25), 1317/ 9556, 35M19.

(% TOYAL INPUT) 54,80 44,15 5B.S6 zh.ls_ \$9.19  75.86 78.90 70.66

[ N ]
[
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TABLE Vi<-Tshies of Contenls | .
. . 3
: - GEORGE WASHINGTON UNIVERSITY = = BIOHETRIC LABY'
" TABLE OF CONTENTS
ST"DY' -!!!Ei!l%!gﬁitaa-------.--IEE!. . :

QUTPUT DESCRIPTION | PAGE
MRMT‘IVE SUMRY IIOI;OIOOOOOllllO..ll.ll.I'O!:llll.l.llll.ll.. YEEEESERENE] l
DATA'leENTonYl.l.liill.l.tll.llll.ll.ll.ll....l.l.U.l.ll..lll... L-.oooa-'log ' ’

APD! - SECTION (DEMOGRAPHIC DATA) _

APDI = ADULT PERSONAL DATA INVENTORY {FORM LSY DATA LISTING.... SYTPITIITY 7 \
APDI - ADULT PERSONAL DATA INVENTORY (FORM 45) FREQUENCY DISTRIBU TYITYTPITE 10 ¢

PTR = SECTION (DEMOGRAPHIC DAYA)

PTR = PATIENT TERMINATION RECORD (FORH 32) DATA LISTING.eprvasase
PTR = PATIENT TERHINATION RECORD (FORH 32) FREQUENCY DISTRIBUTICN

€GI = SECTION (EFFICACY DATA)

L]

/

sssssesssss 385 -

Tedcdantaie 37"

cG! = CL”'HCAL GLOBAL lHPRESS|0NS (FORH 28) DATA LIQTING........ ’/ sasessasreny 5“

€61 .= CLINICAL GLOBAL IMPRESSIONS (FORM 28) MEANS & srAnnAnp DEVIA/

CGI/NGI = GLOBAL JHPRESSIONS (CLINITAL AND NURSES ~ FORMS 28 AND/
, , /

SELECTION CRITERIA FOR NEXT AVACOV ANALYSIS oiovervcnnrsoocneds

[ A X NNNNENE Y] 56'

.OCODO..'.‘I 58

assssRusan 6“

LISTING OF RECORDS INCLUDED IN THE FOLLOWING ANALYSIS ...-...if.- -....--.;.. 65

ANALYSIS OF VARIANCE (REPEATED HEASURES) ssssrsecsoscncrnossaoas
SELECTION CRITERIA FOR NEXT AVACOV ANALYSIS soseesscsasscsionses
LISTING OF RECORDS INCLUDED IN THE FOLLOWING ANALYSIS ..viceceas
ANALYSIS OF VARIANCE (REPEATED HEASURES) eeseeresenefessasee __S

. ! ' ’ . LI

which could enhance the duchmentution need of the drug
studies duta we prowess, Les, the implementation of n book
system, ‘The Book Sysiem searches the completed output
files for u given study and thea organizes the output in book
form with o tahle of contents, wrgunized and paginated
output, und a key terminology index,

IE)\'AMPI.E OUTPUT

When the output eequires formulution of symmetrical
tubles. u page image_ on the printer puper can be cnvisioned

l..ll...l‘l. 66

L EEERNENNENEN ] 67
LE X ENE RN NEN] 68

I.lll‘!..-! 69

. /‘/’f e -
2s @ field of 132x66 matrix\ and any number of sub-ficids
cun he construcied within the ficld. Table I shows the upper
left quidrant of u Pretreatment/Posiireatment ¢ross-tabula-
tions page Image. Since the outpul requires Juxtaposition of
four/identicul wbles, only this table is geaeruied and then
runcmd ontu three other quadrants for the complete puge
lm.u:c Three types of label (H, S, und O} are identificd in
thiw_s tabls.

 Toble Il shows culculuted results from GOSTAB being
mol‘wd with the tuble preduced above, Ong type of lubel
(A) und all three clusses of resufts are identificd In this
table,
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" WABLE Vil—Bubjeet Ags Tsble {pupe 10}
STUDY: INVEST IGATORS TITLII = .

APDI = ADULT PERSONAL DATA thENTORY (FORM 45) FREQUENCY DISTRIBUTIONS
GROUP | - '

T YYT I LYY GE . i
TABLE NO, ! SUBJECT AGE  LIETOGMAR OF -PEACENT
Y nony . CODE rn!q- Ptu' CUM" CUH- I YT T LA P L LT L
cAN:ME NO. UENCY CENT FREQ. % 10 20 3 4 850 60 70 80

olﬂ-ooaloclololonlooooluoc-lnullllcall.ll

} YRS,0LD, 21 5 5.2 5 - 5.2 11
:3 YRS$,0LD, :z 8 8.2 13 13, 111

2l YRS,OLD, 2 1N ll.z 24 24,7 1IN

25 YRS,OLD, 25 14 14, 38 39.1 1IN
27 YRS,OLD, 27 20 0.6 358 59,7 :LilINN
29 YRS ,OLD, 29 . 16 16,5 L 6.2 11111111
33 YRS, 0LD, b} | 1) 13.4 8 89.6 ;IlIIII
ka YRS ,OLD, ° 43 7 7.2 9 g6,8 111111
44 YRs,0LD, by 3 3. 97  89.9 1

N=97 HEAN = 28,54 . s§.0,= 8,00

KISSING DATA CODEw 99 FREQ.= O PER CENT = 0.0 TOTAL N= §?

o | ) e— :

B " TABLE Vilkeloden
STUDYY INVESTIGATOR! , TITLE:

I ND E X
DEMOGRAPHY OF PATIENTS AND STUDY S '

HMN AGEI.I.O...Illl.I.....II'..I....I...I'..l....'..‘l;...lll.liiio h

'OTAI- NUHBER OF DAYS '" Tu's sTuDYI.l.IIIIGI.llll.ll..lll...l....’, ‘
uRLY TERHIMTORSIll.ll'l..ll.l....ll.l.l..l.llIlll..ll..l‘...l.l,

GWPA"'lENTs DISPOS'T'ON AT TEMIMT'ONI....I‘I.I.Ill.l./I.G.l...lls’
/

PSYCHIATRIC RATING ~ Lo,
SIGNIFICANT AT 405 LEVEL.ussasscecsonsrssosnsssnsassscancasesesesb6,69,120,122,126,127, ras. -
186 .

aoN

s‘cN'FchNT (G c )'l.l'.'...'.'.'..'..l..Il...l....'..l.........ss 59.'27"28 ',' "7 l)’. )
TOXICITY '

“'clo'TYl.I.l..ll"“"'.'.'l..'..l.l..ll.!l.'.l.l.l.ll.'ll‘l..lll’za 229 :3' 232
1REH°R.J.!.l.l.l.l.!lllOGOOODGOIIIOIlillllll.lll..l.ll...!l!!..lﬁzza 229 z" 2’2



356 Nutlonul Compuier Conference, 1977

Tubles 111 and IV illustrate the tulloring of output nccord-
ing to user specificitions. For this application, GOSTAB
necepled a two-way cruss-lubulution of Drug by Duration
(43x14) dexign, resulta gencrated und siored in design

order; Le., 14 clementy (frequency, percent, cumulative

percent, ete.) ure stored together for ench cell of the design.
However, the user wunted the duln displuyed as separute
tubtes (frequency Luble, percent tuble, cumulutive percent
tuble. cte.). Here, only one puge image was creuted and
results were distributed selectively 1o the npproprinte tables
for output.

Tuble V shows summaries that are frequently used in
both industry und scicnce, i.e., percentnges, subtotals, and
totuls,

Tubles VI, VI, and VUI are llilustrated to show some

extrﬁcted maicrials from one of our compleicly documented
studics, (Page 10, warrow marked, hos boen sclected to
demonstrate page reference cnpuhlllly-of this book system).

CONCLUSION

Based on our experience with the GO System, we firmly
believe that our upproach ls a viable one. We conlinue to
develop more general algorithms for the laterfuce executive
monitor, so that il will accommaodute more flexible output.
Descriptors und resulty files are generated separutely and-
are muintuined by Iruined techniciuns. Our firsl generalized
compututivnul module (GOSTAD) proves that other mod-
ules cun be rendity incorporuted into the GO System..
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und Impact with rexpect Lo mhcr purcels of lnformulion.
CThin latter point In particulurly significant In thiad It rurniuhcl

u bitsis for the synthesis of separate purcel of information

that wre all eluted o the sume object, concept, obacrvu-
liona, vic,

Wouods? defines o ncmumh natwork 1o be un nucmpl to
cumbine inte u single mechunism both the abllity 10 slore
factui! koowledge and the abllity te model u\mlullvc
connevtions which reader certuin parcels of inl‘ormmion
gevessibls fromn certuin others, Mureover he indicites three
criterin: which must be sutisficd by a numl[un used for
semntic re preseituifon:

: /
v Logical sdeyuacy. The notation must provide an ¢x-
st formul and unimbiguous representation of any
panticular intespretation that may be glven to u aen-
Tenve.

2, Thete must be an wigorfthm for !runslullnn ua inltin
senfeace into this notitlon.

3. There must be wlgorithms cnupable of using the semun-
lic representutivn in order 1o perform needed infer-
ences and Jeductions, :

i
The inf'nrln;uliun bise detiiled in the subsequent discus.
son will be shown to sitisfly the Jefinitlon of u semintic
network, A query langunpe will be described which, in
conjunction with the information base, will be shown . lo
sutisly “the three requirements of notutions for semuntic
repreacnlition. .
{

FEATURLS 0F THE INFORMATION BASE

A specific design und implementution of 1he Informution
bune in deacribed In i liter section; thix design und jmple..
mentation iy used in pars upon the ided of u neiwork dulu
buse idvanved in the C‘ODr\bYL DUTG Report of 1971
and suhjecl W exlensions nnd muodificutions oullined in
Refeience b
bine, in Used 1o emplusize ilx Incurporation of two fundu-
mental feattres which do pot: juppeur In the geaerul duta
bise managenenl lierature, Ilulh feutures concern ways of
patterning kit that ¢an convey infurmition nol commonly
treated n the guise of dita buse munugemeat, but of value
1o decinion mahers; they furnish methods for, inlroducing
two nevel Rinds of content into duty struciures.

In ulserving the progression from lincur siructures 1o
trees, to netwarks, we note dnereaned fagility for re .nllnu u
ditum with wiher datad there, is un Inereimed capacity for

Capecifying the comeat of w datum In terms of duta strues
tures. Though these iy little conteat inherent in linear Qg
strucivivs, the data content of groups of such Mructures

may he sised 1o represent trees. This becomes complex and -

cumbersome as the tree o he rcprw.nlcd growa in aize,
Nimiliely. though His possible 19 twin 1ree structures to the
Wk wf scpresentiog lge or complea netaorks by uaing
coblections of trev-lile struciures, this cannat be ‘uccom-
plished in o fucite, straighiforward maaner, This unalogy
may be cortinned with respect 1o the twe features being

The term infornuitlon huse, rather thun data -

" Introduced Iy this section. Thut is, ihcy cun, In some sense,

be represented within network ditu structures, but such an
npproach leads 1o cenuin uxymnicires (with respect to
pruccnin},l und difficulties ukin 10 those encountered when
reprencnling trees In lineur structures, Since the two fea.
lures ure not inherent in the cummon notion of 4 nelwork
dita baxe, we introduce the infurmiithan buse us 4 mecha-
nism which encompusses both while ullowing {ull network
capubilitics,

" The first feuture involves the introduction of the concept
of resolution levels within the mechunism for information
orgunizatdon, A simple exumple of this Iy described by
Winograd,! Consider datu about cani in which specific
weights und culors are reluted tlinked) 10 euch cur; on a
higher level of resclution, we miay want 1o somehow store
Information ubout what the. propentics of curs ure.'So on
one level of resolution we ure intcreated In apecific attrs
bules of specific curs und on unuther level we ure con-
cerned with properties of curs. Thus Iwe distinclive charuge
teristics of the informution base wre links which Integrule
individual Informalion pircels on u given level of resvlulion
intu & single rnetwork structure und secondly, the integru-
tien of information of vurying levels of resolution into a
single structure, We term the former chiructeriatic **hon.
zontul integration®* und the lutler "*venicul integrution.” So
hurizoatal refers 10 linkuge of entities on the same level;
v.hmpb verticul denotes linkuge umong difTerent lcvely via
Informution purcels thut punticipate in bLoth levels (though
the nuture of purticipution b different on euch level). A
suhsequent section of this puper describes both un imple-
mentitivn and the implications of this feature.

The second outstunding feature of the informution buse
involves its ubility to handle the integrution of progrims
into its logical structure. Not only docs this permit the
linkige of u dutum with a progrum that uses it; it wllows the
canstruction of nctworks ¢in both the horizontul ard. veril-
cul sense) of progrums, This cupacity has iwo prinwury

" effeciy, Finst, it provides the busiy for model. formulation.

Sccond, il fumishes u more comprchcnsive mechanism for
semilntic representution.
The uspeet of madel formulition involvcs the uction of

" relining certuin modules Inlo a Jdesired configunition, This

nevessilutes u knowledge of which configuritions are mean-
ingful wnd which ure a1, Such knowledpe is siored in he
information base's semantic network. This upproach b

"much in comman with the notion f stiustured program-
ming. Programs devined according to the tencts of atrug-

tured prograniming® ure readily umenable to storge within
ihe inforniation buse: indeed there in ulso the ubility to atore
nlterautive modules (€.pee wlternative Tunctivnal furai) for
performing o particular role within the cunteal of cither
uther modules or a higher resvlution level. The advantages
of structured progiamming in terms of maintiinabilily and
extemsibificy® ure wlao apparent In the strategy of integrating
program medules into the lagical structure of an informae
ton buse. That is, it In poasible 10 add, repluce ur delcle o
madule in the sume manner that ong uuuld idd, replace of
Jelele un occurrence of duti,

I b useful at this juncture to paint uul a distinction



e

petween progrum modularily nnd progrim resolutlon, The
idea of renvlutlon level ulvo pov under the nume of lovel ?r
Jhtruction. DUksirut indicules thut-eiich leyel of u sysiem’s
witwure hicrurchy cunstitutes un ubstniet resource which
participutes In the next higher level and which hus valluble
1 it the rexources of lower levels, So **, . . ut one level the
programming nmounts 10 minipulation of the ubsruct re-
wyrees supparted by the next lower level of the hiesurchy.
The programs ul that level maniputule ubsimictiony—the
absiructions of the resvurce, whutever it may be—und ul
the same lime participute in generuting u higher levet of
ubatraction for the next level of the hierurchy 10 manipue
Lie.”" " Furthermore, Miller und Lindnmoud suggest thut &
», . . highly modular implementation is one In which spe-
cific functions ure perfuormed by specific mudules (und
nowhere clie): on the other hiind, a sysiem which preserves

u hicrarchy of ubstrugl rexources would uppeur to require

modularity us & minimum, und perhups u greut deal more
sstructure'.'t 1* Such a structure is effeciively treuted by the
lnformution bise feuture of résvlution levels which ullows
the arrungement of progrum resources inla levels of ube
sirmction. '

The second effect of allowing the [ntegration of pro-
prums [nio the structure of the infermation buse is the more
comprehenslve semantic representation that is permitted,
Much literuture wbout semiintic networks is concerned with
the network representation of English sentences (e.g.. sce
References S und 11). These scntences consist of putterns
of verbs and orguments. The typlcul dechion muker who
_ queries the informution base requests the execution of some
model (i.e., operutors, verbs) using certuin duty (i.c., opers
undy, arguments) as inputs. The usuul dals base structures
hundle information ubout urguments only: the meuningful
opcrutor conleals in which such urguments muy nppeur is
nol represented in standard typés of duty base struciures. A
more detuiled discussion and pructical upplicution of this
feature of representing progrims in un information buse is
presented In Reference 12, The remuinder of this puper
focuses on demils and cxumples of the resolution level

feature and on the ulility of the informistion buse us i device

for semantlc representation.

REQUIREMENTS FOR A DECISION SUPPORT
SYSTEM

"Recall that, In this puper, we ure principally concerned

" with the information base from the stundpoint of its contn-
butlon 1o the realization of u generul decision support
syfiem. Although there ure severul fucets involved in

reaching decisions, we investigate three in particulur: infore

mition uccess, model formulution, und unalysis. The effi-
cucy of u decislon suppor system muy be evuluuled in

terms of lts Nexibility, fucltity, scope, limeliness und cost in

supporting these thiee fucets, ’

With respect to informution uccess there must be a
mechinism for the systematic, Intcgruted storuge of all
aertinent information. The information buse outlined ubove
wovides just such & mechunism, through bath horizontul

und vertical Integration und through its cnpau:ily‘ w relule
oparutuery with cuch other und with aguments. Given such
u slurige mechanism there must be u technigue I‘gr intern-
guting (and modifylng) 1 thut cun be used by decinion
maukers wha ure nol compuler experts or prugrummun&..'ﬁw
query Janguage for uccumpiishing this i presented qu.-!'._
The second fucet which must he supporied s the activity
of mode! formulintion. This fucet refers both 10 nadels that

_ure subsequently -used for pupases uf unulysis und o

madeh In the sense of pluns 1o be implemented. This is u
cruciul unpect fue resutving uastructurned problems und for
supporting the explorulory uspests of Jeclxion muking. In
short, the decixion suppont system mual huve 4 component
for the generution und evaluation of ulternutives for uchiev.
Ing 4 stuled goul, Ax ulreudy indiculed, the information bise
contribules to such un end. _ '
The decision support system must also provide for the
activity of unulysis: i.e.. the fiting of datu with models nnd
models with duta, theredy resulting in some expeciation,
belicls or knowledge. Implicit in the very nuture of the
plunning uctivity is- the dynumic quulity of the Interfuce
between model und dutn; for even though a collection of . |

+ duta muy be compurutively stable over some time pcriod,
- both the problems und the models used fur prohlem solving /

may be aubject 10 frequent ulterution. Nutice thit 4 model’
operutcs on-u particulur subsel of the entire collection of

- operunds availuble, und it requirex u certuln configurution

of this dutu us input. We contend thut the-tedious, cumber. *
some tusk of interfucing dita und models fur purposes of
unalysly should be uutomativally hundlcd by the: decision
suppori sysiem in reaponse 10 the commands of uf nons -
progrumming user. The method for uccomplishing this is
discussed In subsequent sections. o

FORMALIZATIONOFTHEINFORMATIONIB.ASE

We now preient u formal deseription of what is meant by .
the term “information buse.' We define a record occur
rence to be o uniquely lubeled apgregute of du}h {l.e.. string
of symbols). Where /* Is the set of puxitive Integers, let X,
be the set of lubcels ussocluted with u finite’ sel of record
occurrences, such that X,CJ'. A record iype, uniquely
denoted by the lubel p,, muy be described by a function r, us
follows, Define R, us the set of ull 7,2 X', ~{0,1) such tha:

() VJE&',‘“)_{‘I) L{;c‘:uﬁ{:hc type lubeled p,

() VieX,, )l; rins1 |
. i
Q) - Vr.eR.._; #)>0  where X)/={z}

Propenty (1) stutes thut r, dcfines the cullection of xEX, of
the type lubeled p,. Property (2) indicates thut ench s X,
¢an belong to ut most one p,. Property (3} stules that euch 7,
is non-tavial, ™ A
Before defining X, for k>0, we note thul Py={p,) is the.
set of all Libels ussociuted with the elemenls of K,. Since X,
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’ '

‘is finite, we cun define these lubgls such that P,C/*
PyNX = 8; furthermore we cun deline euch of these sets of

“lubels such thut it hus no elements In common with any, .

other Py, Define: .
X, =|p €8P, | J2C X! rle0lVX,
Xy ={p€P | 31€X, i nlx)w0lUKX,
’ | .
X =P €L | BEX L i) AOJUX

I follows from the definition of X, und K thal there must
exist 4 A such that Xp=X.e™. .. then let X=X, Ob-
scrve thal X is the set of hubels of ull record vccurrences

within an Informiion buse; these lubels ure unigue identls |

fiers, thereby serving us informution buse Keys. All occur-
rences of a record type denoted by the Jubel p can be

determined by successive applicutions of the function # to -

the, set X, The mugnitude of X indicates the levels of
resolution inherent In the informution base. The reader will
notice that P is alwuys 4 subset of X; if It were not dusired

to treut wll record types as record occurrences, one could |

define X=X,.,. There are ndvunluges to deflining X=X,
especinlly for purposes of ultering the logicul struciure of un
informution buse uher it hus been londed, This will be
eluboruted in a subsequent section,

Continuing, we now formully deflne the information-set
tin-set). This construct, us Implemented In'the informution
base, is druwn in part® from the '*sel" iden of the CODA-

'YL DBTG Keport,! hence the term “in-set,” It is Impor-
ant to differemtiute this from the Lumillur notivn of a
muthemutival set, Let (;={v€X |rtx)w0}. Il u function
ussociutes euch element of its domaln with no more thun
one element of {1 range il is suaid to be a functional relation,
Then each functionul relation f: (3=~ uniquely delines an
in-ser of which the record type r; is suid 10 be the owner and
the record type 7, is culled the member. It {s impuriant lo

muke sevenil observations about the In-seis of un informa- =
tlon bixe. 11 is permissible. und somelimes useful,? to ullow

{wf, Second, un in-set muy be used 1o associnte secord
types of different levels of resolution. Third, the set F ofin-
sets of un informilion buse must he carcfully defined so
that its elements wre consistent; €.8., one should exercise
giwtion in defining both fi:(~(; and f7:0,+0; us
elements of . Finally If £, Q= und f3: =+ ()s. then we
sun form the compuosite In-set fiofy: 0~y defined by

(FRIATOETAYATYIA X3 =s

his In sometimes desirable from the standpolnt of nccess
Tieleneys it abso allows s 1w uttach speciul -d;mncnncc or
g to certuin groups of seis,

Mhe foregoing ix o formal deseripion of the nujor feus
3 of the information buse. It accounis for both the
jzontal integration (vis in-scts) und vertical integrilion
: rexolution levels) of informstion into u single mecha-
n. In order (o iitustrate the use of renolution levels, we

iy the above Tormudivnin to the problem (vao Winognd?)
spvesenting information utiout cars, Bn this problem curs
- tu he deseribed in termy of color und weights in addition

we would [ike to denote that color und welght arg propen’

' lies. Suppose we have record occurrences. a» shown.in

Figure !a; these ure [dentified by the respective Libels in
X,. The set R, is ahvo shown; by lnspccuon we sce Lthat R,
salisfics the nceded condilions as given ut the bcgmnlng ol
this section. The funciivn r, determines whether or not an
clement of X, is of the type color. Similurly ry s, associaled
with the type welght und ry Is assocluted with the type car,
In our implementution each 7, defines (und Is defined by) a =~
linked list of occurrences of ils type, Given/Xy Ry, and Py
we upply the rule for dcriuns X, to obtuin the resull shown

in. Figure 1b, R, Is also given and clearly salisfies the
necessury conditions for its definition. Appllcunon ofr, 10

elements of X, can be used jo determine which elements are

vehicle properties. Figure lc gives the X'y that follows from

the Jefinition. If we luke Ry=0. then X = X,.

The occurrences und thelr “*verticul” refations with cach’
other ure dingrummed in Figure 2./Also depicted are two in-
sels: fy andj'. Using the definitions of Q. Q. and Q, given
In Figure 2, f,: Qs Q, und f;:0:Qs. The arrows in the
diagrum point from the owner:of the in-set to the member;
i.e.. ench arrow points In the direction opposite to thut in
the notulion of its correspondms functional relation, Using
the formuliams mtroduc:d here it is a simple matier (o
represent an exiended prohlem including other Lmds of
vehicles."” more propu.mes. subclussificntions of propemcs
{c.g.. structural, functlonal ¢ic.) und even propertics of
propenlea. /

f

4
f

. An In,farmuﬂon b:m- for waler Qitality manuytmml

More deluiled ducuulom of the water qunhty manuge-

. ment problem muy be found in References 14 and 15, The

objective of the/ exumple presented in this section i3 to
demonsirute the npplicubility of the information base o3 a

'

L@ e e 08

2 > { i) v uwda 7, ¢ { 85,0}

L uth

- Vhare o\herviee
/

) Vdxa?
/ 'l"’ . otharvisg
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r‘ta) .

'} .a'i 12\ -’.u.ﬁ.l.s.u} , f
‘;;{l~}vluhhlrx-{18} ' .

1 842 i]ﬁi
whare 't'{o otbarvise

" .
3, o { 103306, 000.0,0 )

Figure I=Resolution leveh fur repreventing infurmatun shout cans
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Q‘-{n(llt‘h)il}
q.-f:ulr,m/l}

' ‘]-{lllll"‘l”°}

Figure 2--Ocrurrcnc¢|. in cur inl'ommh'un base

device for Caplurng 1he seinuntics ysed t0 suppon Practicai

' . decision pProblemy, 4, thig point, we Presume thy; the
" reuder has 4 sufficionm CORCEpL of why an informullon buse
entafls 1o Obiviie the need for comnplete furmulislic descrip.

lion. So for (he sithe of cConomy, (he foliowiny cxuniple iy

Picsented i 4 less formy Manner than the previoy

Will be ugec* 1o depict ety imnlcmcnlnlfonul detaily {e.p.,
banguugey in which 1.0 :'nl'ummuun buse jy specified yng

(nb with which i iy wilized),

.

23

st Consider the recory lype POLLUTER, displayed in
~”  Figure 1, Thiy YEstegate of dypy item 1ypey represents

——

Measures of Lypes of polluter uctivity for o given dute, ‘So
Occurrences of 1, fecord type correspog,! o, meusure.
ments luken 0a vurioux Jiey, In order 1o build 4 s¢inungie
NCtwork, we mus indicite how this concept of l_‘OLLUT-
ER fits inio the patiern of knowledpe conccmmg‘ wilep
quility Management, A polluter §y properly ch;nmc‘n:.rlz-:d us
hcing,n Propeny of fiver reach. Otler Propertics of .,
reach inclyud, rcuuh-p;nr.';mcler;. headwater, mvu'.mcnl.;d
flow, und treutment plin, So g reich is chur:nct--nch/m
lerms of (heye Plopertiex us follows: 4 reach by o porticn of
8 river f5 Whizh Certiin wyter quality pumm‘clfcr‘s ure
relatively invariugg: which hax ne Mmore thun one’ (puing.
$0urce) polluter, gne inceenienny Now or one _heudw.-uer:
und which my., POINENS (reuiment Plans. Thig could be
represented jp the infurmutiun hase by Oelurrences of ihe
REACH PROPE RTY recory ype displuyed in Figure 2p,
Howevey, observe thy) cich oceun ence of the gy, Hem .
NAME (e.p., "POLLUTER.“ "HEADWATER." “PA-

denotes Occun¢ice of REACHFROPE RTY: bui iy wse
denoles 4 Fecord type {shown i

circumulunce hulds for the other reach Propenies, though
their recory ypes tre poy Mepicted here, The resultan
logicay structure jy i”u.sir.'alfc& in Figure di i record type
enclosed by inother Tecord type indicaney thy the encloyed

record type iy ulso yn O¢currence uf the enclosing record

Quality Modeling chur;'ncleriuics. In order 1o simulnte Willer
Quility we neey informuign bout the fulluwing: 1he rivery
fnvolvcd. the reuches which ure in cuch niver, ek rpacly
Properties, Juncion,, Piping pluns, und madet p,r, WMers,
is Is shown ip the structure of Figure . \ ., . ‘! the
record jype GMC hys Iwa item types: CHAK - Y
tic) and IMPT (, Meisiure of the relutive impurtr., - - : cach
churaﬂcn‘slic). Five OcCurrences of GMC 4 shown;
ER.REACH_.JUNCTION.MODELnnd PIPEPLAN.
Genen) Modcling Chumclcnstic is nol the only Property of
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A:mul’ti-le\}el procedure for des_ign of

file organizations

by EIVIND AURDAL and ARNE SOLVBERG

The Univeraity of Toondheim
Trondhelm, Notway

ABSTRACT

This paper describes a mulli-level procedure for desiga.of
file organizations. Necessary description of the upplic tion
sysiems is discussed and o design procedure oullined.:l‘he
main Jevels of the design procedure are’

s normalization of messages,

o synthesis of a logical model of the file orgunizaif 1,

o making a **best possible’ ™ physical realization [ the
logical mode! using u panicular DBMS.

The final solution is evalunted t!irough a ;icrronan;c
analysis,

INTRODUCTION

P

The design of large data bases involves a wide nge of '

problcms, from the application system specificatio 1o the
choice of hardware. The work reported here is riricted
primarily to the problem of designing 8 **best poss e* file
organization given the application systems retrieval:quires
ments, and given a panicular dutubnse manugem i system
(DBMS) for the implementation, A multi-leve! apjsach to
the design of file vrgunizutions is proposed.

Using a8 multi-level upproach to the design of fi organi-
zations the following advantages can be uchieved

e (ransparency of the design procedure,

o elimination of non-cfTective solutions at an ey stage,

o hardware/suftwiire selection cun be postponcuntil the
appropriate design level is reached.

The multi-level design procedure that is proj<d here
consisis of
» specificalion of the information processing - blem,
o trumsformation of the specified informaltior ructures
into a loglenl mudel of the fHe wrganization,
» modification of the
DBMS,

o physicul implementation of the modified model using a
panticulur DBMS, .

o evuluution of the final solution using & performance
analysis.

The various levels of the design procedure are described
with respect 1o the decisions which have to be made on
each level, the necessary specifications of the applicution
problem, and the DBMS specifications. '

THE INFORMATION SYSTEM SPECIFICATIONS'

We shall concentrate on that part of the information
sysiem specifications that are relevani o data base design..
The specifications must model that part of the real world .
which we are interesicd in, the ohject sysiem. The object
system consists of a finite-number of ohjects. An object is a
uniqué part of the real world. It is somcthing we are
interested in, something we wunt information about, Obs.. .
Jects may be concrete as well as ubsiruct entities, like .’
persons, enterprises, onders etc. Two kinds of features of
an object are of interest: the propertics of the objecis and
the relationships between the objects. ' o

Objects of n system can be partitioned Into” object
classes, An ohject cluss defines a set of objects which, for
our purpose, are supposcd 10 have 80 many commoa
propenties and refationships that we assign one common®

type of identifier to euch uhject in the sel. . .

logical model ta it i antlcular |

509

Relationships between objects can be described by four

different 1ypes of binury relations: . o

1t1  one-to-vne relation describes a ululomhlp' between
an object of one cluss und an object of the sume or a
different object cluss. .
onesto-many relation describex a relationship be--
tween one object of une object class und many -
objeciy of the same or o different vbject closs,” -
ainys-to-vae reladon ls the Inverse of the 1:0 relation
described above,

many-lq-mdny relation exists if bath the relation and
Its Inverse are F:n reluted,
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]

Figure l-.Fcqurn of un vhjeet

The differcnl fentures of an object are lilusirnted In Figure
I. The figure shuws how ohjects are relnted to other
ohjects. and how identifier-items and property-items are
attuched (o objevis. The ohject description is Mustruted
with un exumple in Figure 2, The example shows that a
customer may have a numher of orders. The customer s
identificd by “customer no." und described by Lhe property
ftems “*nume** and **uddress,* One order s dentified by
“order no™* and hus the property liems “1otal sum’* and
“order spee.” . ' '

In nn information processing system, informution ubout
real warld ohjects ure stored in permancnt files in a DBMS.
Informution ubsut vhjects is exchunged between. different
purts of the informiion procesxing system by exchanging
messiges abaut those objects belween processes. A cone
venient way of specifying ‘this Informutivn Now may be

Customet No,
Name |

 Addrens

Order No,

Ordor Total Sum

* Order Spec, .
Flgure 2

1

ablalned using the principls of hierarchical systems panl.
lioning. This will lead 10 a level-by-level more detailed
specification of the application system, where the jerminal |
clements will be subprocesses nad logical files, ,

. We shall illustrute our proposal for & multi-leve! files
design procedure by a case, which will be a simplified:

.model of a warchouse (Figure 3). The system handles

customers’ orders for goods, it controls uantty I stock,
and il produces refill arders for the vendurs,
Suppose that a funther detailing of the ORDER MAIJ-

. AGEMENT system results in the subsystem struciure of

Figure 4, The fogical flles *STOCK FILE™ and *“CUS-
TOMER FILE™ represent perminent information, while
the logical fites “ORDERS.," “ORDER ACCEPTED,“
“ORDER REFUSED" and “ORDER REGISTERED"
represcnt messuge exchange between processes,

The clemenis of the logical files can be described by
message types. ' '

If we suppose thal one customer may give severn! orderl.\
and thnt one onder may conslst of a number of orderiines,
the CUSTOME& FILE elements can be specified by the
messuge type:

MT(CUSTOMER FILE):
customer no, customer name, customer address,
{order no. 10tnl price, .
‘order line no, article no, article name,
+ | line price, number ordered))
] . 0 ' 0
where Identifiers are underlined nnd bruckets { ) represent
repeuling groups, '
Each of the permanent files have to be specified In this
way. The permanent files are the basis for the desiga of the

Al
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Reghtiaiion

.I . | . ‘ /

Order °
Rugistraled

Flgute 4—Qrdor-hundling iymm

lo orgunizution. Therefore, one has to describe the actlvity
‘.lwecn them and the informution system processes. This
can be done with special types of processes, called reirieval
processes. Ench Informalion system process muy contain a
number of reirieval processes.
Each of the retrieval processes must be one of the
following four file operations; '

READ, the "reirieval process roads, elementi(s)
from a permanent Mle,
_UPDATE, the retrieval process changes one or mom
. property terms of an element of a permas
nent flle. )
RITE, the retreval process alores new ele-
. menl{s} Into a permanent file. .
‘BLETE, the retrieval process removes elemeni(s)

from a permunent file,

A rctrieval proccss must have exaclly specified scarch
_ys. The expecied resull must also be specified. This
:elfication may be m description of which parts of the

manent file shull be rend, or It muy be a description of.

nessuge(s) which shall be stored. L

w sysiem of Flgure 4 conists of two subsystems,
JER CHECK und REGISTRATION. The subsystem
'ER CHECK handles orders from. the customers.

‘n an order urrives, the CUSTOMER FILE {s checked .

. 2 if the customer Is ulready’ registered. If not, some
-5 has to be tuken, for instunce, to refuse the order, or
- Juee 8 cuslumer number for this customer. Before

i

the order can be accepled, un order number hus 1o be
produced, und the quuntities In stock of the specified

wrticles have 1o be choeked, This subsysiem will therefore

contuln twa retriavil processes, one for checking the cus
tomer file, and vne for cheeking the siack fila, The keys are

pul). ‘
' ”

81: Check customerfle

Opcrmtlun: KEAD

Ki ==gustomer nime

0 =tuslumer no.
§2: Check smtock-file

. Operution; READ
K: =anticle no.
0: a=quusllty

The sysiom REGISTRATION stores ncw orders and
possible new customers. The reglstrution of now orders can
be lllusirated as followss y "

83: Order replstrution
Operution: WRITE
K: -—customer no.
" ——order no.
O: ~order no.
» ==tolal prico .
~ordor-line no,

—urticle nu. - for euch
—~=artlcle nune order-line
wling price .
—number ordered.

I all the: retrievul processes delined by the spplication
syslem are described in this wuy, then the applicatlon .

progrums can be considered to conslst of reirieval pro-
cesses working towards a central data base containing pers

‘manont files (Figure 3). Through the specification of the..

applicatiun problem, we have nuw developed u busls for the
design of a {Irst logicu! model of the file organization.

Plgure $<The busis for deslgalag 8 Yogleal data bass model

denoted hy K {mkey) und the expectedd result by O (mout- '

st
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DESIGNING A LOGICAL DATA nA'se MODEL

A loglea modcl of the file orr.nnl:.zliun must sat!sfy the:
following requirements:.

« It must be cmlrc!y hased upon Ihc mfurtmtion analysis

{i.e.. the a privri knowledge of lhc upplicution prab- -

lem),
o It must sutirfy the requirements specificd in the Infor-

mitlion analysis, i.e.. the requirements of information -

structure and the requirements of retricval.

o It must involve u “hest pussible’ Independence bes

_tween the designed duta structures und the specified
upplication progrums.
* o 1t must be eusy 1o rculize using uny purticulur DBMS,

The design of the logical model is done in three slcpl.

(1) Decomposition of the rﬁcssagc lypcs '

{2) Synthesis of the decomposed measages into a model
which satisfics the informution requircments and fi-
nully '

(3) A modificalion of the model.in order la salisfy the
retricval requirements,

The decomposition procedure Is similur to the normaliza
tion procedure proposed by Codd,' which results in an
clementury file ~ystem.' The normalizmion of message
types is a threc-stup procedure:

I. Elimination of repeuting groups, hiermrchical struc-
lures. or network structures,
. Eliminution of non-full dependence on lhe primary
kcy.

. 3. Elimination of transitive dcpendencc bclwccn the
property lerms. -

The decomposition will he illustruted with’ an example, The
permancni file CUSTOMER FILE, was dcucnbcd carfier In
the fulluwmg way:
Mie:  customer no, customer nume, customer address,
: {order no, total price, {vrderline no,
" article no, unicle name, line price,
number ordered))

In this case a repeating group Is subordinaie to another
repeating group, snd the first step is 10 climinate the first
repeating group. The messuge type is therefore split into the
messape (ypes: . .

Ml custmner no, customer nume. customer uddress '

Mlg  custinner no, onder no, Wl price, {orderline no.
. . orticle no, ‘unicle nume, line price,

number ordered)

The deserdption of na order s only dependent on “order

“0."" nol “custamer no." The message type M, is there-

'Mlm:

I‘ore splil into:

Ml customer na, order no
Mly: Order no, 10lal price. {orderine no, article no, anl- ;
cle name, line price, number ordcred)

-~ An elimination of the last repeating group results in:  »

Mlg,: order no, towul price
M1, wrder no, onderline mo. article no, amclo name.l
line price, numher ordered

In message My there is a transitive dependence between

the property terms. “article name® is dependent on *article
no," nol the identifier of the messuge. The message lype is'
therefore split into: .
N L}
order no, orderline no, article no, Iine prlce. Aums
ber ordered
article no, article name

Ml

© Using this kind of 'normulization procedure, the message
type M, has been decomposed into the five message types
Ml Ml Mlgy, Mlsy and Ml The decomposition
was entircly based upon specification of the application
systems requirements, {.e., information about objects and
messuge-types. Normalization is a revenible process. That
mcuns thpt the originul messuge types can be reconstructed,
und therefore no information has been losi.

In the example of Figure ), the system contains, in . -
uddition Jo the CUSTOMER FILE. also the permanent files -
STOCK 'FILE and SUPPLIER. FILE. Suppose that the’
perminent file STOCK FILE contins messages which
describe the various unicles in stock, and that each article
may have severul substituting articles and several supphen.
A possible decomposition might be: :

M2;: article no, article name,. quantity, price
M2 article no,.article no

M2y article no, supplier no )

Suppose the SUPPLIER FILE contazins messnges which
describe the various supplicrs and that one supplier may
deliver several unicles, That supplier muy also have sevend
refill orders regisicred. A possible dccumpos’itiun might be:

M3,: supplicr no, supplier name, suppllcr nddrcu

M3, “supplice no, article no
Mg supplice no, refill order no
M3, refill urder o, number wuated, article no

Some of the messnge types nre hil'mry relations which
represent relutionships belween objects. For cxample:

"Myt eustonmer no, arder no, represents a binary relativa

hetween the objects of the ohject classes CUSTOMER and |
ORDER. Other messuges may describe properties of an
object, fur example- M1 custonter no, cuslomer n.:me.

- gustomer wldress. .

Examining the messape !ypca. on¢ may dclermine the
‘! l
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relatlonships between the vuriows messages, This will be
IlHusirated with exumples: '
(1) The messuge type -
Mlgt customer no, order no, ‘
describes an 1:n relationship between messuges Iden-
tificd by **customer no' and messiges identified by
**order no."”
{2) In ihe message type .
M3 wfill order no, number wanted. article no,
the secondary key, “‘utticle no.*" Is used u» 8 property
term. This indicates an: | relstionship belween mes
suges defined by *“refill order no™ and “urticle no,*

The result of such un examination is ilMustrated in

Figure 6. Onc may obscrve that there ure both o 1in ~

relationship and a n:! relationship between “arlicle no™
and *'supplier no.”" This implics the existence of & n:n
relavonship. ' ; ‘

‘The lugicul mode! may be represented in a convenlent
way, using a duty structure dingrum. The data struclure
diagrarn has two basic elements; boxes und arrows. Euch
bux represents a class of records (or u file) and euch arrow
represents a meuningful relutionship between records. Such
a diagrum may euwsily be drawn using the normalized
messige types. Messuge types moy be represcnted as
boxzs, und a Ly selationship is an urrow helween buxes. A
n:n refationship is represented as a coupling (or a refational
file} between buxes. : :

A data structure diugram based upon the normalized

messape lypes of the permanent files CUSTOMER FILE,
‘STOCK FILE and SUPPLIER FILE is shpwn in Figure 7.
This is a logical model which salisfies the requirements of
the information struciure, : :

p g
= 2 . g g
¥ 2 i z2 & ,_g
g 5 S = .
. s
3 8 ﬁ E: S
Customer No. I:n
Order No. “1:n
Order No.
. n:1
Orderline No. .
| 1Arlicle No. Lin|’ 1:n
"Relill Order No. . T a1
Supplle} No. Tin |90
§

Figure 6—Rckitionships beiween eatifiers of the normalized mevaages
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Figurs 7—Duta structure diagnsin of the nomnalized Information structure

The next step of the design procedure is aimed at
satislying the retricval requirements. Suppose that both
“customer ne'' und “*customer aume”’ are used as keys by .
difTerent rctrieval processes, und thut the response lime
requiremenis excludc a sequentiul processing of the CUS- -
TOMER FILE. A modificution of the duta siructure dia- °

* grum is then necessury (Figure 8).

A scarch file cunsisting of “‘customer name® is estab-
lished and 1:n-reluted to the customer file, Usually, the

" retrieval requirements may be sutisfied estublishing search

files in @ way similar to the one illusiruted in Figure 8.
Suppose further examinations of the retrieval processes

show that the items “article no..” “urticle name," “sup- -

plicr no™ and **supplicr name™ are retrieval keys, Neces-

. sary madifications of the logical model may result in a data
- structure diagrum us showa in Figure 9.

A logical model has now been developed in three desiga
steps. The first sicp, decumposition of messages, was bused
on message descriplion und ohject description, The synthe-
sis of the decompused messuges wus bused upon relation-

Retrioval Koy Cusomar Nawe
Custonar + Ciuaret Moo
' - Cutiomes Na,
Custamer Mo,
Conomer Roma | © T —
jCutiomen Addrim
Aswsrard Baguis veneng 4
of Tinwraclive Reponm
Vieng™ . Cosiomer No.
AN Customer ASOem

. Figure B—Mudiflcuion of CUSTOMER FILE 10 satisly retsieval
fequirsments
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Figurs SLosglical mudel which miluﬂn the retrieval reyulremeants

‘r

nhips hctwccn ohjeetn, nnd the resulting mudcl wan modi-
Nled. using informution uhout the retrleval processes und the
response time requirements, Thus u logicul madel of the
file vrganization hus been devclup;d without making nny
decisions aboul uny punh.ulur DBMS. The entire Jesign
process is reversible. Thus. the erginal information siruc-
lure cun be reconstrucied, and the requirements sluted in
lhc Information unalysix Is lhcrcforc sullsfied,

FITTING OF THE LOGICAL-MODEL TO A PHYSlCAL
MODEL

The next step In the dcslnﬁ procedure Is to scleet &
purticulur DBMS, and madify the logleal model in order 10,

give u “*bext possible’ physicut solution, In this paper the
cffontx will primanily be devated (v DRTG-lke DBMS-
softwire produgts, bat most of the prublems will acverthe.
lews he of u general charucter.

The avalluble DBMS muy huve ccnnln restrictlons, Hke;

e the DUMS doex not nllow petwurkestruciures, only
tregestructures,

® the DBMS alfows direet uccess to only u fimited
number of hicrirchival levels,

¢ the DUMS .llluws only u u.'ﬂnln numhcr of hlcnu\hhul .

fevels
o cumhlnnliuns of the n.-alrh.llnm mcnlluncd uhuve.

Therefore, the first modification of the tugleal model Is to

satisfy the DBMS restrictions, ‘Substiutions of llsts by
Inverted lists will usuully solve these probloms,
The next siep Is to muke certuin adjustments of the

logicul model In order to;

* -roamize the number of block accesses,

¢ » «wimize the duta volume,

& «; aunfze the trunsport of data bclueen memoq nml
nm Jula files.

Unfortunately, these faciors nre conflicting, and an operus
tion which tukes all the fuctors into consideration must be
carricd oul. One may also notice thut the less complex a g
organizntion Is, the more it simplifies such operations as
initin? Jonding, rcorganization und repont generatlng,

The toglcul miodel describes the record design and the
choice of access paths, Any adjusiment of the logleat model
must thercfore clther modify the record design or the
choice of uccess paths. A modificatlon of the record design
which hus 10 satisfy the Information strucitre requirements
must be a choice butween storing. of duplleate dala ltem
vulues ar the use of references. The modiflcation of the
access paths i u cholce between the use of lists or Inverted
lists, Duplicate storing uf duta will be illustrated as shown
in Figure 10,

The present version of the logical model delcdhes the
customers as Ilustrated in Figure iXu). Suppose maony
retrieval ‘processes are frequently using **customer no** as
ey und wunt Information nbout *'customr name." Such a
tituation will resull in a large number of nccesses from the
member rocords 10 the owner records. An aliernative
verslon of the record luyout Is lustrated in Figure 10(b),
The item *"custumer name'* [s stored In both the owner
records und the member records. Such s salution will result
in s decrense in the number of uccesses, an increase In the.
flle slze, und un increase In the data reud and wrilten. In
order to find the best solution one has 10 cstimate the
decrense In access costs versus the incrense of Input/output

“und stormge costs,

Conscquently, ut this lavel of the denign procedure, there

- I8 a need for an unulysis tool which may be used In meking

such uumnm The nnulylln tool must satisfy the following

. i -

Cuttomer Customer

Name ‘ Nora
Customer No, ! Cuttomer Na,
Custonmwr Addren . &::::: m.ﬂ

Figure l&-ﬂhlmulin layouts of the cusiomes fde -
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conditions; o s '

o It must be possible 10 perform an unulysis without
muking any decinlons ubout physical reulizntion,
o the unulysls must bhe bused on a deacription of the
logical mudul nnd the retdevul processes,
& 1he analysis must form a busls for muking decislons of
the type mentioned ubaove,

The lopical model dencribes the Nle orgnnlzatlon, und the
retrievil processen dJdencrihe the uctlvity againgt the flle
oiganization.. Conscquently, [t is posihle o descrbe the
activily belween the ditferent record types und the uctivity

between recards within the sume record type. 1t will be .

shown luter that such a description Is usefu! in making
"declsione about logleul restructuring or ubout physleul renlls
gatlon, .

A purt of the order munngement system described In the
previous scctions is shown in Flgure 11, Suppose the

y following retricval process aalsts:

" \\,J_

N

81: Read order
Operutlon: READ
‘K: ~——order no :
0: ——order no ' '
~total price '
~orderline no ]

—atticle no for ench
~prilcle name orderline
=lin¢ price

The process uses **order no." os key, and Its nccess path (s
fllusiruted with a dotted line In Figure 11, Mie may obscrva
that the process results in trunsitions hetv :n the record

Artlcios

‘{----_--'- B1: Reed 6rdtr
|
I
I

Ordorlines

S Read Order

K1 « QOrder No,
O - Order No,
+' Total Price
+ ‘Orderline No,
s Article No, For Eech

» Line Prico .
+ Number Ordored ) O:derllm

Figure [ l-=lliluniration of the access puth of a reirieval process

 types ORDERS nnd ORDIRLINES und hetween ORDER:

LINES nnd ARTICLES. These trunsltions nre calied roe
trievale of the first kind., An order will usuully conxint of
more thun one onderine, und there witl he (runalllons
belween the reconds In the recund type ORDERLINES,
These irnnaltionn nre culled retrievain of the xecand Kind,
Suppose the uvenige number of onderdines per order s
scven, The retrieval process S1 then will resull In ong’
retricvaol of the ikl Kind between user und ORDERY, the
samme between ORDUERS und ORDERLINES, aix tetruvuls
of the second kind within the reeond clisn ORDERLINES
nnd finally seven retrievals of the finit Kind between OR.:
DERLINES und ARTICLES. .

In order to describe the uctivity in the dutn buxe, one huia
to know the frequencics of the retreval prucesses, und the
scattering fuctory which are a result of trinsliions between
the different record types, A trunaitlon from un owner
record 1ype to o member record type results In u senttering
fuctor equal 1v the averuge number of member records per
owner record. [t should be obvlous thit trunsitions from
user (0 a record type and Leansltions from u member record
type (0 an owner record type result in u scultering factor
equul to one,

The uetlvity In the dula buse may be represented In a
maltrix (see Figure J2); :

{NU)I fa0,],0ne, n aﬂdJ- bodyeee,n

where
o is the number of record Lypes :
Wy Is the number of retrevuis of the first kind

from user Lo record type no. /.

.y (=120 p,jm] 2o and I/ is the number
of retrievals of the first kind from record type
no. I to record Lype no. /. TN

"y Is the number of reirievala of the second kind
. within record type no. /. .
. e

.E L )-l.z,...ﬁ Is the ot number' of l'l-_l
Irievuls of record type no. /. '

Bypy™

Suppase the retrioval process S1 Iy initiuted 100 limes a
day. The exumple deacribed in Figure 11, then results in the
retrieval muteix shown ia Figure 13.- '

The behuvior of ihe retrfeval processes will be described -
with & few moro exumples. Figure 14 shows the logical
modal deslgned in an curdler section. The numbers wiihinthe -
boxes are the numbers uf the specifle recond types and the
numbers on the urruws ure the scattering ficturs for trunads
tons from un owner record to the member rocurds. The
access paths of four retrdeval processes ure druwn ux dotted .~
lines. The retrieval process S has been Jescribed ourlier.- |
and a deacription ‘of the remaining processes shown I .-
Figure 14, muy be as follows:

52 Reod customer nome
Operutlun: *READ

K: —custumer no

O w=Custumer name
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system that is used. In addition, it Is necessary to estimate

the volume of internat houxekeeping data in the file. Thus, |

the file may be described by the following purumcters:
number of records

recond size

block size

load percent

size of ovuiflow-uren

volume of huusckeeping duta

a o 00 09O

Hased on this desciiption, one may estimate the averuge
retrieval length tncasured in bloek accesnes), Huow Lhis cun
be done for the most commaen uacd storuge structures is
described in Reference 3. Estimates of the averuge use of
memory and CPU for cach retrieval process must also be
made. The retrieval Processes are described with the fol-
lowing paramelers:

o frequencies
e use of memory
e use of CPU
© retrieval lunglhs

11

TL] T2 | Properim

/

¢
Key-Tobles  Lhn-Languu
2] J J o
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——-—ﬁ \
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fa  Multlia
‘ . Maln Plie
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! \ ‘n
/ i
Kay-Taliga
\ 12 G ) : e
e —
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" Figure | 7—Muliilisg and tnveried st

“The purumeters mentivaed ubove are used na parameters in

the necounting routine of & purtivulur machine sysiem, and
a price may be computed.

It is then ponsible Lo adjust the rlc pnrumelen. for
example the block size, und look ut how these udjusimenia
Influcnce the 1tul price. Thus, a minimization of the cost
function may be dune in un ilemlive way.

Scarching in the multi-identificr ¢use meons that loglcul
conjunctions between the scparate iWdentifier items have to
be done. The musl common witys W implement conjuncs
tlony ure rliilists or inverted lisis,

Figure 17¢) illustndes a muliilist, T1 and T2 are 1erms

which are parts of the identifier. A muliilist consists of key.

Main File

(a)  Multllist

g f‘I +T:a Main Fllo _ |°
L |
B
)/

Lists LI:::

(b}  Inverted Use.

Figure 18—Muliilist and invened list in a data structure diagrum °

A1
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Operational software for restructuring

network databases®

by DONALD £, SWARTWOUT, MARK E. DEPPE und JAMES P. FRY

Yoo University of Vi dogan,
Ann Avinn. Michigan

ABSTRACT

A hiph-level “"uccess path™ approach 1o dutabase restruc-
wring is described und conlrasted with the “elementary
vperations' approach tuken by most restruciunng sysiems.
With the elementury vpertions approuch, restruciuring is
viewed as a sequence of basic or *‘primitive’” vperations
which manipulate a source dulabase in order 1o convert it
inte a target databuse. In the access path approach, restruc-

.organization of data, e.g.. performing garbage collection,

changing the blocking fucturs. and 1o some evtent, modily-
ing the ncvessing mechanism. To our knuwledpe no-geners
alized reargunization. fucility exists in uny Jdutabuse manage-
ment system and, in particular, we are unuwure of a
restructuring facility which wuould provide the capatility 10

" change the logical structure of the dutabuse,

tuning is scen iy the process of accessing a budy of |

mforraunon represeated by the source datu, und cunstruct-
g the terget database representation of the same informa-
tiun. While the elementary operations approach is useful for
restructunng hierarchicul databases, it does nol generulize
well for neiworks. The uccess path approach is bellers
suited to the complex structures possible in network data-
hases.

The access path approach permits the specification of
complex restructuring transformations in terms of applica-
tiom-cricoied cuncepts such as access strategies and selec-
livn criteria. A pon-procedural Network Restructuring Lan-
kuage (NRL) based on this approuch is presented, and un
©example of f1s use in restructuring is given. The archilec-

ture of an NRL-driven Restructurer for network dulubases
is described,

INTRODUCTION

'Due to the fact that the dutabase design process is esscn-
tizlly an opaque an,' an important toul nceded by a
Dutabase Administrulor is a generalized reorganization fa-
cility. With such u ficility the designer can adapt existing
datiahuse structure to conform 10 new information ur proc-
essing requitements. For example, a new entity or relutions
ship could be added 10 the dutabase structure to satisly a
new infarmaiion requirement, or a new access path could
be added to satisfy a processing requirement,

Althuugh siine reorganizaton schemes exist in dutabase
Munugement sysicis, they dead primarily with the physical

et e et s T . M
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In the current state of the art. the reorgunization fucility
has deveivped only within the contest of u Data Trunsla-
tor.?™® As described in References 2 and 6, a Dain Trunsla-
tor is a peneralized software system thal aceepts as input a
source databuse. descriptions of the source {input), target
(output) dutubases and the mapping beiween the suurce and
targel logical structures. fis output is the reorganized target |
dalabase produced automatically by the generulized sofi-
ware from the input description, The exccution of the’
translator invokes three mijur modules—Reader, Restrue-
turer, and Writer, While the function of the Reader and
Writer modules cun be classilicd primanly as physical
teorganization of reformuatting, the primun purpase of the
Restructurer module is 1o logically reorganize the dalabase
or restructure it.’ Birs und Fry® descnbud the physical
reformatling capabilitics of the Reader und Writer through -
the logical restructuring capabilitics which were embodied -
in several prototype implementations. In this paper we
focus on the development of & pencralized restructuring
capability for the network cluss uf lugical structures.

What Is restructuring?

The purposc-of restructuning is to trmnsform the logical
structure of a datubiase in response to new informition or
processing requirements. Nuvathe uad Fry" develuped a
cutegorization of restructuning operativns fur the hicrurchi-
cal class of logical structures, Three fundumentul logical
structure modilicttions were defined—Nanung, Relation,
and Combining--which were refined dato several fower
tevel restructuring vpenstivns. Figure 1 allusiriles a few of
these hicrurchical restructuring wperations. The fing pan,
Figure la depicts a hicrarchical relutivnship amang PRESI-
DENTS, SP(?USES and CHILDRLEN. The uppermost box



500 Nutiona! Computer Conference, I977

*

COMPRESS

MERGE

PRESIDENTS
name
PRLESIDENTS : PRESIDENTS .
name naine
Spouse-Cluldren Marricd-To Married-To .
SPOUSES
SPQUSES -
name
Has-Offspring
i
SPOUSE-CHILDREN - SONS DAUCHTERS
spuuse- hild.
ﬁumc :i.-::uc CHILDREN name name
name wex

EXPAND ;

PARTITION

Flgure 1—-Restructuring operations

or record type.t* PRESIDENTS.® contains the numes of
the presidems of the United States. The second level record
type. SPOUSES. iy related to PRESIDENTS through the
set type "Marnied 10" and contains the names of all the
spouses for cach president. Thus, the sel is a vne-to-many
mapping over (wa record types. Inoa simifar fashion, the
ahird  fevel record type. CHILDREN, is related io
SPOUSES and contuins the numes of the children born to
cach SPOUSE,

One restructuting operation is purritioning in which the
voecurrences of o record type are divided into two or more
distinet record 1y pes hased upon the value of one or more
duta items. This aperation is illustrated by the source nnd
target logical stiucture of Figure | where the source record

**We fullow the eemunulopy of DUTG?

1 For o mure complete desonplion of the Psc\h!\.nuul Datlabing sce Refer-
ence §0.

type CHILDREN has been partitioned inte two recond
types. SONS und DAUGHTERS. hascd on Lhe data item
“sex."" Nutice that the data item *"sex’” has been eliminiuied
in the logical structure of Figure 1, since this informution »
now represeated by the larget logical structure, The Jual
restructuring operation of partitioning is merging. Thw
merging operation consolidales vccurmonces from wo
more record types into u single recond 1y pe, often adding
data item to the record type o preserve information previ:
ously represented by the logical structure, Merging is
illustrated by the source logicul structure and the turge!
logival structure of Figure 1, where the occurrences of the
two record types. SUNS and DAUGHTERS, huave boen
merged into a single record type, CHILDREN. Nute.that
the terms *'source’’ and “tarpet™ are relative and depend,
on the direction of the festructuring trunsformation, Cunw:
quently, Figure | represents the source logical structure (¥
the purtitivaing example, and the target database for the
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meiging cxaniple, Nutice the item type “‘sex’" has been
wided W contuin the information previvusly represented
senmantically by the source logic structure of Figure 1.
Anvther form of reshructuring involves the eompression of
iwoe of more hierurchical levels into ane. This example is

iustruted by the source and turget Jogical struclure of -

Fiure | where the two source records, SPOUSES and
CHILDREN, have been compressed inte a single record
type. SPOUSE-CHILDREN. On the record occurrence
tevel. this vperation would be accomplished by replicating
the assockated SPOUSE record occurrence for every
CINLD record occurrence. The dual operation. expansion
eapands one level of hicrarchy into two or more by
factonng cut selected datu items, This procedure is illus-
wuted ia Figure | where the SPOUSE-CHILDREN record
type has been fuctored into two levels.

Network restructuring

Although a complete categorization of such operations

hius been eswblished for the hierarchical cluss of struc-
wres f restructluning opentions are nol nearly as easy lo
clussify In the network class of logical structures due
primarity 10 the varicty and complexity of the struclurcs
involved. For example, an importunt network restructuring

operistion, changing the implementation of arny-to-nany

relatiunshipi, is Hlustrated by the restructuring trunsform of
Figuee 2. The source logical structure represents informa-
tion on students, their class standing, all courses taken by
euch student, and the final grade reccived in each course,

- The turget logical struciute represents exactly the same
information except that the association between students,
course, and prades is achieved using a LINK record type.
This example is typical of the restructuring operalions
which may be posed in a network cnvironment, those
which involve several record and set types.

Another exumple, which might enhance processing,
would be the uddition of indexing sets or record types, This
could be achieved by migruting the dita item “cluss' to the
record type CLASS-STANDING, which would serve 1o
segment the students into graduate, undergraduate, special,

foreign exchange, ¢tc. (Figure 3). Notice that this operution

is actually expansiun performed on a hierarchical substruc.
ture of the target struciure of Figure 3, namely the single
record type STUDENTS.

L RRU U RTRTTTERTE ™Y VARLA ) LOCH AL BIKIY TLAL

L LT LU RY]Y [ ALY ) toURse s

N\

UL aMS
TIE] —
Figure 2—Netw il roslructuring exumple

CLASS-STANDING
cas
STUDENTS GRADES COURSLS
namie mrade vourw 7
LINK
Figure 3~ Additiva of indexing acta

Yet another impontant network restructuring capability is
the ability of the restructuring process 1o extract not-only
data which exists explicitly in the source database. but also
that which exists implicitly. i.e., the information which may
be inferred from the actual source data. An example of the
difference between implicit and explicil information is de-
scribed in the hypothetical restructurng trunsform of Fig-
ure 4.

The example describes a source datubase conlaining two
record types, PERSONS and LINK. The PERSONS record
type contains ‘name and sex ilem types. while the LINK
record typecontains no data bul provides relationship
information in conjunclion with sets PARENTS und CHIL-
DREN. The 1arpet. structure ulso contains the PERSONS

* record type, and construction of turget PERSONS records

involves the extraction of data explicitly resident in the
source file PERSCNS record type. In caonlrust, target
record. types PARENTS und GRANDFATHERS dv not
correspond direcily to any source file record type; they
contain information which is represenied implicitly in the
source file. Needless 1o say, this trunsformation cannot be
described by operations on hierarchical sibstructures.

In the next section, we review the previous work in
developing hicrarchical restructuring capabilitics through
specification of elementary operutions. The third section
comprises a discussion of the access path approach neces-
sary to achieve a network restructuning capability, and 1he
fourth scction describes u Network Restructuring Lanpuage
based on this approach. The implementation of the Relnucs

lrer is discussed in the fifth sectivn and the puper con- -

cludes with our observations on building und using restruc-
turers.

-

THE ELEMENTARY_OPERATIONS APPROACH

An interesting analogy exists between restructuning sys-
tems and high-level query systems. In firet. one cun con-

_sider a query as a restricied restructuring transformation in

which the turget Is not a datubase but some other form of
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Figure 4&—1Implicil data extraction

information representation.  Efficient, eisy-to-use query
Lnpuages for the hicrarchical class of fogical structures
have been built through the use of clementiry operations
and have heen in custence for some Lime.™ These systems
allow 2 user w specily a sequence of elementiry operations
on higrarchical strociures which will accomplish his query.
Such lunguages arce casy 1o learn and use since they employ
a few ruther simple vperstions o perform most quenes to
ficrarchical steuctures,

Several rescarch efforts have addressed the pmh!cm:;'pf
restructuring and restructering linguage specification from
the elementary wperations painl of view, CONVERT, a
high-level translation kinguage, provides u generalized re-

stacturing capahility for bicrarchical structures. The ap-

praitch is bhased opon the concepl of a2 “duta form®™ in
conjunclion with a set of resteuctyning functions called
“form operations.”” Shoshani'® tikes a similur approach 10

restructuring whereby a set of *‘conversion functions™ is
used 10 specify restructuring operations,

-1n the elementary operations approach. the source duta-
base is considered to be & collection of data in a specific
logicat structure and format, while the turget dalabase b
viewed as essentinlly the same duta, but in a differynt
logical structure and format. Restructuring, therefore, is
considered (0 be the process of minipulating the souree,
dati 10 conform to the target logicad structure and corre-
sponding format. Consequently. restructuring res¢arch us-
ing this approach wms towand the development of low-
level or “primitive” operations which 1minsform occur-
rences of une Jogical structure te another. One wadvantage of
such un approach is thal the architeciure of the restructur-
ing suftware system is greatly simplified: it defaults to a sct
of low-level subroutines which correspond directly 1o the
clementary operations. Thus, u restructuring spegificalivn
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consists of a sequence of primitives ‘which may, be dircetly
converied 1o u sequence of subrouting calls which perform
e uctual restructuring.” Unfortunitely, the user is nol
shiclded from any aspects of the resiructuring: hc. must
tharoughly understand the function of cach operation in
order 1o be able to use it, Consequently, the langusge.
although high-level. siifl requires the user to treat restruc.
turing essentiélly as o sequence of low-level steps.

Several other prublems arise when the clementary operis
tions approach is applicd 10 restructuring network data-
bases. In penen, clementary opertions are desipned 1o
uperite on small, logicat substruciures consisting of one or
two recosd types and a sel, 1o produce a new, logical
substructure. Due to the limited number of operations
which may be defined, only a finite aumber of source
substruciures can be valid candidates for restructuring. The
more complex the siructure, the greater the probubility that
it will contain subsiructures which are not valid candidutes
for the set of availible operations, Conscquently, Lhe re-
structuring capubilities of elementary operations decreuse
as the complexity of the structure increases. For this
reason, elemcentury operations are not particulurly well-
suited ta describing restructuring transformation upon com-
plex nctwork logical structures. ln addition.’ a complex
restructunng trunsformation (assuming that it may be per-
formed by the elementury operations) will require the
‘specification of a complex sequence of elemenlary opera-
tions which s difficutt to analyze and to understund.

Another class of restructuring trunsformations that is diffi-
cult to accomplish with clementiry operations is the extrac-
‘tion of implicit information. We have pointed out that such
transformations {us in the example of Figure 4) cannol
usualiy be descnbed by a sequence of operations on hierar-
chica! substructures. Furthermore, although they may be
describable by sequences of elementary operations on nel-
work substructures. such descriptions are generally long
and complicated. There is also reason o believe that, given
time, designers of network databases will produce enough
intricate methods of storing information implicitly lo ex-
haust any set of elemcntary opecations.

Following our anatogy. it has been found 1o be extremely

difficult to peneralize the elementary operantions of highe
level query systewns lo network databases.'” The elemen-
lary operations approach to developing a query system for
ngtwork databases tends to be less powerful and much
more cumbersome than its hierarchical counterpans. In
.general, they suffer from the same problems cited above-—
limited allowable inpul structlures, overdy complex' specifi-
" cations, and difficulties with link records and other implicit
inforination storuge 1cchniques. The high-level access path
approach to restructuring grew out of uttempis to develop a
restructuring strutegy more suiled to network databases.

-,

THE ACCESS PATH APPROACH

Following The current trend in host language database
systems which process the network structure dutabuses, we
chose the high-level **access path™ approach to restruciur-

.

ing. The source dalihase is viewed ax u bady o( {nforma-
tion, seme of which is represented explicitly by data, and
some of which ix represented implicily. i.e..'may be
inferred from the data. Similady, the target “database is
considered 1o contain u subset of infurmation represented

by the source; this data is created (rom infuormulion pro-

vided by the source Jala. Exccuting 2 restrucluriog trins-
formation,’ then, is simply the process of traversing the
source datubiase to obtain the information needed to create
the target dutabuse, and stonng it according to the target -
Jogical struciure. There are numerous consequences of this
approach. For one, rescarch in restructuring specification
turns toward the development of restructuring specification

Janguages based on the concepts of access strulegies and

selection criteria. Since this urea is closely reluted to query
language develupment, certain concepts rom previous re-
search in 1his area may be utilized. A second consequence
of the uccess path approach is “manifest in the octual
restructuring algorithm development. Restructuring tech-
nology turns toward the devclopment of algorithms which
efficiently and cxhaustively sccess the source database and
pecform tests upon the data, following extemally specificd
access strategics und lest criteria. This is u radical change
from Ihe elementary operations approach which tends 1o
develop low-level subruulines. -
The most importunt consequence of 1his appraach is that
it produces powerful generulized network restructuring ca-
pabilities. Since restruciuring is viewed as an operation
which accesses information (ather than munipulates dala),
the approach is unaffected by the fogicul structure of the
database. This independence from the logical siructure
insurcs that essentially any dinabase is 2 valid candidate for
restructuring, regardicss of the complexity of the logical
structure (hierarchical, network. ete.). Furthermore, source
and turgel togical structures need not cven remolely resem- -
ble each other since the target is derived from information
provided by the source rather than from the source siruc-
lure itself,” Also (unlike the clementary operations ap-
proach), implicit informalion may be eatracted and restruc-
tured as easily as explicit information (as in Figure 4).’
Thus, explicit information may become implicit and vice
versa, . . -
Finally, the sysiem is inherently simple, Assuming thal
the user has some familinrity with databases and applica-
tions, a restructuning specification language bused on appli-
calion-oricnted convepls such s access strutegles and
selection critenia should be einily understoud. Furthermore,
since all restructuring operations are expressed as informa-
tion accessing problems, confusion docs no significantly
increase as the compleaily of the restructuning trunsforma-,
tion increases. An alporithm designed to curry out this
process is aiso simple and therefore, struightforward and
dependable. Al restructuring is pedormed in un identical
sequence of steps, regardless of the particulur trans{orma-
lion: (1) exhaustively access the source data acconding fo
the nccess apecifications. (2) 1es1 duts bused on 3eleclion
criteria, and (3) Sreate target record vecurmences conlaining
the rclevant data, For a more complete discussion of the
theoretica! foundutions of this apprauch, sce Reference 13,

" .
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NETWORK RESTRUCTURING LANGUAGE
Architecture

The architecture of the Network Restructuring Language
is based upon the high-level specification of access paths,
The ‘mujor components of the Linguape describe access
strategies and sclection crileria. Access stralegies are de-
scribed using an access path statement which specifies the
. traversal scheme required to obtain dita for euch targct
record 1ype. The selection criteria cslgiblish'cs the soui:-
tand, indircctly the target) data requircments. It woulf .
heyond the scope of this puper to describe the NRL in+:
detail. A complete linguage specification may be foub.:
Reference 14. However, the m.uur pomls of the langu. v
will be described,

The NRL is essentially a block-structured language in
which each “’block™ contuins u single 1arget record state-
ment. There is one target record statcment for each record
type in the target database. This structure reflects .the
access path .lppru.lch for the fullowing reason: each target
recard type is considered to represent a certain qu:mtlty of
information which may be obtained from the source data-
base: consequently, each targel record description contains
the specifications for the source database accessing scheme
as well s the selection criteria. The second level of
structure inthe NRL is the target set statement {see Figure
5 for the NRL struclure}. Each target record stalement

includes one or more targel sel staiements whick identify

the sets of which the turget record type is a member. The
third level of NRL structure is the access path statement.
The access path statement specifies exactly how the soirce
logical struciure is 1o be traversed in order to obtain the
information necessary to create un occurrence of the target
record type. There may be many individual access path
statements—aone or more for cach target set s!:'ztcmcn.l—-
stnce the information which contributes to the target record
type may come from several different source record types.

TARGET RECORD STATEMENT
TAKGET 51T STATEMENT :
ACUESS PATH STATEMENT
NEW TARGET ITEM STATEMENT
SOURCE RECORD STATEMENT
IYEM QUALIFICATION STATEMENT
ITEM ASSIGNMENT STATEMENT
. .
. :
SUUKCE RECORD STATEMENT
. ‘ .
- '
ACUESS PATH STATEMENT .
L}
*
TARGET SET STATEMENT
[ ]
- .
TARGET KECORD STATEMENT
L
[}

"Figure 3—Siructure of NRL specificalion

There are two types of NRL statemcnts at the fourth levet
of structure: the new target ftem statement,-and the source

_record statement, There may be zero or more new target

item statcments for, cach access path statement, Such a

_.statement indicales a target item which reccives a constant

value cach time a t} rge! record occuryence is constricted

- using the specified Access path. Since access paths mdlc.ue

struclure in the source database, the new item stalement is
uscful when. information represcnted semantically In the
source structure is converted to actuul data values in lhe
target structure, :
The sccond NRL statement at the fourth Jevel ol‘ slruc-
ture is the source record statcment, The source record’
stalement identifics the source record(s) on the access path .
which will be used in the ¢reation of a target rccoM -
occurrence, lo oblain item values and/or test the source
data. There may be one or more source record statements
for each access path statement since data may be obtnined .
or examinéd from several different socurce record types,
Furthermore, cuch source record type may be optivnally _
assigned an jndex*number. The index number is used to
identify uniquely a source record within an access path
which *‘cycles'* or *‘Joops™ back on-itself. such that the
same source record type appears more than.once. Finally,

“there are two statement types at the fifth and final level of

NRL structure; they are called the ftem qualification stute-
ment, ‘and the item assignment statement, llem qualifica:
tion sl}uemenls are used to establish the selection criteria
used in testing the source data. Consequently, one¢ may
specify a constant value 1o be compared against a source
item value which will determine whether or not a target
record occurrence is to be created using the curreal set of
source data. The item assignment statement is used aciually.
to oblain Lhe source item, vnlucs and assign them to lhe

" proper turget items,

I should be noted that the NRL does not exphcitly

_describe the logical structure of either the source or target

datubase. The Michigan Data Translator obtains appropri-
ate descriptions of the source” and- target dalbbases inde-
pendently of the- restructuring specifications. The NRL.,
therefore, describes only the informalion relevant -to the

- actual transfurmalion from source to target, and assumcs

that the logical structures of the databases have bem
previously defined and are available 1o the Reslmclun:r.

An NRL restrucmring cmmp.'e .

The NRL example has becn chov.n to |Iluslm!e lhe

cupubility of the funguage to specify restructuring gup.:h,nh-
tics which may not be readily classified in terms of hicrar-
chical siructures or clementary opcrations, The example
involves the extraction of implicit information from a nel-
work structure and is taken from Figure 4. This example is
reproduced in Figure 6 for conveaience. The NRL required
to accomplish the necessary transformation is documented.
in Figure 7, The form. of the NRL has been simplificd
slightly for clarity. The block structure of the lingyage may

be ‘cusily observed., Because there are three target record
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tyjres, there are three target record stalements, Stalement
#2 begins the NRL description for target record type

PEERSONS. Since PERSONS is a member of only one set -

(from the syste:n access level) there is only one targel sct
statement (#3). Stalement #4 specifies the source access
_path 1o be used to locate the dats nccessary to creale the
target record type. ACCESS PATH=PEOPLE (PER-

SONS) descnbes an access piith from the source SYSTEM .
node .1Iong set PEOPLE to record type PERSONS. Stie-

nient #5 is the source record slalement to mdlc.nc that
source record type PERSONS is to be used 1o obtain
inflormation. Statemcents #6 and #7 are ttem assignment
statements which indicaie that the values in source item
types "'name*’ and *‘sex’’
ilcm types “"name’* and *'sex.”

are to be assigned to the target " source item type *"name"

" The NRL dcscﬁpliun' for the second record ‘ty'r'ne'.

GRANDFATHIERS., hegins with stilement #8. As before,
there is unly one larget set statement (#9 because the
record lype is » member of only one set (GRAND&LT)

Stitements #10, #11, and #12 specily the source iccess

path o be used to ohtain the desired information: Thix

.access strategy may be summarized as follows. The LINK .
record lype in the source models the relation belween
parents and-children, Given a particular PERSONS record

occurrence, one mity access all of histher parents by using |

the set types
with the LINK record type. One similurdy obtalns “all
grandparents of a person by accessing all parents of par-
ents. The access puth statement on lines #10, #11, and #12
describes the essence of this sirutegy: use set PEOPLE 1o
the PERSONS recard type, then set PARENTS to the
LINK record type, then set CHILDREN back to the
PERSONS record type. then sct PARENTS back. to the

LINK record type. and finally, set CHILDREN back 10 the .

PERSONS record type. Notice that the source record type
PERSONS is used three times in the access puth specifica-
tion: once as a person, once as a parent, and once as a
grundparent. Consequently, the source record stalement
(#13) must indicate which source group PERSONS is to be

PARENTS und CHILDREN in conjunction.

used. Since the PERSONS record which represents grand-

parents is the fifth record on the access path, INDEX-S,' .
makes the necessary distinction. Statement #14 is ‘an jtem .

qualification statement which is used to select only male
gtandparents to yield grandfathers, the desired tarpet rec-
ord information. Statement #15 assigns the value in the
to the target itlem type “name."
It should be clear that the target record type PARENTS

O NRL ,
2 TARGET RECORD PERSONS “
3 TARGET SET PEOPLE : 5
9 " ACCESS PATH » PEOPLE (PER%: ™).
3) SOURCE RECORD PERS{ONY °
6) ‘ _ NAME =~ NAME '
n SEX o SEX
] TARGET RECORD GRANDFATHERS
n TARGET SET GRANDSET
10) ACCESS PATH = PECQPLE (PERSONS), PARENTS (LINK),
()] . CRHILDREN (PERSONS), PARENTS (LINK), ’
12) CHILDREN {PERSONS). ] . . -
13) - SOURCE RECORD PERSONS, INDEX = § ' '
i 14) SEX QUALIFY JF = "MALE'
15) NAME = NAME

16) TARGET RECORD PARENTS

m TARGET SET PARSET : AL
18} ACCESS PATH = PLOPLE (PERSONS), PARENTS(LINK). ' . : o F

19) .° CHILDREN (PiiRSONS). -

20) SOURCE RECORD PERSONS, |Nm~.x =3

b 1) I NAME = NAME

2) .. SEX = SEX . .

23) END NRL

" Flgure 7-NRL specification

'
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is crcaded in o manner simikir 10 that of GRANDFA-
THERS, except that the nccessing stralegy Is simpler and
ao sclection eriterion is required.

OPERATIONAL SOFTWARE

Tiere are basically two approaches to implementing the
sadules ol a dita transbnor: generative and interpretive, In
the generative upproich cach module generates an object
pragriam which, when executed. performs the desired func-

tion ol the dila transkitor. The udvanlage of this approach

s that ¢fficient inachine code may be generuted for each
application or function, This efficicncy may be irrelevant,
however, since transformations are rrely excculed. more
than once. The disadvaniage of this approach is thal two
phises (code generation and module execution) are re-
yuired to arrive at the final result,

- The interpretive approuch consists of a table-driven pro-
gravt that s upplicable to.all putential iransformations. The
disudvualige of this upproach is the possible inefficiency of
u penerdh purpose intespreter. However, the program is
easicr to uuderstand and dJebug,

Restructures design decisivas

Overall, the Masic design objective of the Michigan Data

Transhitor is w provide. an operational sofiware system for .

demanmatrating, testing, and validating research results on
geherddized data wranslutors. The primary design goal for
the Restructurer module §s the incorporation of general
nebwark cestructuring capabilities.®™ Due to the prototype
niture of the task, and to reduce the implemeniation time
and coninee the eaperimentation and validation ¢Mort, the
simplest and most struightforward algorithm was selected.
Consequently, litlle emphasis was placed on execution
cllciency. Efficiency development was left ta I'ulurc ver-
sionis ol the Michigan Data Translator,

The dJucisivn 1o use an internal DBMS as an lmplcmenla-
tion taul was made carly in the design process. It reflects
the ‘necd for an cavironment in which system tubles are
shared by translator modules, and chinge ofién in size and
complexity. 1n addiion, since the Michigan Data Translator
was devetoped i rescarch eavironment, the table designs
themselves were sabjeet to change. Therefore, some degree
of centralization, integrity control, and datu independence
far system tables was clearly necessary, The trunslistor uses
ADIMS o DBTG-lype DBMS developed i the University
of Michigan by the ISDOS Praject.* AN databases, except
the source and Grget datubases, are ADBMS databgses,
They are manipulited by ADIMS **verbs® which tuke lhc
furm of subroutine calls,

Anather design decision te provide generality and to ease
the compdexity of the Restructures's implementation re-
sulfed in the devalopament and use of un internal data

form, B Ag sumaucized eardier, the Reader module in the
Michigan Data Trabslitor accesses the source database and .
converls it intu the internyd format cilled the source Re-

structurer Internal Form—source RIF. ln nddition to main-
tulning the logicul structure of the source datobase, the RIF
datahase has additiona) sysiem access sets 1o every record

“type which fagilitutes fast nccess by the F;cslmclurgr.

Restructurer algorithm E

The function of the Restructurer algorithm Is to provide
all the restructuring capabilitics discussed in the first pan of

Restructurer from the source nnd target databuses, -the
Restructurer need be tailored only 1o handle RIF dalabases.
The Restructurer, then, is essentinlly on ADBMS-specilio
dat translator und is directed by the contents of the NRL
liubles. The basic cycle of the Restructurer is dlwch into
five phases as indicated in Figure 8,

During the first phase, Target Control, the Resimclnrer
determines the next siep in lis traversul of the turget logical
structure. That is, o target sev/record pair is selected for:
construction, as+is a current access path 1o direct the
construction process. The paths that the Restructurer takes
In traversing the target datnbase are calied **construction
paths.”” They are defined implicitly by the TARGET SET
and TARGET RECORD stalements supplicd by the user ln
his NRL specification.

Du[lng the Source Accessing phasc, the Restmclurer

INIT . |
TARGET CONTROL
SOURCE ACCESSING

QUALIFICATION

-
-‘ _ CONSTRUCTION
——

LINKING

Figure B—Revinuturer hluck dingram

{this paper. Since the Reader and Writer modules isolate the |

\
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Jetermines $he next step in its traversal of the source RIF,
4¢ indicated by the current access path. In essenace, an
aceess path is o continttous list’ of source rekations which

wdivites the location in the source uf ml’urm.nlmn required

‘o ereate a targel instance,
The purpose of Source Accessing is 10 exhavstively
sasch for every potential turget record occurrence that

:uuld be created from the records on the source sccess

rath. When a new record occurrence is found. the Restruc-
qurer enters the Qualification phase, I nene is found, that
iv. when the access path has been exhaustively exumined,
thie Restructurer relums to the Target Control phase.

It is duriag the Qualification phuse that the Restructurer ,

inplements the user's “*selection criteria,'” The source
seword otcurrences on the current source,nccess path are
rewieved and all specific items 10 be qualified are tested
against the values .spegcificd in the NRL. If «ll of the
wceurrences pass, the Restructurer enters the Construction
phase. Otherwise, the Restructurer retums to the Source
Accessing phase to find another uccess path,

Duning the Construction phase, source record occur-
reances along the current access path are retrieved. Dula
items are extracled, conversions are performed on them as

aecessary, and they are stored -into a new targel record-

occurrence,

The Linking phuse is the most complcx ‘phase in lhe
Restructurer cycle. Basically, ‘its job is 1o connect. the
newly created target record occurrence on all appropriate
1 get sels, 'lhls is no simple task bccause. )

i. a1 any given moment, all potential parent record
occum.nccs may fol exist, .

2. 'u record occurrence may be incomplete bccause it
may obiain partial data from each of several access
paths.,

During Linking, the Restructurer relies on user-specified
primary key items for determining whether instances are
unique, Each time a.tarpet record occurrence is created, the
Restruciurer must check ull the records in the record type
and compare keys 'with the newly created record. As may

" be obvious, this is not efficient, but is necessary given this

panticular implementution, Upon completion of this phase, .

conirol is retumed to the Target Conlrol phuse.

Restruciurer implemeniation

The Restructurer was writien primarily in ANS} FOR-
TRAN (o simplify coding and maximize progrum portabil-
ily. In addition, some routines were coded .in.assembler
language to perform specialized functions not easily accom-
plished in FORTRAN.

Approximutcly 5000 lines of FORTRAN code werg re-
quired 1o implement the prototype Restructorer. It ran in
4K words on a Honeywell H6000, and required approxi-

wlely 10,000 CPU seconds tlo construct a farpet RIF
database containing 2500 record occurrences, an averuge of
4 seconds/recurd. Unfonunately, the Restructyrer's execu-

I

.tion time was found to be proportional tu the square of the
_number of targel record eccurrences, and an average of

1500 seconds/record was prmcclul for u target datubase of

-150,000 record ogcurrences.

SUMMARY, PROBLEMS, AND CONCI.USIONS

Two approaches to the cnmlrucunn of restructuring fan-

guages und sofiware for network  datahises have been
presented. The clementary opertions approach, although
cffective with hierarchical databises. does not extend well
to nciwork databuses. The access path approuch, in \\hn.h
all source structures urc treated in the sume way. is more
naturslly suncd to complex nelwork sransformaltions, and

- powerful restructuring capahilities ure vbtiined.

A Network Restructuring Lunguage (NRL) buséd on :hc

"lugh level specification of access puths was developed. Iis

esséntially non-procedurul, and i3 basic constructs—access
paths and selection criteria—ure familior to users ol net-.
work databases. These fuclors help 1o muke it gencrully

- user-friendly.

The architecture uf an operational NRL-dnvcn Restruc-
turer was discussed. The internal DBMS u-sed us an imple-

“mentation tool proved valuable in the construction of the
‘Restructurer, It allows last-minute design changes 1o be

incorporated easily and provides a fd(.'lllly fur mnmg tnlc:r-
nal data management..
Expericnce with the Restructurer has rcvenlcd two major
problems. First, us noted above, execution efficienry was
nol a primary concemn in its design. 1t was expecied that the
projotype Restructurer would be stow but practical 1o use,

. and thal efficiency enhancements would be built into subse-
" quent versions. Unfortunately. exccution time was propor-

tional to the square ‘of the. number of the target record
instances. The core of the problem was the algorithm'
chosen for the Linking phase of restructuring, which led 10
a very large (approximately 3000 FORTRAN stitements),
very slow Linker modufe.

Secondly, slthough the construction of target record
instances was cusily specified in the NRL, the means by
which target sets. were established was quite opaque. In
fact, it required a user writing NRL descriplions to under-
stand certain features of the Restructurer algorithm. This -
difficulty compromised the NRL’s cluim to nun-pmccdurnl-
ity and user-fricndliness.

Both of these problems have been cum:ch'd in a second
version of the NRL und the Restructurer. The basic NRL
structure remains unchanged although m.'ccn paths are no -

“longer required 1o be strictly lincar—they ‘may . be trecs

structured—and scts are explicitly established.in o way lhnt
complelely hides the restructuning wlgorithm from the user,
Changes in the Restructurer's. alporithm and enhancements
to ADBMS, which muintains the source and turget dutas
bases in their internul forms. have lowered execution time
to a linear functiva of the size of the tarpet dutabuse {with
what appears 1o be an ncccpl.:blc slope). The reader is

referred to Refercnce 13 for theoretical details* of the -

!
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. !

second w.rsmn. and to Rcl‘crence IB for umge-onented'

details,

We feel _;usul' od in concluding that, using Ihc nccess puth
approach, it is possible to build practicul. gencrul-purpose
restructuring specification langunges and restructuring soft-
wire fur nctwork databases, However, since restructuring
involves the eahaastive truversal of the source database—
with some or all of the source data accessed miny times—
as well as the complete construction of a turget datubase, It
is an inherently sxlow process, and serious nticnfion must be
puid 1o 8 restructuring sysiem's exccution efficiency.

REFERENCES

I. Novak. D. and 1. Fry, "The Swute of the Ant of Logical Dalabasa

Dasign,” Priw. Fifth Texas Cmqfrrrmvm Computing J,nmu. Auslin, -

Texan, Ocluber 1976, pp. 30-39, .

2. Fry. J. P., R. L. Frunk, and E. A. Hennhey, Il “A De\relopmcuwl

Madel for Transkaion,” Proe, 1972 ACM SIGFIDET Workshap on Data

Desveiption, Aviess und Control, D!!lVﬂ. Colorado, November 1972,

pp. 77-106,

Merien, A. G. und J, P, Fry. A Data Puscription Approuch to Flle

Teunshntivn,” Prw. (94 ACM SIGAMOD Weorkshop on Date Deseripe

ton, Acerss und Comrol, Ann Arbor, Michigun, Muy 1974, pp. 191-208,

4. Housel, B., V. Lum. and N. Shu. "Architeciure 10 un Inteructive
Migritiun Sy stems (AIMS)," Pror, 1924 ACM SIGFIDET Warkahop o
Buaia Diseriptien, Avvess aad Contred, Ann Arbor, Michigun, May Wu.

pp. 137164,

S, Rameriz, J. A.. N. A. Rin, und N. . Prywes, "Aummatlc Conwnhaof
Duta Conversivn Prugrums Using a Data Description Language,” Proc.
WH ACM SIGFIDET Wwkshap un Data Deseription, Access and

U Canted, Ann Atbor, Michigan, May 1974, pp. 207225,

3

6. Birvs, E. W., and ). P. Fry. “Guneralized Software for Trumlulln' '

Duta.’* Priw. 1976 NCC, Vol. 45, AFIPS Press, Montvale, New Jersey,
pp. 889-8Y9,
1. Fry, 1. P. and. D. Jeris, “*Towurds 2 Formulation of Dita Renrpnlu-

Ptian," Proac, IV ACMISIGMOD Il'urhlmp on Data Drscription and

Aceess, New Yurk, 1Y,

8 Nuvithe, §. B. and ). P. Fry, "Rnlrun:tufins for Lurge Dala Bm
ACM Tranwactions on ebuse Sulﬂlu I, 2. June 1976, ACM, New
Yurk, 1976, pp. $38-158.

¥. CUDASYL. DATA DUSCRIPTION LANGUAGE COMMITTEE'. €O

DASYL Duta mmmm Lenguage Journal of Development, June nm,""_‘

NBS Handbook 113, ACM. New York, January 1974,
Systems,” Computlag Survexs, 8.1, March 1975, pp. 141,

+ 1), Shonhanl, A.. "A LogicakLevel Approsch o D:uIBann;enllcn L
Prov. ACMISIGMOD liternathonal qufmm o Manageinest of

Duta, ACM, New York, 1978,
2.-Codd, E. P. and C. J. Date, “Interactive Support ha Non-ﬁmnmmen.
The Relutional pnd Network Approaches.” Duta Models: Data-Straes

ture-Se1 versus Reluslunal, R. Rustin (ed.) Ann Arhor, Michigaa, Hl[ "

19N, pp. 1342

1%, Deppe, M. E.. "A Relational Interface Modat for Database Restructur
Ing." Technical Repon 76 DT 3. Dota Trunshtion Preect, The Univen

Wiy of h‘lchlm Ann Arbur, MkNM. 1973,

14, Deppe, M. E., and K. H. Lowls. “Duta Trunslation Translation Defizh-
' tion Lunguape Reference Munual for Yersion HA Translator Releass |,”

Working Paper DT §.2. Daia Trambulon Projoct, The Ualvmlly &
Michigun, Ann Arbur, Michipna, 1976,

"), Birs, E., M. Deppe, and I, Fry. “Rescarch and Datn Rﬂl'lﬂnlmbl'
Cupabilities for the Version A Duta Transator,” Data Transistion -

. Projeet Technical Report, February 1973, Graduate School of Buslness
Administration. University of Michigan, Aan Arbor, Michigon. *
16, Hershey, E. A. und P. W, Mesunk, “A Data Base Maonagemens Schn
for PSA Based on DBTQ 71," 15003 Working Puper No. 86. July 1974,
ISDOS Research Praject. Department of Industrial and Opcrnlblu
Enginesring, Universit§ of Michigan, Ana Arbor, Michigan.
17, The Storcd-Data Dxfinitin and Trunslation Task Orvup, " Stored-

. 10, Fry. 1. P. and E. A, Sihley, “Evoluljon of Datubase Mwm.

Duseription and Datn Tra « ioms A Hodel and Language.” Iurorm:lqn g

Systems.
18, Budwin, James. et .
. Manuul,” Technicw. o
" University of Michi.
19. UNIVAC, UNIVAC .
- ence, UP-B070, Sperey . wiporation, March 194,

20. Bokkom. D. E. und § 4 Hehymer, “lmplemeniation of & Prowlypa
Generalized File Tramslatw™ Proc, 1975 ACM SIGMOD Iaternatlonul
Cunfercave on Munagement of Data, Son Jose, Callfornis, May, 1978,

" pp. 99-110.

. Shoshani. A
sion.™ Pruc. 1973 ACM SIGMOD Cam"m. Snn Jose, Culifornia,
Muay 1975, pp. 112-122

32 Shu, N.C., B, C. Houisel, and V. Y, Lum

1 Trunslutor Version IIA Release 3 Usq
s DT 3.4, Data Trunsdntion Project, The
Athur, Michigan, forthcoming.

I8, 10, Ocivher 1975, pp. 57-67.

N, Lewis. K., B. Driver. and M. Dappl “A 'l‘mulation Ddlnllhn I.nn-
puuge for Versun I} Transtutor,” Working Pager 809, Dala Trunstative
Project. The University of Michigua, Ann Arbor, Michigaa, 1975,

~

-~ Dats Fite Converter, Programmer Refer- .

A.. "A Logical Level Approach lo the Data Base Conver-‘

y “CONVERT: A High- l.cvel :
Trunslation Definition Language for Dmu Coaversion,” Comm. ACM






DIVISION DE EDUCACION CONTINUA
) FACULTAD DE_INGENIERIA _U.N.A.M.

DISERO DE ESTRUCTURAS DE DATOS

ARTICULO

IBM GENERAL PRODUCTS DIVISiON PALO ALTO, CALIF.

EXPOSITOR: -

ING. DANIEL RIOS ZERTUCHE

~ MAYO, 1984,

Palacio de Minerfa  Calle de Tacuba 5 primer piso  Doleg. Cuauhtemoe 06000 México, D.F, Tel.: §2140-20 Ap;l;. Pontal ﬁ.zzas



ST U A . '

G R .

ey
cl--

b

' K. Ken
/ 1BM General Products Division
Pllo Altu. Californla

!

ABSTRACT., The simplifying assumptions fteﬂ : .
made about entitiss and relationships inf data
structures don't always hold 1n~rua1_&:fc. )

- . : . _ - .

INTROLUCT 10N _ - _ L \- :
. :“ \ “
. A message to mapmakavs: highways are not pl!ntcd red,

- vivers don' t have county lines running down the niddlo.
g ond you can’t see contour lines on & mountlin. ’

FonL some time now mny work -has conceracd the renresentntlon of
Anformation in computers. The work has iavalved such things as file
orﬁanl.a:ions. indexes, hierarchical structures, network structures,
rolatlonsl models, and so on. After a while it dawned on. me that
thése are all just maps, being poor artlf!;ial approxinations of :
|ohe veal underlying terrain. .

THede structures give us useful ways to deal ulth lnfornatlon. but
~ they don't elways fit' naturally, and sometimes not st all, Like,
different . kinds -of maps, each kind of structure has 1its strengths
and\weaknessos. serving Jlfferent purposes, and appealing to differ-,
¢nt people In different situations, Data structures-are artificial
formalisms, Thay differ from information in the same’ sense that
Trammurs don't describe the language we really use, and formal
ogicnl systems don't describe the way ve think.. “The nap is not
the tervitory” [Hoyakawa].

Whet ‘is that territory veally like? llow can I descrtbo it to you?'
Any dascription I give you is just another map. 'But we do need sone
longuage (and I meas natural language) 'in order to.discuss this
uubguct and to articulate concopts, Such constructs as “entities",
"categorlol". "pnomes”, “relattonships™, and "at:r!butol" seeny to bc
usoful., They glve us at least one way to organize our perceptions
and discusslons of information. . But we need to have.ip nind an
junderstanding of the real nature of 'such construc:s,.-- ospecially -
the difficulties involved in trying to define or apply them precise.
' g Ne should appreciate that ‘such terzinology ,does not repor:
_objective states of realitK ‘instead, thase teras record our subjecs -
tive perceptions. And suc pcrceptions are different for dllferont
poople and differeat purposes, and ‘they can viry with ttno.

K¢ can nake aimplifying assumptions when we design datn structures
and systems, But there's not much wuse in foolln% ourselves about
the nature of information, It leads to wasted effore (in seekin

"dorrect” deseriptions), and needless faule-finding (“rou deseribe
L lncorroc:lrl“g ] - ' '
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" Of the varicus ccastructs opplicsble o the descriptica of Informa-
ticn, this pspor cxplores the neture of two: ontities asd welatica-
ships. . ’ . -

NTITIES

“Entitia? are a gtate of mind, Ho two peoplo agres
ba what the ren% world view 13.@ [Hotnxides}

. L ' -
Ac  infornation systez (e.g., data base) is o model of o small,
finite subzer of the roaxl sorld. We expect certaia corroespondences
batween constyucts fnside thoe inforastioa system aad im  the veal
werld. ke expect ko have one record in the enpleyee file for ench
persos enployed by the company. I an enployee works in a certain
department, ws ¢xpect to [ind thst departeent's punber in  that
smpleyor®s record. . . .

Sc, ons of the [irst concepts we have is 3 correspondence between
trhings inside the information system and things in the Tesl world.
Jdeally, this would bo a one-to-one correspondence, i.e., we could
$dentify » single construct in the infornation system which repre-
seanted 8 siogle thing iz the vesl world. - .

Y¥e're in trouble slready. In the first pla:e; it"s not so easy teo
pin down what construct in the inforaation systes will do the

vepresenting. It might be & record (whatever that means), or s pare -

ef coe, or several of thea, or & certa]og entry, oF & subject.io a
data dictionary, or .... For mow lot's just call it a “representa-

tive™, and c¢ome back to that topic later. The other half of the’

problen coacerns the things we want represonted 1o the systea.

As a'scboolteacker night say, before we start writing data deacrip-
tions let's pause a mincie sand get our thouzhts in order. Before we
go charging off to design or use & dala styucture, letr's thiak about
the inforcation we want to represent. {0 wc have & wery clear ides
of vhat that {nformaction is like! Do we have a good grasp of the
sepantic probleas invelved? ) -

Bréoning sn szpert ir data structures §s llke hecoming an expsrt in
sentence SITUCLNTS and grapmsr; it's not of much value fr. the
thoughts you want te sxpress are all muddled.

The Informetion {n the systea is part of & commmmicatios process
snoug people. Thers is & flow of ldess from miad to nimnd: there are
translations sloag the day, from concept €0 matural Jlangusges te
+ formal lesnguages {constructs im the machine system) and back again.
An obssarver of {or participant im} & certain process vecogaizes that
a certsin persun has becone ennloved by 3 certaim departoent. The
obsetrver casuses that fact to be Tvecorded, pevhaps in a dsta base,
where. soosons else com lster interrogare that recorded {Iact to get
certaln ideas out of it. The resenblance betwesn the extracted
. ldzas snd the ideas iz the original obsorver's mind depends not enly
¢n the acCuracy with which the messages ars  rvecorded and transnit-
ted. It ‘sisc depends besvily on the psrticipsats’ comaon under-
standing of tAs alenentary refevences to ™s certsin psrson™, “a
- 1 certain departoent™, snd "is esployed by™. .

-

ISTITILS 1D RELATEOTSHIFS X ISTomndlox ‘61;
L L) =
Ehat iy "eaxo thing™T

That sppears ar first to be = trivial, irrelevant, Irrovormt,
shsurd guesticn., It's mot. The questioca fllostrotes bhow . deeply

- onhigoity and misunderstandieg are ingrained {n the way we think axd

enlk. i

Consider thoze gocd o01d workborse data base -exmples, parts  and
wsrebnyses., Ue mpermally ossume 3 context in chich cack part bas &
part nusber and occurs in various quastities at varicus warehouses.
Natice that: vworious qusntfitiex of onr thing. I3 jt ome or nsany?
Ohvigusly, the Gssusption bere is that “part™ seans one kind of
part, of which there may be Dxoy physical fostonces. (The seme
ambipuity shows wp very often tn natursl wysge, shen we rvefer to txo
physical things as “the saze thing™ when ve nean “the same kind™.}
it is a perfectly valid and wseful point of viex in the context of,
¢.g., an inventory file: we have ont seprescatstire (record) for
each kind of thing, .ond speak loosely of all occurrences of the
thing as collectively being onc thing. (Fe could also. spproach this
by ssring that the representative is pot meant 1o correspond to any
physical ohkjece, but to the abstracted 1dea of sar kind of object.
Konetheless, we do use the term “part™, and mot kind of part™.

Kow consider snother spplicstion, 3 quality control application,
alsc dealing with parts. In this context, “part™ neans one physical
object: each part is sobjected to Certzin tests, end the test dsta
it maintatned in a dats base separstely for each part. There is mow
one vepresentative in the inforestion systeam for ‘each physicsl
object, many of which any bave the same par: oonber,

In order to imtegrats the data bases for the. Invenrory end quslity
control spplications, the people involved mead to recognize that
there _are tvo difierent mnotions of “thirg™ associnted with che
concept of “part™, and the teo views must be recomciled. They wilk
have to work out g convention wherein the informstion systen can

© dral) with two binds of representatives: one standing for a kind of

part, another standing far one phrsicul ebject.

I hope you're convinced nov that we have to go zo this depth te desl
with the basic semantic problens of éats description.

We ave desling witzh s matursl anbiguity of words, which ws &3 huass
beings Tesoclve in 8 largely aytometic and unconscivus way, becsuse
wo uAderstand the ceatext im vhich 2ke words are being vased. bKhan 8
dats file exisria to sorve just one spplication, thers is im offect
Just one context, and ostrs l-tli:ltlr understand that context;: cthey
sutomatically vesnlve sabiguities by interpreting words as sppropri-
ate for that context. But whea files get integrated into o dels
base sarving multiple spplicstions, r'at anbiguity-resolving mechan-
fsm is fost. The assumptions appropriste 2o the context of one
epplication may sot fit the contexts of othar spplicatioms. -

There ars a fow baspic :oatcpts.u- have te dsal with hern: o



Te Y. KEYT
Oneness, - . . :

Saneness. Nbea do va rey tws things ere the sane, or the same
thing? Hov does change imprcr identity?

*  ¥hat s 1r? !a whot cxterories do we percelve the thing to bhat
\het cotegories do we acinoviedge! liow well defined are they?

These concepts and gquestions are tigﬁtly Intertvined with -ems
another, -

Consider “book™. If an author has written two bocks, a bibliograph-
-ic data base will have twvo representatfves. If a leading Library
has five circuleting copies of each, it will have ten represcuta-
vives In  its files. After we vecognize the anbiguity we 2ry to

carefully adopt a conrentjon using the words "book™ snd “copy”, but -

it ks mor netural” wsege. Yould you understznd the guestion “ilow
aany coples are there in the library?™ when [ really want to know
how many physical books tha 1ibrary has nltogether? -

There are other connototions of the word "bonk™ that could !utcrt:ere
with the smooth Integration of dats bases. A "book™ asy denote
somcthing with hard covers, as distinguished fron things fin soft

Covers like nanuals, periodicals, etc. TYhus @ manaal mey be elessgi--

fled a3 & "book™ in one library but not im another. I doa't slwvays
know whether conferenca proceedings conprise & "book™. - ’

A “book™ nay denote scaething bound to;ethef 23 one physicsl unit.

Thus » single Jeng Rovel wnay bo printed in two physical parts.

(¥hen we recognize the smbiguity, we soactimes try 1o avoid it by
sgreeing to use the term “volume™ in o certzin wzy, but we sre not
Glwvays consistent. Somstines several “volunes™ are bound into one
gh)'sicn “bock™.} te now bave as plavsible perceprions: the one
ook written by an author,.the two books 4m the Hbrary's title
«£iles (Vol. | and Vol, I[), and tEo  ten books on the shelf of the
1ibrary which bae five cepien of everythilng.

Ih:ldcnll'lly. the converse 3scoctines also hlppeu.. as .when several
Aovels are publizbod as one physical book- {e.g., collected works}).

So, once agaln, if we are golag to hove & datn baze sbout bocks,
before we can know what cne representative stands for, we bad better
have o consensus among al} users as to what “one boek™ is.

GCoing back now-to parts and ';trehousn. the notlon of "warchouse™
opens vp another kind of tmblyuity. There is no astursl, §atrissic
notion of what comprizes “one warehouse™, It may .be 2 singles
bullding, or a group of bulldings separsted by say arbitrary

distance. ‘Several warchouses (e.3., belonging te different compe- -

nies) may occupy the same buliding (perbeps on &ifferent fleors).
So, «hat iz “one warchouse™t Anything that a certaia :ﬂmp of
pecple sgrees to ¢sll o warehouse. Given two bulldis s, they night
.agree Lo trest them g3 oms, TNO, o7 any nunber of sware o5 ~~ with
&1l porceptions belng equally “correct™. - :

Thus , tbo'bmdn;'tn énd extent of "‘onc‘thing" can ba very a‘rbl:rar- -
i1y established. This i3 even wore -so when we perfora "classifica-

tica™ in an ares that hns no sotural sharp bovndaries =t all. The
set of things that human belngs know how to do is infinitely varfed

B . 8nd changes from one human boing to another in the mas: suhbtle snd

devious vays. Neaethelons

« the ®et 113" portion® of & perscaned data

ES""TIES AXD RELAYIOXSHIPS IX INTAYTATION n

tase wsserts & Fhulte number of srhitrary skill catdgories, ¥ith
each 31111 bolng trested as c¢ne discrete thing, t.a., it hzy cne
represeatetive. The sumber and mature of  these skills §s verr
arbitrary (i.c., 1hey dJdo not correspond 1o zmatural, inu:lnslf
boundaries in the veal world), snd they 27¢ 1ikelvy to be &ifferers
1o different data basex. Thus, & “thing™ here is & very arbitrary
scgment partitiome” out of » continuuz. . This applics alse to the
sct of subhjects in & library file or infornatvion vetrieval 3yystem,
10 the set of discasey in a m-dical data base, to coloré, erc.

This clessificatioz problen wunderlies the general asbliguity ef

.words, The.set of concepts wr ITY to coomunicate abeut is infinite

and non-dencoerable in the most nmind-begrlisg sense), wheress e
innr.u::t:lt:nusiug l” assentially finite 3ct of words, (For thlz
discussion, it snffices just to think asbout mouns.}) Thas, a wor
"decs not correspond té s single concept, but 1o a cluster of more or
‘1¢éss related concepts. Very often, the uso of & word to denots T
different idess in this cluster can get ws into trouble.

) be word "well™ as nsed iu the - data filcs of en
6!;:!::&;::;?“‘!;‘:&:1: ::ologlca! data base, a "well™ §s & single
hole drilled Ln the surface of the earth, whether or not it produces
ol. In the production data base, 3 "well™ 13 ope or more holes

.covered by ona plece of equipzent, whick has tapped invo o pool of

0il. The oil company i3 currently harving troublec integrsting these

) k 2 :
| date bases to port a new opplication: the correlation ef wel
i productivity Ul’ttpgcolu'lcll charasctaristics. : .

HOY MAKY THIEGS IS ITT

5 t often functions iz seversl relos, =ach of
:h;:;:'}: Eﬁrb:‘:ipur:ieated 2% & Sepirate thinl_.la the informatian
systea. Censider a data base miintsining statistics on defensive
pizys by s baseball team, both oo & position basis amd on an indivi- .
dusl baais, The dats base might have representatives for 34 things:
nine positions aad 25 players. When Joe Saith, playing second buci
sakes & putout, the data about two things is modifled: the number o
puteuts by Joe Saith, and the number of Eutonts by & second basensn,
Thit busan figure standing near second base is vepresented as {(ond
4s) two thirgs: Jos Salth and the second baseman,

Consider - stion of “sameness™. Suppose Jos switches” to
shoru::p..::d ::ek-s another putout. BDPid the same thing maky thoso
tvo putouts? Yes - Joe Suith made bath. Ho - one was made by t_u_l

" second baseman, the other by the shortstsp. -

Suman gare perceived nnd trested as two thicgs, rother
?Jn‘:n:h:: three ‘:r ahig:y-clght? tot by mnx 1w, but by
the arbitrary decision of some hunsn beings, e the perception .
was useful te them, and corvesponded to the kinds of informatien
they wers interssted io maintalning im the systea,

If the f£ile cnly had data about.player sitions, then the soms

hysical cbj.ct' would be trasted os boinp different things. st.
Stﬁcmt tines. . Jos 1y scietimes 8 socond enan and sonetines &
-shortstep. This particular file doesa't. even know that Joe eoxists,
sad can play both positions. - T
- -
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Also corslder tao relsted people (e.p., hushand and wife, father ard
'son)  who work for the samc conpany. khem coasldeiing medical
berefits, each of these people has to he consldered twice: once as
an erployee, and once a3 & dependent of an enployee.

“or suapese o person held two jobs with the company, on two different

shifts, Does that sigaify enc or two employees?!  Shipping clerk
John Jones snd third-ahift coaputer operator John Jones might be the
sare person,.. Does it matter? Sometimes, -

It 15 plsusible (bizarve, perhaps, but plausible) to viev s certzin
employee end o certain stockholder as two dlfferent things, between
which there happens to exist the relatioaship that they are exmbodied
in the same person. There vnuld'?ﬁ?i—zififn two represertatives in
the systen, one for the e2ployee and one for the stockholder, It's
perfectly a1l right, so Jong as users understond the implications of
this convention {e.g., deleting one night not delste the other).

] %
Transportation schedules and vehicles offer other exasples of

- anbiguities, in the use of -such terms as *flight™ and “plane™ (even

1f we ignore the other defiritlons of *“plane™ having nothing te do
with flying =»achines)., Khat does “catching the same plane every
Friday"™ really nean? It pay or cay not be the szame physical
sirplane. But if a nechanlc i3 "scheduled to~servrice the ssze plane
every Friday, 4t had . better be the same physical airplene., And
another thing: if two passengers board » plsnc- topether ia Sea
Francisco, with one holding 2 tickst to New York and the other &
tickst to Amsterdsm, sro they qn the same f1ight? -

CIasilflcu:lon,‘e.;.. of skills, tmpacts the notion of “sameness™ as A

puch as the notion of “how many". The way we partition skills
deternines both how msny different things we recognize in  this
category, sad when ws will judge two things to be the same, Consi-
der & group of people who know how to do such things as paint signs
on doors, print portraits, Enlat houses, draw building bluepriats,
drav wiring disgrans, etc. ne clsssifier might judpe that there i
Just one skill rcpresented by all of thess capabilities, nanely
Martist™, and that every person in this group had the same skill.
Another clsssifier aight clain there are two skills here, naaely
painting and draving., Then the sign palnter has the sane skill as
the portrait pajnter, but not the blueprint drsver. And so oa.

The same’ gane can bs played vitﬁ colors. Two red things are ths
seme color, What if one Ls crimson snd the other scarlet?

.Thc perceptive resder will have neticck that two kinds of "hew many™
questions have besn internixed in this séction.” At first we wvers

exploring how many Lkinds of things something might be perceived to’
be. But occasionally we vore trying to deteraine whether ws wove

dealing with one or several things of a given kind.  (If you caa't
spply that distinction to the precoding discussicns, then please
don't bocome a- data base adainistrator. I fear your date bass may

well bscomo & pineTivlé-of sesantic treps.)

.

GIANGE

ra

And then thars's ehangg; Even after consensus has been reached oa
what things are to be rspreseatoed in the iaformatiocsn systen, the

" IXTITILS AND RELATIOSSIIPFS 1Y ISRORATION ] n

inpact of change muit he conaldered. flcw puch chsnge Can sonething
underge aud still be the "samg thinp™? At what polat - is it sppre-
priate tu latrodoce o mew  represcatative, because chenge has tranms-
forocd soncthing into a new and different thing?

The problea ls one of identifylng er dlscorerlnf some  essentisl
invariant cheracteristic of a thing, which gives it 1ts ldentiry,
That lnvarisat charscreristic is often hard to ldegtify, OT paAyY not
exist at z2ll. - .

Ke seen to have little d1fficulty with the concept of “one person”
despite changes in appearance, persomality, csptbilities, and, sbove
all, chemical conposition (the propsrrions and structure -- i.e.,
the chenical fornulss -~ may:znot change much, but the Individusl
atons and molecules ore contjnually being replaced... aogain 1}tus-
trating an cabiguity between "same {ind' and "sane instance™). Cthen
vz spcak of the sane person over a period of time, we certzinly are
not referring to the same ensenble of otoxs xnd molegules. - Nhat
then i3 the ¥sgae person™! Ke can only appeal to somc vague {ntui-
tion about the "continuity™ of -- something =--.through gradual
change. The concept of ™same person™ is so fanilicr snd obrious
thar it §s absslutely Irritating mot to be able to define it
(Definitions In terms of "soul™ and “spirit™ nay be the only true
and hunanistic ¢oncepts, but, significently, we don't know v to
deal with them in 8 computer-based infornation system.} It is enly
whea the notion of ™person™ is pushed te sone 1imit do we veslize
how -imprecise the mnetion 1s. This is ths basis of soms legal
issues.

‘Modern medicine 1s dissecting our concept of “person™ . vla trans-

janted and artificial linbs arnd organs. At one time people
eljeved the heart to be the sezt of the emotions; they aight have
argued that the rcclglent of a heart transplant became the person
whe the donor wes -- he had merely taken vp residence in o mrew body.
¥c are more likely to take that pesizion with respect te tho brain, .
Tather than ‘the heart,. A number of legal issues will have to be

_Tesolved when brain transplants begin to be performed {and the

izsues’ may get bore. complex if just portions of “the brain are
transplanted), S . 7

In an infornation system maintaining data about people, we will have
to decide which informsticn gets 'luterchln{ed between two Tepresen-
tatives. Which information is to be assoristed with the body, and
which with the brainl A name?! A spouse?-. Other velstives? How i
the medicsl history rvearranged?. Who has which job? 5kills? Finaa-.
cial obligations? . e e

Sinilar questicns apply to organizations, such 83 companies, depart-
aents, -tean’, governaent agencies,- etc. Is it still. tha same
conpany after changes n enployees? (Of course.} Hans cneut!_('tt.;
Ouners? (Maybe.}). Bujldings end facilities? (Yes. Locations

{Probably.} MNzme? (Probably). Priccipai business? (Maybs.) - Srate
and -country of iocérporation? (Raybe.)
its, ste.,

sation of swployes vacation and retirement bens
And poiitical boundaries. A data Sls- of pépulltlon statistics must

have some definition . of what is meant by Indls, Pskistia, Cernany, -

Czechoslovakia, etc., ovar time.  (There's more Involved than &
change of nane; the things thenselves have been croated, destroyed,

nerged, splic, re-partiticned, erc.). In ‘nq?- other data base 1t E_

.
- - PR

s

-z

The ansvars sre significant —,‘
" ‘gto.-the handliang of old contrects ond other obllf:tlens.-the deterai-
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‘may have to bs understood that two qrosle born at Jdiffcrent times ia
a

the same town alght hars been born Ifleront countries.

A whole . xpectrun of concepts, There {3 the “one "book™ containing
the i{desay expressed by an author, which {3 the same book regsrdliess
of which language 1t 1is translated Into, or how It i3 edited,
sbridged, condensed, revised, eotc. ) -

Then there are "editions™, which differ fron esch other by some

due either to changes in the content or to the
correction of significant amounts of error, . On the other haund, scne
Binor amount of difference {erroneocus or deliberste) 13 permitted
batveen reprints of a single edition, : .

A tondensation or abridgenent may be gr;ssly dlf!e}enl {fron the

original, but for some purposes-it. 11 treated .g3 belng the sune
book. - . . T .

This topic 1is wost painfully {sxiliar to us in relation

te “ver-
slons", e.g., of such things as programs.

There 1is sone srbitrary

threshold up to which minor changes can be made without creating a- -

new version. The old copy ls discarded, there may or may not be 2
record of the modification, and the representative (e.g., catalog
entry) of the old _copy-now serves to represent the new copy.

" Beyond a certsin (:;Blt{pry) point, we decide to keep the oid and

Manyl

- are), will we

. indefinites word

now copies os different versjons. Ve novw enter s metaphysical realm
in which wve manage to mcrge the  concepts of “one™ and "many”,.as in
the exEresslnn “these
sgane thing™. " In some contexts we ~mean to rvefer to all versions
tolTectively {zs 4n the property: this™-is & Fortran compiler}, in
sooe wo refer to & particular copy, and in’somo we rofor to ons copy
-~ whichever ono happens to be the "current™ virlign.

\-\ .
A _' i . . ""'\\
WHAT' IS ITY
Ye have 30 far been focussing on the- qn:ﬂxtons of “corness™ and "-
“ssmenos:¥, That 1is, given cthat you and ; ‘are pointing to soms
conzon polnt im space {or we think we are), and we both perceive

sonething occupying that space (perhaps & hunan figure), how many
“things" should that be treated us --in the lnformstion -systea? - Onel
Part of & larger thing? Or not a thing at alil ..

And: do we really agree con the composition and boundary of the
!k{?;f Maybe you were pointing et 8 brick, end.] was pointirg at &
wall, - . ) . :
And;: {if we point 2o that same point in space <tomorrow {or thiak we
sgroe on vhother or - not wo are pointing at the suae
thing as we'did today? - : .
Xone of this focusses on ‘what the, thing 1s. 1 don*t mean its
propertios, like is it solid, or is it red, or howv nuch. does it
weoigh, but what §s 1t? I had to use the phrase "human figure™ above
bacause 1 didn't think you would follow ny point 1f I kept uiing the
“thing” -+.1 had to convey somo kind eof tln,ibl'
exanple. But . that phrase 1s just -one possible parception of the
"zthing™ wo pointed teo. You aight have

several things sre difforent wersions of the

2aid it was. 8 Rammal, oF 8

" whoever is

LETITIES A RELATIONSHIPS 1Y INFORUTIOK "

-

'nAa. “wr & solld ebje:i. or & bus driver, .or your father, or &
stockholder, or a custoacr.-oF ... ad nsusewm,

I 1171 refer to wvhat & thing i3 . <« or at least what 1t 1s described
to be Ln the infornation system -~ as its “category™ (egreeing with
the. usage in, e.g., [Abrisl]).  Like everything else, the treatnent
of categorles requives s nuaber of arbitrary decisions to be made.

The set of categories to be

fal set of categories.
There is no natural H Specified for that

asintained §n an informatlon 3ystea must be
system. In ons system it alght be enplaoyees
another it might be emplorees and dependents, or enrolled conputer
users, ar plltnllffs and defendants, and  in an integraved data base
it might include a]1 of these,
belong to many such categories.

Not only are therc different kinds of categories, but categorles =ay
be defined at different levels of refinement.

another perceives the siagle category of accounts, with "ssvings™ or
*loan* being & property of each account. [n another cass, we eight-
have applicatfons dealing with furniture or rrucks or nachines,
vkile another desls ulgb capital eguipnent (assigning everything &
usalgue inventory uumber).
!ubzets of ulh:Es. nmaking & menber of one - eategory sutomaticelly @
‘menber of asother. Soze categories overlup without being subsets.
For example, the category o¢f custoners (or of plaintiffs, in 2 legak
data base}, 1
businesses, and some governmecnt qgenciefi

" ‘It is often & matter of cholce whether 8 pleco of inforastion is to
bs trested gs © category, An attribute, or.a relationship. This
correspands to the equivilence between “that 13 & parest™ (the
entities are pareats), “that person has children™ (the cntitles are
people, vith the axtribute of having children), and “that person is
the parent of those children™ (the entities are people and children,
related by parentege). .

It's often difficult to determine vhether or not s thing belongs 1a
8 certzin category.
boundaries. That is, we <can almost alwoys think of sone object
whose membefship In the category 1is debatable. The vsual trestment
of this sftuation §» either to leave it to the -rbltrlrz decision of
categorizing the object, - or to sstablish s locally

understood set of ‘yulas vhich probably don't match the vules used
for the same category in somebody else's information system. Just
83 an example, consider the simple and “weli understood” category of
“eaployes™. Does it includs. part-time employeest Contract eaploy-
ees? znpxo§hes . of subsidiary coapanies? Forner employees? Retired
smployees? Employecs on lesve? On nilitary lesve? Soneone who has
ust’ & an offer? e
inrisfcﬁﬁffﬁaxy db “the snsvers hare to ba declded according to hoy

the company wants to treat tho dats, but perhaps the questions £an't

oven bs snswered consistently vithin xhe coapany. - A person on leava
may not be an orployes for. payroll purposes, although ha 1§ for
benefits purposes. - Then tho notions of cstegory and property have
" to ba reexaminsd agsin, to &TTive ot-& sot menningful to all userss

At another example,’ consider the category of “cars®, -and docide if

the fellowing - ars included: station.wagons, alcro-busses, ordinary

© busses, pickup trucks, .ordinnry_ttugk’,.inggr hones, duns bns!lffq

. —— -

Tt .."'-', .. - -

e

and customers, 1o .

A given thing (representative) aight
One application might

perceive savings sccounts and loan’ sccounts sy tve categorics, wh 1e

Thus, some categories ara, by definitlon, -

might iaclude sone peaple, sone corporations  or other

Almost ali mnon-trivial cltltotill have foizy’

Signed ¢ contract but not yet reported for

t .
b
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ra:ln’ carts, mororcycles, ,... bVhst sbout a home-made contrivance
in vhich a short pickup truck hed ts hung out ef the trunt of a
sedza? An 0)d bus converted to s motor homar? -

"A - nore anusing example 43 to {imagine B continuum of physical
objects between some given chalr and table, constructed by letting
the chalr back shrink while fts seat cxpands snd flattens, and fis
legs bacome higher. . Thers will be some strange objects In  this

continuum which cannot clearly be assigned te either class™
{Goguen). -

The editor of & collection is generslly listed as :55 "author™ of
the book, Did he "author” lnythfn;? - .

The category ef a thing (l.e., what it is) night be deterxined by
its position, or environmenty, or use, rather than by its intrinsic
forn and conposition. -la the set of plastic lotters &y son plays
with, there is en object vhich might be an-"K* or & "%, depending
oa how he holds it. Another one could be @ “u” or an “a™, and still
another might "be *b™, ~p™, *"d”, or'"q™. 1 never know whether to
tell hia that the ™i™ iz a-"1", “I", or "1™
-

Doei the distinction betwetn a bench. ond & table depend on }our

hoight? .

1 con Inegine tho -some hollow matal tube beling called & pipe, an
exle, 8 lamp pole, & ciothes tack, & mop handle, u shower curtain
rod, ond -how Rany wmore can you nane? A nail driven inte o wall
night be designated a toat hook, .

g pare, ‘these obscrvatlons’ il!usttntl the dlfri:uily of disein-
guishing betveen the category (essence} of o thing and the uses to
which it may be put (its roles). -

There are alsa interesting questions baving to do with fragments of
things, and isitations. 1s it still » donut after you've
bive cut of it? Did you ever gall a stuffed toy an animal?

The fundsmental problem -~- this paper <= 13 self describing. Just

es it is difficult to precissly partition & subject like personnel -

dats into neat categorios, so also is it difflcult to precisely
arcition s subject 1iks “information™ into neat categories 1dke
categories™, Tentities™, and “relationships®. Nevertheless, in
Both casos, {t's such harder to deal with the subject if we don't

Attenpt some such partitioning.

RELATICNSHIPS

A rvalstionship 1s on assoclatiom asong scvewal things, with. that
association baving o -particulsr significance. For brovicy, I will
refer 1o the significanco of an association as ftts “reeson™, Thare
i3 an associatles batweoa you and your car, for the resspn that you

ova it. -There's an apsociation between & teacher and a ¢lass,

art and @
ita in sn

because. be teachos it. Thers's an asssoclation between a
warshouse, becouss the part is stored there. Much of the
iaforastion systom is about such relationships.

Eelationships can bs nasmed, and for now ‘voryillgkroll_tﬂix nens 2t

taken &

" an sysocistion among five things.

-4s yometimes too rastrictive.

ESTITIES AND RCLATIONSHIPS IX ISTORYATION 17

being 8 statement of the yeason for the ssseciatior (vhich means wp

.sl1}-sonetimes invent names shick ary vhole phrases, such as “ip-en-
- pleyed-by=),

As usual, ve hkare to be careful to avoid confusien
ketsvoen kinds and {nstances, Ye often 3oy that “owns™ is 3 rela-
tionship, hut ¥t is really 8 kind of relationship of which there are
many instances: your ownership of your tar, your ownership of vour
pencil, sowcone else's ownership of his car. For now, we will
generally use the unqualified term *relationship™ to meaz a kind,
and add  the term "instance™ 1f that's vhat is meant. {So, to ba
precise, our opening definiticn vas of & relq:ionshlt instance. A
relationship then becoses o collection of such “associstions having
ths sace reason.) . e

i

Kote that the reason s ap important part of the reistionship, Just -

involved Is notiencugh; several
different relstionships cen exist among the se=o objects. Thus, if
the szmo persen is your brother, your manager, and your teacher

these rre instances of three different relationships between 7uu<nn3

identifying the pair of objects

-

DEGREE, DOMAIN, AXD ROLE

¥o have so {ar looked oniy at relaticaship fInstonces inrolving two
thinga, They cen slso be of higher “degree™, If a certain supplier
ships "4 ctertain part to & certain warehouss, then that is an
iastance of a relationship of degree three. If-that supplier usen o
certain trucking conpany to ship that part to that warehouse, then
we have-s fourth degree relaiionship.. - . : T

We wust distingulsh between 'deg{ee" and & confusiagly -simflar -

1€ a departaent erplioys four people, wo might view that as

If another department ezploys twe

people, ve have an association among three things, -and we couidn't

:ay in general that the “empioys™ relotionshlp has any particular
egree., o

notion.

e proceed cut of this dilemna in several steps. As a first epprox-
imztfon, think of o relationship (not en -instance) as = pactern,
given as a sc?ucnca of categories (c.g., departnents snd employees).
An instsnco o

category (i.¢., oae departaent &nd one enployee), The degree of
such a relatioaship would then ba the number of categories in the
defining pattern., What.ug have done 13 té reduce the “employs*
relationship fron - being an association between one department ond
811 of its employees to belinrg .on associstion between one department
sand one of its enployees. Although the former is certainly

“legitinate rTelationship, .1t is difficslt to subject it to asny

definitional discipling. ¥e will only dral with ryelationships In
the lattar form. ' . -

Specifying the psttern of o relationship o8 a sequence of cotegories
There are many relatlonships which
pernit ssveral categories to cccur at thoe samo “position™, ss-is the
caso vhen one can "own™ many kinds of things. Fo therefore intro-

-duce tho term "donain™ to designate all the things which nay occur

at & given position in the rclntionshlg. A domain may include
saveral categories. Thus we might describe an "owns™ rolstionship
85 having two domains, with the first domain including such catego-

e »

sach a relationship. then includes one thing from each”

[P
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ries &z enplovees, departoents, end dlvl:ion!. vhile the seconl
donain included such categories o3 furatture, vehicles, stitionerr
supplies, computers, ete,

"DoraIn™ and “category™ could be treated as the same concept if (1)
we are dealing with a system which peraies overlepping categories,
€.g., unlons and subsets; (2} ths systea does not impose intolerable
perfornance -or storuge penalties for faintaining nany declared
cstegories; and [3) it doesn't bother our intuitions te think of nll

mauers of things as 8 single kind of entity, snd all owned things as -

another single kl?d.

One fladl f{aprovenerft in the specification of relationships mskes
the spocification more’ informative and less foroally structured.
Instesd of assigning & domain to a mequential position in a pattern,
we can give it a unique "role™ 'name describing its funcrion 4n the
relationship, such ss “owner™ and “"owned™. Thus a-relationship cah
be specified a8 an unordered ‘set (rather than o ssquential pattern)
of unique role names. The number of role.nanes is the degree of the
velationship., A dooain i3 specified for mach sole. -

Role names &re especially useful when several roles drow .from the
sace domain, A "manages™ vTelsationship would be defined oxer the

voles “manager”™ and “mansged”, botb drawing from the domsin of

eaployees.

FORMS OF BINARY RELATIQNSHIPS

Much of the infornation in sn informatfon system §s about relation-
ships. However, most dats nodels {o.5.,.
hierarchies, BETG networks) do nmot provlac a diroct way to describe
such relationships, but provide instead g variety of representatlion-
a1 techniques (record fornats, data structures). Iaplicit .ino nost
of these, and in the accompanying restrictions in- the dota -procesy-
slng sysim, 13 the ability to support scae forms of relationships -
very well, some rather clunsily, and some not at all. . .
In order to azsess the capabititleos of a dhta model, 1t would help
o have some systemstic understsndlnf 2f the various forms of
Telationships which can occur in real information., In the mext few

paragraphs 1 wiIl discuss sone 1!Enlficlnt charsctoristics of-

relationships. A particular “"fora™ o a relationship is then some
conbination of these characteristics, A nethod for assessing o dats
nodel would include a determination of which foras it * 'supported
well, poorly, er not at all. XNote the emphasis on combinations. 1Ia
Bost Jits. models you-can probabl manage to - find -a woy to cbtain
most of the follovint foatures, takea ooe at a time. The challenge
és to support velstionships bhaving wvaricus ‘combinsticns of thess
- featuros, R v T :

-

C e mme el me—be el

the relationsl nodel, INS -

direction.

'. wvhethar the relationship is 1:n or ain.

. Etther 813" of a binery Telaticn nighf be constraiaed t

TLITIILE AN FTLATISHEMIPS U DAL 7%

Iy Teapjor:™, I rean that -

* - the ;r:len sonchow pernits o constraiat to be ssserted for the
relstionship {o.g., that it is one-to-nany), tnd

111 not

¢  the systen theresafter enforces the constraint (e.g., W

tcceri an employee's a3sigoment to more than one de?lttlent st e
time). . .

E [y ' ats : hier-
Such ‘support 1s often implicit in the dats structure {e.g.,
lrchy},pguther than being declared explicitly. .

of charactoristics listed below is probsbly Inceomplete; I
¥::t::: it will always be possible to think of sdditional I:Ierlni
criteria, For simplicity, we are now only censidering inary
relstionships, i.e., those of degree two (two roles). The Cﬂh?lptl
can be rveadily genersliied t» “n-ary” rcll;lonlhlps (those o {nr
degree). - - .

Conplexity

llldli- Lipt might be one-to-one (departnents and mansgers; sonogs-
Mods &‘aﬁ; n=d ‘wives), one-to-meny (departoents an npl?yul],
or many-to-many (students and classes; parts and wvarehouses] parts
assechlies)., The relationship between employees and their current
departments is  (typically) one to msmy, whercas the :;l;l§§nrﬁap
betveen employees and 21l the departnents they have worke: - n ;“f
recorded in personnel files) is many to many. -

' Another way to ch:rléttf!:e conplexity is to describe each direction

the velationship separately::as simple (mapping one elteent to
::e) or cemplex (agppi:g one ciement to many). {The teras | s!zg:-
1ar” and "sultiple” are also used.} Thus “nana;e: of departnent™ is
simple in both diroctions; ™nanager of enployee™ is 3iople in one
direction sond complex 1in the other. Relwtive to the nunber of
“forns* of ~alationships, this would count as four possibilities,
since & given - relationship might be siople or conplex ia eoch |

~ .t . - - b

One advahtage to " this latter view 13 that ft. coFresponds well with

~certain aspects of dats eacracticn, Very often & Telstionship-is

ing traversed inm one direction {e.g., find the department. of 3
::v:: employee): the data processing system ususlly s to antici
pate vhether the result wilP contedin one ¢lement ar naay) (‘-.ﬂ;
thethor an” enployee might be in more than one department). '
conplexity of the - reverse direction i3 of little concern { .,
vhether or not there sre also other employsces in the Jepartment).

. fne 3 - h
Thus, 1f a2 glven direction is coaplexi‘ ::& :::::t:o:.::':l-:gc,

the distinction berweon n:l snd 1:1 may be immaterlal. .

) ) ’ . . . . - b i . . .
Catepory Constraints we s ' ;:%:‘;::‘

'. .
3 nlngf-:‘ i
R ..A_..
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category, constralned to sny of seversl sprcifiod categorles, aor
unconstralned (three possibilities oa each side, for s tornl of nine
cerbinations), Constraint to » single cstegory 11 probably tho msst
conmen slituation, a3 In the examples above under “Coaplexity®.

Conlsrllnt to & set of ceregories occurs, for exsmple, when z person
can “own® things in several different cstegories, or when the owner"
Eight be & person, departzent, divisien, company, sgency, or school,
This case mnight be avoided by defining one new category as the union
of the others -- if you're dealing vith a data model which permits
overlapping categories.

I .

It is bard to think of a relationship which is ‘naturally uncon-
strained a3 to catogory (i.e., one that applles to every kind of
thing), but it often makes sense to handle s relationship that way
in 8 real datas processing system. Perhaps the relationship does
happen to apply to all of the things represented in this particulst
data base, or to s0 cany of then that it isn't worth checking for
the few exceptions. 'Perhaps the installation doesn't want to incur
the overhead of cnforcing the constraint, and trusts the spplica-
tions to assert only sensible relationships. Or, the systea simpl
:lr ‘no: grovid. any mechanisa for asserting and snforeing IUCK

enstraints, :

Self-Relation:

Three possibtlitios; . [
% the relationship 45 nor asaningful betussn things in the sama
. category; *
Vs '
@ things in the ssme citegory may be so related, but & thi
not B. related to ltsoltg fand . nE nay

*  thiags pay bo rolated to themselves.

The first case is again probadly .the most common, The .second °
occurs, for exsaple, 1n organiration charts and parts assemblies, .

Exxzmples of the third are our representatives in governnent (the
tepresantative is one of his ovn constituents), ané canvassers for
fund drives (the canvasser colleces from hllllll].' - -

Incidentally, I an thinking here of the siaple case whors éate;orila-
ars nutulllx exclusive. Ehen categories overlap, s in subssts,
things may ba more complicated. Lo : . .

’

iensld . : 1

On either 3ide of the binary relationship, the relatjionship might be
optional {not -everybody is aarried).or mandatory .[évery eonployes
aust hava a-department), ] will count _this as four conbinations
{two podsibilities on each s1de), slthough thore  could concelivadly
be move: one.of the donains may include seyeral eategories, with the
:::::zqasygp, being optionsl 'in sone - categories uaal.ﬁanintory_,in

T,

‘Telationship.

ENTITIES AXD RELATIONSHIPS {X IXFORMATION N ¥
_;E!hmher o_!_'. Forms

Tt
Even xith this limlted i3t of chavactarlstics, we siresdy have 431
forms (4 X # x 3 x 4). This nunber might include some symastries,

" duplicates, .snd mesningless corbinvtions, but after subtracting

these we $til]l have & slzeable chucklise,

Multiplicity of Relationships

Another important criterion‘ concerns whather and how the sy}tc:
peraits more than cne relationship ever the same pslr of donains.

The nature of .the support often varies sccording to the foras of the

velaticonships involved.

Exaoples

A ssepling of a few foras and how they are hondled ia  some dats
sodels. ) . ) -

For instante: certain cases can only be implemented in IMS uaing
topical relationships (intersection records), e.g., solf relatlon,

or multiple relltloashlca over the same domains, These cases cannot -

also be constrained to be one-to-nany relatlenships, since they are

‘no’ longer part of & slngle hierarchic structure,

‘Consequently, that most clementary of structures, the homogencous

bierarchy (1ike an organizatrion chart), czanot be represented In
either IMS or DETG. . . .

Also, there.is no war to enforce a one-to-one vrvelationship im IMS;

except by representing both entities within the same segnent. Then
it becomes difficult to change the relationship, or to nmake it
eptional -- and you can't have an spplication that losks at one
entity without the other. )

Sore systems (e.g., [IMS], [DBTG]) require 1:m relationships to have
only 8 single category on the Uparent™ or “osmer? 3ide of the

Consider o 1:n refltlcnnhlp which naturelly has
parents in several categories {e.g., suppose that luems of capital
equipnent nay be owned by departments or divisions, - but not both).

-It is sometines. sug*ested that such 2 relationship can be nodelled

as the composition of several 1:n relstionships, one for each porent
cstegory (e.g., one velationship for tﬂia;l owned by departments,
and snother for things-owned by livisions).

baving & parent in each of these relationships (f.e., that dats
struciure would srronecuily pernit & piece ‘of equipzent to be ovned
by » dlKnttnpnt and a division at the same time). Furthergore, “this
epprdsch creestes an unnaturas] . semantics by replacing one natural

relationship by two artificisl ones. One caa no longer ask “Kho . .
- tvus this equipment?™ One now has 10 engsge fn ¢ stilted dialogue:

"Shich departoont “owns this equipment?  None? Oh, then which
division ownis ggt1 . ' R c .

This doesa't usvelly
-work, however, becsuss it is difficult to prevent an item frea °

i
H
i
b
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RELATIONSHIPS ASD IXSTANCES ARS EXTITIES

Inztances of rolaticnships are things themselves, sbout which we may
have information in the systea. * -

They have attributes., Just as you have en ape, 30 does your assoch-
ation with your department, your spouse, and your car. For a given
part (;yp;) stocked in a given warchouse, there is o certain quanti-
ty on hand; -

They can be relazed ta other things. A certain part stocked in one
warehouse 1is to be re-ordered from one supplier; the same part
stocked in a different warehouse may bes re-ogdered froo a differeat
supplier,

Instances of relationships can be rnlntqﬁ te sach other {illustrated
in the next section). : M p .
Relationships heve naves, and could be subject to the pgeneral
variety of nazing conventions. The nanes of relatienships corprise
valid information, An information system should be able to answer
questions like: L

*  Yhat relationships exist botween x and yt .

&  In vhat ro!ntio;shlps 13 x involvedt

Instances of o rolationship can be identified (naned) by identifying
the relationship - and the entlities being related: "e=mployed-in, John
© Jones, Accounting”™. In ‘Teal systems these cooposite names of
instancez are uvsuilly aot re?rasen:ed explicitly, but are inplied by

on of the records in » file. A record
in gn “employoe file will explicitly contaiz "John Jones™ and

the definition and organizat

"Accounting™; “employed-in” is implicitly understood by users of the

file, or mey be factored out into s file or record description

sonevhere, (Are there real exsmples where oan instance of » rela-
tionship has o single sinmple nome of its own, rathar than s coapo-
, site neme?) - ° - .

A relationship (not sn instance) is dtself:a represented entity,

-since we have definitional information sbout it in the system {"dats

anut'ﬁntn“). . :

BINARY AKD K-ARY RELATIONSHIPS

An “n;;ry" tcl-t!onuhlc has dogres a (n voles), - "Bimary® and”
')

"tornary™ relstionships-have d-;rro twvo snd three, rvespoctively. -

Relationships of dagree greater than two can ba describad as coabi-

Elunry rolationships, - This follows from the cbservation.
thst an instance of a rolationship s .itself o thing which ¢an be
related to other things. Consider &' ternaty relationship enong
parts, warchouses, ond suppliers, wherein e given part masy be
ordared from cortain supplisrs for one warehouse and from different

natlons of

© 'supplisars for another werehouse. -

- ¥e €an  start with tha binary' rvelsticaihlp betwosn-parts and ware-
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bouses, L.e,., wvhich part L3 stored jm vhich warehouse., ¥e can call
this selationship “allocations™, ond wve can call esch Instance of &
part assigned to & warchouse an “allocation™. (Notice the influence
of longuape on our thinking. By having the single noun "allocetion™
for it, wc can confortsbly think of the instance of the relatlonship
as being 3 thing 4n itself. Calling it "a part stored in & ware-
housc™ doesn't gpive it the feeling of a “thing",)

¥r next define the binavy selationship betveen suppliers and alloca-
tions, This blnary relationship lirerally identifles which supplier
services which allecation. Rut, through our wunderstanding of
ailocations, we know that it really means which supplier sends vhich
part to vhich warehouse,  We have thus defincd the ternary relation-
ship as a pair of binary relstionships, which we can denote synbol-
Jically as PH and S(PN).

(Kotation: "P5™ gtands for the binary relntlonshii betveen parts and
warehouses, “SP¥* stands for the ternsry relatlonship between
suppliers, parts, snd warchouses., "S(PK)"” stands for a particular
decorposition of this relationship; it ds the binary relationshiy
batveen suppliers and the binzry relationship between parts and
varehouses -- i.a., it is the binary rejationship between suppliers
snd allocatiens. For sizplicity, we are assuning that one donain f»
the ssne ns one “category. Alse, the ordorlni of donsins is not
relevsnt- to "this discussion, and we can thereford ~Sgnore perouta-
tions of Yetters, PX is the sace as YP; SpPX, PSK, PXS, etc., urve.
also all equivalent to each other.} ) L

Of coursé, that's not the only way we could have decomposed the
relstjonship, An equivalent verba]l description of the ternary
relationship §s that when we order the Tar: froz éne supplier we may
have it sent to certaln warehouses, while we may have other supEll-
ers send the same part to other wvarehouses. Now we are thinking
first of ¢ binary relationship between parts and suppliers, which we
can cal]l “rorgs™ (because 1 can’t think of & good descrlp:{ve noun)’.
Then we construct the binary relationship between zorgs and wars-
houses. This time we have decomposed the tarnary relztionship Into
the two binary relationships PS and W(PS).

And, in sinilar . fashion, we cen rationalite o third ﬂltOnpo‘itlbn;
into the p-lg.qf relationships WS and P{NS). !

Thero are cliways multiple wlzl to decompose relationships of higher
degree into binary relstionships. Ue have seen the thres possibili-
ties for dcconpc:{ng tarnary:relstionships. For degres four, there
are{13 different ways: PSYT can be deconposed into the foras P(SNTJ'

* S{P¥T), H‘[PS‘I'}a .and T(PSN), with the ternary rvolation in esch o
]

thess being conposable threc ways; plus the forms (PS)(¥T),
(F¥) (ST), and (FT)(5¥), - ; L

An exuﬁplc of the form (PW)(ST) i £n:¢rn£t£ag to look li, beczuse

4t illustrates how instances of relaticaships are themselves things

which can be related to oach other. e can take P and W to bs parts
and warehouspes as before, with- the ralationship P¥ still called

“allocations™. $ 1is stil) iurp!lers. and T 15 nov truckers: PSWP {38
a

the rvolationship that ceartaln suppliers use cortoin truckers: e

- deliver cortain perts to certain warohouses, Thera 1s s relation-
. ship ST between .sopplicrs and truckers -- which suppliers use which-

truckers ~- and we ¢an arbitrarily call these "sources™.. A ™source”
is & conbination of onc supplier and one trucker. Tho relstionship
PEXT . can now be expressed as the binary relationship (PN)(37)

.

5 . .
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between gllocations and sources: which source services vﬂlch nlloc--.

tion. This nev relstionship i3 relating instances of two other
relationships, : .

Sinplicity

The resson we¢ dwell se long on these decompositions into hinar‘
relationships is that scae jzportant dsta models aro founded on suc
deconpositions. : From some points of view binary decovposition may
be the best and sinplest way to describe all relationships, -

The main _advantago of guch decoapositions is that they Eernlt any
relationship to be bullt cut of & single kind of bullding block (the
binary reloticnship), giving the description of all relationships a
very yegular format [Titnsn +» Hence, it is “simpler”, .
Yhethar or not you bélieve that depends on what you mean by simplic-
ity. Simpliclty is wvery much a subjective notion, and we can give
it at lesst twe interpretsations. “On the one hanéd, simplicity in s
descriptive language (for data ov programs or anything else) oeans
pinimlzing the number of different terms that can be used in the
desctiption, thus minimizing the nunber of terms that have to be
learned by users aond jmpleaented in the system, The regulstity of
binary relstionships provides this kind of sinplicity. Accordiag to
this criterion, Roman punbers save simpler than Arabic, since they
use fewer different characters [CEA 70]. For that matter, binary
notstion nust be the sirplest of all, - Also, by this criterion, the
sinplost conputers of all are Turing machincs, tould you llke to
progrsm your application on one? o ) .

Op the other hand, simplicity is schleved when descriptions can be
written concisely, snd can be carried on E:p:r and in the nind as
.singie broad concepts rather than conplex bundles of .tiny concepts.
This kind of -simplicity is provided, for exsnple, in the relational
nodel, which can directly acrept 8 delfinition of a PSHT ‘relation-
ship, rather than requiring a sequence of definitions such "as ¥T
S(xT), P(S(T)). This kind of simplicity is achieved st the cost of
requiring the systes to understand a larger varlety of constructs
(i.e., relntlons‘lps of all possible degrees). It is often argued
that this wealth of additional constructs is redundant aund adds no
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In the second. .

Ve might observe thet #ach kind of simplicity iz eppropriste to e
different level in the system. The first language is sppropriste to
a low, Internal, implenentation level of the systen, wvhere implenen-
-tation cost is of primary concern, The second language is sppropri-
ate to  a higher external Joterface which 13 seen by users. Sone
‘Kind-of-transformation process is required between the levels, such
&3 a languape " transletor which takes the second statenent above a5
written by a wuser snd transforms—it_into the first stateoent above
to be executed by the systen., This_corresponds, for exanple, to the
izplezentation of & relationa}l dats base ontop of an inzerface
dealing only in binary relationships,

This split level aptroa:h.hss sone disadvantages. Since the direct
intent of the user iz not transritted to the underlying system, the

‘systes may not be able to optinize snd perform the function in the

best " pessible way,  In  the averaging example abova, the system
exceating the first statenent would take two passes through the
list, onte to accunulate the sum and pgainm to count the elements.
If the system undegrstocd “average” directly, it would do both in cme
pass. .

In & -nutshell, simplicity. can mean either o° small vocsbulary -or
concise descriptions. Both hare their value. :

Incidentslly, let me mention still & third kind of simplicity, which

-m2y be even more important then the other tvo in the ares of data

description. This is "fanlliarity™. The easiest description system
for you to lesrn and use correctly may well be- the one which-is
closest to something you slresdy know, regardless of how objectively
complex that may be, It i3 precisely this phencnencn, for exaople,
which mtkes the metric System of messurement much less simple for ne
(and nost of my readers) to use, although it is cbViously sizpler by
any objective criterlon. The trouble with this approach, of course,
ls that St is subjective and depends very much on who the users arve.
How do you messure itY And does it lcad.you to support-s number of
systems, esch appealing to a different group of users?! {Therc is
this harard: the sppsrent faniliarity can also lesd users ast ray.

They are prone to making faise cossunprions sbout the systema, in.

those cases where the systen does not behsve thoe same as the thing
they -are faniliar with.) .-

PRSI Y

new function, since overything can be expressed in torms of the . .

"orinitive™ constructs, €.§., binary releationships.’ : LT e ] - - . . e
- L. o - : v Unnecessary Chodces = - | T ] . R

¥e can farther {liustrate the concepts, and problems, in & systém - o . : - e

for opecifying srithnetic expressions. Consider one iangulge which

has terms for expressing additicn, division, and counting, and

snothay lshgusges which has sll these plus 2 term for “avarage”,

Another concarn arises from the !lci that in dt;crifinl a8 n-arYy
relationship as & composition of binery volationships, one has to .

Both languages have tho sume - functional capability -for describing - | selecy-one of the many golslb!e conrcsitions. That is, one-has to
things. The first 1is simpler becsust it has fewer teras to -be : decide whethor to specify F¥S as P(uS), %(PS), or S(PX). There i
dsfined, learned, and jzplesaented. But the second langusge is .~ - often nothlnE in the way that users think of this relationship so
obviously easior to use if you want -to computd an averasge, To g prefer one fors over the other two. Hence this arbitrary cholce

© sverage & LIST of.values, one writes should not have to be made in the conceptual model of the informa; .
. ’ .. : e - ’ B . tion systea. Also, -there s & danger that this fom of specifice-
- -R = SUN{LIST) DIVIDED-BY.COUNT{LIST) - - Co tion pay become entengled in implementation and perfernanca
L . ' . i o concerns. . The specification P(WS) suggests. an implenentation ia
in the first lenguegs, and S N .
: ‘ . A = AVERAGE(LIST) -~ . L. .-

- . vhich pqcrlc Jost intorested in- the relationship between warshouses
. . a8l ‘suppiiors, f.s., ‘WS, will got better service than thoss inter-
: ‘#3ted only in parts and warehouses, _1.e,, PN. Ady such impiication

- e T
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in the concepruzl model thould be avolded. An adafsistrater should
be frec to change the {mplementation structuras and performence
;g;#;l:ltlanl without haring, for exanple, to Tespecify P(NS} as

.

EXPLICIT AND- INPLICIT RELATIONSHIPS

Explicitly Defined Relationships

Explicit declsration of relationships pernlts thelr properties {such
- a3 those doscribed in gpocrion u.o.a.ng

the systen, to be.enforced independently of the representation of
the relsationship.- .

Unless nomes of rel:tlonshlps aTe tnn-i a3 part of the dats countent
ot the systen, It i3 difficult to answer su queries as:

*  "¥hat reletlonships exist between x and yI*

* "o vhat relztionships is x Llavolved?™ )

¥hen the manipulstive interface is cxpressed directly In torms of

anoned rvelationships, then there iz conajderable latitude in the -
nanner of representing ths relationships, with the altornatives:
being hidden from the user. Representation options include: Lot
®  Symbolle linkagos wis matching fleld values. .

*  Internal linkages such as pointers.

'@  Inclusion of such linkages with other sttributes of the ent}t;cé .o

volved (e.g., polnting _to or naning each other). -G

¢ Inclusion of such linkages In 2a ?lplfltc' structure (;.iii'
intersection records) which represents the relatienship. ~ .

@ Computailonal procedures, such as composition of other relaticn-
ships, or comporison of attributo values. (Sach procedures
could only bs used for inquiry, not for sedification of ysla-
tionships.) ] . . .o

. ¥ith nened ralntinaahips. the syntax snd gemantics of queries can be

aade sfeple and oniform, Independent of the mnethod of reprasesnting

velationships. ({Also, the form of the query is 1ikely to be closer
to the natural laaguage fors.) For example, an inquiry regarding an
"is enployed In" relationship-could conceivably be handled by s
procedure which searches enplioynent history records, leoking for the

departneat to which the employeo was most veceatly transferred, An

assertion that scacona “is eaployed in™ = certiin department could
be handled by - making a néw ontry in the.employment history to the
effect that the employeo was transferved into that.departzent today
(or else tho assertion night alpo provide an “as of” date). Some
Jusers.would apgre:iatc not having to know that this wss the inple-
mentation’of the relatlonship. . : -

Ap aaothci.:ilép;-,_cen-ldcf;§h; ioguiry "find all eoploycos located

to be specified directly to -

"{{Astrahan], [Chsmberljin}),

practices vegarding the centralization of diris

* sbout macro expansions, functionzl dependences, pointer c
_even network vs. relational models.

EXTITIES AXD RELATIONSHIPS IN INFORMATION 87

ta Stockton™. 13 a record orlented nedel without adequate capabilt-
tr for naning relationships, the user- is obliged to discover that
tocations sre specified in depariment vecords. Thls user has te
formulate a query which selects the records of departments located
in Stockton, and thea finds the corresponding employees. 1In Sequel
{ for exanple, the query would cake ghe
orm

SCLECT NAME

FRON EMPS~

SHERE DEPTNUN =
SELECT DEPTNUN . ' - -
FROM DEPIS
WiERE 10C =« *STOCKTON'

In contrast, if the user were provided with a defined velationship
naned “located in™, then he need not know whether locatica informs-
tlon -is contsined in enployee vecords, department “records, -or
division records, Thiz wuser is simply Interested in who vorks
vhere; he nted not be responsible for knoulng current corporate¢

. ons or departrents.
(1.e., ho need not knov the functional dependences.) Furthercore,
if these practices were to change (nigrating the location attribute
from one record €o another), so long as someome was kind enough to
modify the internal definition of “located in™, then our user need
never be perturbed by the change. He ¢an continue to inquire aboyt
who works where just as he did before.

_This approsch wvorks hetter for inquiries . than for updates, To
‘change an eaployee's locatlon, onc does have to know whether employ- .
" ees can move about independently; or are constrzined by the locstion

of their departments or divisions. This knowledge can be glesned
fron the organizarion of the rolations =-- L.e., the functionsl
dependences -~ in a relational dsta buase. It can also be specifled
é? co?slstency rules 4in & nodel which describes relationships
rectly. - K i ] . . -

Naned rélarionships need * not -be iupienengad by'ilnternal structures .

such &s pointer chains, They could be provided by means of “macro”
facilities in .the interface longusges, For éxsaple, & macro facilfi-
ty could cdnceivably be added to the Sequel - language, whéreby =
nacyo naned “located-in™ could be Jdefined to axpsnd into the Sequel

" text fllustrated above. An end cser night then formulate bhis query

as "find eaployees located-in *Stockton’™, vlthuut—taoviag or cariag
! }

Of course, that gsme *located-in™ srelationshlp ceuld aise be
grcsentcd to the wuser in the tabular form of the relstional model.

hero could be an iaterface at which the (spparent) existence of
such a relation is maintained - -for the user, independent of the

i

wanner ip which it hay to be materialized froa. the vesl underiying
. q::- (ef. [Boyee]). . - . - o . . -

© . - - . -
Having named relationships as sn.integral part of the nodel is such
the same {des as' perceiving - the model 83 = set of functions
{Folinus]. Tha external user.understands tho infoxnation systen by
lnowing the -nanes and descriptions . of the- functions, .the required
atgunents, and tho expectable return -valuss, -The functions corres-
npond Jdirsctly to the user's sonontic understanding of tho Inforua-

tidu. Tha implensntation of the functions is-hildden frea the user, °
L - . e .

. -, . LR

tns -~ or .
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IThe *=¥inks™ of {Tsichritzis] and the “seloction. Brructures™ of
.{Carnest] also relate to the concept of specifying nrmed relation-
ships.

InpllCll-lell‘iﬂh;hipl

There i3 a Jisadvantage to systens which deal only in named rela-

tionskips. They linit the user to follovwing paths which have been
previously declared by & data ndnialstrateor, and wmake it difficulr
to follov paths i{mplicit in other datn stored in the systen.

I1f tvo entities - are related to 2 third in any way, them that™inm
itself conprises & relationship among the first two. One employep
night werk in the same department as another. . The secretary of a

departzent probably serves as secretary for each eoployee in thas

departnent.

Attributes can provide such links in the same way as releticnships,

§f an cmployee vorks at a certain locatjon, this implies that his

departnent has soncene working st that. lecation. If we have a

pechanism for establishing that two attributes sre "in the saes

dotain®, then we can infer s relatlonship between twe entitics

" having the sane value of such attributes, CL.g., we could infer that
a supplier and a warchouse are in the sane city. Co

- Both the domain and the role of the atrributes =zust be comsidered,
to avoid misunderstanding the significance of the implied relatien- -

ship, If an enployec was hired on the datc his mansger graduzred
college, ve mustn®t infer that they wore hired on the seome date, or
born on the ‘sane date. - ' '

Othor Xinds of erronwcus infarences might also be carelessly drawn.
2f a part {s availsble from a certaln supplier, and a warehouse is
serviged by that supplier, ve can*t infer that the part Is stocked
in that warehouse, (And even if it was, it might be a different
supplier vho supplicd that part to that warehouse.) This {is the
“connection trap™ [Codd}, whercby an erroncous inference may be
dravn fron the “join™ of twvo relationships on a common domaln, This
is a user error, not tho fault of the datns wmodel, in sacribing the
sxrong reaning to the results. The user error arises out of nistak-
enly tsking such relational operators as “project* and “join" to be
inverse o:era:lcnn, expecting that perforoing the twe in succession
Jreturps the oripinal information. A projection-can decoapose one
relatioa jnto ewo; jelniag these two does not necessarily re-creste
the original relation. - . ’

. Ong of the strengths of tho relationat model i3 that all such
"inplicitly definod™ relationships are readily avafladle, simply by

joining relations. on 8 comaon domain,. It doess ‘- require, however,

that users correctly interpret the neaning of the jolned rolations.

In the relotionsl node), all such relationships are equally ®in™ the
- systen. Oas could view as.a disadvantage, however, the fact thst
they are 411 " implicit. #elatfionships are not lpe:‘

described explicitly in  the relational model. At best, they might
sorctines bo incorporated lauto the “coluen pancs™ in the relatlons,
at the «hin of the petson dellalng the-relation. | . . '

fied, named, or

.

T EINTITILS AXD RELATIONSHIPS IS e TIoN By,

A cotunn npane [like a  field nang in & recard) teally perforas at
teast tvo functiens (fHall), [axst])r it should specify the ?oagt:
froo which the vslues may bs drsar {e.g., dates OF dev'rt'iﬁtn:if:nd
alse the significance of its assoclation with the :n:ityi en " e
by the key (e.g., date of hire, or-departnment enploved in). nfe
is no formalism in the relational model—to distinpulsh these two
functions=of the colunmn nasa, and mo dt;:lpllne\_vhl:h dlsco:ra;sn
calling a coluan fust “date™ {or “hired"} instead of Mdate of lire .
[Codd} suggests prefixing a vole name to the doqalu nane-to distin-
guish two coluans Jrawn from the ssce domain; fANSI) rocomaends that
*it is good practice for an attribute name to contain both the role
pace and the demzin name™. This is presunably only for the benefit
of human readers. There ix no defined syntax by vhich the systen
may extract the domain nemes, e.g., to verifyzcommonality of donlxn;
for a join operation. Kor could a.query precessor follow s :chailn o
relationships, whers the nazes of the relationships were contsined
in the role pertions of the coluan naaes.

Tt useful to exanine the ulfutc ot information cutside tho context
of any pareicular dats processing technojogy. It is profizable to
take a naive and open-minded look at tho way such concapts @i
"entity” and “relationship" sctuslly function in our (lndividual)

views of reality.

It could 1lcsd to nev chjoctive assessments of the capsbllitiss of
current tn;hnoiotle:. and point to new directions {and 1l§1tl) for
future technolog os. R . .
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Dae of the ressits of the IFIP TC? foafersace "Nodulling in-

Datibase Nanagesrat Systeas”™, held tn Janwary 1976, $t the - ‘:-_ .

scceptance of 3 DERS gross architecture wilh thres schesats,
where the three schemats eve defined os follows. The comceptual
scheos describes which faformation is considered to De withia
a specific Universe of niuc_uru. the oxteraal schems describes
how & ssbset of this taforestion is presented to 2 program,
sad the faterna) scheos describes hov the iInformetios: 13

physically represented on storage.
The matn resuly of the Seprenber 1976 neetiag of IFIP WG 2.8 -
(Databases) was & consensus oa & 3¢t of requiresents wvhich
shauld be met by the concepts of the conceptual schema,

* 1 this pa-pcr we will presest s syathestis of variows papers oa
conceptual schemp comcepls, presentad ot the 1975 IFIP 1C2
Conference, and the results of sdditional research efferts -

T

perforned during 1976, N .

Table of fontents

1. Jatreduction .

2. DAMNS comcaptenl framswork .r'gnn srchitectnre

-3,
4. A best set of gencapis for tre cenceptoal schems

fequirements for the concepts of the coaceptus) schems

§. lafarnstion gtructure type and population
§. Fermal description of 3 ssbaet of s best set of comcoptwal- . '

Schems concepts walag the same comcepts L i
7. Semnasry and cotcliviions

Aghmowledqensnty ’ .
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Ferthermore, in section § we will present s forval toxztysl

-atroduction . .
description of the wetaconceptual schems of the tenceptwil

“ne oatn themes at the IFIP TC2 Confarenca “Nodellifag in Date . schead concepts descrived ta sectfon 4. One of the resafining

Base Manggement Systems® held fa Frevdenitadt, Janvary 1976 : questions afler Frevdeastadt 1976 wot: what i3 & sensntically

{Procesdings, referency 10) were the DEXS gross architecture, irredocable seatence? Tafs 13 formally desceibed tu section €

probably better referred to a3 DENS conceptual framework, sad -~ 88 part of the metaconceptusl schema, while section 4 contatms

the coacepts for the conceptual schems. - : & tlaple decisfon table to determine the semsnticsl 1rr¢¢ut¢-
. ) s o bility of a fentence. :

There was falrly genera) consensus at that conference with
respect to & DBNS conceptual frihe-d¥l with three schemats
ang twp trousfcrnatlons. ¥e will driefiy describe the mala
potnts of tAjs framework 1a section 2.

Section 7 contaln; 4 sussary sad coaclesions,

2. DBNS conceptus) fremework or gross architectore
hatubalel_nro here to swpport tnformation systeas. For owr

s trough the conference made soae interestimg progress with
purposes fa this paper, 1t 15 exsential te recogaiaze that any

respect to concepls of the coaceptus! vchamp, 1t was very i
clesr that-one was quite far from consensus oo tha best set foput awd outpet of on Inforsation system 13 taformation. .

e’ concepts for the cendeptus) schema. : In figure 2.4 thts 15 f1lustrated by the orrows estering snd
- leaving the inforsatiom systea; each srrow represents informs-
tioa tateriag or leavimg the {nforostion Systes.

~ order %o mske more progress in this asrea, the [FIP WG 2.6
Jatabases) spent the major part of (ts Septeaber 1376 meeting H
tn defining 2 set Of requirements to be mset by the concepts
of the conceptusl Schema. Once thers i3 consensws o0 8 et
of requirements for the concepts of the conceptual scheas, ome

cor nore usefully discuss the sets of concepts which satisfy . ) ’ / ]
tost these requiresents. This set of requirements glil be i . .
orrefly discussed In section 3, . . . L : . y
1 section 4 we wil) present oae of the saty of comcepts [hat . - B )
satiafies best the requiresents for the conceptval schema . . . .

contepts.

T TN
-

* sectlion 3 we will preseat & technigue to presest iaforsities Figure 2.0

structyre type and populatton diagrams. Such diagrems are

sefu} ta eahancing the communicstios on msfor parts of a con- © By & process called conceptusifzatfon (Schaak, reference 11, 14)
Ll L}

faformation 12 traniformes Into sentences, tentences 4Fe traags
L formad fato elesentary sentences, and slemsatary sentencs. ale

in section § we will yse the inforsation strecture dlagraws Lo 1 05-""'??" peirs (figure 2.0). _

"usteate the petoconceptuel. schems of thy goacepty presented

captus) pchema,

.t section &, . v . -
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G0 NISSSEM ' . CURPLIT ISSIES T CTILITEN SOEVR CVRLEPTS . 1) )
€ = . 4. _ Cvery database {iaforastionbyne) contalns & ceftala smount of
E ;_ INFORNAT LON ey faforaation or knowledge.
2 s :
= E SERTERCE = H & corceptval scheas 13 2 set of rules descriting whled  ~ |
2% . 3 E taformstfon [or knowledge) say ester and
E E ELERERTART SEXTENCE e retide in the lafar-ntlonbogo.
I s .
. ‘} OBJECT, ROLE ‘5 - - . An iaterssl :cl:l‘ 15 o set of rules dascridbing I-o‘F the
{aformation (or keawledge) 13 physically
- s represented en storage wedia. .
Flgure 2.0 - . " SN
L ) T - : © An sxterssl schesy 15 s set of rules descridbing b o w
- . . fnforoation (or knowledge) i3 viewed by &
Informstion 13 & set of ene or wore relsted : progras.
sentences, i . .
* ) Noving avaflable those three schenata, one has .in gasence Gade
A sontence 13 2 set of one or oore relatad . . o clawsificattion of all aspects of databose description fa
aleneatsry sentences, o three categortes. One category, the conceptual schems, ts only
- concerned with the conceptual aspects of the information of
Ao elementiry sontln:; fs 2 set of one Oor Dory : {aterest for g givan Universe of Discourse; s tpn:oplull scheup
: object-role pairy, oad- * ; may be regarded as ln‘lgr!cncnt between all perscns involved Ha
«ach role appeirs ot most . - the ¢atadase, snd the machineg. This agreement covld be viewed
ente in the set. ‘ a3 a set of rules which describe the sets of elementary sentens
. _. * ces to be acceptasble In the selected Universe of Discowrse.
uoto. Isforastion, sentence and eleaentiry sentence In these i . in the second category, the tnterasl schems, one f3 esclusively
deflaftises cowld al) be qualified by the word "glement® R interested in specifying of the ¢lementary seatences described -
*“fastance®, "occurrence” or "linsteatiation”, . . in the conceptusl schemp, the storage aspects, swch as growpleg,
(Ourchhels, reference 4) . sccess paths, physicsl redundancy, etc. . .
' ) In the third cotegory, the saternal scheas, one 13 dealing yitl -
wiet may eater ané reside 1o on taformation System can by . s spectal view of the dats, which 13 of faterest for & spectiic
ser:rited conpletely, formally and siaply by specifying the . pplication. There 13 2 need for twe traniformations, one
ot:tct typry, the roles whick an ebject type may play 1o an between the conceptusl schema ond the intermsl schems, the
t'emgataTy BONtEACE and restrictions that apply te & certafin olher Ong between the conceptuel sthess and the extersal schess. ;
rect type fa & cortsin role. 3uch o duscription of object ) {1jssen, reference 11}, ' )
yies. roles snd resteicttions 13 called & conceptval schess, . . .
s tonceptual schams 11 Sthe o prescriptive grassery 187 -. A conceptusl framework with the Just sentionsd three scheasts ==

- w.

cri.rtbes which elempatary Sentences may eater ané raside o and tue transforsationt 137 1n pur eplinton & prerequinite for
i*e 1aformationbase of the Vaformation systea. ’ wore precise discustiions reparding database oatters.
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Figure ¥.c preseats the ssjor coupoments of 2 Olﬁs..ross
srchitectyre or DBNS conceptval framework. Az can be seen

fs the flgure, the Conceptua) schrms {3 the central part of
this framework. Ong could gay that the eaternal schemsta
correspond to surface structures assochated with certata .
langrages, while the conceptual schema correspoads to &

deep structure. The conceptual schess as coacept seeas to

be accepted by.a rapidly facreasing nunber of people; however
the specific concepts to be wsed s the conceptwel dchems 3
still & watter of research snd meedi further discessiona.

Before we go oa to the aext section, we would like to quote
s few seatences from Artificial Iatelligence literatwre:

*A conceptusl structere is defined a3 & metwork of Comcepts,’
where certain clastes of concepts can be related to other

_classes of concepis. The rules by which clazses of concepts
cosbine are £alled the conceptual syntaz reles. Since the -

. conceplusl level 13 constidered to underlfe language, it i
also consldered to be opart from Tanguage. Thus the conceptual
synton roles are organiziag rules of thosght a3 opposed teo
rulas of 8 Venguage® ({Schanmk, reforence 13, page 263).

“The elesents must be defined om » level deeper than a semantfic
Teve) that relates words to each other. Ne call this the con-
ceptual tevel. The conceptwsl level 1s really not tae same
thing s+ the semantic Vevel, since It hog wothing whatscever -
to do¢ with & particuler Vangeage® (Scheak, raference M4,

page 1%).

3. Reguirements for the concepts of the chaceptusl schems

1
At the end of the Septewter 1976 wenting of IFIP W6 2.6, there
wal comsensys that the nei of comcepts fer the coaceptenl
achans needs ol Yeast to satisfy the following requiresentss

I. complate

— e

o ‘2. tormsl .o -

- J. sasy to -
. foravlate
. wagdurstand
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4. o1y 10 change
S5 Vikg te odd three more requiresents, asmgly

$.es1y to transferm (to other vlc-i]
‘§. waique
. 7. orthogomal

fasy te transfore 15 an sdditions] requirement §f we want teo
parait the CORTISTENCE of widely vorying views or extersal
i¢§e-ct.. The .rules for describiag & conceptual schema shoold
- b swch that one situation comnot be descrided (n more thin one
wsy, In other words It {3 unique. If there are tve Or more sets
of concepts egually satisfying requireaent 1 through 6, thea the
set with maxfous orthogonsl ity showid be selected an the best
sne. (Nijssen, reference 12)

1t 13 tateresting to compare these requirements with requiresspts
for the concepts to represent kmowledge 835 discussed 1a the

field of Artificial latelitfgence. “He require of our meaning
vepresentation tast It be wresbiguout, wnique and psychotegl-
cally and coaputstionslly valid. Representations must be wae

labicuous tiace 1t 13 llulll’ the case that the origtmal meantag

:n.: the speaker chose to fmpart was wnambiguovs... By unigue-
®ess, we nean thet there can be caly car way to express one
sesaing 1a the representation. By psychological valtgity, we
ween that our model showld confora a3 closely a3 possible to
Buman processes.... by conputational wvalidity, we mean thit
camputers should B abdie te operate with sueh notisns ta an
afficlient sanner® ([Schank, referamce 14, page 15).

4, A best sot of comcepts for the conceptes) schens .

$a this section we discuss “g* et of best concepts, which il [ 1]
loclllnrily Sthe” bast aat, bacaure 1t t5 not eaciuded thet

there Bsy ‘be more than pag set of best ‘toncepts for the concep*
tys) schema. We will prasent o bdest sat of concepty which 13

an sxtensica of the work of Falkenberp (refereace %, &) and which
s partly based on the Case Graomar of Fillaore (reference 7).

LAY 355.TS 38 COVIIPTLaL Bl (OSCEPTS B
ne wode] me presest i3 sti11l wader developaenty o the ather -
namd, 1t T3 tlated with sefficigat precision, taternal coagis-
tence, and wiefyl to quide furtaer revesrch.

Because this model 13 stil] wader developmeat, snd 1t 14 based
on the conceptual semtence stryucleres waderlying natursl lamguage,
we have givea 1t the aams [RALIN, Evol