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MANAGEMENT MISINFORMATION SYSTEMS®

- Prinded fn UR 4, - -

RUSSELL L. ACROFP

. Uniscrsity of Pexnaghonia -

Five gzsumptions commanly made by designern of management information

systems are idectified. Jt is argued (hat these are not Justified in many (if oot
-mwost} easen and hevee lesd ‘o major deficiencies in the resulting systema,

, These assurpptions sre: {1} the eritical deSecieney under which mest managers
opersie is the lack of relevant information, {2) the munsger peeds the infor-
mation he waoty, (3) ' & mansper hax the information be needs his decision
making will improve, (f) better communication between mansgers improves
orpabizations] performance, and (5) a manager does oot have to goderstand

bow his informstion sysiem works, only bow to use it To overcome these

; wssumptions and the deficiencies which resglt from them, & management
information system should be imbedded in & mensgement control system.

A procedure for designing such a sy3tem is proposed and an example is given
of the type of coolrol syxtem which it produces.

. The groning preoccupstion of operations researchers and management scien-
! “4s with Management Information Systems (AMI3's) is apparent. In fzet, for
e the design of such systems has almost become synonymous with operations
zarch or management science.  Enthusiasm for such systems is understand-
. 'e:it involves the researcher in & romantic relationship with the most glamerous
-trurment of our time, the computer. Such enthuriaem is understandable but,

. xertheless, some of the excesses to which it has Jed are not excusable, -
. Contrary to the impression produced by the growing literature, few com-
‘nigrized monsgement information systems have been put into operation. Of

: *dosh I*ve seen that have been implemented, most have not matched expectations -

" :od somne bave been outright failures. I believe that these pear- and far-misses
rould have been avoided if ceriain falee (and urally implicit) assumptions on
shich many such systems have been erected had not been made.

" “There seem to be five common and erroneous assuraptions undeslying the

* deipn of most MIS's, each of which I will eonsider, Afler doing so I will outline

| 1 MIS design procedure which avoids these ssmouptions.

Give Them More

Most MTS’s are desizned on the assumption that the critical deficiency under
- which most managers operate is the lack of releant information. I do not deny

. st most panagers lack a good deal of isfonmation that they should have, but -

~ 1do deny that this is the mast important icformational deficiency from which
they guffer. It seems fo me that they suffer more from an erer cbundoncs of
rrelerand information, )

® Beoeived Joza 1961,

™
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This is not a play on words. The conssquences of d:.mgmg the emphns'n o :
MIS from supplying relevant information to elimin:t-mg ure]evant-m!omu.n :
is considerable. If one is preoccupied with sapplying rlevant information

* atlention is almost exclusirely given to the generation, storage, and retrieval of

information: henee emphasis is placed on cc:stmctin.g dats .b:mh, coding.
indexing, updating files, neeess Ianguages; and soon. The ideal which has emerged
from this orientation is an infinite poo! of data into which 8 mansger eanreachty -
pull out eny information he wants. If, cn the other hand, one ezes t_he mansger’s
information problem primarily, but not exclusively, ss one that arises-ont of as
oversbundance of irrelevant information, most of which was not asked for, thn
the two most important functions of en information system become fillration

_ {or evaluation) £nd condensation. The litersture on MIS's seldom refers Lo the
furetions Jet alone considers how to carry them out.

My expericnee indicates that most managers receive much more data (i vt

. fnformation) than they esn possibly sbsorb even if they spend a1l of their tiroe

trying to do so. Hence they already suffer from an information overioad. They

;' must spend a grest deal of time separating the relevant form the irrelevant and

gearching for the Lernels in the relevant documents. For e':mmple. I bave found -
that 1 ngaceive an avernge of forty-three hours of unsoﬁ-mted resding materid
esch week. The solicited material is usually half sgain this amopant. . )
I have scen s daily .stock ststus report that consista of approximately sx
bundred pages of camputer print-out. The report is cjrcuhiet.l daily across mas-
sgers’ desks I've also reen requests for major eapital expenditures that come i3
bock size, seraaldwhichmdisln’butpdlommgu!euhwuhltum

tncotnrmon for many msnagers to receive an average of one journal & day or
" “rnore. One could go on and ca.

Uoless the information overlosd to which mansgers are subjected is :::::
any additional information made available by an IS cannot be expec
used effectively. . .
Even relevant documents have too much redundency. Afast documenis o2

. be considerably condensed without loss of content. My point here is best made.

perhaps, by deseribicg briefly an experiment that 2 fe?' of my wﬁﬂsui;no‘::
conducted on the OR Iiterature several years ago. By using & panel of 'w'n-id:ﬂd
experts we identifed four OR articles that all members of -t'he panel ;::L%'
fo be “sbove average,” and four articles that were considered b"ob'ecﬁ\'!'
average.” The authors of the eight articles were asked to prepare o .l"s .
examinations {duraticn thirty misutes) plus snswers for gmﬂnstz stu c:’ ot
were to be 2ssigned the articles for reading. (The suthors were not mlc:z o
the experiment) Then several experienced writers were e.sked to Titj’ ol
article to § and } of its original leogth only by eﬁmmstmg wordS-. ot
prepared a bricf abstract of each article. Those who did the condensiog
cee the examinations to be given to the studcota, . acticles wo?
A group of graduate students who had pot previously read thee“h  ohicd
then celected: Each cns wan gives four rrticles randomly celeclod,

-
.
-]



" PANAGIMENT MIEFORMATION BYSTEMS B-149

 «33 2 one of its four versions: 100%, 67%, 33%, ar shetruct. Each emon of
:,:huﬁdemmdbytwmdmhﬂmgimmemem;imﬁm
:mavmgemonﬂmuamiuﬁommlbmmpzhﬂ. ) .

. wesage test scores for the 100%, 67%, and 33% versions, but there was a
‘ ;‘;-niﬁmtdmmq'innmgetstmfmtha&rhuhadréﬂoﬂytb
! sbstract. For the below-average articles there wss po dificrence in average test
: mufm@gmmwmmmdm:m%,m%,maa%vmmm
f:ﬁ:;gmﬁuntm ¢ in sverage test scores of those who had read only the
. The sample wsad wexs cbviously 100 small far general ecnclusios bat the
; mlummdyh&a:ethmtwrhkhmgodwﬁhgmhmﬁmd
« without Joss of informmtion. I refrsin from drawing the 1 rel

s of 0 wing obnous conclusion
Itmmdmtbatmdmﬁnnasweﬂasﬁlhnbm,_ jon, performed mechanieall

: rothmise,shmﬂd-bemmﬁalpaﬂdml\ﬂs,md&usn:hlmuu’x

. ;bou_ldbfmpablecfhmdﬁngmch,ilnot,an,dlhmoﬁdtad.aswﬂu
mﬁntedmfmﬁmthatamagurmeim_' .. ) .

The Blanager Needs the Information That He Waxty

Most MIS designess “determine” what information i needed by asking
mna;;.mwhatinfmmﬁnnthqwnldme to have. TLis is based on the as-
. fumption that managers know what information they need and want it
: Fnrsmanngertoknovwhstin!cmuticnbenee_dsbcmustbesmo!ach
: Iyped'decisicrnbcshould;mh(uwtﬂasdoes)andhem.\sthavemndequale
l:fqdddmch_nmeomﬁﬁgm&wsddmsalisﬁeiMmm:geshnem
mcz,p&mdatlmtmdthslj‘pao{decisinnsthcymmﬂam
mcgptiom,hmvu,mﬁkﬂytobedtﬁdmtinatuyaﬂ&dny,nnythn
follots from an fmpartsnt principle of scientific economy: the less we ander-
*and & phenomepon, the more varishles we require to explain it. Hence, the
-asnager. who does not undesstand the phenomenon he controls plays it “safe™
nnd,_wi{h respect to nformation, waots 'emy‘l.hing."l'be MIS designer, who
. Bas even less understarding of the relevant phenamenon than the manacer, tries
o provide even more than everythizg He thereby increases what & alresdy an
07;:10:.:[ of irrelevant information. . .
or example, market researchers in & major ofl eom once asked the
merkelng managers what varisbles they thought amp:;:mt in esum:ht;:
I an'es volome of future servics slatiors. Almest srvenly varisbles were
Hentified. The market researchars then sdded shout holf egan this many
'l-_rinb‘la and peformed s lage multiple finexr regression anafyss of s3ley of
eisting stations sgainst these vasiables acd found about thirty-Gve Lo be statis.
Leally significant. A forecasting equation was based on this saalysis, An OR
 team mubsequently constructed s model besed on cly cic of thesa variables,
hﬂc_ Lo, which pedicted sales better than the thirty.Sve varishle regression
MWMMWbm&dadwﬂm&ﬁmhm&ﬁ

cusl.mnu:'pcmcpﬁnn _flbe-sn;mnl-ofﬁmelos!.bjstcppong{wmh.xy ;

“devance of all but 3 few of the variables used by the market researchers eonly
The moral is simple: one cannot specifly what wformation s required Lo

For tbe above-average articles there wns no significant diff; bc: :dqd;mmﬁnguntﬂanuphmtmmodeldthededémpmmand|h

system involved has been construtted and tested. Tnformation systems an
subsysicms of control srsterns. They cannot be designed adequat-dy withoy
taking contral in account. Furtbermore, whatever else regression analyzes ex
yield, they cannot yiedd understanding and explanation

deseribe and, at best, predict. .

- Give a Manager the Information He Needs and His Decision
Making Will Improve . ’

It is frequently ascumed that if & manager is provided with the information
he needs, be will then have no problem in wsing it effectively. The history o
OR stands to the contrary. For emmple, £ive most managers an initial tablewnof
a typical “real” mathematical programming, scquencing, or netwark problog
and see how close they come to an optimal solution. If their experience sd
judgment bave any value they may not do badly, but they will seldom do verz
well. In most management problems thefe are too many possibilities to expat
experience, judgement, or intuition to provide good guesses, even with perfea
information. :

Furthermore, when severnl probabifities are Involved in a problem the
guided mind of even 3 manager hes Aificulty in agprezating them in a 7ahd war.
We all know many simple problems in probatility in which untutored intuition

:

of phenorena: They . .

usually does very badly (eg., What are the correct odds that 2 of 25 people -

selected 2t ravdom will have their birthdsys on the same day of the year?):
For example, very few of the resulls obtiiced by queuing theory, when arrivaly
and service are probsbilistie, are obrious to managers; nor are the resulls o
nsk analysis where the managers’ own subjeclive estimates of probabilis
are used. - - ]

-The moral: ¥: &5 necessary to determine how well managers esn use needd
information. When, because of the complesity of the decision process, they
ean’t uee it well, they should be provided with either decision rules or perfom-
ance feed-back 5o that they con identify and learn [rom their mistakes. More oo
this point later.

More Communication Means Better Performance z-

One characteristic of most MIS's which I have scen is thst they
managers with better current informatios about what other managers aed
drpartments and divisions are doing. Underlying this proviion is the b
that better interdepartmenta]l communicstioa enables mansgers to coordins¥®
their decisions more eJectively and hence improves the organization’s ovend!
performance, Not only is this not necessarily to, but #t seldom s 50, Ons
bardly expect twm competing companics to becomes mare eooperative becso®

lSEEi-idr
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! 3¢ informntion ench acquires about the other is improved. This analogy is not.
| s far fetched as one might §rst suppese. For example, consider the following
 wry much simphified version of u tituation I cnce ran into, The simplification of
5 ¢ ease does not affect any of its ecsential characteristics.

i A department store has two "Tine™ operations: buying and eelling. Each
! woelica is performed by s eeparate department. The Purchasing Department
i zimarily controls one variable: how much of each jtem is bought. The Merchan-

| Zsing Department controls the price at which it is sold. Typically, the measure

o performance applied to the Purchasing Department was the turnover rate
d inventory. The measure applied to the Merchandising Depsrtment was gross
oles; this department sought to maximire the number of jtems sold times
deir price.

Kow by examining a single item let us consider what bappens in" this gystem.
The merchandising manager, using his knowledge of competition and con-
szmplicn, set & price which be judged would maximize gross sales. In doing so

| Le utilized pricedemacd curves for each type of item. For each price the curves

¢iow the expecied sales and values cn an upper and lower confidence band as

; well. {Sce Figure 1.} When instructing the Purchesing Department how many

kems to make available, the merchandising manager quite naturally uvsed the
nilue on the upper confidence curve. This minimized the chances of his running
ort which, if it occurred, would hurt his performance. It zlso maximired the

thances of being over-stocked but this was not his concern, only the purchasing
wanager’s. Say, therefore, that the merchandising manager initially selected
pice Py sod requested that amount Q, be made availsble by the Purchasing
Department. -

In this campany thepmehasingmamge"aholmd‘amtolthﬁce-dﬂpmﬂ

cuarves. He knew the merchandisiog manager always ordered optimistically. -
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Thoelore, using the sarne curve he read over from @ to the upper Emit ung
down to the expected value from which he cbtained @y, the quantity be actpf,
intended (o make available. He did not inlend to pay for the merchandicng
manoges’s optimism. If merchandising ran out of stock, it wns pot his wemy,
Now the merchandising manager was informed about what the purchasieg
manager had done £0 he adjusted his price to Py The purchasing manszer i
turn was 10ld that the merchandising maanger had made this readjustment o,
be planned to make only Q,; available. If this process—made possible only by
perfect communication belneen departments—had been allowed to eontings
pothiog would have been bought and nothing would have been sold. This omt.
cotmne wes avoided br prohibiting comununication between the two departments
and lorcing each 1o guess what the other wes doing.

I have obviousiyr earicatured the situation in order to make the point elear:
when organizational units bave inappropriste measures of performance whid
put them in conflict with cach other, 35 is often the case, communication be
tween thems may burt organirationsl performance, not belp it. Organirationy! -
structure and perforrmance measurement must be taken into eccount befoj
opening the Scod gates and permitting the free Sow of information betwerk
parts of the organizstion. (A more fgorous discurrion of organizational structurt

and the relationship of communication to it can be found in [1})

A Managzer Does Not ave to Understand How an Information System
Works, Only How to Use It

Most MIS desigoers seek to make their syrtems as innocuous and unobtrosire
as possible to managers lest they become frightened. The designers try to proside
mansgers with very easy access to the system and assure them that they need
to know nothing more about it. The designers usually succeed in Leeping man-
egers ignorant in this rezard. Thisleaves managers unable to evaluate the MiS o
a whole It often makes them afraid to even try to do so lest they display their
ignorance publiely. In failing to evaluate their MIS, managers delegate much of
the control of the organization to the system’s desiguers and operstors si=
may have rany virtues, but managerial competence is seldom among them.

Let me cite a eace in point. A Chairman of 2 Beard of & medium-size company

asked for belp on the following problem. One of his larger (decentralired) &

sions bad installed o computerired production-inventory eontrol and maoe-
facturing-manager information system about a year earlier. It had acquired
about $2,000,000 worth of equipment to do so. The Board Chairman bad jud
received 2 request from the Division for permission to replace the origina!
equipment with nenly announced equipment which would cost scversl time
the original amount. An extensive “justificaticn™ for so doing was provid
with the request The Chairman wanted to know whether the request w2
really justified. He admitted to complete incompetence in this connection. .

A meeting wns arranged at the Division at which I was subjecled to oo €
tended £nd defailed briefing. The system was large but relatively cmple A1
tbe beart of it was o reorder poict for esch item and o maximum allowstd

-
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* cock Yevel. Reorder quantities took Jead-time as well as the allowzble maximum
| slo sccount. The computer kept track of stock, ardered items when required
- o geverated nwrerous reparts on both the state of the system it controlled
i od ils own “actions.™ .
TTheo tbe brichng was over I was asked if I Lad any questions 1 did. First
{asked i, when the system had been installed, there had been many parts
shose stock level exceeded the maximum amoun? postible under the new system.

[w3s told there were many. ¥ asked for & Est of about thirty snd for some graph -

paper- Both were provided. With the belp of the system designer and volumes
1 o oid daily reports I began to plot the stock level of the first histed ilem over
. tme. When this item reached the maximum “allowsble” stock level it had been .
i ‘reordcred. The eystem designer wss surprised and said that by sheer “luck” I
} kad found one of the few errors inade by the system. Continued plotting showed
* that because of repeated premature reordering the item bad never gone much
i below the maximum stock level. Clearly the program was confusing the maximum
; allowable stock level and the recrder point. Thix turned out Lo be the case in more
: than half of the jtems on the st _
. NextJ asked if they had many paired parts opes that were only used with
: ach other; for example, matched nuts and bolts. They had many. A Iist was pro-
. duced and we began checking the previous day’s withdrawals. For more than
Ealf of the pairs the differences in the numbers recorded as withdrawn were very
: hrge No explanation was provided, - ,
i Before the day was out it was pessible t= show by some quick and dirty
oilculations that the new computerized system was costing the company almost
! §150,000 per month more than the band system which it bad replaced, most of
this in excess inventaries. ' .
The recommendation was that the sysiem be redesicned as quickly as pos-
; &ble and that the new equipment not be autharized for the time being.
i The questions asked of the system had been obvious and simple ones. Man.
. agers should have been able to ack them but—aud this is the point—they felt
+ themselves incompetent to do s0. They would not have allowed & handopernted
i sstem to get so far out of their contral.
* No MIS should ever be installed unless the maragers for whom it is inteoded
! are trained to evaluste sud bence control it rather than be controlied by it

A Suggested Procedure for Designing an MIS

. The oroneous assumptions I have tried to reveal in the preceding discussion
i an, I believe, be avoided by an appropriate de<izn procedure. One is bri=fiy
outhned here.

‘_* 1. Analysia Of The Decirion Sysiem
]

Earh (or st least each important) type of managerial decition required by the
. ®rganization under study should be identified and the relationships betwren

hem ghould be determined and fowcharted Note that this is nol pecessanily the
! m&hgmddumhhguhtdudﬁmmmrwmmp!e.hmoq%

B-1y RUSSELL L. ACKOT?
pany I found that make-or-buy decisions eopcerning parts were made caly af
the time when 3 part was infrodneed inte stock and was pever subscquently
reviewed. For some items this decisios had gone unrevigwed for os many ns
twenty rears Obvioudry, such docisions should be made more cften; iz some
cases, every lime an order is plced in crder to 1ake account of currenl shap
leading, underused shifts, delivery times fram suppliers, aodsoon .
Decision-flow apalrses are usually scif-justifying. They often reveal important
decisions that are being made by default {e.g., the make-buy decision referred 1o

" sbove), and they disclose interdependent decisions that are being made in

dependcntly. Decisionflow charts frequently fuggest changes in managerisl
responsibility, organizational structure, aod measure of performance which e
cozrect the types of deficiencies cited. )

Decisioa analvses can be conducted with varying degrees of detail, that i,
ther may be avywhere frot cosrse ta fine grained. How much detail oae should
become involved with depends on the amount of time and resources that ax
available for the analysis. Although practical considerations frequently restrint

_ initial analyzes to a particular organizational function, i is preferable to perfom

a coarse snalysis of all of ap organizstion's manageris] functions rather than s
foe anslysis of one or & subset of functions. It is easier to introduce fizer in-
formation into an integrated jufermation system than it is to combine fine sab-
systems into one integrated system.

2. An Anclysis Of Information R-juiremends

Managerial decisions ean be classified into three types:

{2) Decisicns for which adequate models are available or ean be eonstructed
snd from which optimal (or near optimal) solutions cza be derived. In wr!-
cases the decition process ftself should be incorporsted into the inl'mhm
syetem thereby converting it (at least partisily) 10 a control system. A dec:s:ﬂ
model identifes what information is required and bence what informatsa
is relevant .

{b) Devisions for which adequate models cap be constructed bat from which
optimal solutfons eannot be extracted. Here some kind of beuristic or scareh
procedure should be provided even if it eonsisis of no more than eompqlrr_lrﬂ‘
trial and error. A simulation of the model will, as & minimum, permil compans®
of proposed alternative solutions. Here too the model gpecifies what informatne
is required. .

(c) Decisions for which adequate models cannot be constructed Rcswﬂf r
required here 1o delermine what information is relevant. If decision makiet
eannot be delayed for the completion of such research or the decision's effect ©
not Targe encugh to justify the cost of research, then judgment must be l!-ff"’ v
“guess™ what information is relevant. It may be possible to make expheit ‘?’
implicit model used by the decision maker and treat it a3 a wodel of type (-

In‘each of these three types of situstion it is pecessary to provide food .
by comparing actua! decision outcomes with those predicted by the modd
dﬂciﬁonmku.hchde:iﬂnnthalhm&de,dm;withihpmﬂw
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-addbemmcnﬂdhputhnmmngunenléonlro!nystua.ldmnutm.
| = this point below, - HE -

mmmnm T,

:' 8. Agpregation Of Decirions ) .
Dreisions with the same or largely overlapping informational requiren:cnis
Aould be grouped fogether ey s single manager's tack. This will reduce the -
i zlormation & manager requires to do his job and is Tikely to increase bis under-
ganding of it. This may require & reorganzation of the system. Even if such n
' aorganiration cannot be implemented campletely what ean be doze s Likely to
| ssprove performance significantly and reduce tbe information losded on man-

s
e mad w .

Fh= N i

§ Design Of Informalion Pro.cr..ufng .- e
- Now the procedure for colleeling, storing, retrieving, and treating information .
 an be desizned. Since there is a voluminous litersture on this subject I shall .2
: are it st Lhis except for one point. Such a system must not ozly beable to -

. yeever queslions addressed to it; it should aleo be able 1o answer questions that
' Bave not been asked by reporting any deviations from expectations. An extensive . -
i neeption-reporting system is required, . .

§. Design Of Control Of The Control Sysiem . - N

_b many end gignificant ways. Therefore it is neccssary to ideatify the waysin -
[ 1}ich it may be deficient, to design procedures for detecting its eficiencies, and - {

' la correctinz the system 30 o8 to rermove or reduce them. Hence the system .- |

' £ould bedesigned to be fiexible and adaptive. ThisisGitle more thana platitude, -
'; tut it has & not-soobvious implication. No completely computerized system
; ©n te rs fiexible and adaptive as can s man-machine system. This is illustrated .
! Ly & concluding example of & system that is being developed snd is partialiy ia .
| cpesation. (S=¢ Figure 2.) : 4 _ .-
' _The company involved has jts market divided into spproximatcly twobundred .-

zzrbeticg areas. A model for exch bas been constructed as is “in” the computer, ¢

. marszer by marketing rescarchers end informatizn specialists be and his staff
tale policy decisions for each area each moaUh. Their teatative decisions are
Id into the coropuler which yiclds a forecast of especied pedormance. Changes
e made untd the expectations match what is desired. To this way they arrive
8l *final” decisions. At the end of the month the compuler compares the actual
terformance of each area with nhat was predicted. Il a deviation excecds what
tould be expected by chance, the company’s OR Group theu secks the reasor . |
Lot the deviation, performing as much research as is required to find it. If the
tiuse is found Lo be permancent the computerized roodel is adjusted appropriately.
The result is sn adaptive yuan-machine syster whose precision and geaerality
B eonlinuously increasing with use, : -t
Finally-it should be noled that ia carying ous the design sleps goumaaled
- L4 -l *

It must be assumed (hat the system that is being desigoed will be deficient - -,

On tte basis of competivive intelligence supplied to” the service marketing 2.

ey

- R * .
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Figrac 2. Simplified diagram of a market-area control sysi=m

at_:_ove, three groups should collaborate: information systems specialista:'opt!:' .
ations researchers, and managgrs. The participation of managers in the design o

.8 system that is to serve them, assures their ability to evaluate its performane

by comparing its output with what was predicted. Managers who are not willirs

to invest some of their time in this process are not Lkely to use 8 managemes:
control system well, and their system, in turn, is likely to abusa them.
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1 Bl:.\_'c_nr-u, 8. 5., anp Acxorr, R, L., “Systems 'I'he;ry from an Operstions Resean}
Point of View,” JEEE Transaclions on Systems Seience and Cybernetics, Vol. 1 (Nov
1565), pp. $-13. : :



4 /2 DIVISION DE EDUCACION CONTINUA
15 FACULTAD DE INGENIERIA U.N.A.M.

DISENO DE BASES DE DATOS

ARTICULDO
WHY RESTRICT THE MODELING CAPABILITY OF CODASYL DATA
STRUCTURE SETS

EXPOSITOR:
Ing. Daniel Rios Zertuche

MAYO, 1985

Palacio de Mineria  Calle de Tacuba 5 primer piso Deleg. Cuauhtémoc 08000 México, D.F, Tel.: 521-40-20 Apdo. Postol M-2205

\



Why restrict the modelhng capabil 1ty

of codasyl data structure sets?

by CHARLES W, BACHMAN

Huneywell Infurmation Systems
Billerica, Mussachuselis

ABSTRACT

Severul issues hive been raised concemning changes to the
capabilitics of the CODASYL Dala Description Language
specifications for dJuls structure scts. The paper argues
agalnst new restrictions supgesied and for removal of
cxisting restrictions. The issues are:

- allow recursive set declaration
kcep mulliple member declaration
aflow alternate owner deklarations

The concept of **record-roles* is introduced to justify the
need for lhese capabilities. The expanded capabilities de-
sceibed offer an alternate means of achicving the same end
result without the nced 10 introduce the *‘record-role™ into
the CODASYL Data Description Language.

INTRODUCTION

The concept of data structure sets has been well established
through the publicity and use of 1-D-S, the Honeywell
Integrated Data Store system.’= In recent years this con-
cept has been adopted by the various CODASYL commil-
lees and imbedded in the CODASYL Data Description
Language* and the COBOL Data Manipulation Language.®
A number of hardware and sofiware suppliers have imple-

The capabilities of the data structure set, as developed ia

" 1-D-S and now defined in both the CODASYL DDL and the

COBOL DML., provide for sci-lype declurations which:

(1) restrict the record type declared as owner to by

. different from any of the record types declared as
member.
(2) permit declarntion of one or more record types (o
serve ns member records of an occurrence. of a sel
type, and

(3) restrict to one the number of récard types which can ‘

be declared 10 serve as owner records of occurrcncea
of a set lype

. THE PROPOSALS

‘mented the duta structure sets of these languages (DDL/ .

DML) as part of their systems, They include:

1DMS (Cullinane for 1BM 36(/370)

1-D-§ {Honeywell GE200, GE400, GE600,
H6000) '

I-D-S 11 {Honcywell for H66, H64)

EDMS (Xcro Sigmo &/7/8)

DMS 1100 (Univac for Univac 1100 Series)

PHOLAS' {Philips for Unidua 7000, P1000)

PHOLAS (Siemens for S4004)

Other implementations have been reponted for CDC and
DEC '

“This paper is a refinement of a working paper written in
respanse 1o an assignment accepted at the IFIP-TC2 meet-

" ing on Data Description Languages held in Namur, Belgium
_in January 1975. There were three closely related proposals

for changes to the CODASYL DDL discussed a1 that
meeting. These proposals relate directly to three points
enumerated in the prior paragraph. Assignments were given
to defend a2 number of such proposals. The proposals

mlerrclalcd and my workmg paper treats them as a single -

concepl.

The first proposal, which was unnmmously supported at’

the meeling, was to remove the restriction that the record-
type declared as owner could not also be one of those
declared as member. | strongly concurred with this pros
posal as a removal of an unnecessary restrictinn,

The second proposal was to ndd a restriction that énly’

one record-1ype could be declured as member of a particu-
lar set-type. This propusal received mixed support. §

- strongly disagreed with this proposal, for essentiully the

same reasons that 1 support the first and third proposats. Ut
adds an unnccessary restriction,

The third proposal was 1o remove the restriction that
only one record-type cin scrve as owner of a particular set
type. This proposal received scant attention. The meeting
did not express an opinion on. the subject. ! strongly
recommended it, as 1 have done to the DBTG at least
seven ycars.ago, It is the removal of a restriction.
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" ARGUMENTS

There are several arguments for permitling a set-lype to
permit the record-type declured as memher ta be the same
as the record-1ype deglared as owner, There is a specific
argument which will be trcated first and then a generml
argument which relales to all three proposals mentioned
earlier,

The specific argument treats the necd for tree-like data
structures, catalopues, organization structures and. parsing
treces. For these struclurcs, it is necessary to support
recursive sets, which provides the capability to build trees,
with branches which have branches, which have branches,
clc. An example of this is iltusirated in Figure 1.

If olt the straight lines in Figure | are considered 1o be
“*branches,” then this structure can be built with a single
record type and a single sel-lype. However, the member-
ship of the *‘briunch’ record-lype in the *“‘fork™ scl-type
must oot be mandatory, A record declared 1o be as the
lowest level brunch is never o member of a **fork’ set-
occurrence. This special branch is characterized as the
trunk. Figure 2 is a data structure diagrnm which illustrates
the branch/fork structure.

In this dua structure’ diagram, the "rork“ sel-lype is
illustrated with it broken line, mcaning that the **branch”
recard-occurrences are somelimes members of it. That is,
they are members if they are not the **trunk” branch of the
tree. Note thut all brunch record-occurrences, whether or
not they arc the trunk, own “fork™ scl-occurrence with
zcro, one, or more subordinate *branches'” records.

The third Numur proposal, which supports alterative
owners in data structure sets, would permit the trunk
branch to be treated as a distinctly different type of entity.
Figure 3 is a redrawing of Figure 1.

It illustrates a tree with one trunk and many forks and
branches. When this is drgwn as a data structure diagram,
the illustruion of Figure 4 is developed. This structure has
some advantages.,

The *brunch’ record-occurrences can now be treated as
mandatory members of the “fork™ set-lype, i.e., no
brunches are floating in the air. This can be very important

Tree Htructure
{data structure dlagrarc)

7 N
{ b

“~ o ~{ branch

Figure 2

from a naming point of view. as each branch needs a field
for its **branch name** while the trunk does not need such s
name. Branches are frequently named with an articulated
grammar. All the branch names at a single fork of the treg
must have unique local names. The higher level branches
(i.e.. the branches which are farther from the trunk), are
uniquely named by concatenating their unique local names
10 the tree unique name of the branch Immediately below,
This is expressed below in BNF (Backus/Nauer/Form)

{branch-name):: = {character-string) |
. (brarch-name){articulation-character)
{character-string)
{character-string):: = {character) | (charactcr-stnng)
{charucter)
(character)i=aible].......1z]00 1) ceeea ]9
(articulation-character);:=any symbo! which is not a blank
or a character

In our information systems today, there are many exam-
ples of tree structures. In catalog (file) systems, we find -

Treo Structyre

Tree Structure With Disginctive Trunk
{incidence dipqgra

Figurg )

Figure 3



CODASYL Data Structure Sels n .

* dircctorien -of “directories of directories of, .. of named Corporate Organization ftructure
files: In corporale organizations we find companies which (data structure diagram)
have departments, which have depariments, etc, Figure 5 is . ' = - .

5 data structure diigram which illustrates this, R

This example illustrates a specific need for this type of . o company
strycture and supports the proposal, Some will argue that S ot o
this is an incorrect approach to the fundamental corporate 'deg::tmant' :

arganization structure and that they are really hicrarchies of
different types of organizational-upits. At one time, the
General Electric Company had a well defined hicrarchical
arganization structure which is illustrated in Figure 6. o depai'tnent
If you were a “'section” manaper, you knew exactly unit
where you were in the management, hierarchy, This is an
caéicr structure 1o hundle manuully than by computer, as
people did not gel quite us upset when someone ihought it
appropriate for a particular “unit" manager 1o report di- Figure 5
reclly 10 6 “'section’ or “‘depaniment”’ maniger, If this
orénnlmtion structure were declared to an 1-D-S database
syslcm with the structure itlustrated in Flgure 6. then no
*unit’* could directly report 10 a “section" or '‘depart-
ment”, it would have 10 be assigned 1o a *"subsection.”
The proposal 1o support altemative owner record-types
" for a single set-type should be accepted because. it is useful.
It ‘does not require that the database administrator use
cither the structure of Figure 5 (alternative owners) or

set-type’ which s role related. and be the holder of a field
which is role related. Figure 7 is a duta structure dingram -
which illustrates the employer role played by persons,
compunics and government units. ‘
To mode! this structure, ‘it is necessary to declare the
**person™ record-lype, *‘company’’ record-type and “‘goy-

Figure 6 {unique owners). It should be supperted because it — g — CE
aflows each administrator the choice, |
The more generut argument! for the support of allernative General Clectric
c::rporate Structure
owner record-1ypes for a set-iype, also supports the need to Circa 1970 carparation
retain the capability for multiple member record- -types for a {data structure diagrar) {
s¢t-type. In an information system, rcal world entities are ) . ‘ ¢
represented by records. These entities are classified by ‘ ) R
entily-type in order to facilitate the processing of data ‘
concerning them: Further, each entily-type may portray group
scveral concurrent roles or behavior patiens and some- ' B '
_ times these roles are shared by other distinctively different . ] Y —
entity-types. For example, a person, or & company, or a o T Rt
governmental unit may serve in the role of “employer'* of ' Yo division
people, and as an “"owner” of property. Within such a ' M
designated role, the record- -1ypes representing the entity- ‘ - - i. —
" types should be capable of being the owner or member of a o R
‘ Zree Structure With Distinctive !‘runk ; ) g Y
{data structure diagram) ’
. section
trunk . : _ _ " : {
sub-
=fork® , | section
set . g
branch ‘ . ‘unit

Figure 4 h o ) Figure 6
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Record-fypes With "Employer® Role
(Cata wtructure diagram)

goverrxontal

[exeon
unit

{

\
\

company

..'"—_--"'

Figure 7

ernmental unit® record-type such that all are able to
assume the rule of owner of the "*employer—employce™
set, It is necessary to declare the person® record-type as a
somctime set member, “'somelime,” since all persons are
not necessarily employers.

In the case of u person who is sell~employed, the same
“person’ record would be the owner und member of the
same occurrence of the “employer——employer™ set. Both
the aliernative owner (prop. 3) and recursive set (prep. 1)
proposals would nch 10 be accepted to support this struc-
ture.

The reader should glance back to Figure 6, one of the
possible means of implementing the organizational unit
aspects of a corpurate structure. Given this stiucture, now
imagine how the urgunization-to-employce relationship
would have to be hundled. Each orpanizationa) record,
from the “‘corporation’ record through to the ‘‘unit’
record, must be able to handle the role of employer. All
seven of the organizational records necd to be declared as
alternalive owner lypes to the **orgnnizalion——semployee®”
set. Figure 8 illusirates this extension to Figure 6.

If one assumes that each of the unils needs to have a
manager, who is u person, then each of these seven
vrganizational unit role record-types must also be declared
as a member in the “‘managed™ set. The suppori of the
“managed™ set gives an example of the usefulness of the
ability to declued maltiple record-types as members of the
same sci-type. (Proposal 23, Figure Y illustrates the funher
extension of Figure 6 10 include the ‘“‘manager-
——organization™ set. ‘

RECORD-ROLE CONCEPT

For the hcoreticians (and it is they who have largely
argued for reducing the number of member record-types
declarable for a sct-type to one, and keeping the owner
types declarable 1o vne) the introduction of the “‘record-
role™ concept may be of gret importance. This is hecause
there will be no argument from the praclitioners over
having only onc role declured as the owner of a set-type
and only oac role declared as the member of sel-type if
rales become declaruble entities. Funthermore. the owner

~ /’ "erploycr~~rargloyece® aot i

and the member declarations could be rcstriclcd to be

dilferent *'roles.”

In the work at Honeywell Information Syslcms on this
subject, the word **record-role” has been used to charac.
terize the role concept introduced above. The following -
definitions apply:

® A *‘record-occurrence™ is the database representation

of a real world entity.

@ A “‘record-role” is a declarativn of the a collection cf
the propertics (fields and sets) which a record-occur-
rence may represent on behalfl of one role of a rel
world entity,

© A “‘record-type" is a declaration of a collection of one
or more record-roles which a record occurrence may
represent, while roles are all played concurrently by 3
real world entity.

@ A “‘record-class' is the collccuon of all record-occur-‘
rence of a particular record-type. A record-occurrence .
is always in only one record-class, defined by a record.
type.

o A “role-class™ Is the collection of all record-occur-
rences of a particular record-role. A record-occurrence

Multiple Owner 'Employee Set
{Cata structure dla

r-m‘r:::o.tpcnral:i.t:rn

v

groug

¥

Tlaiviston 1
¥
=1 departzent
v

: ! Bection
Femployce” set

- i ‘i

b—  sub-
scction

¥

employee unit

Figure 8
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¥ultiple Memkber 'ncpartvont' fot
(dat.n structure - diagram)
e i

—

carperation

1!-—-!

*departmont” set

section

Y

suk~- .
[ ) section

¥

I
Iy

*employee” set "

unit

rployee
rd

Figurc 9

Is in one or more many role-classes depending upon its
record-type dcclarauon.

e: 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

not been made in exisling database systems. While a record- -
type may have represented several record-roles, there was

no mechanism of sharing the record-role declarations be-
tween 1wo or more record-lypes, Thus the same ficlds and
scts, relative 10 the role. had to be mulliply declared, once
for each record-1ype which phiyed the role. This led to the
rcqulrcmcm for multiple member declarations and aliernate
owner declarations for sets,

With the record-role concepl, the declaration of ficlds,
. groups and scts are all associated with the record-role

‘eclaration, Ficld may be accessed using field-names which

.re qualified by record-role-name rather than record-type-
names. Seis are ordered by role declured fields. Set owner
-selection is based upon role declared ficlds. Record occur-
rences of different record-types coexist within the sume set

type as owners or members when the record-types shure
the same record-role with the declured function.

In the paper “*The Evolution of Data Struciures,''? there
wis o scqubnce of data structure dingrams which were used
to illustrute the progressive introduction of new mecta ob-

jects and new inter-ubject relationships into data structuring

cupubilitics. The first two of the (ollowing three data
structure dingrams are reprinted from that wiicle. Figure 10
illustrutes. the meta entities: record, field, group. owner,
member and dati-structure-set, where there may be an
unlimited number of member record-types and owner re-
cord-types dectarihle for a set-type. The dinprum of Figure
10 is the meta ohject structure which 1 recommend - 1o
DBTS and have recommended und used for a aumber of
years,

Figure 11 is a snmpliﬁcnlion of Figure 10 where the
restrictions of a one owncr cntity-role and a one member

entity-role have been pl.‘!ccd on the set-type. The set-owner -
and set-member mela entities have been merged with the

sel-type mela entitics, as'they exist on a 1:1: | basis. This

yields the restricted structural cupability which was recom- .
Namur

mended by some ul‘ the attendees. at the
Conference,

The data struclure dingram of Figure 12 introduces the
metu entity **recond-role*. In this structure, the *‘record-
role™ mela entity has d:splaccd the “‘record-type™ meta
entity in its direct relnuonshlp_ 1o the set, group and field.
The record-type concept is ndw al the side, associaled by a
declared relationship with one or more "*record-roles™.

* **Record-role™ declaration may be associated with one or

more record-lypes. From the viewpoint of the set-type,
there is only one **owner record-role and only one “mem-

ber™ record-role. This fils more casily into the viewpoint of
both lhc relational model and the Dnm Independent Access

! .

(8ata structure dlnrul ,

/ Y \
record [ ]
e trpo

qroup . et
trpe >' rentar

fleld
Lype

Figure 50

. Weta Intity Piructuse Tor Cnrestrictad Sat/Mecord Ralatiocashipn |
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Mats Entity Btructuro For Roestricted Set/Record Rnllticnshlp
(dats atructure diagram)

rpco:d
. . type

*ounsc” set

groeup b sot
type type

*rembor” oot

field
type

|
Flgure 11

Model. However, the requirements of the rea! world which
we wish to mode! can be satisfied as each real world entity
can be recognized acting in one or more roles and its
* record-occurrences are combined with the declared role
occurrences,

At this time | have no interest in trying to inlroduce the

“*record-role”* concept into existing data description lan-
guages and data manipubation Jungunges, Rather, 1 wish to
provide the rationale, within these Innguages, for:

(1) recursive .;.c!-lypcs.
{2) multiple member sel-types, and
(3) multiple owncr sci-types

Feta EBatity St.ucture With peoord«role Concopt
{Gats styucture disgran)

Tecord socord
rols LYpe

N
w D | =

field
Lype

-

record-rele
snsociation

which provide an alternate mcans for achieving the objeg.

. ‘lives achieved by the record-role concept while rcmamln;

within the limitations of the presently available meta enti-
ties. However, the eventual introduction of the *“‘record.
role"” may be the unifying factor that we seek.

The duta structure disgramming 1echnique has been exs
tended to support the concept of record-role. Figure [l isa
redruwing of Figure 7 with focus e¢n the record-roles of
cemployer and employce.

They are illustraled by the two hexagons so designated,
The record-1ypes with which the roles are associaled are
designated by the background boxes, The employer role {s
pluyed by the company. person and govemmental-unit
record-types. If classical data structure diagrams were

" thought 1o 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 illus-
trated by hexagons and the background boxes name the:
record-types which play the role. Each record-type i
considered to have one or more roles. In this examplz
“*person,”. “company’’ and ‘'government-unit’* are the .
record-types, “‘Employer™ and “‘employee’ are record-
roles. A complete data structure diagram would show each
record-lype once as a box on top of a stack of hexagone.
Each hexagon representing a record-role played by the
record-type. It would also show each record-role, once as &
hexagon at the top of a stack of boxes. Each record-type
would appear once more as & background box behind each
record-role it plays. Figure 13 is thus an incomplete data
structure diagram as il shows the record-types playing each
record role but does not graphically |Iluslrale each record-

Employer and Employee Record-Rolea |
{cata structure diagram) )

l' governmen
" | - company
person

1-un;t

emﬁloyer
role

"enployer--remployaee®
set ~

employee’
role

perscn

Figure 12

‘Figure |3
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Person, Company and Govornmental-Unit Secord~Type

omployer omployer

person conpany

orployer

oovernental
“unit

I"'lgure 14

type with its record-roles. Figure 14 jllusirates each record-
iype wilh the record-rofe that it plays. Thus most old data
structure dingrams can be considered as being examples
where the record had only one record-role. Thus no role
factoring is necessary. Il slternative owners or multiple
_ members exist in those diagrams, then the record-roles for
- them has not yet been factored, The importance of the
record-role concept to dnla structure diagrams may not be
immediately obvious at the first comparison of Figures 7
and 13. However, consider the fol!owmg analogy. If identi-
cal programming code appcars in several parts of a com-
puter program, it is common to factor this code out as
subroutines or ot least as macro procedures so that the
documentation is more cusily understood. The record-role
concept is the data structure diagram equivalent of a
subroutine call, The diagram illusirates the shared aspects
of the record-role and also all the places it has been
invoked. For data structure diagrams, representing complex
organizations with many record-types, record-roles and

4
'
i

their relitionships, the revord-role has pruven to be ex-
tremely useful in simplifying the dingrums. They are much
more readable, Of necessity. these diagrams are anly

. effective after the new concept hus been understood, used

_ awhile and nccepled,

SUMMARY

The data structure sct is almost the oaly siructural tool

* currently available to the datubase administrior to repre-

* 3. "Software for Random Accens’ Processing,”

* remove a restriclion, Proposal 2,

sent the relationships between entitics in his enterprise. At
this time when all of its usages are unkpown, it scems
desiruble not 10 plice any restrictions upon its application.
Proposal |, to permit recursive scis (where owner and
member are of the same record cluss), is a proposal to
to prohibit multiple mem-
ber record-types, is a proposal to add a restriction. Pro-
posal 3,. to permit alicrmative owner declirations, is a
proposal 10 remove a restriction. These fucilities, within
today's record-network model would provide a -workable
implementation of the role concepl. an expression of the
evident and important multiple behavior putierns which are
characteristic of real world entities.
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The cntxty-relatlonshlp model——

A basis for the enterprise view of data

by PETER PIN-SHAN CHEN

assachusctts Institure of Techaolugy
Cambridge, Massachusetls

ANSTRACT

. The concept of the enterprise view of data is very useful in

the database design process and in the construction- of
conceprual schema. This. paper discusses the use of the

“enlity- n.l.ntnonshtp approach in describing and maintaining

the enterprise view of-data. Fundumental operations for
<hanging the cnlcrpnsc schema are presented. Finally, an
enample is given to show the differences between the
cntty-relationship dpproach and the data-structure ap-
proach in modeling the enterprise view of dala,

INTRODUCTION

" The subject of the lugicz'tl view of data has altracted
considerable attention in the past ten years. However, most -

rescarchers have focused on the user view of data. The

need Tor siudying the enterprise view of data was nol
recognized until recently. Different users of a database may
have different views of the database, but the enterprise
should have a unique and consistent view of the database,
This is particularly imporiant in designing a logically mean-
ingful and consistent datubase. The concept of the enter-
prise view of data is very useful in the datubase design
process and in the design of conceptual schema.

Enterprise view and databose design

l_)umbasc design is a process 10 organize data into-a form
which matches the underying data model of the database

. management system, There are three major types of data-

f:a\c management systcis: nctwork, hierarchical, and rela-
Honal. In the network dalubase management systems,
which include Honeywell's IDS and UNIVAC' DMS-1100,
data will be orgunized into different types of records and
€4n he represcated by a data-structure disgram’ (sec Figure
I In the hicrarchical database management sysiems,
which include IDM's IMS, data will be orgunized into a
ft'\rm similar 1o but more restricted than the dula-structure
dingrum. In the relational dutabuse munagement systems,”
duta will be arganized into a s=t of tables (or *‘relations").
In general, 1o design a databuase is to Jecide how o

77

organize duta into specific forms (record types, tables) and
how to access them. Up 1o now, there are very I‘_qw tools
available to aid the database design process. Usually, the
database designer relies on his own intuition and expen-
ence. ‘Thus, the resulting datubase may not satisly com-
pany's objectives and may cause problems in cornpany 5.
operations,

Another related problem in dntabase design is that the
oulput of the datuhase design process—the user schemu {a
description of the user view of datal—is not a “purc’
representation of the real world. One of the reusons is that
the database designer is restricted by the limited cupabili-
ties of the dalabuse managem.ent system. For example. the
many-to-many rclationships between entities are difficult 10
represent directly in some database systems. Another rea-
son is that the user schema may contain some features
related 10 the storuge representation of the dutabase. For
instance, it-may describe which record types can be directly

" accessed and how to access other record types. In addition,

the user schema Is usually designed to be ¢fficicnt for &
cenain type of data processing operations. For example,
the data about employees may be grouped into two record
types. employee-master and employce-detail. to improve
the retrieval performance. Therefore, the user schema is
usually not a direct representation of the real world. This
makes the user schema difficult 1o understand and difficult
10 change.

Dute-NPaatury
dLagrem

Setewrt .

LILT T VY T

halatiomal

.ﬁam 1—Conventional dnlabaf.e SeMpn process
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. A possible solution to the above problems is Lo introduce
an intermedinte stage in the database design process: defin-
ing the enterprise schema. which'is a **pure™ representution .
of the real world and is independent of storage and effi-
ciency considerations, The enterprise schema will then be
trnslated into different 1ypes of schemata for different
ditabiase mamagement systems (see Figure 2). 1t can also be
translated into several schemata for the same database
management syslem to optimize difTerent types ol data
processing operations. There are several advantages of this
approach:

(1) The cnterprise schema is easier 10 understand than a
user schema since the former dues not have the
restrictions of the underlying databiase management
sysiem; )
The enterprise schemi is more stable than the user
schema, since some types of changes in the uscr
sohema may not require any change in the enterprise
schemu. I the enterprise schema needs to be changed
to reflect the changes in the enterprise enviranment.
the changes can be perfurmed casily since efficiency
and sorige issues are not considered,

(4}

Enterprise view and vonceptual schema

What is the difference between the enterprise schema and
the conceptual schema proposed by the ANSI/XI/SPARC
group™ Basicully. they are very similar since both ure
deacriptions of the enterprise view of data. In the SPARC's
approach. the conceptual schema serves as’ihe interface
between the external schema (user view of data) and the
storage schema (physical view of data) (sece Figure 3), The
requirement of serving as an interface between two other
schemita may introduce seme undesiruble features into the
conceptuid schema. If this restriction on the conceptual
schemit s ignored. there is almost no difference between
the conceplual schema and the enterprise schema. There-
forc, the techniques discussed in this paper are also suitable
for describing and maintaining the conceptual schema in the
SPARC s architecture,

Eri.!rl'_'x:n.'n Schary o Yoer Scbtery

Fe

%

Figrue 2—Lnteiprise schéma as an inlermediale siep in database deaign

hosd B

S0 T HLEN SO

Ubae e,

ip the nterrics

A:S1/X)/SPARC Archiiegivry

"

: l Oser

Chjezts of interest

1o the entarprise

Figure }—Enterprise view and conccpiual schema

~ppronich used in the paper

In order to describe the enterprise view of data, a menlal
framework 1o model the reul world is necded. Different
people may be used 1o different mental frumeworks, The
menlal framework used in this papcer is the Entity-Relation-
ship (E-R)- model.** The E-R model und similar ap-
proaches'™* have been found uselut in modeling the reud
world. A diagrammatic technique called the Entity-Rela-
tionship (E-R) diagram will be used in this paper 1o repre-
sent the enterprise view of data.

This paper is divided into three parts. The first part
discusses how 10 use the E-R model und dingrammatic
technique to describe the enterprise view of data. This is ¢
extension of the work reporied in Reference 5, The seconu
part describes fundumentad operations for changing the
cnterprise view of data. This is un area where very little
work hus been done. The operalions proposed in this paper
will be useful in maintaining the enterprise schema, The
third part uses the E-R approach to analyze an example
given by Bachman®® concerning changes in the conceptual
schema. . :

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

In this section, we shall use examples 1o show how to use
the Entity-Rekuitionship (E-R) model and  disgrammalic
technique 10 descrbe the enterprise view of dita, A more
formal definition of the model can be found in Reference .

It is ansumed that the responsibibty of Jdefining and
maintiaining the cnlerprise schema bolongs to a person
called the enrerprise administrator. The following is the
supgesicd procedure for the centerprise administrator to
define the enterprise schema:

() identify entity scts of inserest to the enicrprise
An entity is a *‘thing” which can be distinet™
identified. According to the nceds of the enterpn.
enlitics can be clissified into different enatity 1ypes
such as EMPLOYLL, STOCK_HOLDER, An cntiny -
setis a group of eatities of the same 1ype. I the E-R
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STOCK_HOLDER

| PROJ
— el

Entity Set

. Figure 4—Entily scta

diagram, an entity set is represented by a rectangular-
shaped box (sce Figure 4). The terms, “sct’’ and
*1ype.’’ can be interchanged in the E-R diagram, The
rcader miay use cither one to interpret the E-R
diagram,

There are many “‘things' in the real world. In
addition, differcnt enlerprises may view the same
thing differently. 1t is the responsibility of the enter-
prise administrator to sclect the cntily types which
are most suitable for his company, .

(2} identify the relotionship sets of interesi 1o the enter-
prise

Entities arc retated to each other. Different types of
relationships may exist between different types of
entities. A relationship set is a set of retationships of
the same type. For example, PROJ_EMP, which
describes the assipnment of employees 1o projects, is
a rclulionship set defined on two entity sets, EMP
and PROJ. A relationship set can also be defined on
more than 1wo entily sets, For example,
PROLSUPP_PART is a relationship sct defined on
thrce entity sets PROJ, SUPP, and PART. In the
entity-relationship dingram, a relationship set is rep-
resenled by a diamond-shaped box with lines con-
necting (o the related enlity sets (see Figure 5). The
“m' and ''n** associated with the PROLEMP rela-
tionship in the E-R disgram indicate that the relation-
ship is an m:n mapping. That is, each employee may

- be associated with several projects, and each project
may have -several employees, In certain companies,
each emplayee belongs 1o at most one project, and
the PROLEMP relutionship is a 1:n mapping.

There are many (yr.s of relationships between

entities. The responsibility of the enterprise adminis-
trator is 10 select the relationship sets {or types)
which are of interest to the enterprise. He also has 10
specify the 1ype of muppings (1:1, 1:n, m:1, or m:n)
of the rclationships.,
(3) identify relevant properiies of entities and relution-
ships (i.e., define value sets and attributes)
Entitics and relationships huve propenies, which
can be expressed in lerms of Attribute-value pairs.
+ “Blue,” and “*4"" are examples of values. Values can

EMP

Entity Set

Relationship Set

Figure $—Rcelationship set

be ‘classified into different rvpes such as COLOR o
QUANTITY. A value set is a group of values of the
same type. An aftribuie is a mapping from un cntity
el (or a relationship set) to a value set (or a group of
vinlue sets). For example. **uddress™ is an attiibute
which maps entitiex in the entity set EMP 1o values in
the value set NAMES OF_LOC. Note that we relay
the constraint imposed in Reference § tht the mup-
ping from the cntity set 1o the value el tas 1o be i
function (i.e.. m: | mapping). In uther wonls. we now
allow that an attribute (such as address) can have
several values (such as focutions) for the sume entity
{employee). This relixation in the definition of ann-
bute will make the changes in the enterprise view
simpler. This point will become clear in the next
section,

In the E-R diagram, a value set is represented by a
circle, and an attribute is represenicd by an arrow
dirccied from the entity set tor the relationship set) 1o
the desired value sct(s} {see Figure 6). After sclecting
entity sets and relationship sets. the enterprise ad-
ministrator identifies the auributes and value sets
which are refevant to the company's operations.

The three sieps stated above cover a major part of the
enterprise schema. For simplicity, we shall not discuss in
this paper other issues reluted 10 the enlerprise schema
such as integrity constraints.

To design a dalabase, the enterprise administiator first
draws an E-R diagram such as the one shown in Figure 7.
He then drew the attributes and value scts for each entity
setl and relationship set. The E-R diagram is then translated
into a data-structure diagram or a sel of tables (“relations'"
(see Figure 2). The rules and procedures used in the
translation process were discussed in Reference 5. Here,
we shall investigate how 10 change the enterprise schema
(the E-R diagram) itsell.

MODIFICATION OF THE ENTERPRISE VIEW

Al ch the enterprise schema is more stable than a
user - ..na, it still needs to be changed from time to time

Upper G wcoptual
Bonaln

Lower Concaptual
Doaain

ADDATSS

Figure 6—Aftributes and value scts
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SUPPLIRR

SUPP_PRO

PROJ PART

Figure T—An entity-relationship di;':;ram (with entlty se15 and relationshlp .
wl2 only)

1o reflect the changes in the enterpnse environment. Eik-
cepling a paper by Buchman,"™ very title work has been
done in this arca. In this paper, we use the E-R model as a
basis for anatyzing different types of changes in the enter-
prise view of data. We not only propose a set of operations
bul also analyze the consequences of these operations.

There are five hasic types of operations: add, delete,
split, merge, wnd shift . The first four operations are applica-
ble 10 entity sels, relitionship sets, attribules, and value
sets. The shifi operation is used when the enterprise
administrator would like to view a value set in the old
cnterprisc schema as an entity set in the new schema or
vice versa. It is useful 10 think that the E-R diagram
consists of two conceplual domains: (1) the upper ¢concep-
tual domain which consists of entity sets and relationship
sets; (2) the lower conceptual domain which consists of
uttributes and value sets. We shall discuss the first four
operations in buth the upper and lower conceptual domains.
Finally, we shall discuss the shifting an entity set from the
upper conceptual domain (o the lower conceptual domain
and the shifting a value set in the opposile direction.

Opcrations in the upper concepinal domain

The following are the b:mc operalions apphcnblc to
catity sets and relutionship sets:

(1) Split an entity imto severul subsets
For instunce, the entity set EMP in Figure 81 can be
split into two entity sets: MALE_EMP AND FE-
MALE_EMP in Figure 8h. The consequence of this
operation is thal the relationship sets associuted with
the entity set may also have to be split. For exumple,
PROLEMP is split im0 PROLM_EMP und

. PROLE_EMP isee Figure 8b). .

() Merge several entity sets fio one entity set

© This is the vpposite operation of (1). The conse-
quence is that the reluted relitionship sels may have
to be merged.

() Splir a relationship set into several subsets
An example of this operation is; the relativnship set

PROLEMP in Figure 8a can be split into two rela.
tionship sets, PROLMANAGER and PRO.L
WORKER. in Figure 8¢. Nute that the type of
mapping in the new relutionships may be different
from that in the original relutionship. For instance,
the mapping in PROLMANAGER is 1:n while the
mapping in PROLEMP is m:n. .
(4) Merge several relutionship seis into one set
This is the opposite operation of (3). Note thal these
relationship sets have 10 be defined on the same
group of entily sels. .
{5) Add a new entity ses
For example. a new entity set called SUPPL[I‘R may
be added to the E-R disgram in Figure 8a. The result
is shown in Figure 9a. Note that it is possible to have
stand-alone entity sets in the enterprise schema,
although in many cases relationships belween the
new entity s¢l and the existing enlity sets are estab-
lished immediately (see the next operation).
(6) Add a new relatioaship set
We may add a new relationship sct for the acw entity
set such as the relationship set PROLSUPP in Figure
9%. We may also add a new rehationship set for
existing entity sets such as the relationship set
PROIL_MANAGER in Figure 9b.
(7) Delete an entity set
For insiance, afier deleting the entity set EMP jn
Figure 9b, we have Figure 9. The consequences are:
(i} the relationship sets related 10 the enlity set are

BP EALE_ FEALE_
o= Split ar P b
entity se
" ! x
di= Merge —
FREJ_ ROJ
ELP F_l-sF
N »
l
Phid PROJ
{a) \ (v}
Split a
relauon:hlp
set \
bearse
"'\\ EF
1 K
" Add an entlty set PROJ Ficd
u CAASES WO E
x 3
{t Flgure 9a)
FROS

Fauty l Se1s .

Figure l—[M"“} lud.mmhpl
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nlso dclcled {ii) alfnt-utcs rclaled 20 the deleted

- entity set and related re!..\lmnsh!p sels ‘are al_so de-
leted. ‘ -
(8) Delete a rclanonslup sﬂ' ‘

An example is: delete the relationship set PROLEMP

in Figure 9b, and the result is shown in Figure:9d.
" The consequence of this operation is- that the :attni-
_butes of the :rclnuonshups are dclcted (not showa in
Figure 9d) L . -

" Operations in the lower soncepunl domain

Assur‘nc that the entities in the entity set EMP have two.
4.alln’butes. LEGAL_MAME und PHONE. which ‘map ‘the:

- enlities to the value sets NAME and PHONE_# (see Figure
10a). ‘We shall use these atributes and’ vafue sets as .the
.. basis for the discussion of the fullowing operutions: .

(§}] Adda rn!ur sel

_ For zxample, a new value set called DOLLARS may
.7 be added to Figure 10a. The result is shown in Figure

10b. Usuully, this op..r.umn is followed by an "add
. altribute’® operation. -
(2} Delete a value set

After deleling the value “.I PHONE_# in Figure .10a,

© we pet Figure 10c. The-consequence is that .afl .
attribules assocmu! with this value set will be de-

O Teted. _
(‘l Spliva value set inin several mhu 1 . .
The vaulue e W 1\“ S o bipure iy oy hc

PR T T

. Y.

LAST. NAMES in Fgure 404, ‘The- emscqm:nu ;.
that atiributes reluted to theivilue setmay;have:to he
‘adjusted. - Although the .attiibute . LEGAL.NAME u
~/not split in ‘Figure 104, it is possible to ! aplit- it mlu :
two -altributes: LEGAL-FIRST:NAME .and 'LE.
GAL_LAST_NAME. It is the respanihility of 455
-enterprise udmmaslrntor to make:thisideison. |y
(4) Merge several vale Setsiinto . mhn'm AR
“This is the opposite upcrutivn: ol' Q). N '
{8) Add an.attribuie o
. For ‘instance. Figure 11b-is obtained® h) .nldmg |hc
-atiributc: OTHER_NAME 10’Figure Ila. - T
(6) Delete an attribute - o P
Deleting -the attribute LLGAL.NAME l'wn'l F'aurc N
‘1a, we have Figure flc. The value -set . ‘axsuciated
wilh the attribute will be deleted: b)’;.molhtf operation
("'delete value set”)}:if desired. “Jn -some .cases, :the
value sel'may'be still associated wuh aum altributee
-+{see!Figure 1c). M
{7 .Split an attribiteiinto several atiributes” .
" For example, !Flgure 11d-is.obtaincd: by :splitting:the
attribute PHONE ia ‘Figure ‘11a.into:two" amibuus.
:OFFICECPHONE and -HOME.:PHONE.:
AB) Memr several attributes into one: a:m’bun
“This :is the opposite operation of:(?).. '!'hcmm'tr-!cs
‘have 1o be defined on the:same’ enmy :cl lmmauor.-‘ :

slup sel). _

- ; A
]

;‘Oprmtians‘bﬂn-ﬂ-n wo, concepnial-damaini '

[

X eMsume that:there:are two: cnmy scls: lEMP'aud PROS).
:one  .relationship set ‘{PROLEMP), four' swalue .m

’ (NAME.S..OF.PLACES SOC_.SEC_I. %PHONE.

w.u.._
-I

¥y W P N
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\' Spllt an attridute. -
Herge

3
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Figure }—Opcratiots oo atiributes.
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and four . attributes

" SOC_SEC_NO. PHONE. and NAME) as shown in Figure . .
" 12a. We shall use them as the basts for the dnscusswn on’

the l'ollowmg opcrations: -

( )] Shd’: a value set from the lower conc rpmal domain 10 T

the upper conceptual domaln

When the enterprise environment changes, it may
become natural to view PLACE as an entity -set- ™

-

“instcud of -a value set, Thus, in' Figure 12b “AD-

DRESS" becomes a relationship set, and *"PLACE" .

has an attribute **"NAME" which poinis to the value

. s¢t NAMES_OF_PLACES. Since PLACE is an entily : -

sel, we may estahlish new relationships of it with
- other entity s¢ts such as PROS or add more allribulgs
- and value scis to deseribe propentics of “places.™

“10'the lower conceptial domain
- When the entcrprise enwrunmcnl changes again, it

‘may become naturab to view PROJ as a value set
instend of an cniity set. In Figure-12c, PROJ is . -

deleted from the upper conceplual domain, and the.
reltionship set PROLLEMP becomes: the “attribule .

"INVOLVED_PROIJ. The entity sct PROJ in Figure
12b may have been associsted with scveral value
scis, but only the value sct PROLNAMES which is .-
used to identify the entities PRO) rcm.uns in the

Vlnwcr conceplun! domain,

; (Aboness. ‘

Shift an entity set from the upper conce pmal dumuin "

3 .f;-'- ANALYSIS or AN EXAMPLF. Ly

In a~r¢cem papcr. Bachm:m" uscs data-stmcmn ‘ia- .

: - "gmms 10 lustrate the changes in a conceptual: schema. Iy -

. this section, we shall first state his example anﬁ lllcl mc E

S R dlagrams to mlcrprcl his examplc.

clared a conceptual schema as shown in Figure: 13a.
The reader is assumed to have some“kiowledge of
the data-structure diagram.' Simply speaking, o'

- tangular-shaped box rcpresents a record type. snd as .
* arfow represents a data-siructure-set (i.e., §:a sela-
tionship belween record types). In Figure 132, b

_ are two types of conceptual records, COMPAN\';
~ PERSON, and a duta-structure-set 3™
_senting the fact that each person is assoaau‘ with

o The followlng isa slmpluﬁcd version of Bachmaa ] cnm-f
e ' |

(2) ln lhe begmmng, the enlcrpnse adminkllaun de. -

'Ducn’plion of :hf cxamp!f u.mrg dita-s1 ucture &pm -

Tepre-

exactly one company and that each company s

. sel of personnel.

(b) Later, the enterprise -:dmums(ralm ucopiu‘ M '

the personnel of the company were -persons h

own nght This facl may be duscovered 1] llte

o))

e Ly

Umr mqnud

%_"".t" 2 =

ADORISS SOC_SEC_g PHONT
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—ennup

@@@

FLACE - ADDALS o

t—-——--—-—-.—_—...-,..-

s0¢_SEC_P . L

®0

(T

. Flsnu l’—ShnImlg 8 st from the Upper conceptual dumngin 4o ﬂulmq

con:cpmal domain and vice vena

[

f

.

m:l
- --»"



S wRame 4| Smmmmesmns n uws RS ey taaese g e e g [

 The Entity-Relationship Model

iwo lypcs ol' enunes. PERSON and’ COP!PAW. h
[+ the entcrprise view. Since the mapping Petweced
- * COMPANY ind PERSON is 1:n, the relam'th’m '
N PERSONNEL is represented hy a dawm-u.
. 2 i Figurc 13a., -~ ‘.{“,i".' o
. _(b) F' igure I4b is the con‘cswndmg E-l m '
" Figure 13b, Since the rcl.mumhlp vet. PERSONIIIR.
~ §s an m:n mapping. it is represent-d by a rd.mun,
.. record type PERSONNEL and 1w dat.a-mwlun-, "
"~ 'sets *a™ and b in Figure 13b. Note-thas !
l4a and 14b have the same cnlity scis and: lehiinﬁf
ship sct in the uppcr conceptual dom.nn. amd gh
difference is the lype of mupping l\.hnn the | " .

) :"CI‘;'.'A:V;!, .

| | remsesne”

A '5|l,_ ..
o

- o . - . sets. ‘ '
. ‘2 . CE PERSSS CONPANT _
SRR P : . (&) Now the cnterprise ndnumslmlot ptc{cu -]

g S &, /., &.- ]... D . - *PLACE™ as an entity set rather than & value: |
T A .. . ~ Thus, we have Fipure l4c. The atiribute ! Amm
y .t - - '’ " in Figure 14b becomes a relationship set i, Fm :
| viRsen: |- cospand o famoress | T e - Mg, Since the mapping between PLACE and P - -
LTS B - N - - SONis in, the relationship set ADDRESS&M'
e . sented by the data-structure-se “'¢* in: l-'.gu. e
‘ SR 7 R ~ (ﬂ) The enterprisc administrator discovers that lh "y
2 penscned - B " ping between PLACE and PERSON is an ®:n map
i S D _ ; ] ’ pmg instead of a t:n mapping. The aew: cmupmn
TR .m P e e L "~ . viewis represented by Figure 14d. Since'the mapping
‘;.I.-'":;ult B—-Ex;nsuns chnnses " :; ::;crpnu view wsing datastruciute. o ;:y“:h: :::;:":;‘:r’:‘;) g;g?;)l::dsf:’o?w B
T S o ‘ . T ) ture-sets “'d" and "e.” Note thai Figures. !‘tlﬂl W-

of sevcral compames that some of the persons held' B L
Y 1o )obs and were personne! to two of the merged -
companies. Figure 13b illustrates-the data-structure: - ”PP':.::"':'P‘“’ eSO
diagram for the new conceptual schema. Basically, -
the old personnel type record has been split into two.

" record types, PERSONNEL and PERSON. The -
“PERSON"" has attributes NAME and ADDRESS
(not shown in the figure).

. (c) After a while, the enterprise administrator decided to.

. factor the address of residence out of the person. -
record. Figure 13c illusirates the addition of the - -
“PLACE™ coriceptual’ rccord type and the dala-
structure:set type “'c.” 1t was also assumed that.each
person has a unique address {place).

{d) It is now recognized that people move from pl:lce o
. place and that it is desirable 10 know current address
as well as past addresses. Another reason may: be: it
is discovered that a person may have more than one.
address. In either case, a new conceptual record type.
ADDRESS is added to the conceptual schcma {see
Figurc 13d). .

Lower Conceptual
domaln

Ann.'y.sb using entity-relationship diagmms'

In the followmg. we shaII use E-R dugrams to explain the
above cxample:

ta) The VR doageam m Fignae T4a s g—uuc\pnnd g o

o tage S8 e e Y Lo g TN e e



bctween PLACE and PI:RSON ii dlﬂ'crent.

In gcncrnl Ihc E-R dmgmm is easier lo use to-analyze the
-changes in‘the: enterprise view' than the data-structure
diagram. Bachman also raised the issue of the ombiguity in
7% Figure: 13d: 1f one wanls 1o modify 8 person’s uddress,
"= docs he hive 10’ creale a new *‘address™ record or to
~ change ‘the name of the pluce where the person is”living?

4l

This-qiicstion can be easily- answered using the E-R ap-

- Sel 10 ch.mgc a person’s address is 10 change the relation-

chnngc ‘the" name of the place where the person is living
! <since "NAME“ and "NAMES_OF_PLACES"™ are used 10
descnbc a propcrly ol’ the PLACE entities (see F' igure

NI

: Thc cnu:rpnsc schemn is useful as an intermediate step in

f,da!abase design. In this papér, we have shown how to use
the entity-relationship model and dlagmmmauc technique
o dcacnbc _the enterprise schema. Since the enterprise
* “énvironmicnt changes from time to time. the enterprise

W

schema will have to change to reflect these changes. Five
* basic lypes of opcralwns (add, deletz, split, merge. and.

T

are nimost the | lame exccpt that the' type of mappmg

pro.tch Consider quurc 14d. Since the PLACE is an entity -

sfup between the person and **his place.”” We should not -

» & Moulin, P.. J. Randon, M. Teboul, et al,

o T E

* shift) ;whicb are uschil In modll'yms lhe.cr.liélﬁris'e schtlm

have been prescnted, and the consequences of these operas -

tions have been discussed, Finally, ‘we have ‘used a»-

ing the entcrprise view of data. -
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Design and m1plementat|on of an mformatlon base for
decision makers*
'h,\- R. H. I!ORCZF.K. C. W, HOLSAPPLE und A. B. WHINSTON
Furdue University '
West Laluyesie. Indiana
ABSTRACT

Whea considering the design und implementition of sys-
tems for decision support, o crucial point is the power und

fieaibility of uvailuble wols for representing dutu contexts.

The value of such systems iy constrained by the “‘richness™
of patterning slowed by their data structure mechanisms.
We intraduce the netion of an infornkstion base as a naturul
step forward in the continuing evolution of data structures,
Lhe outstanding features of the information buse ure (1) ils
aceommodation of the horizontal and vertical integration of
 mformiation parcels into a single semamtic mechanism, und

12 the integration of operutors into this semunilic structure,

INTRODUCTION

A 1opical and dJecidedly significant arca of research in-
volves the identification of those criteria which u compuler-
ized information system must satisly if it is 10 be of value to
non-progrumming decision mikers. The ensuing discussion
focuses upon such criteria und their imptications for system
design and implementation. 1n particulur, we introduce the
nolion of an Infurmation buse and Jdemonstrute how it muy
be developed und. implemented as un extension to the

CODASYL DBTG! approuch to duta: munagement, We'

commcncc with the charucterization of un informution base

as o semuntic nciwork. It is then shown that this semuntic-

aciwork muy be realized as an extension to un approach
- that has been used in commerciul environments, Morcover,
we illustrite how the inforpudtion buse serves as the comner-
stone for a Beneralized decision support system,

Within the scope of this puper u distinction is druwn
betwacn the terms information and dutu, Observe, finst of
all, thut information is an abstraction; it is not something

which cun be pointed 1o uor seen. However it may be-

¢onveycd by patterns of ““matter-energy,”? i.c., by config-
srations of symbuls, by data, Data and information inviria.
bly uccompuny one anvther. The words on this piece of
paper are not information, but ruther & pattern of maulter-
encrgy which as a conscquence of certain uctivities (..,

* Rescarch supporied by Oﬂ'n:c of Wuter Rescurch and Techno!ogj' Grant
No 4538-62-1310.

inputing, trunsniitling, decoding, associating, storing, de-’

ciding. ctc.) conveys information,? The imponant point is
the patierning of duta: the *'richness’ of &t nolition in terms

of the Kinds of ditu relationships which it can represent has .

obvious implications {ur its power in conveying informa-

tion, With this in mind, we cun note a prenounced trend in

the history of information systems from the relatively
impoverished linear data structure 10 the tree am! network -
-dita structures, capable of a greater varicty of data configu-

" ration; correspondingly the ease with which comparatively

complex informution cun be conveyed hus also grown,
Summarizing. ;. . we cun say that dam is an ohjective
nolation which nas no significunce in itself. versus informa-

asy

_tion as a suhjcclwc conccpt which relates a dutum 10 a

R_ES

context,

In order to underatand the varietles of contexts or
configuriutions in which duta must appear if there is to be u
comprehiensive conveyance of informution, we examine the

field of semantics. Of special interest is the nation of a,
semuntic net. The results ‘'of this exumination constitute 4 -

busis for the specificution of information base fealures
which permit the unambiguous representution of alt iypes of

information pertinent 10 decision support applicutions. This -

representation must configure data such that all significant.

relationships among purcels of information (e.g.. among
facts. procedures, empirical information, ¢ic.) are nccom-
modited. Furthermore. these objectives lor information
base features must be mel in a manner that is amcaable lo
processing for the purposes of inference und deduction. .

Since semunliqs deuls. with the relutionships between
symbols und what they denote or meun,* whut we cull the

information buse may be viewed as a semuntic mechunism
cupable of representing meanings in terms of data configu-
rations. 1ts storuge technique must be generd enough to
handle the basic kinds of infarmativn invalved in decision

making regurdless of the specific decisinn applicution. |~

These types of information ure; directive informatiun, con-

ceptual informativn, empirica? information, stimulatory in-" . -
formation, information ubout expectations, information

concerning valuations, und procedural information. 1n addi-
tion the information hjse must be flexible envugh to repre-
sent the ofien intricate interrelitionships among information
purcels, relating them so us to capture their full- meuning
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und Impuct with respect o uther purcels of information,
Thin kitter point by particularly significant in that it furnishes

u basis for the synthesis of separiiie parcels of information

(it wre b aclited 1o the same object, concepl, observi-
tiuns, ¢lc,

Wonds* defines u semuntle network 1o be un atlempt to
combine into w single mechanism both the ability 1o store
factuab kaowledge und the ability 10 madel associutive
connections which 1ender centaln parcels of information
uceessible from certain others, Moreover he indicutes three
eriterin: which must be sulisficd by u noml!on used for
semuntic repreacntnion:

. Logival adequacy. The notition must provide an ex-
uct, formul and unumbiguous rcprc:cnlm[on ol uny
particular interpretution thut may be givea to u sen-
lence,

2, There munt be un wlgorithm for trunsinting un Inlllul
senteace nto this notutlon,

3, There must be algorithms cupuble of using the semun-
tic representution in order 1o perform needed lnl‘er-
¢nees .md deductivns,

The informtion busc deluiled In the subsequent discus.
sion will be shown 1o satlily the definlilon of o semuntic
network, A query lunguage will be deseribed which, in
conjunction with the Informution buye, will be shown to
sutlsfy the three requirements of notwtlon: for semuntic
representation,

FEATURLES OF THE INFORMATION BASE

A specific denign und implementwtion of the Informution
bune in described in ¢ later nection; this design und imple-
mentation ia bised in purt upon the lden of u network daty
buse wdvaneed in the CODASYL DUBTOG Report of 1971
und subject 10 extensions und modificutions outlined in
Reference b, The (erm informatlon buse, riather thun duta
hase, Is used to emphasize its incorporation of two fundu-
mentat features which do nat wppeur in the genern! duta
buse manugement literwture, Bath feitures concern wayn of
putterning dati thin can convey informition not commonly
treated In the guise of datu bine munugement, but of value
o decinion mahers; they furninh metheds for, introducing
two novel Kinds of conteat into data struciures,

In observing the progression from lineor structures 1o
trees, W netwiorks, we nole fncrensed facillty for reluting u
ditumy with other data; there Is un increased cupucity for

-npulf) ing thl ¢ontent of o divum in 1erms of duta strue-
tures, Though there in little conteat inherent In Hacur duta
struchines, the dati content of groups of such struclures

miy he used o represent trees. This becomes complex and -

cumbersome an the tree te be represented grows in size.
Similarty, thowgh it in possible te lwint tree structures tu the
tnk of representing Lirge or complea networks by using
cuoilections ol trec-tike atructures, this cannot be nccom-
plished in u facile, straightforward manner. This umdogy
may be comtinned with respect to the twi features being

"

introduced ig this lccllon. That is, they can, ln some sense, -

be represented within network diste structures, but such an
npproach lends 1o certvin asymmetres (with respeet to
processing) und difficulties akin 1o those encountered when
representing trees In lineur structures, Since the two [ea-
tires ure not inherent in the common notion of 4 network
data base, we¢ Introduce the informitiug bune w3 & mecha.
nism which encompusses both while utlowing (Ut network
cupubilities,

"The first feuture involves the introduction of the concept
of rexolution levels within the mechanism for information
organizivion, A simple exumple of this Is described by
Winograd.”! Consider dutu nbout cars in which specifie
weights und colors ure reluted (linked) 1o euch cur: on o
higher level of resolution, we may wunt to somchow slore

information ubout what the propertics of curs ure.'So on

one level of renolution we ure interested In specific atirds
butes of specific curs and on nnother level we ure con-
cerned with properties of curs, Thus two distinctive charuc.
teristics of the Informution base are links which integrate
individunl Informalion parcels on u given level of resolution
into & single network struciure and secondly, the integra.
tion of informutlon of vurying levels of resolution into a
single structure, We_lerm the former characteristic **hori.
zonlnl integration™ and the latter **vertical Integrution.™ So
hunzgnlal refers to linkuge of cntities on the same leve!;
whereps verticul denotes linkuge umong different levels via
Informution purcels that purticipate In both levels (Ihough
the nuture of purticipution is different on each level). A
subsequent wection of this paper describes both un imple.
mentution and the implications of this femre,

The second cutstunding feuture of the information base
involves its ubility to handle the integrution of progrums
Into its logicul structure., Not only docs this permit the
Hinkuge of u dutum with u progrum that uses It; It wlows-the

construction of networks (in hoth the hurizontal und verti-.

cn! sense)-of progrums, Thix capacity has two primary

" effects. Finst, |t provides the busis for modet. formulation,

Sceond, Il fumishes u more comprehensive mechunism for
semiintic representution,
The wspect of mode! formulution Involves the uction of

" refating centnin modules into n desired configuration. This

necessitates u knowledge of which configuritions ire menns
Ingful and which ure not. Such knowledge is stored in the

_information buse's semuntic neiwork, This approach has

much in common with the notion of structured progrime

ming, Progrums devised nccording to the tencts of strug-:

tred programming” ure readily amenable (o storige within
the information huse: Indeed there I nlso the ubility to atore
ulternutive modules (e.g.. sllernuthve funcionud fupms) for
performing a purticuline role within the context of vither
other modules or o higher resolution level, The advantages

“of structured progiamming in terms of muintuinability und

extensibility? urc ulso appurent in the sirategy of integrating
progrum medulex inta the Jogical structure of an informae
tion base, That is, it is possible 1o udd, rephice or delete o
module In the same manner thit one would ndd, replace or
delele un occurrence of data,
It is uscful at this juncture to point out u disllncllun
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T perween ,p[@fﬁ!—fﬁ;&;dutnﬂw—.tmd-mmn'mmﬂ.rew!ullon ~The

i o resolution level niso goes under the nume of level ?f
stwtruction. Dikutru® indicutes [hut each level of a system’s
sofiware hicrurehy constilutes un ubstruct resource which
participutes In the next higher fevel und which hus uvuiluble

i il the resources of lower levels, So **, . . ot one level the '
progrumming nmounts 10 manipulutlon of the ubstrack re- -

wources supporied by the next lower levet of the hicrurchy.
The progrums ui that level munipulute uhstructions—the
absiructions of the resource, whatever it miy bewund at
the sume sime participute in generating @ higher level of
abstruction for the next level of the hicrurchy to munipu-

 ile."*® Furthermore, Miller und Lindumood soggest thut a

*. . . highly modular Implementition is one¢ In which spe-
¢ific funclions ure performed by specific modules (und
nowhere clse); on the other hund, a system which preserves
a-hicrarchy of ubstruct resources would uppeur 1o require

modulurity as @ minimum, and perhups u greut deal more

sstructure’.” ' Such a struciure is effecilvely treuted by the
informution busé feuture of resolution levels which ullows
the arrungement of progrim resources Into levels of ub-
straction, '

The second effect of allowing the Integration of pro-
grums into the structure of the information buse Is the more
comprehensive semuntic representution that is permitted.
Much Hteruturs ubout semuntic networks is concerned with
the network representation of English sentences (e.g.. sce

References 5 und 11), These sentences consist of patterns

of verbs and orguthents, The typical decision muker who

. queries the Information base requests the execution of some

“mode} (I.e., operutors, verbs) using certain dutn (i.e., opers
ands, arguments) as inputs. The usuul dats base structures
hundle Information ubout nrguments only: the meuningful
operator conlexts in which such nrguments may nppeur is
nol represented In stundard typey of duty base structures, A

more detailed discussion and pructical upplicution of this:

feature of representing programs in un Informution base is
prescnted In Reference 12, The remuinder of this puper
focuses on detulls und exnmples of the resolution level

feature and on the utility of the informution base us o device g

for semanti¢ representation, o

REQUIREMENTS FOR A
.SYSTEM

Recall that, In this puper, we ure principally concemed .

" with the Informution buse from the stundpoiat of its contri-

bution to the reufizution of o generul decision suppont
syflem, Although there ure severu! fucets invoived in

reuching decislons, we Investignte three in particular: Infor-

mution access, model formulution, und snalysis, The effi-
cucy of n decixion support syslem muay be evalunted in
ierms of Jts Nexibility, facility, scope, timeliness und cost in
supporting these three fucets, ’

'With respect 10 informution uccess there must be a
mechunism for the systematic, integruted stornge of all

pertinent Information, The Information buse outlined ubove

provides just such a mechunism, through both horizontu!

DECISION SUPPORT -

und -verticu! Integration und through s cupacity 1o relute
operators with euch sther und with uryuments. Uiven xuch
u stornge mechanism there must be u technique for interro-

. guting tund modifying) ft thut cun be used by Jecinion

Fin e

mukers who ure not computer experts or progrumment.. The
query language for uccomplishing this i presented lner,
The sccond fucet which must be supported Is the uctivity

< of modet formulation. This fucet refers bath 1o modets that

ure subsequently used for pumposés of dnalysis und 1o
models {n the nense of pluns 10 be implemented. Thix is o
erucial anpect for reavtving unstructured problems und for
supporting the explorutory uspects of declvion muking. In
short, the dechsion suppuort sysiem must have 4 component
for the genenition and evaluntion of atternatives for uchiev-
ing u stated goul. Ax ulready indicuted, the information buse
contributes to such un end. '
The declsion support system must also provide for the
aclivity of anulysis: {.¢.. the fiting of dutu with modets and

- _models with dutu, thereby resulting in some expectution,

‘bellefs or knowledge. Implicit In. the very nuture of the

plunning uetlvity Is the dynumic quullty of the interfuce .

belween model und data; for even though a collection of .

. duta may be compurutively stuble over some time period, -,

both the problems and the modets used for problem sotving -
muy be subject to frequent ulterutlon. Notice that u model

. operutes on u pariicutur subset of the entire collection of S

operunds avaltable, und it requires u certuin configurution L

“of this dutu as lnpul,'We contend thut the tedious, cumber-

some tusk of Interfucing dutu und models for purposes of -
unalysis should be uutomaticully hundied by the decision
support system In response to the commands of 1 non-
‘progrumming user, The method for uccomplishing this is

, discussed In subsequent sections.

FORMALIZATIQN OFTHEINFORMATION BASE

We now present ﬁ'ﬂ;ﬁhnl description of what is meant by

-the term “information huse.”” We define n record occur
. rence 1o be n unlquely lnbeled npgregute of duta (i.e., string -

of symbols), Where /* Is the set of positive Integers, let Xy
be the set of lubcls unspcluted with a finite set of record
occurrences, such that X,CI*. A record type, uniquely
denoled by the Tubcl p,. muy be dexcribed by a function r, us
follows. Define R, us the set of ult 7,2 X' ;~+{0,1} such that:

(1) v.reg,,-;‘p,u).{a g;cfmi :hﬂm lubeled p,

-

@) VreX, T rts)
3 "'-AVr.eR..I; r,(x,)>0 where X, ={r,)

Property (1) stutes thut r, defines the collection of *€X, of
the type lubeled p,. Property (2) indicates thut ench aeiy,
can belong 1o ut most one p,, Property (3) stutes that each s,
Is nonetrivial, T _

Before defining X, for k>0, we note thut P,={p,} is the
set of all lubels ussociuted with the elements of K,. Since X,

N
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‘is finlte, ‘we cnn. define these lubels such that P,ClY,
PeNX,y=8; lurthcrmore we can define cuch of these sets of

_ " lnbels such that it hus no elements in common with any .

other Py. Define; |
xl ﬂtPIEPI I AxeX,: r.(l)"O}UX.
X, »{pEP, | F1EX, 11 lr)wOlUX,

Xr={pEPy., | HxEKu.I:ﬂ(,I')i‘O]UX,.q

it follows from the definition of X, and R that there must
exist 8 K such thut X, =X,y=. ..} then let X=X, Ob-
serve that X is the set of labels of ull record occurrences
within an information buse; these lubels ure unique identl-
flers, thereby serving uy information buse keys. All occurs
rences of a record lype dencled by the lubel p cun be
determined by successive upplicutlons of the function r to
the set X. The mugniiude of K indicates the levels of
resolution Inherent in the informutlon buse, The render will
notice that P is ulwuys u subset of X if it were not desired
to trent ull record types as record occuirences, one could
define X=X,.,. There are ndvuntuges to defining X=X,,
expeciully for purposes of aliering the logicul structure of un
informution base ufer it hus been louded. This will be
eluboruted in u subsequent section,

Continuing, we now formally define the Informution-aet
tin-set). This construct, us implemented in the Information
buse, Is druwn in purt® from the **set’ idea of the CODA.

SYL DBTG Report," hence the term “in-set.” It Is impor-

tunt to differentiute this from the Famillur notion of a
rmuthemutical xet. Let Q={y&X |r,(x)¥0). Il u function

ussociittes euch element of its domain with no more than -
. ment problem muy be found in References 14 and 15, The

one element of its runge It is suld to be o functional relation,
Then ench functional relation £: (),—Q, uniquely defines an
in-set of which the record type r, I8 said 10 be the owner and
the record type r, Is culled the member. Ut is Importunt to
muke severu! observitions ubout the in-scts of un informa-

tion buse, It Is permissible, und sometimes useful,® 10 ullow -

I=j, Second, un in-sct muy be used 10 nssocinte record
types of different levels of resolution. Third, the set F of in-
sets of un Informition buse .nust be carcfully defined so
thit i1s elements ure comlstent; e.g., one should exercise
caution in defining both f: Q=@ and f3: 0, us

clements of F. Finully il f, 1 Q;— (), und fy: (= (). then we

cun form the compuosite in-net fyof3:1 ()~ defincd by -
Y TAIETAVARY A Xd-1¢ 18

Thix Ix sometimes desirable from the stundpoint of access

cﬂ'h.iu.'m.y' it also ullows ux 1o anach speciul wi;.nlﬂcnnce or
meaning W ¢ertain groups of wels, '
The forepoing ix o formal deserdption of the major fea-
tres of the information buse. W accounts for both the
horizontul integration (via in-sets) and vertical integrition
(viat resolution levels) of informution fmo u single mecha-
nism. 1n order 1o illusirate the use of resolution levels, we
Apply the above fornulisms 10 the problem (see Winogrd’)
of representing infornustion aboul curs, In this problem cars
ure to be described in teemy of color und weight; in addition

wo would-like to denote that color and welght nre propen
ties, Suppose we huve record occurrences. us shown in '
Figure Ia; these ure Identified by the respective lubels in
X.. The set R, is also shown; by inspccnon we see that R,
sutisfics the nceded conditions as given ut the beginning of
this section. The function ¢, determines whether or not an
clement of X, is of the type color, Similurly #, is associated
with the type weight und r, ls assocluted with the type car, -
In our implementatlon each ry defines (und is defined by) a
linked list of occurrences of fts type. Given Xy R, and P,
we upply the rule for defining X, to obtain the result shown -
in. Figure b, R, i3 ulso given and cleardy satisfles the
necessury conditians for s definition. Application of r, o
clements of X, cun ba used to determine which elements are
vehicle propeciies. Figure lc gives the X, that l'ollows from. .
the dcﬂnlnon. If we tuke Ry=90, then X'=X,,

The occurfences und thelr “verticul® relations with each
other ure dingrummed In Figure 2. Also depicted are two in-
sets; f, and f,. Using the definitions of Q,. @y, and Q, given
in Figure 2, £,:Qp @) und f3:Q05=Qy. The arrows in the
diagrom point from the owner of the in-set to the member;
i.e.. each drrow polnts In the direction opposite to thut in
the notuticn of its corresponding functionul relatlon. Using
the formulisms Introduced here it is o simple matter to
represent Jan extended problem including other kinds of
vehlclns.‘? more properties, subclussifications of properties
(e.8., ﬁruclurnl. functional, etc.) und cven properties of
propenlel,

]

An Inforiation base for water quallty management '
More delailed discussions of the water quality mamige-

objective of the exumple presented in this section Is to
demonstrute the applicability of the information base as a
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Figure 2—Ovcurtences, in cur Information base

device for cupturing the semanltics used to support pructical
decision problems, A! this point, we presume that the
reader has u sulficient concept of what an informution buse
entails to obviute the need for complete fermalistic descrip-
tion. So for the sukc of economy, the following exumple is
presented in a less formal manner than the previcus one, It
will be use to depict certain implementationa details (e.g.,
linguages in which the informution buse is specified und
_wilh which it is utilized). '

Consider the record type POLLUTER, displayed in
_Figure Ja. This aggrepute of duts item types represents

35355;
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measures of Aypes of polluter sctivity -for-n-given dute: So.
occurrences of this record Lype correspond to meusure-
menls tuken on vurious dites, In order 1o build u semuntic
nelwork, we must indicute how this concept of POLLUT-
ER fits into the pattem of knowledpe concerning water
quality management. A poltuter is properly charucterized vs
being u propeny of u river reich.. Other propertics of o
reuch include reach. purimetens, hendwaler, invtemental
flow, und treatment plun, So # reach is chumcterized in
terms of these properties us follows: a reach s a postion of
a river In which certnin water quality paramelers are
relutively invariunt; which his ne more thun one (point-
source) polluter, one incremental flow or one headwater;
und which must possess treatment plans. This could be
representied in the information base by occurrences of the
REACH PROPERTY record lype displayed in Figure 3b,
However, observe thut cuch occurrence of the duln item
NAME (e.g., "POLLUTER,” “HEADWATER." “PA-
RAMETER," ete.) is ulso the tuhel of n record 1ype which s
itsell an uggregate of item types und which muy huve
numerous occurrences, So, for instance, ' POLLUTER"
denotes un occurrence of REACH PROPERTY; butit also
denotes u record type (shown in Figure 3n). The 'sume
tircumstunce holds fur the other reuch propcnies. though
their record types uire not depicted here, The resuliant
logical structure is illustrated in Figure ¢t a record 1ype
enclosed by unother record 1ype Indicites thut the cncloscd

record lype Is ulso un occurrence of the enclosing record

type.
We continue the exumplc by exumining generul ‘water

quaulity modeling churncteristics. In order to simulute water
quuljty we need information ubout the following: the rivers
involved, the reuches. which ure in ench river, ench rench’s
propenies. junctions, piping pluns, und madel pur.oeters,
This is shown in the structure of Figure 4. N - ' al the
record tlype GMC hus iwo item types: CHAK = o lunis-
tic) and IMPT (4 mensure of the relative importar.s - ! ¢ach
churacteristic). Five occurrcnces of GMC uie shown: .
RIYER,REACH.JUNCTION,MODELund PIPEPLAN, -
Genernl Modeling Chumcteristic is not the only property of

SUNAAL MOOMLING DWRACTERISTIC (o)
-7 rva

IPIR WAR
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Figure 4—Exumple of loglcxl structure t(GMO)
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n scgment thul needs to be represented; Local Modeling
Charnscleristics (LMC) ure ulso needed. (The term segment
is used 1o indicate u purticulur area of u river busin.) The
detadls of the high level record type LMC nre not shown
here, but they describe informution ubout non-point sources
of pollution, permits for point-source pollution, treutment
plant construction stutus, permit violation data, ele, As
shown in Figure 5, GMC und LMC are occurrences of
SEGMENT PROPERTY which Is iwself un occurrence of
the record 1ype WQMA; BASIN und SEGMENT ure ulso

occurrences of this record type. The informition buse could -

be further oxtended lo incorporute wspects of fund use
© plunning since they infllucnce und ure influenced by water
quality munagement.

The foregeing logical structures are Initinlly defined in
terms of un Information Description Lunguage (1DL), Use
of the 1DL 1o define the logical structure of Figure 4 s
prescnted in Figure' 6. The specificution shown is largely
scll-explunmiory, Euch record type is followed by the liem
1ypes which compose it I the record type is of u high level,
fthen its item types ure followed by a specification of those
record types which nre its occurrences. Definition of un in.
sel must be preceded by specificutions of its owner and
member record types, For simplicity, detulls of the type
ungd size of items ure not shown: ulso the ordering criterion
of cuch in-set is not shown,

A LANGUAGE FOR DECISION SUPPORT

The reader will observe from the preceding discussion
thut the decision sipport system has two husic components:
un information buse und a query lungunge, Cleurly the
usubility of u semantic network depends upon implementu-
tion of u lunguuge with which one cun extruct (insert)
meunings that ure held in the semantic net. Not only ure
semuntics conveyed by u particular language, they are

limited by it us well. The lunguage is used 10 cxpress.

meunings, but it ulso delineutes the kinds of mennings
- which ure expressed. We cun devise urbitrurily complex
semuntic networks, but their usubility is (from the pruciical
stundpoint) construined by the lungunges (und languuge
processory) which cua he interfuced with them. Observe
then that there is a fundumental duality of (1) the lunguuge
in which ideas ure eapressed, and (2) the structursl repre-
sentation of ideas in an informution base, On the other hand
the semantic 'mechinism must be capable of taking full
sdvantige of the language's power. In the cuse of the

WATIR QUALITY WUMIDAIT ASPECTE (W)
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Figure SM—Exumple of kogicud structure (WQMA})
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implementation described in his paper. the query language
i the constralning factor since il is intended pamarily for
the practical support of decision uctivities of managers in
sath the public and private seciors, o _

Implementation of a nawral language (e.g.. English)
processor is certainly o noble objective, Tt is our expericnce
that she typicad decision muker ncither uses, nor needs, o
complete Tacitity for conversing in a naturat Lineuage, Ikt

often happens that phruses or clases are sufficient to

convey an idea; there are grammutical construcls (c.g..
reflenive, passive) which are not particulurly permane to
the decision activities of information access, model formu-
Lition, nnd snulysis, In addition the decision muker is more
prone to desire information conveyed in a tubular or
gruphical fushion than in a narrative mode. 1L has also been
found that the user sitting at u computer terminal has a
tendency to usc ubbreviations und concise muthcmatical
notation. )

With these factors in mind, the query language 10 be
outlined here has been designed to meet the needs of
decision mukers for Mexibility and brevily of expression,
while at the sume time being eusy to learn and wiilize, The
query language is cffectively a subset of English that has
been extended to include standurd mathemiicsl operutors
{i.e., relationul, arithmetic. and univarinte wnd mullivariate
fupctions). The focus here is upon use of this Lunguuge for

interrogation, though it may be used lor duts creation and

modification uas well.*

{COMMAND){FIND cluus¢}(CONDITIONAL clause)’

or altemaltively,

(CONDITIONAL CLAUSEXCOMMAND){FIND CLAUSE).

So some sample queries are: : )

The stundard framework of the language consists of a

collection of operators (used in the capucity of verhs,
sdverbs und adjectives) relating 10 operations typically
performed by most decision makens: these operators are of

two kinds: commands te.p., LIST. PLOT, STAT, RE- ;

GRESS, ete.) und mathematical vperators {e.g.. AMAXNI-
MUM, AVERAGE, =, 4, <, cic.). In addition tu 1his
standard framework the user may define arguments tused in
the capucily of nouns), synonyms for urguments gnd opweri-
tors. und any further upenitors (f.e.. progrums 1o be inte.
grated into the information hase) that are mundane 1o the
panticutar decision making application ta be supporied. This
definition is effected in terms of an Information Description
Language (1 DL) which establishes the contextis) of all data,

net.

~ Delails of the query processor ure nol discussed in thix
. paper but may be found in References 16-18. Briefly. the

query lunguage has a context-sensitive grammar: inverse
transformations are used o tuke a surfuce struciure query
into a deep structure expression in a linguage having o
context-free grammar. This deep structure expression is

analysis, Parts of the compiled expression are used us input
10 network traversul routines which make cxtractions from
the information basé for use in anulysis indicnled by the
query’s command (verb).

The query's syntax appears as follows:

+

arguments und operntors, That is, it defines the semuntic

- compiled using well-known methods of syntax-directed .

LIST REACH.NAME.REAERATION.PARAMETER AND REAERATION.EXPONENT. FOR DATE=110175 AND.

REACH.LENGTH<.9

WHEN  DATE=110175, -
DO.CONCENTRATION/LOG(TEMPERATURE)

PLOT REACH.NUMBER VERSUS

AMMONIA.CONCENTRATION ~ AND

LIST GENERAL.MODELING.CHARACTERISTIC IF IMPO.RT.ANCB:-J

The tanguage wllows any meaningful configuration of argu-
“ments and mathematicat aperitors 1o auppeat in the FIND
and .CONDITIONAL cluuses.

PROCESSING, HIGHER LEVEL RECORD TYPES

Upoen receipt of a query. the query processor penerates
Aappropriate commands for traversul of a multi-level net-
vork, These commands are operators in an Information
Manipulation Language (IML). We use the term IML 10
distinguish from the Duta Manipulution Language (DML)

proposed in the CODASYL DBTG Repon.'! The DML is
intended 1o permit uccess, modificntion und retrieval for a
single tevel network duts buse. The IML has the more
extensive function of fumishing tools for manipulation of
the information buase, Thus the 1ML, contains openutors for
hundling ll‘atdjlic‘)nul DML functions' und opcrators for
processing higher level record types. The latier are dis-
cussed here,
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In the DML, routines exist for creuting a record occur-
rence at & unique location denated by ity key. The IML
includes unilogous routines for specifylng thut un existing
record occurrence be trenled s a record type as well,
There ure four such conimands:

CRTK—Creuie Record Type bused on o given Key

CRTR—Creute Record Type based on the current
occurrence of unother Record type

CRTO--Create Record Type bused on the current
Owner of u given sel :

CRTM—Creute Record Type bused on the curl'cnl
Member of u given set

Another traditional DML operator (AMS) ndds a speci-
fied record occurrence as a Member of a given Set. A
similar IML operutor is used for udding an existing occurs
rence of one record type us an occurrence of another record
type. Noie that ulilization of this operutor must be pre-

ceded by u generalization of the definition of a record 1ype .

which wiss introduced ahove (ie,, the definition is general-
ized by remuvioe the restriction that I, rds)si, VrEX,,
where r,€K ). This operator is AORT, Add Gecurrence 1o
Record Type. and it uses the key of the occurrence 1o be
added. In conjunction with commands for the logical re-
siructuring of o actwork dutu buse,* AORT provides the
ability to add und deletc higher level record types und add

existing eweurrenees (o higher level record types; and this is

nceomplishud without dumping and reloading data.

Finutly openstors ure needed for determining the key of a
record type, given an occurrence of the record type. These
commaunds are: !

GKRR—Get Key of the Record type for the current
Record occurrence of that type

GKRO-—Get Key of the Record type whose occur-
rence is the current Owner of some set’ -

GKRM—Get Key of the Record type whose oéculr-
rence is the current Member of some set

These operators provide the cupacity 10 proceed from a
lower level occurrence 1o o higher level occurrence, when
used in conjunciion with truditivnal DML operators,

It must be emphanized that the typical user of the query
system needs to have no knowledpge of the IML operutors,
for they ure autumatically set up and executed by the query
PrOCESSOr in response 10 u uscr query,

ADVANTAGES OF THE RESOLUTION LEVEL
FACILITY

We contend that the concept of resolution levels effees
tively ndds a new dimension 1o the ficld of information

storuge. The preceding discussion hus suggested a menny
for operationulizing this concept as an exlension 10 the
trditionad single-level network approach, One ndvantage iy
that multi-level semauniic networks muy be stored without -
introducing asymmelry in the interpretation and processing ©
of in-sets und record types. Since a record type may also be
dcfined 10 be un occurrence of n higher tevel record type,
the addition of & record type is treated by crealing a new
record occurrence at the next higher level. That s, we
remove the distinction between duty values and the strue.
tur pattern according 1o which dutu is organlzed, In other .
words. the terms **attribute’ and *"value' ure recognized
as being relative, so thut what is a value on one levei is un

- attribute on another and vice versa,

From one viewpoint this abolishes the special status of an °
1DL specification by permitting record type definition to be
& dynamic process, That is, the creation of a new recond
Iype is synonymous with the crention of & new record
occurrgnce of a higher level record type. Thus the IDL
specification of the highest leve! of resolution is effectively
reduced 1o the definition of three record types (one describ-
ing information ubout record types, unother relating 10
informitlion abowt sets. and one with various system infor-
mation®) und some in-sets belween them. This definition is
always the sume regurdless of the conlent and structure of
lower resolution levels, ’

A second advantage, alrendy mentioned in connccllon .
with integration of progrums into the information base,

‘concerns i mechanism for handling levels of abstraction in

software. A third udvantuge is thut higher level record types

. May he used to charuclerize areas of an information base by
_ussigning record types of a particulur area 1o be occur-

rences of i higher level record type; these arcus may be

defined for a variety of reusons (e.g., for information

secunity, 10 denote scenarios, to delimit functional arcas—

which may overlup. etc.). As the information base becomes :
large and varied in content, this 1echnique may ulso be used’
to realize efficiencies in path determination processing. by

limiting the scope of network truversal to a particular

informatjion base area. :

THE INFORMATION BASE AS A DEVICE FOR
SEMANTIC REPRESENTATION . -

With the foregaing background, we ¢in now address the
three criteria proposed by Woods,® which must be sutisfied. .
by a notation used for semiantic reprysentation, First ob-
scrve that the information basc is u'towl for the representas
tioa of 4 semuntic nciwork (i.e., a single mechanism with

_both the .lhility to store factual knowledge and the abitity to

model ussocimive connectivns which render certain p.m:cls.
of information uccessible from centain others). = -

The first criterion of & notation for semantic representas;
tion iy logicut udequacy, The nolation must provide an
exact, formal and unambiguous represeptation of any par-
ticulier intoepretation that may be piven 1o n sentence.
Recall that the sentences with which we are concemed are-
those allowed in the query kinguage for decision makers.
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he infurmation buse allows u given query to have a
multitude of interpretations, The query specifies 8 group of
Jata items which may be reluted 10 each other in many .
ways viu vertical and horizontal linkiges in the information
suse. Euch path of linkuges on which these items lie
,,...u.spnnds to a particubiar imcrprcl.mon of the query.
{'pon receiving a query which is subjecl to muluplc inter-
pretalians the query processor prompls the system’s user in
onder 10 ascertain which interpretation (i.e., path) is in-
iended. Details of the manner in which this has been
mplemented may be found in References 16 and 18.

The second criterion is that there must be un algorithm
for translating an initial query into the notation of the
information buse, This is the central function of the query
piocessor whose operation hus already been described;
wnplementational details appeur in Reference 13, The third
¢riterion, conceming algorithms cupable of using the se-
manlic representation, has also been addressed in the

Jiscussion of the query lunpuage. Observe thut the ML

provides the means for interfacing algorithms with the
semantic representation.” Algorithms which have been
used range from relatively commonpluce report generators
1o Jurge scale water quality simulation models.'*

CONCLUSION

In the beginning we observed that it is the patierning of
symbols which can convey information; a datum's meaning
derives from its contexi, [rom its relatlonships with other

data. Thus when considering the design and ilnplcm'cmnlion .

of systems for decision support, a crucial point is the power
of mvailuble tools for representing contexts, The value of
such sysiems is constrained by the **richness’ of patierning
alléwed by their dala structure mechanisms, Observing the
progression from relutively impoverished linear structures
10 frees and networks, we note that each stapge has pravided
# more powerful und flexible tool for semaniic representa-

tion. In this paper we huve introduced the notion of an .

information base us a naturul step forward in the continuing
cvolution of data structures. An outstanding feature of the
information base is its accommodation of both the horizon-
t and vertical integration of information parcels into a
single mechunism, An information base implemeatation
which builds upon neiwork concepts wus discussed, A
topic for future reseurch is the investigation of nn informa-
tion base implementation which builds upon the relutional
datn base notions.”” A second distinclive feature of the
Inform.mon base, namely the imegration of operators into
its structure, was briefly described. The information base is
utilized by a non-procedural, English-like query kinguage,
that has been designed for decision support applications.

This lsnguage, in conjunction with the information base,

satisfics the requirements for a notation for semantic repre-
sentation. .

.
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The central proETen] of database design, for the information

analyst, are hov to select the appropriate universe of dis-

course and hov to relate the dats structures, vithio the

information system, to the rea] entities in the wvorld. These N
are the probless of operational semantics ond thiy are quita

different frow the formal semantic problens which arise {na

the study of dita wanagerent. Thelr solution depends wpon N
cur beiny, able to rely upon the stable vorms of hunan dio-

course vhich are established vhen people use FTanpuage and

other sipns for some practical purpose. A conceptual schema

enbodying the operational semantics of the systexm should not

be confused with a general schema te cootain A canonical - -

data structure., The fssues raised are §1llustrated by concen-

tratlog upon the sivplest of sewsatic prodlems: the ldentifying "
of physicsl objecta. The snalysls presented arlses from the ’

LECOL Projectt. '

Introduction ~ Inforration Analysis

Py exsnining the sivplest problem of -informaticon analysis we shall sec that a
database is.nol a oodel of realfty but an eobodirent of a oyth. Vhat could be
sicpler than the use of data elements to reprevent the physical objects, the
tangible reality represented by & databasel Thit is the problem wve shall exisine.

The information analyst specifies vhat daca are regquivgd to solve aoce class of
organisational problems. The designer of the infermayfag systen must ensure that
the data in the forzs] system are correctly linked to yhat he will call the ‘real -
enticvies® ia soce "cbject systen®, They create zo appropriate wyth. The realley
lies in the operational success of the systen. If the systen helps us effectively
to solve some set of practical problems, then tha oyth upoa which ft is based fs
real epough. Charge the problen, change the purpose of the system, snd the ayth
ovay become Inappropriate. A databass, for all the logical precision of frs struc~

ture rests on this quicksand. Only & continusl apalytical wigilance can heep
it afloart.

Information analysis Iz being studled ot the Llondon School of Economles o a nrody
of adxinistrative systems bised on cvozplex rules. This, the LECOL Project, wses
atatute Yov o8 experimental material. 8y attempting to devise a formalism vhich
can ompress the kinde of rules that might appear fu a otatute defining 2 tan
systen, for exzzple, It 1o hoped to discover o way of ppecifying—ou inforsatlen
oystem zt-a very general level, A oecond prototype interpreter for this linguzge
la pov baing decigned, an essential part of which {5 a sexantic sodel. The reselt
of inforsation analyrio may be viowved as & semantic model for ao appiticzation, poa~
oibly in ocos area of Iav. Lt oppears that tho oruantic model of LECIL {0 che

S Thoe LICOL Projoct 8 owpported by the UK Bclontific Bossared Cownell with

oasolotacxo frea IEM(UL) Scloatlfls Ceatro, Potsrloo. °
L3 - -

|
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sace, thing a9 the concentuzl schema of database atodiest. If this s 85, then
the LECOL Project muppests that fecent discussions of the conceptus] cchema have
falled to recognise some loportant [dess and to distinguish two quite different
Hmeo of enquiry. The purpose of this paper Is_te explaia theso {dess and the
mothod of enquity being employed la the ressareh, .

Kes] World and Formal System

In the discussfons of conceptual schemas thare 14 avidenca that two guite dif-
forent problems have mot baen adaquata]y separated. Flg. L lo Intended to
cophasize some tejor featurss of cur problea;

Sewanlica

' geabnal somanles '
C (m&émc'cdlda) : WM&J”#)

ONCEPTVAL
- SCHEMA

gl T s  smanbis ot ot

The formal system containe strings of wyobols = fnk oarks on plp-i or alectro=
magnetic traces ~ and some of these may constituto on fdentifier -ef a perscn,

Tho real world zay centain the real person hinself = yoo cay meet hic and shake
hin by the hand,

8 This vas ot obvioun to wo or readlag tha AMSI-IPAND Interio Repore (3} but
this Lo the firm opinfca of Dr. T.B, Stenl, Chnirman of this Commlittes, omproo-

::‘nat I7Ir TCI ceatings ie Pont-a-Movosen, Soptosher 1973, ood Nies, Jomuwnry
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To & sanarer ar adninletrator, whe vants
the lde?tifinr le the link lo.the pquon'h:‘:;n
to put into & detabass wmany aittions of strim
rs of symhols byt
7::::n:°t:::ull:.t :ho 'r.c;.; they exnress are a relisbla h:ll:h:o:a:::::n
azahase containg koovieare in thias sense merel :
ltr:eturel_ol hierarchies, retations oF netvorks can yle;d utrlzr:.::u':l:::d
symhols which may he construed as sratements ia naive. The runaper's l: an
::::t:::l:f::ul p:ohl;?.. N: 1Fthemati:nl analysis can puarantee to the manager
gments elicited from a datahase by his enquirles i '
koovledre'. This can only be done by ensuri . te operationetly
be y suring that there are operstionall
¢{fective proceduras for giving thin . thing
. £3 nanes and for finding the real thi
given the nare. By 'operationall ' "
Yy effective' Ls mcant that th
be carried out, by the people vho mus b ettt
c 8t uste the {dentifler, vith suffici
reliability to enadble the information sys y e oot
i tenm to do & useful jobt, Tn L -
logical serantics of the database a ! . Lch pecole
T embodied Ln these procedur
perform, They cuy be difficule to establish and costly to lup:e::.Uhlgy people

to traln his etafy appropriately
shake by the hand., It Ls eany

Te

Mathematicel nethods, hovever, are a "
v PPTopriste to formal semantf
::: :::u::a::::.:fl:n:h:::tngtzf l]?boll {n terms of others, we ::;d ::v:: ;::v.
Sithemstien can lepicimatuly ¢ i
inee tn e ih,Vhich wat r y describe these velatione
15 quivalence of *SMITH' and ch
'90152* lo ons such relationshi rma) tlonshing. s tha iner
P+ Other formal relationsh
suggests, way link an abstrace concept such ag ';;N;OR::;'i::.t;: :::o':::::nt
::n:::::.to!::::b:;::g:hopcrf:ionl nu;t be added to the operational aroccdural.
® epistemological seruntics of an ab
This can be seen from the notion of *SEN1O y comoceog he"
RITY' whieh {s only connected
concrete vorld via the formal proceduras 4 Henca” e ls 2 pron
' ce formal semanties {
subset of eplstemological semanticg, The conceptual scheman myst thnru:o:up::::r

tain desctiptions of bath the int rhal
ceduran o ortons oK bot hclnlngl.o:‘d:t:?r“.l ope;a;lon- and the external pro~

Twve Conceptual Schecas .

Vithin Fig. 1 there is lurking a second
| quite diffarent problem,
:{;:::.d:f::i: :p:n-n;rpln: the atringa'ot symbols ft con:elnn.:ponT::l::;::‘
ures. L8 18 20 trus of a clerical system as of .
aystem but In the lacter case Lt s crucial teo f oxpersiv pon
the desipgn of oxpensiv
purpose ooftware. This {9 vherg the second 1 P hera erls
Tt Lon quest for o eanonery o Lhe_ notlon of & conceptusl schers arlaany
Te to which all mahp;ngl ol aub=2
:::tf:::to:;oﬂfyi:z:l:l:;or;?chmag bodrolnted. This view vas elnm:ll!::: :: tha
wnich placed tha one concepruat schema b
gxternal achemas {serving different sers ef cnal schems
ptogrames and ma
{serving groups of physical groups of physiecal :toragt'dovi::nlnr.r;;ll.them..
of concepsu&l pchema is naturally sought Lf one ‘ .
Ehe afficient use of hardvare and the veiting of
large enough to varrant the

prograco. Thase prob
undivided ottantion of some rnoarehcrt. fons. are

4 serious mistake {0 pade {f weo confute thero twe notiomoy

C3C(A) & schonmg of application concepts
CS(D) a canonical structure of deta relatlonshlps

* Notlca hov this stotesant eophastsce !h;‘]- purp
of the system, & rocurrent theme in thia ’.::::anco of Snouing the pucpesy

4
?:::::‘::::::.P:;no;:io;fzisz.ln" nat Ec entively formal but, to o prestar or
. of sonsonc's value julrerant or H
Tole fo desie wieh ln genera) torao {a ()) Centont ot s
and briefly {m tho cont
fa (1). Epeco Y. 20t paruit the onplerstien of thic tople lo "::t’::.:fCGL

-

ie precccupled with the eonputer,

X

.are Telated,

Both are sosential but they serve Auite different purpnues and, couresr, they
Confusion, reprettahly, is more common than a careful differentls
atfon of CSTA) and CS(P). One resson §5 nur habhit of using mnemonle Yahels Lo
tilk sbout forral data elementa. By discuseing €SN} in terms of exarples vhere
data elevents are cailed EMPLOYEE 1O,, DFPARTHNT NO,, and so on, we [mport inco
the discussion motlons that belong to CS(A). With care we can avold cheating by
using our Intultive knovledge of the se-—antics of such slements but the ease with
vhich ve fael we can handle the wpistesological problems of EMPLOYEE NO,, DEPART=
NENT X0. and so on leads us to suppress ths probless of CS(A). The result {0 te
fosgine that & cancnical structure of sultably labelled data slemants will cap=
ture both the contante of C5(D)} and those of CS(A) as well. This sasswmption i
implicit 1o the majority of papers on dstabase architecture (12, 13, 14). The
viev adoptad hare, hovever, {s that tha applicatien concepts, wvhilst eadodying
structures that must be veflectad Lo tho cenonical data structurs, wust embody

6 graat deal oore having nothing to de with tha formal proparties of the dota~

“... - - . -
To l:cnplii;_thls, consider & description of a housas Vo want to hnow)

(s) Muzbars of bedrooms and reception voome
(b) Is it it for human habltatioa?
(c) 1s it free of land charges?

Yor the information system at large and the epiotemological ncmantice of the dara
it is essential to knov thst -

{a) is & relatively objective attribute which can be supplied by any wormal
person vhe goes to, check,

(b) 10 a value judgenent vhich must be made subject to certaln constraints,
by a qualifled surveyor, whilst

{e) can Y& deternined by computer sesrch of Land Reglatry £Ilas vhora a1l sue
charges musk ba reglstered to be valid.

Such seaantlco are frrelevant to €CS(D), For tha designer of the intornation cyo=
tem thesa concepte are fundamental and thay belong in the CE(A),

Following the Informatlon snalysis phane and the specification of CS(A) & linited
asount of Information about the spplicarion must be passed to the designer of the
conputer oystem, Aas it relates to the data, this linived Information ouy ba
1odged In CS(D). Essential questions we need to ask ares vhat informstlion can ba
discarded an ve move from C5(A) to CS(D)}? and in CS(D) wvhat cancnical forme are
appropriste for the dota structures? :

To see hov these questions can be answersd wa must remind ourselves of tha tech~
nlcal problem which CS(D) help us to bolver how to navigats through. storage vol=-
uwes to find the dats elements wanted by progrems, Obvioualy this entalls namiog
the data elenents 3o that thay can be allocated to storage £n any way appropriate
to the storags topology (this allocation [ contained In the internal schena),
The nizes used fn the CS(D) could be mnemonice but they need not be, Last ua sup~
#ose that they are not, so that there o no tempration te trznafer subconeclously
or covertly any knovliedpe of the eplsterclogical semanties. What then do wo
underatand about the extsrnal schema which vaps the dats names uosd In appllicaciem
prograns {nto the canonical form of the CS(D)T A CS{D) full of dsta nanes with=
out self-evident peanings will not halp the application progracmer to set wp &
zapplng of his dsta eloments iato those of the tanonical dats wmodal, Ha vill be
forcod back to C3{A) whare ha may find that the monoiags of data olreody in che

databsoc are pot appropriate te his mav task. ]

. 4
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Mot orly noaes of data aleeents but relationships smong thess elements must be
contsined in €5(0). To investipate the slgnilication of these raolstionships, ve
csn wtrip the preblem bare by not parmittine oneonnlen to ba cercied gcross from
€sia) 1o C5(D), If we do this, {L ls clear that 'lopical® notions soch ap
‘entity’, "attribute’, 'rele’ snd 0 en, cannot be used a9 In CS5{A} when telking
of real thinge, Our database scftvare {s intended to help ua *navigate' through
stcrtage ko the dstn we want, The CS5(D) lo the *chartroon’, ‘'Llogical’ relation=
shins are dignificant because they delfine routes among data slements that bust
te svailable sand may be used quite often, From this point-of=vliev, the diopute
tetween the devoters of binaty and mary wodelo falls into perspective. I the
comruter permite only sequentisl processing then one must travel betveen singla
dsta elemente and the binary wodel Lo natural basfs for the canonical form such
a2 Senko describes in (15). If the computer {s more approptristely vsed ac &
parellel procassor, then groupings of elementc which are nececessrily and only
re-essarily related will ba Imporcant structures to identify, This leads to
vcad'w third normal form, Something s gained and something ks lost which svar
ca~cnical forn i» used, The psychological discomfort of the binary model is
pointed out by Senko ia his paper. The artificislity of the blnary model is an
savantage if you vish ro avoid confusing CS{A) and C5(D}), The relational view of
datas is convenient but dangerous at the CS{D} level But at the C3(A) laval
retational structures seem to be essential. At least this is otrongly suggested
by our studies of Information snalysie for legal systems, '

hswing attenpted in this section to drawv a demarcation 1ina betveen applicatics
concepte, CS{A) and cancmical dats structures, CS(D) wa shall turn to the CS{A)
vithout the-risk of beconing Involved simultaneocusly in two sets of dlfficult

and conplex problems, Ve Introduce these idess a9 they arlsa in the LEGOL Profect.

The concreta and the abstract worlds

Tha axparioental material used by tha LEGOL Project s legislation of the kind
wpon which routine administrative systems are based. These syetecs of rules are
ccnstructed so that they are grounded, ar far os possible, upon simple, rollabla
concepts such as physical obJecte, ovents and relationships (aen Pig. 2) whilsg
the abatract notions such as "4 work of 1f{taratura®, *copyright', 'ownaruhip of
copyright' aad so va, are procisely axplicsted threugh formal rules,

-

Fa2, Alstact esbtiee q-.-..w% plyial o v

. werafon of the rules and thelr concepts

.78 -

a structure. Rath the lhl‘ylil.nf:funfvptl':mr
i i " h kelonp, strictly sprak~
i sl prescriptions is included ond bot ., ! ea!
Eh. ',:r:;:‘::n?: :::l |zhéna {hy which {8 wmeant €S(A) in the rest of this papér).
;:E’;:y inagint.tglt the legal draftsman is trylng tbl:fil; & program ::.g:;;;; 2
he teal world. ic & senaa e
the behaviour, not of a computer, but olh:,. the same functico aed, ;b-rc:ort.
by tha earlior anstyois, the conceptual wchems has :h:: rols of ?rogrgna n!-_
ths resl vorld, Tig. 3 on tho left hand alide shows this. .

LfﬂﬂL {3 intended to descrite surh
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simultancously, the LECOL version serves as 0 computer prngr::.:g:;u::.t:;::t
conputer :yniem' vhich wvill Interpret it. This {0 teprese o the rie
:4 d :idt of Fig. 3. The LECOL Project has. effectively cl:l¥¢d tb l:t T ee
pl?cationl with which CS(D)} must deal by accepting t:;’;o}:; ::; 1;). !
softvare employsd by ths protatype, panely PRIV and

Froz this analysis, it would seen that l_ccnc¢p:ull schenma, e:g:::;cg,::.:tgg:
or in scne othar way, would deal fully with the link bctvc;n e T aieh peopl:
creal wvorld, This is not so. Ws are also dependent upon. the wvay Rl it
understand the vords, numbsro, seniencsd and ao on, v:!it :::r:':-la‘..

ten's boundary, This neglected ropie {s tha one we sha

Discourss Systesu t

t
Formal information systems are not products of nature, They fnhobit the oysten

H + ool.
patursl discourse which human boings have erastad :lht:elr :o:tntzzzr::::doz‘na‘
Matural language seTves as the petavlanguage In vhhc o:n:cr‘:.d Da are e e
This discourse systec eonplicatos the plerura whic ':.f[.igg bad e Petilo
also provides the exsentlal means of eczapa froo ths fofin I ,

3ogical analysis,

& alhoit o ervda, Vimited protetype at present
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The syrbols in the formal system are related to the things in the ohject=avaren by
peopleuring natural languige. Sec Fip, & tt is eonvenfent te cal) the system
in wvhich the meanings of slpne depend upon linpuiatle and other norms, the
dlacourse system®(4). 1t corresponde to the informal part of an orpanisazional
lnferzation esystem., It evolves through huran, socio-linguistic Intercourse,
unlike the formal system which depends upen explicit delinitions. When ohserva-
tions are made, resultlng in data~values bheing inserted In a database, or vhen
dataare retvicved, av & barls for actinn, the link will be mede by vords or other
signs which ars mesningful both §n the Formal avstem and the discourse systen;
&.g. "CUSTOIER, ). SHITH LTD', Vhen symhols of the formal system are ueed vithout
thelr having & place In the discourse mystem {e.x. an account numher '3I70BX4353")
thelr use must be wxplained to the relevant people, in natural dlscourse®,

Operstlonslly, the symbols wve call "[dentifiers’ will be linked to the relevant
physical objects through the discourse system, The queot for lopical certainty

{o ehis tink is & b1ind slley. W shall alwvays be dependent upon tha stabiliey

of human norms [n the use of signe. These constantly shiteing norms are the-
slightly insecure But only avallable foundation upon which a practical datstase
caa be bulle, Surprieingly, desplte its central role In r:plainlnu any large
data~processing system, the concept of a 'dlt:our-c rystem’ has been overlocked by
inforoation system theoriscs, ;
Even when dealing vith the apparently simple semantic problem of hrv to {dentify
physical objeets, the information analyse cannot rely upon the norms of the
discourse system, The way {n which the real world is partitioned into cbjects
depends upon the use of languape vithin the discourse system, vhen people are:
solving practical problems, It §s.a mistake to sssume that there is e unique,
objectively-glven ser of physlcal objects to which lanpuape refers. The lpatlnl
and tecporal liclts of the objecte wve talk about are a function of why wve are
referring ta thea, of the shared problem we are trying to ecolva through the use
of verbal and other sycbole, 1If the purpoze is thanged, so ars the objects. The
normes of the discourse system can shift in subtle wvays to mitch the shifting con=
text of different problems,

This thesis needs to be demonstrated and this Is done below, If Lt is true chea

-dc foplles that formal systems call for the uae of words in steble and uniform

vays that dilfer froa the usage fanlliar ia everyday discoursa., 1t will be a
task of the conceptual schecu ko embody thess specisl weanings of datl in the

.foroal system and to help users to enploy then correctly,

. Entity and Purpose

Preswubly we want to bufld formal {nformation systeme which ensble pecple to
coopsrate and do useful things In the real world. The basle of human cooperation
{s the ure of signs, including words and other symbolas (5), eo that one person

oay cbserve and others may knov or one person may Instruct znd others sy act.

In any use of Inforration thare vill alwsys be & closcd loop from observatlon,
through decision, back te action affecting the thing observed. 1In an Informsl

use of words to solve a practical problem, very [ev people wiil be lovolved in
this cycle and there vill be no long delsy between obrervation and ‘action, TFormel
systers tend to supersede informsl discourse vhen many people have to cooperate ll
4 complex task vhich requires precise action over long distances and extended

tice parfods, Formsl systeas are the eoesance of uany kinds of crganisatien,

¢ Xote that discourse lavolves sora than astural langusgej It doponds upon learm=
fog hov to woe words, nunbore or other sligns to got things éome,

r
-~



.entitian there are many "subschemas’ but no peneral *schema’,
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Tue orerations of obsarving and scting sfe the interfares befvesn the object sve=
tem and the inforratinn svatem, The computer apecialist s familfar with the
Froblome ol organising and Jabelling éymbolic structures within the formal infora
atlon system, 1In this paper, we sre concerned vith the quite differont proklem

ef hov to orpanlse and label the contents of the object svatem®, The senantle
probliem may he regarded as that of estad.tsning correspundence betveen entities
and data. Just as ve distinpuish and lahel data to navipate through storaps spsca
within the computer, so do ve distinpuizh and 1abel entities to navigate through
real space and time, Just 22 we wish to update & recrrd consistently and later
retrieve it, ao do ve vish our ohservations and acts in the real world te be con=
sistent, For example, If trafflc warden A observen a vehicle obstructing the road,
then that vehicle and no other should be towed away by constable B and its owner
and fad ons slse should be fined, Any non-computer specialist would be arazed

that tha identifier problem should be presented this way round, but dlacussicns of
identifiers by data-processing speclalists are almost Inveriably fa terms of loca=
ting records {m files and desling with them conalstently. In the llteracurs, wve
find thar discussions, cetensitly sbout {dentifying entities, ususlly rurn out te
be ;?Out identifying snd loecating recorda {n filest the informstion retrioval
preblen, -

The seruntic probvles Is much wore difficult than the informatlon retrieval probiesm,
desplte their formal similarities. The fundsmental difficuley about {dentifying
things in the real world s that there [o alvays room for dispute, Testing for
sets of matching symbols in storage is relatively sieple. Identlfying sorme

entity In the real world has no sbsolute outcome, Ve must aim o provide a
person with an {dentifier wvhich enables hin te find the enticy with sufficlent
precislon for sorw specific purpose, such as levying tax, We must be prepared

to redefine tha entities vien we clanpe our purpose, for exacple, ‘factory’ for
tax purposes, would be differently interpreted from ‘factery' I{n the context of
industrial safecy -leglalation. In computing terminclogy, one might say that for

The dangey of supposing that one, universal, entlty-structure can bs iwmposed

upon the teal vorld is fllustrated by the philosophlcal probleas that this
supposition will generata. By sbandoning the belief §n & unlversally valid plc-
ture of the vorld in favour of a series of different pletures, esch serving soma
practical purpose, these phllosophical problems evaporate (6). The effect of
purpose on the entlty-structure is coplously {1lustrated later, fn the section on
entity-boundaries, meanvhile {1 may Bao enouph to consider ths ¢lassical problem
of Heraclirus"s rlver. One cannot bathe tvice in same river, though, in & sense,
fr Lo stitl there. This paradox fs like the confusicn of two databasen, one to ba
used by bridge bullders and ona for snvironmentatiaes.

+The ssme, dangercus supposition of & universal entlty-structure la ecbodied In a
database manspament system vhich requires a sinple, peneral schoma to be estab=
l1ished, A rathematical or computer-centred approach to databass design tands to
sncoutags the view that the world has & self-avident, unarhipucus structure which
can bas recorded In flles, The dlotinction wmade earlier betvean CS{A}, application

concepts, and €S{D), the cancnical dare structure, I3 basic to sclving the problscs

of database secantico, Up must constantly remind curselves that our discussions
atout 'custoner-records® and "product recordo’ and *stock-recorde’ usvally have
rothing to do with the veal world of customers, products and otocks. Thesa teras
Tcfe: to groupa of syrbols to which wo chould attach codes ouch oo *7364°, *8471°
and '2020', Inctood of 'CUSTOMER®, °PRODUCT®, and *STOCK' with thelr axtrassous

8 The physical ebjects which thenaeives carry {nforsation (s.g. documants) sve
thenselvas part of tha oblsct-sycton, In 80 (ar as wve are intorested in them
08 objoeto rathor than algas, thay may bo trested in tho sams vy,

" vertal or sycbolic behaviour known as ‘perceptual mermal,
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and strictly irrelevant connotations. The symptom of this hind of arror is the
:l.-a! 4 term, such as ‘customer’, wvithout qualification. 1n a real company,
luiloélr' vill have rany meanings to sult cuny users = lawvyer, sceountant, asle
oan, oarket researcher, preduction controller. The analysie of the entities
referred to fn lepinlare o v t5is clear becsusa there are Frequent shifcs in
eaniag which the dratt e vont -ude ea;llcit, The LEGOL syetem, therefors,
Tequires every entity definition to be glven a context. This s & difficult prof
lem for the designer of datsbaso softwarc but ft {o better that we face up to it
1 conjecture that a monellthic datsbase can easily bocome an exbarrssaing orgam

.lnat!onal vhite-eleptant, '

Ong tark for the secantle nodel {5 to koep track of the verled purposes for whicl

data are wsed. This infermation 1s typical of that used {nizlally by the fystamw

designer and then forgorten once it fs only {mpllciz In the final physical

:;il;a. It should be hald In C5(A) and dlacarded for the nsrrover purposee of
(). . :

Entity and Stability

Our abllity to usze computers correctly within an orpanisaclorma? sysves depends
uPon our ability to use sipns, such as words, numbers and various codes, in'a
‘stable vay so that tha.observer of say, a Taulty corponent, can name it In 2 pro
vetion report knowing that & colleapue in snother factory will ba ahle to ldentil
it and repair it. Many pecple ruy observe snd work upon the same component-in
vays that are coordinated throush the exchanpe of sifns. The component may
change Jocetion, colour, texture, shape, function and o on yet, through this
flux, the concept of that component will be sustained by s group of prople who
are able to identify it with a conctant name, When Quing refers to "the wyth of
Physical objects as & device for wvorking a manapable structure into the flux of
experience’, (7) to sone people he miy seem to be adopting a quaint phlloscphics
Stanca, but not to anyone vho has thourht carefully sbout the problems of degign
ing a database for s production system, Materials chanpe thelr shape and appear
ance; batches form, merga and disperse; ansemblies are created and their con-
ponents changed; throughout this fluxs limited but affective entity-structure ous
ba used; the formal system could not economically recognise every possible dis-
cernible physical object. 1
The effectiveness of any Information-ayaten depends upon stable patterns of huma
Thess norms belong to
the discourse~systen. They core into existence because people share problem
vhich they solve cooperatively through the use of lanpuape. Clven tha context a
the problem, & group of people will evolve a vay of sttaching vords to reality &
that coecon perception of the problem can be obtained; failure on the part of sm
Individual to percelve the problen in the same woy as the majoriry vill result
in hie actlng Inappropristely; criciciam from his colleagues will laad him ta
sdjust his perceptions into 1ine vith the establiohed norm. Threouph this socfal
oachanisn (and not through the application of explicit definitions) words are
aveigned to things In & stable vay and entity-structures are Imposed upon the
vorld about us. Thess otructures of perceptus! norms may be custained through
soclal interaction. They may lead to poor solurions to precticsl problecs,. pare-
ticularly when the {nteraction fs purely verbal or symbolic; norms are smposed
to objective criciciom only vhen they pive rise to events In tha real wvorid of
Physical objects and pecple. For example, the Impounding of the wrong cat ond
tha charging of the innocent owvner for obrtructing the highway would suprast
that the syzbolic *imupa® of the real world ueed by the palice In the flles of
the road=llcence ond craffic—offencas systen f9p ‘out of focua®, HMany informatie
oystens Entarposo abatract concepte batween observatlon and action. Theso, such
as the legal obféct "company’ or Jegal! relationship "ownership’ help we 10 croan
& stadlo pleture of & changing worid, But thelg peanings ore witinstely doependva
upon the semantico of phyaicol oblacte and eventa. Mormally it fo eccler go
Tesolve dicpulon sheul phynleal thingo then dioputless ekeut etbrr ootiviic. Thie
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Jurtdties for exarple 8 careful veviev of hov ve attach names to physlcal objects
as & prelude to the study of more temnuour concepts. This sexample of & semantle
probien lo about the simplest we eculd thoose,

The functiont of names

Bewey (B) suppeets that a name serves three functions: as & fance, as a lebel,
and a3 a vehicle, We partition the world {nte physical objects by naming themi
chanzes way take place within the boundarles but we keep the fences Intace. This
partitionlng of the world provides us with a reference~frame, s kind of generale
ised ccordinste system by which ve can navipate, Names are the coordinata
labela, Ue attach a label to any point to which we curvelves night wvish to .
return or to vhich ve might vish to direct someone slae, Once the object hay
been given a name, we can transport i, as {t were, synbollcally, and place it

in nev fuxtapocitions with other objects, without the nesd to shift the objsct
physically, Nanes, s vehlcles, are the means by wvhich ve discover, and lmpora
wpon the vorld, new and perhaps preferable srrenpepents by means of our con=
Jectures, hypotheses, theoriss and plans,
tore closely from an [nformution snalyst's polntwof-view, Iaformation system
depend for their effectiveness upon tha correct assignment of names to chings,
the sppropriate manlpulation of those nenes fnllnwed by the corroct asscclation
of thinps with the names. : ’

Let us first observe that the informstion anslysr {s concerned wvith the defini=-
tion of cthe formal informstion aystem In whieh the oeanings of vords, numbers and
codea are formally delined, The meta=language upon vhich his definiticons depend
is the natural language of the discourse system vhich, in turn, {s rooted in the
perceptual norms arising Iros social interaction,

The fenclug off is done by the discourse system, Norrally, we erploy two or wore

“vares, hepinning with th- recnrnition of an entity-class before we name the
TN A N [ BERTET A e orrlnary uee of vords [s penerally adegquate for

Foravst (L0 waer, the normal uvsage is not preclse cnough] wa than

. 4,

Let us smamine cach of thesa functlond .

biive recann e b actanitoons (an in the Copyright Act 1963 €73 vhere, for exanpla,

'written mattec' includes sny vriting, sign or visible representation™.) The
first atep 1o intended to provide oparationally effective procedures for dife
ferentisting the physlcal object from It surrounding., 1t may {nvolve specify=
fng who should make the observacion in thote casco wvhere the specisl ekills of,
cay, a physleian or valuer or tax fnspector, way be rpquired, The (nacruments
to ba used, the place of observation and other circumstancesr may have to be
eincluded in the definltion. Thus the physical ob}ect {s Identitied inlclally,

Having found® the object, wa must sttach & label to {t. In the evaryday sie-
vat{ons dealt with by ocur dlscourse systems this s simple because the nusber
of objects wa are concerned with {5 srull, In & ferral {nforration systen exp=
loying & corputer, the number of eccurrences may run inte wmiillena, The con=
struction of these lsbale for use In an information systea Lo complicerad in
vays that will ba discussed below, The {dentifier wust not eonly correspond
matheastizally with the unlqus physlcal object It represents, bur it wust core
vespond operationally, The information eystenm will not be able to do usaful
wvork unless thete are procedures for locating and for checking tha identity of
the objoct specified by any fdentifier. (Consider, by wvay of {1lustration, the
operations] problems of locating an objeet (n & large buteun or of associating
cods—numbers with billets ol red-hot steel) Thase are central fssusn in the
docign of codes for ldentifiars, a tople dlocussed further balow,

- ® Objacte that ara too lorgc or too stall to present thomsolves for cbaarvotica
in o slople way (a.g. the solor-eysten or o moleculs) wusk be troated as
ebatractior”  Beo Popper (9) co obsarvationally=testable stotemcats.
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Havinr established an operatinnally effective, one=to=one retationship betveen
physical objecte and identific?s, we can benift (0 use these carefolly constructed
sipns as wehicles, But we shall need "traffle’ vules. Ry re-arranzing the signs
vhich represent the objects in the world, ve conjecture newv arranpements of the
vorld itself (for example, orders snrv~4 by product type may Le aselgned to
appropriste machines), New arrangements conjectured in this vay vill only be
translatable into renlity i the {dentifiers have not hean maved beyond the
bounds within which they are meaninpful. The information analyst sust establish
these btoundaries LI the data-processing system (s to be conatralned.to produce
meaningful ocutputs, (Thust engine 12)4 cannot be vsed slmuitancourly In tw

.distinct cars but an abscrect cbject such as the play, 'Haolst®, cay be used

sioulteneously by several thestres) This {s the central fssue in the seountie
problea of updating files 'which i1 touched later, Zach of the functions ol g
pana vill vov be exanined in wore deatall, .

Entity-boundaries In a forrmal cysten

A formal systen must vely on & given entlty siructure snd norcalty It relles ca .
the discourse’ dyeten to aseign the names it uses. Reliance on the dincourse
systea s ultinately unaveidadle but .there may be 8 convarse influence of fornal
rules on the the noros of discourse vhen everyday terminolopy needs to be
tightened; rules may help to make the naming structure more widely consistent
than it would be under an unalded dlscourse system. For example, En the 1963

" Rent Act, "'the oceupler®,.in relation to any premises, wmeans any pecaon lawe

fully residing in the prenises or part of them at the termination of the
foroer tenancy™; thiv restriction removes ambigulty {ree the word "occupler' as
it s soployed in norpal discourse. Another reason for formalising the pasing
of things, cormon in technlcal sitvatlona, is the fack of any established per=
ceptual norms upen which to raly; for example, a particular subasseably for as
engine may never have been mads before oo what it constitutes must be detined,
ad hoc, by an engineer. His definition vill ultinmately rest upon normsl usage
of worde In the discourss oysten and any formal definition will be anchored
sizilarly {0 the perceprual norme, derlving vhat otabillcy [t has from thase
¢ultural reference points, pot froa the logle of the definlng rules theoselves,

The Intormation analyst has a resrponsibtiity for partitfoning the world apprope
tiately Into ito relevant cocponent entities so that dats about them may be
wanlpulated masningfully and consistently by the formal system, Let us look

at sore of the probleos he night encounter, ’

Chanees In the propercies of putative entities may transform them beyond eaay
Tecogniion and raiss problens of wvhen the entity cessed vo exist, belng trans=
foroed into another entity, perhaps. Por enample, since the sévent of tranye
plant surgery, the forsal definition of the moment of death har becone s ratter
of keen interest, In a wanufecturing situstion one can Iragine o plece of stesal
being vorked Into many varied shepes, ftametatlurpical properties and {ta
phrsicel continuley befng the only alds to ite identification. The.plece of
steal, through all its transitions, will he regarded as the sane encity, the
vesson being that we do not change our intentions sbout vhat to do.with the atasl
a4 & vesule of the transforvations it underpoes. The huran body will be-used
vecy differently aliva and dead. ln geners), the part{tioning of the world inte
fte physical edtities vill depand upon vhat we Intend to do with the entities so
categorised. Transplant surgery has mede seruntice a wery Jively subjece!

Avserbly-subzuserhly relationships offer fnnumarsble altsrnative antity structures
from vhich one Dust be selected, vithin some sioples econstraints. The ¢omponents
of oach sssecbly wuat be mutually axcluslve, ethorviae Instructlons for makieg
and disoantling are likely te ba anhiguoun] olse the List of components muit be
“auetive, othervise the formal aystes vill mot b obie te descr the paaular=
log procoss compleiely,

-
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The .detail {ato which the asnembly lg decosposed will be linited by the need to
ace upon companents individually, to manufacture them, order thea, or redesign
thea, All these activities myy share the same entity-structure but other struc=
tures are povaihle. For eaample, subsssenhiies may ba distinguished on the
grounds of the functions chey perforw. Thia criterlon will sult the deelpn and
Baintenancs enprincers vho aust understand the working of the whole assecbly, It
may be impossible to select one decooposition that wvill serve all purposas,
desipn enpinesr may prefer & decomposition based upon functlion whilsr the produce
tion enrineer may ba more concerned with physical structure; malntenance say
tequire elecents of both, function to ald diapnosis, phyaical structure to aid
Tepsir, The problems of how to name the subassemblies in & complex structura
obtrude aven more meversly vhen the nain assembly is sn organisation and the -
decomposition is an sccounting fremework, This difficult probles, aggregatién/
dlaaggregation or asvembly/subasserbly, nsy provide a major justification for
using & corputer in certsin applications; the computer may permit teformation
based on many different structurez to be cons{etently related to o single; very

detailed underlying entity-etructure but the solution msy be uneconomle if this
corron sttucturs {o too detallad,

Systeric continulty may be sufficlent tesson for naning, as a phyelcal enticy,
soreching with changing physical eomposition, The proverbisl example might apaln
be the river thet Heraclitus pointed out would not be the ssve one next tirs you
stepped into le; the buman body 1o much tike the river in this respect but, mors
prosaically, there are, for emample, production Yines vhich, through maintenance
and developoent, are physically entirely replaced whilat retalning thelr systenie
{denticy. Physical objects ars not alvays physically unchanging, Thelr perm~
anence arlsees not from what they ore made of, but from the constancy of the prob=
leme they pose and the vays we wish to use then,

Chanre or use or role may signal the end of the exlstence of cne object and the
Begpinning ef another,  Natural discourse would tend to acknovledge continuicty in
tases whare & formal system vould have to sake wmore. exact distinctions, For
exampla, riding & bicycle up to the tralfle lights feads to vy son stopping, lo
conforanity with the lav relsting to vehicles; but carrying the bicycle home to
hia for Cliristmas, I was carrying s parcel, so 1 vas poverned by d{fferent lovs.
Similarly, nany s bottle har becoma sn offensive vespon, Thls kind of shift can
be treated serantically sastha reclassifying of the esme particular object under
various generic names. Such an explonatfon will do for the discourse system,
vhich has & restcicted span of artenction, as It wvere, the object vay cnly be
relevent whan fte role has been decidedt the traffic lav did not apply to my
son's bleycle until Christmas morning when my parcel became his vehicla,

Different objects may be made from the same material presenting s prodtles slnllar
to the one above, A svord may be turned into a ploughshare, ¥e wmight record
this avent as the end of the svord's exiotence and tha bdeginning of s plough=
share, The transforration maey be quite & subtle one, ss when an arciot eelects

& shapely plece of wvood as an oblet-trouvé; the act of satection wvould bring

this natural object within the rverms of copyripht lav which would trest ix ae

any othar sculpture wore alaberstely fashioned,

From the above analyslse, it soust be concluded that our names for things do not
acbody any knoviedpe of the Intrins{c nature of the world, rathar do they reflect
the caturs of our problems, our purposes and our linguiatle veans of lnterocting
wvith tha phyefcal world., 1f weo ara on cuch shilfting ground vhen considering tha
somantics of physical objects, how such woro cautious we shall need to be whan
ws cona to conbider more sbstract entitlieos and propartiesl At least ve should
bo propared to look cloasly at tha glid assunptions made about sharad databases.
Dats obtained for differant purposse are lihaly to be esmantically difforent.
Thay chould ba shared only with the uimoot esutfon. Tor ezaople, 'chiid’® ovens
& cicple notlon but in data~pracecaning cystens for faclly sllovencan and for

. eadical voecord Llnkage ths doffinicions would be difflcwle te roconeile.

.

The

L AL ] i
5 > ! IR ¢

toqeiee

For«the purpose of the LFCOL-Project, -the ahove analysis rlves sore u!rful‘Jlrrt-
tion to our trestreat of semantics. !l wa are to define data rroupines wlirk
are i{rreducible ones fron a lorical point-of-view, then IE appears that ve
ahould oake them correspond to phyvsical entities, contoining information v?lch
will be constant throurhout 1ts eslsren-e. TFor & physical ?bjegt. the minimom
54t of elements i3 & name and times for stare and end of exintence, The
invarisnce of the logical data-strocture cecms &n appropriate way of veflectian
the serantic invarionce of the renl entity-structure to vhich we are fefctrlns-
All tha tive-varying properties would be treated oeparately. Surprisinply, l:
ray be nore appropriate to include putpone sa one of the properties of sn ent t?
elass. This conjecture rafeus the difliculty of delfining purpose approprlltcl::
In LECOL, tha nesrest we come to doing thie is to define esch antfry-class wit
fn a Yinlted context such as & brapch of lav, sn Act, & section or even & oub~
section.

Tre formation and sssifnnent of nanes

In the discourse system, the giving of names Is usually quite sizple. the nugb!r
of objects involved may te quite tm2ll and the names may be assipgned t!ﬂporlrilr.
for solving a linlted problem. People supply their ovn names to svoid confusion}
things ere labslled by deconstrative Fronouns, Renitive nouns, possessive pranouns
or by deconstrarive or possessive adjectives plus a common roun. {Comson nouns,
e.g. 'book' ars labels for entity-classes) Seldoa in normal discourse do wve need
to attach propar names to large numhers of objecta.

Tha naning of large numhers of objects is, hy contrast, a major problem In formal
inforration systess, Indeed, the reason for hsving a forma) gystem Lo often the
nred to keep track of multitudes of things {n & manner that is conslstent over
distance and tine. Licencing snd reristration systems ave typical examples.
Kornal diecourse Is sdapted for more localised use. Before any ohject cen becose
& part of the subject-mattar *krown' to & formsl aystem, it must be plven & niza
in & vay that satisfids s0ms aimple criteria. The nsmes may also be chosen to o
reflect raal structural pstterns. Thess ate the problems of forming naned.

I;ch nace oust be unigue. This cen be achieved in various ways, the commnest of

 which {5 to assign naces frow a sequential list, keeping note of the lest valuss

used, €.g. sccession nunbera to library books. lames aight be generaced in more
elabozate ways froa mames of related objects; for example, subassembly names 80
elsboraticnp of thefr parent assembly names., Uniquaness say be guarantesd by
the tules 2o that Identica) names will only be generated for identical enticien.
1t this {s not the case, the forral systen must include & rveplster of namos,
sone peans of checking that nev names are urique and rules for modifyling eny
hooonyms, For sxapple, & person‘s nise ray be enough to fdentify tin in a par=
sonnal systen, but provision may have to be made for the occasion when 8 nevw
ecployes's nama fa already used by the oystem, Uniqueness fo the only necersary
charactoristic of the nama that is chosen (or an cbject.

Structural properties of names are somecioes ustful, but they aro not n!tﬂl.lrrld
socatizes thay can ba @ source of dangerous problems. For exarple, plote of la
eight bo naced according to their parish, vithin local gevernment area, and
serfally numbered within parish; this structure, reflecting relactionships aoong
tha plets, would be useful wntil a changa of tocal governaent boundaries.
Aecesulon mumbers of bookp will indl{cato roughly when the library ascquired thao. |
More claborato structuros can ba reprassntod if 2 sultable {somocrphic name-
structure can be found,

Reavolgnnent of nameo nay bo forced upon o fornei oystem. Within ona and the

" _osae syoten, BtTucturad nases may havo to be resneigned LI the wnderiylar, reol

Btructure ks no loacer cotrectly represented by the nims otructure. The I:::l
governnent geerfahisativnwould require surh sffert, in the sconple clted o -' .
The aorgling of two furmal systens perfarsing the cone funrtions f-r.dltloc-n
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perulatinns of ohjects will require veassirn-ent of ni=ex If there [n anv rlsk

of the sawe nace bheing uaed far chjects previcusly deall With he separate sys=
tems, This reassipnzent can he an entirely forral vneratlen, Rut this would

not be so wien merging systems vhich deal with overtappine papulations.. Such

8 situation would call for procedures tg rheek any likely saynonrms resulting
l;nﬂilhn merrer; these procedures mry be cxpensive and stov, requiring positlve
phyeicsl Idrn!lfltlll?n of tle ohjects and reference to Loth lnformation svstens,

:riblell wwuld be sinivised 1f naming always followed standards based upon under=
'r ng, stable structures; for sxample, weing grid relerences for naning plots
netead of the method sugsested sbove, Standard rules for forming pDames would

not, of course, aolve the problem if the entity boundaries were drswn differencly

in the system being merged.

Identification of objects )

H?erc-u the asaignment of & nams s n operstion performed only on the sccesslon
of an object into the formal systea's universs of reference, Ldentiffcation is
th, ca?tinuin; use o! the naze to llnk the real obhject and the symbols that des=
cribe it. The link is two-vay. For the formal information system to serva any

exganisational purpase, it must be porsible for users to rove
3 ; reliabl
object to syrbol and from symbel to object, 7 trom

The neoe of the object, to be an ldentifler, must be supplenantad by tha nan

the antity class of wvhich it ls an instance. Often anuﬂzh. the nln: icsalf :-al

E:rnee {n a vay :h?t indicates fta entity class (ono may have as employes nimed
RED'; (yer vomen's names have bheen taken-from flovers and gixen to fuinicesl))

The intr!?l{: {dentlflication of class frem the form of o nane will be a weafuyl

locat device, say, for handling eome 1imited streams of meassges [rom wvhich the

chance of arbipulty can be excluded, but In reneral, wve have to sssune that the
vaze giver no clus to the entlty class, )

The flrst step from object to symbol Ls to dlacingulsh and naca the entity clsss
;ndlsubcllnn down to the point In the relevant hierarchy of classes hgyun: vhich
ndividual unique names are glven. This can often be dons by ralying upon the
faniliar norms of the discourse system, if not, the information analyst will
n;td to antyre that the relevant personnel are tralned.or-advised how to apply
the specla) clavelfication rules vhich dletingulah an entity from Its surtoundings
::d evtablish which naming procedure is applicable. The second step iv to derive
h. name from tha object. Often this Ia simpla, you read the number prioted ou
the document or on the ring round a bird"s leg, for exsmple. Less relisdly you
By tike a nuaber from a tag attached to'® garment; less reliably becauss thare
are high risks of the tag having been rrooved and reattached Incorrectly, or
Incorrectly atrachad in the firsz {nstance. As In the case of 2 credit card,
one ray ute additlonal [aforcwtlon such as o signature, to reducs the risk of
ln:crf!cl use of » nane; mora [nformation !s used on & passport vhich Includes &
defcrlptlon and photerraph, In some cares, the narme cannot be "tied' to the
object, perhaps becauss it Is too srall (insect), inaccensidle (star), a liquld
(Es:ch of dyf) too hot (zetsl) or likely to be esbarrassed (spy}. In such cares,
the obtfertxon of tha object must supply emough infotrration to enadle one to
construct 1te name, The came prodlem arises when an sxtrinole label becones
datsched from {ts ownor. Systems zve sometines dlaastrouslty designed with {nsuf=
ficient regard for this problen.

The problen just cited i¢ akin to the moblenm of golng From sycbol to ebject.
U;;d ln!thl! wvay, ve soq {dentifiers as gonaralised coordinates for loca{inu
: 'nzu n the world. 1If the identifier does not convey eppropriate topographical
nlormation to the discourss systea, as in goneral it will not, then the nane
¢arvep cnly oa & check that ono has arrived at the correct point. Locating the
°bJ°:‘ would, | i naral, call for the ocanalna of poanibly all the chfects of &
por:‘c-l-r typo iZiarred to by tha eysteam, Objects ars ususlly (ound wore
sasily by apply: “varless establichod tochalqueas Is the slaplsst sase, the
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formal systen relies upon the discourse system In which the prople exrrcted

to use the idertifier can be premucmcd to know the tocation of the ohject., Soreg=
tires thls knowledre Is not readily svailable and the formal system rust keep
track of persons who nay be expected to knov {e.x, next of kin, . ovner). Te
establish the formal naca of a person cerrectly, the system ray have to be able
to conduct & dislopue based on Information obtained durlng earifer transactions
with him, ¢.g. ssking hin to supply his rother’s maiden pame, & technique which
ts not, incidentally, vwnlversally appllcatle. In othrr cases, the formal systes
zay keep track of the jctull Yocaticn of the sbject, rerhaps roting a person’s
chinges of address every yesr, or aven by folloving movements second by second,
as in an sfr-traffic control system. Soretires, moverents can be tracked {f car=
tain decisions sbout movements and tonsequent actlons are recorded; fn this
category ara batches of chenicals in & syszem of tanks or billets of steel
rushing through a mill Into specified locations in the cooling-beds.  The problen,
centioned in the previous paragraph, of hov to go from ehject to Ldencifler vhea
Lt can carry no label, cannot teadily be solved unlesn the physical locaticn of
the object can be treated as one of Its known {dentilying, proprrtien. . There may
be other, tlme~dependent propertier necessary for identificacion, ‘such as stape
of tunufacture; they must also then be logged by the formal avitem, Fither the
lopging of these characteristics will have tn take place literally continuously
or the foroa) systes will have to eoploy certain rules of continuity that will
ensble iv, with pufficlent accuracy, to extrapolste, from suitable, interaitcant
abservations, to the current locations and states of the chjects in {e2 universa,
These continuity rules are sn essentisl part of the semantics of these objects,
In s rigorous analysis they need to be made explicit. If there is ony sipaificant
riek of the tag belng lost from an explicitly lobelled object then, to rerain
effective, the systen must exploy sisilar, tut less exacting, continuity rules,
Datecting errors in identifiers wvould be {zpossible vithout them.

Thers can naver be one hundred per cent certainty that labels remain sattached to
the objecks or that continulty rules ars wholly reliable, hence the thek of
{dentiflcatlion error canrot entirely be eliminated. This risk hae two cornponentst
finding the vrong object given 1ts nace and associating data about & known cbject
with the wrong fdentifler. These are two Importsnt deaipn parsmeters for the
{oforration systea. The formal system cust have checks built Into it te ensure
the desired levela of semantic vaeliabiliny.

Incidencally, it should be noted that the csse of the cbject vhich cannct ba
explicicly labelled servao to {ilustrate the {des that o name (s an abbraeviation

" for a detalled deseription of the object, detailed enough for the object to ba

selected uniquely smong others of {ts type. The nawme might sctually be formulated
by encoding one such standardleed description. See (10). PRules vhich, in & for=
wal systea, ensble one to convart ene fdentifylng description into anotker, prob=
sbly via tha name, might bs rogerded, aleng with rules of continuity, as o weans
of strangthening the links betveen cbiect and symbol. They toa will have to be
rade expliclt for usa by & formal system, A ruiteble rame alght be rules of

[ an .

Rules of continuity and rules of synonymy are used vhen updating files to ehack
for inconsistencles. These &re axacples of the tralfic rules for Devey's names
a0 ‘vehicles'. :

PR

Asplication in LECOL

Tre foregoing snalysls {s Incorporated in the semantic sodel of the LICOL syatem

where the ides of an ldentifier Is not to be confured with the potion of & “hey’

for inforcation-retrioval. The LILOL forrulies is intended for expressing tules

adeut tha tenduct of & businass or a pocioty. An Identifier enadles one te find

the raal objects to which the fnformstion syctem refars, & precass dopendint wped
discowrse system, .
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Structurally, the semantic model la surmounted by & number of antity-tvpes
vhich embody -the rules for Identifiers, The simplest type {3 the~'ocbject’ and oA . )
tha Pb!llcll object the prototyps for thoas ahstractiens vhich we treat con= sdded carplexities nake explicit characteclecicn of object sysion and d"'“"flq
“eeptuilly «s objects and-{dentify, synbolically, In woys analogous vith the systenz which are later subserped within the desipn of a particular physleal

“identifying of physicel objects. Char._teviscle of an object la that & name, inforration syctem,

uniqué™to the Individuel, is s sufficlant identifier. By way of contrast, we :

zay conslder™the relaticn, snother type, which 1{nks other entities. Tha Only the narrow topic of hov to link prysical ohjects to the sipns or syrbole
prototype is the phrelcel retstlon ewong physical objects., Te {dentify & retation,thar identify them has been considered in this papers Philosophical problens ;
ve aust know vhich cblects-are related, when and {n what msnnor, such as 'on' "ara avoided in system desipn because wa use aymhols only with sufficient pre-
‘under’, *inside’. A relation i» not uniquely identifiable unl:ll tha pctlnd:ef cision for a specific purpose. The fact that philosophical questicns berdeval
fcs existonce ir known, So, for a reletion wa have the following Ldentitier ~any Attempt to ute lanpuage in universal vays, sumrasto that when we extend ths
elencrts; acope of -a foresl system, wa must check that the secantic ssmumptiona upen

e R which it {3 based can cope with its extension,

Reletiocn TYPZ, OBJZCT 1, .... OBJECT @, §T 0. o

' ! . B START, ERD. At least, philosorhy hao helped us to rexlise, contrary te popular epinion, that
In the case ©f an cbject, wa reed only the unique nans ae an fdentifler, but-an the world s not composed of so0 rany well~defined objecta Tesdy to be nemed but:

objoct in tha sescctie model rather, that it {s ctructured into entlcies throurh the apency of langpuape. An.
tencet ) ¢l aleo incorporates the period of the object's aexis= | ¢ntity:ltructuro depends for ite stablility upon the conceprual notms estabiishaed

and ruintalned by natural discourse in a social system. The cholce of norw o e
reflection of the problem shared by the pecplea who suttaln the relevant noros, .
To change thelr problems In to change their perceptfon of reality and thelr use
of words.

Objects NAME, START, END.

Thesse blli? tecplates con then be used to define some of the "traffic rules’ of
the serantic ‘wodel, For exsmple, the relstion cennot exlst outside the pericd

of existence of any of the objects Involved, A knowledpra of when an objact
starte and ends ita existence [s &luo essentisl for [ts semantics to be precisaly
defined, Unless the three elerents of ‘an'object are precisely established, it
will normally prove feposs{ble to tulld a formal information systen to exercise
control over those objects. “For cxample, an analysis of the Family Allowance Act
1963 falled to revesl definltion of the period of a family*s existsnce,

Forsul systens can only use sipns In viys that are tooted In the norms of the
discourse cystez. Physical obiects have the simplest kindo of identifliers: juct

¢ class of entity and g nama, We must start by clarifying, for a specific forsal
systen, hov the physical objects it is to recognise are to be fenced off from |
one-snother. Many examples wvere given to demonstrate the dlfficultics of deing
this and to shov that the dilficulties could be resclved by copaldering the pu%-
pove for vhich the obfect wvaz to be distinpuished as a stable entity daapite poo-
sible wvast physical changes occurring to it. . %

Otject names sre sysumed to be unique for o1l time. Thio can alvays be reslised

by suitably adapting & naning syrten which doet not provide uni
'unique’ need only be Interpreted wvithin o context o?rl :I:e: P::;I::?.'if ::a:hl“rh' anzlyst cust deslgn the method of forming and sssigning neces to th °bj°6t“

. context le a dlepute among three individus fdentified by the forral systen. Unigueness is the only structural requircment
o 4ifficulty, Vhen 1erge mubecs of Indiviivels are Invoived. thors mey ue - ©f 8 fyiten of pames Ehough Lt aay, vich both advancages and Cissdvantager., essody
«formal ruler for registration which govern the assigrment of manes. 1f o, the the structural informatlion. d i
LEGOL snatysis could include them. If not, the secantic snalysis will fncluce ;
sufficient informstion to enable the ¢lscourse gystem to act os @ toliable intey=
face between the object system and the formsl aystem. Informstion ef this kind

is tll!ntill for building an application though [t has meo place in the progran=
oer's view of o databsse sysres. ’

Fioelly, the snalyst must establich preclsely how to link cbjece to {deatl!ie?
and idantifisr to object, if the {nput to and cutput froa his system are to |
felate mesnlngfully to the vorld, To soce extent, this cen ba done with lcbals
but rules of continuity and rules of sy.onymy afe necessary too. i
The LECOL language snd systen havo been tontinucusly {n the background te the
snalysic., One of the purposas of LEGOL {0 to nake eapiicit the semantice upon
which & fermal oyetea {5 baved, so that they say be designed coneciously, rathar
than by default, ot at present, through want of a lenguage in which to talk about
the problenm, : . . *

Before the assignment of Individual names, the object class pust be specified with
Bufslcllnt precision. 1In the LECOL eystes, this {a done by dotining ¢ hiararchy
of ‘entity-categories’, each of then limited te & specified context or problem,
Thus, an instance of en dbject class tuy de "bullding’ but this entity-—category
will be givan different meanlags n the contoxts of revenve lov and planning law,
Although the secantlec rodels in thess two contexts cay bo almost ldentical, it

vill 2lvays be clear that the dats—valuas have different meaninps. Acknowledpements
CENoOw =t i

At the basiec level of aralysis, tha parson vhe la formulating rules o the LEGOL
lenpusge mey glve & particular toterpretation to an enclty—category in an epprop=

riate context. At thie polnt, be must be responeible [or astablishing the vach-
onics of tha paning process,

Many people Bust be thanked for thelr helpful comments on this paper. 1In par-
ticular, 1 will mantion ©y ecllespues 4t the London Scheol of Ecornoalew,

Frans Land, Sacm Vatars, Bob Davenport and Petar Hason, snd my colleagues vho,
whilset I vas vorking on the paper, vers ot 1AM Peterles, ospoclally Terry Ropers,
Pater Hitcheock, Pat Hell and Higal Martin., Also I wust thank the BLS Btudy
Croup on Databases for thalr helpful discussion of o drefe vareion, Tlasily,

the participants at the IFIP TC2 Working Conferonto in Hica 1977 lod wa to sdd
.tco pages ts the opsaing of this peper in responce to the dlocusolons dwurloeg tho
wask, 1his taing the laet to bo prescrzad.
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Thie iz tha fitet of & vorles of papers about the LECOL semsatic oodel which
troste tha eonceptos of ontity and {dextificetion fronm a polut~cfevicr of syatems
saslyels rather thas 20 a provion of inforestion retrievel. Thic leads to o con=
captwal ocheva wmto aomplen thaa savleapsd la previous discussiens of Nmi, The ’
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MIS 1s a mirage

Can a single, integrated system be devised
to fill all of management's information needs?
Only if Superman lends a helping hand |

—~

Foreword

Every company of any size has many lnform-ulon
systems, both formal and Informal. The formal sys-
tema It uses cover such a varlety of territory that one
man cannot possibly comprechend the mnass of details
- and principles required to design a single supersystem
that ¢mbraces them all. Even a group of ~ystems ex-
perts ~cannot .create such a supersystem, the author

argues, because the components that must be amal-.

gamatcd are too different in their natures-to be fused

Some years ago I expressed the opinion that

“of all the ridiculous’ things that have been
foisted on the long-suffering exccutive in the
name of science and progress, the real-time mun-
agement information system is the silliest.” !

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

Management Information System, the Manage-

ment luformanon System, or simply Mmis.

I certainly do not mean to suggest that a com-
. pany does not nced good management informa-
tian systems—nothing could be further from the
. truth. But the notion that a company can and
ought to have an expert [or a group of cxperts)

create for it a single, complctely integrated super-_

system—an “Mis”—to help it govern every aspcct
of it§ activity is absurd.

- For. many businessmen, it is probably incon-
ce:vab!e that the lofty phrases and glittering

3
L. “Myth ol Real-Thme Manapenent Infonnasion,” Hill'l May-func
1y84, p. 113, .

tngether eflectively. After dcmunutntlng the futility
of the Mis approach, the author recommends practl;
cal steps for reforming defective information systems.

Mr. Dearden Is Professor of Business Adininistraton
at the Harvard Business School, He is well known to
HBR readers, especially for his significant contributions
to the theory of divislonal control. (A list of Mr.
Dearden's previous HBR articles on Informatlon sys.
tems npp‘éfrl“ln‘-the‘rulcd Insert on page y8.}

—
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promises surrounding the mis conceal a com-
pletely unworkable concept. Yet this is exactly .
what I propose to demonstrate~that a company -
that pursues an Mmis embarks on a wild-goose
chase, a search for a will-o"-the-wisp.

Let me frst try to explain what I understand
by the “miIs concept” and examine Its alleged
advantages, and then show why the concept is un-

"~ workable. Then I shall be in a position to rec-

ommend some practical remedics for defective

. management infarmation systems, which certain-

ly constitute & real problem for executives today...

‘Confusion between termns

It is difficult even to describe the mis In a satig-
factory way, because this conceptual cntity is
embedded in a mish-mash of fuzzy thinking and

incomprehensible jargon. It is nearly impossible

to obtain any agreement on how Mis problems
are to be analyzed, what shape their solutions
might take, or how these solutions are to be
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However, in practice, no such limitations are
intended. Kenncron's inclusive delinition of the
Mis approach is quite consistent with the nearly
universal benefits claimed for it. |

The MIS uppf‘;)ach

Civen this inclusive definition, how is manage-
ment to apply it] In other words, how should
management think about the probiem of setting
up an mis!

Fundamental assumptions

First, it appcars that if management wishes to
aubscnbe to the theory of the mis, it must make
up its mind to accept two fundamental {if high-
Iy questionablc) assumptions that are quite dif-
ferent from traditional ones made in this area:

1. Management information is a subject for

study and specialization. That is, it is sufficicntly

homogeneous so that a set of principles and
practices can be esablished for cvaluating all
management's information needs and satisfying
them. In short, the mis approach attacks all
the problems of management information as a
whole, rather than by individual areas, such as
ﬁnancc and markcnng This homogeneity is a
necessary assumption, since without it there is
no reason why gencral solutions to'a manage-
ment’s information requirements can be found.

2. The sysiems 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:

0 Management can hire an mis expert to act

as a superconsultant to the president of the

company. This expert studies the types of prob-
lems that the president must solve, the decisions
that he must make, and so forth, and recom-
mends methods for satisfying the president's
total information requirements. He then drops
to lower levels of management and provides the
same services there.

1n general, the expert depends on uthers to
implement his recommendations. For example,

. the controller becomes responsible for chang-

ing the cost accounting system in the way-the
consultant rccommends.

O Management can create a staff 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
cvaluations as the supcrconsultant.

The staff group, unlike the consultant, usual-
ly has responsnblhty for :mplcmcnmtxon.

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 number of significant advantages:

O Experts schooled in the mis “discipline”
can analyze management’s information needs
more cflectively than can the people traditional-
ly responsible for satisfying them. Moreover,
these experts can better determine which techs
niques will best meet these needs.

O 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.

0O 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.

O 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 revponsible for
the system, management’s desire that the sys-
tem be kept up-to-date can readily be satisfied.

In short, the proponents promise, cxpcrts can
design an mis that is more effective, more ef- .
ficient, more consistent, and morc dynamic than.

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

manager would enjoy, and doubtless this ap-.

[}



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

But there is a common thread which runs
through the various uses of the term, a thread
that at once unifies but also subverts the mis
litcrature. This thread is the computer-based
information system.

Computer-based activity . ..

Wherever the mis is discussed, it is almost in-

variably stated that a management information

systern does not necessarily require a computer
" and that many forms of management infoima-
“tion are not computer-based.

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

“|Some), concerned that systems analysts are
... a 'mixcd bag’ whose training and knowledge
are a hit-or-miss proposition, are convinced that
management information systems |[mis} is the
“emerging field in business administration. Both
Wharton and MIT have 1ailored programs cspe-
cially for systems specialists, but no school has
gone further than the University of Minnesota,
"whose B-school now ofers MS and PhD de-
grees in management information systems and
“has Iaunched an mis rescarch center. Since the
- center's opening three years ago, mis Director
Gordon B. Davis and his staff have worked to

develop 12 new systems-related courses—from

on-line, real-time systems to a seminar on soft-
ware. In addition, the program’s o MS and 22
.PhD candidates spend a good portion of their
time' alone and in teams at work on actual
- computer problems in industry,” #

_ It seems evident to me that ms education as
described here is principally education in con-
puter-based information systems.

It is vital to note, first of all, that the in-
formation generated by this kind of system does

“ not include a grear deal of the inforimation that

Hs most important to management—especially,
limportant qualitative information. Sccond, a
spccmhst group that develops such a system is
usually responsible for implementing only one
part of any of a company’s individual manage-

MIS is 2 mitage
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ment information systems—namely, that part
that interfaces dircetly with the computer. Tor
example, such a group has little [if anything)
to do with specifying the nature of an accou