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IMTRODUCTION

This rarer Proposes sn o overview of &
sham  desisgn wibh an emrhesis on bhe sul
sroblem structurinsg. It soes slong the  lin
ciiescussed e Je  Elam LBI as far as malk
the swstem via & concert rrocessinsg Fecilitu. A sotentisl :
For solving issues reised bw Je Flsm iz invesbigsatec wirsE @ Aﬁmrntim
mpetwork structure borvowesd From B Bractman D23 after s descrisbior of
# decision susrorh sywstemn FPunctions znd comronents.  The pureose hoere d
Lo srersre Tor what I nnisvvw Lo one & !rusbfu% s mrmmisxuw Gl ris
mode ]l mansdgemnent  swsbem Lo e BTN Trugse bhe demsite of 2
material eresented and the relastive lack of illustrative slanstions
come From the bese sebbing assrect of the work.

sibvle  model m:nadvmvui
toem dealing uz{n E ;
aof the 1
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The asubhor is solels resronsibile for o fthe content of this  sarer
reflecting his work Tor an individusl shude talbern during Lhe sering Lernm
1980 under the surervision of Ur. dowe Clam st bhe Decision  Soiences
s

@i tvim

jddeas and snoours

Dr. e Henderson who kimcdls listened to ear]
Lo sursuse Lhe work.

ORAME CONCEFPTUAL MODELLING

I the world of decision makings the mebthodoloss of
pecome  centrel s it rerresents  Lhe modern  waw of
conseeuencey managemnsent sclence dis universslley understood  as
BOLENCE. What @& model dse  showuld ar  should not be
conshituted 5 harsh subdect of srsument: sbtill going om.  Hubs
i Lhi ciwnanic world hsve Lo somehow move forths the lack of A
clefindtion Tor it does not srevent sveruone From desling with it om 2
idai lw h«h;w with & lot of comfort. Bverwone has hissher own ides of
wingl & "model® ds.

Mowes models rerresent some descristion of somebhing which needs Lo
e understoody analuzedr decided: sheos snd oo mobt exist in the nabure
to e ohased unﬁ m&&tur@ﬁ§ thew nave bo be bhullt.

Modelling is bulldinms models.  Unfortunat : it ocasn e done
reame TouE  wawsy makinsg bhe sci@maﬁ EE gdifficuld =g it s RTE T s T

Howseverys decision making hss Faoins "T@ﬁﬁﬁ s
# andsor re WitEoh

swatemns thalt sresent some Lw
rave ensbled scientists and
ang  rerresentations  with
model buillder’s Jdob is now
andg Timd s swerorviate
aesumsrtlions and satisfuing a st of srorerhi anc obJdectives
to and working within the model suneraw. Thids
Finding & ratnh in an intvicate comcertusl Junsg

TEL T TR
ochers bo construct and c}
undwrﬁ{mﬁﬁ mebhoods and Leot

e avound with & resl worlad
for  ibhs dTemer  Fillins

g”uliﬂ“
sel of
suindent

-

s calle s i
from & resl mm*i i to oa
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)

come ] e i of teohind
vdefinitions: descorigptionsy o
Jotie ss T oslvesde stated it

(LGS sl mebhodse o Lhroud

suasumebiconsy
schuchions and inductionsy :

stiltamnts do it bw eues
Latingy eto.r bhe bwo ends
s of bhe Mo

Fortunatels - ot mot boo much
or imrlicitle castesorizings ordering: assoc
their rainbows! the models on one hande and the us
o bhe obher hands

Indesds 2 taxonomse of models scoovding  to bhedr similarities or
ontrasts Fely abher  concsebusl relationshirss  and 2 baqonoms  of
circunstances of wuse of bLhe mebhods simelif

tihe consultent s bask  and
srovides himAher with temrlsasbtes on bhe grounds of whidoh o decide whioh
is adecuste Lo whatl. ‘

sramnsle of =
o maskdinsty
reordinsg o bo
. e {.} .{‘.‘ oo a0
& hadonomy
2 Dgsed on B +h
Awmecdn o o feol  chhe
i bhe  field of

spErn of ‘)

OTEL]

I o#Hiving sn
criteris de
gurlicitly
of

Tl g 3

ey

To illustrate bthise ledbs consi

Ful ol

povrowed from D101, The wmodels asre cat
thelr resrective srerosches. &z Tor bhe
mathodsy Figure 2y drawn From the szme references
of uses which determines bthe sdecuscw Tor
sumetions and Features.  Whaet FPigure
sheleton of & consultent's  modelling  mebhodo
mulbtisle orviteris decision making. It 4 :
concerls  thaelt  have defindte marsing robenti;
mimod Lowsrds & context of wmodels. ds dis hhe
wonglad like Lo eme wE MEre. .
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~Multiple Objective/Multiple Attribute Decision Methods

Weighting Methods
1. Inferred preferences
a. Linear regression
b.' Analysis of variance
c. Quasi-linear regression :
2. Directly assessed preferences: general aggregation
a. Trade-offs
b. Simple additive weighting
c. Hierarchical additive weighting
d. Quasi-additive weighting !
3. Directly assessed preferences: specialized aggregation
a. Maximin
b. Maximax
Sequential Elimination Methods
1. Alternative versus standard: comparison across attributes
.a. Disjunctive and conjunctive constraints
2. Alternative versus alternative: comparison across attributes
a. Dominance ' :

w3+ Alternative versus alternative: comparison across alternatives

a. Lexicography
b. Elimination by aspects
Mathematical Programming Methods
1. Global objective function
a. Linear programming
2. Goals in constraints
a. Goal programming
3. Local objectives: interactive
a. Interactive, multi-criterion programming
Spatial Proximity Methods
1. Iso-preference graphs
a. Indifference map
2. Ideal points
a. Multi-dimensional, non-metric scaling
3. Graphical preferences
a. Graphical overlays

Figure 1 - A& Tawonomse of Models
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Method Specification Chart

Is the purpose normative
rather than descriptive?

Yei/////7

Will a direct assessment of
preferences be valid and reliable?

No

\\\\Ies

Hes this type of
situation occurred
frequently before?

conflicting preferences?

Are there multiple
decision makers with

No

N

Redefine

No,

/

( B.l.a

V yes

\_Z

.5

Will the result of
implementing the
alternatives be

determined by only

the best (or worst)
attribute values?

No

\
) Is a process model
desired?

Ti\;fes

Are alternatives
compared to stand-
ards rather than
to each other?

Are the alternatives to
be designed rather than
chosen from & list?

What is the most velid kind

No

What is the most valid kind of preference

] of preference information? information?
[
Clotal Goals Local Inter- Inter- Ideal Intra-
stlective and trade- sattribute and intra- Trade- points Inter- attribute
deviations offs weights attribute offs and attribute ranking
¢ ¢ i weights met;ic' ranking
TN T - ~. ‘--.»
l' \V‘ \\"\ /—‘ ‘ A'2-~b\\ % \ \‘ ”
i <-t.a | c.2.a C.3.a )(Dj.a ! A2.c ) D.2.a | B.3-a) B.2.a
: A.2.4/ /
B e SN N e N
Fisgure < — A 7
AT A Taxonomw of

—_—

Uapes



ORZ00 - Sering 1980

I have ithus brougnht  forthes I ESSences that the srocess of
consulting  is marering from a2 concertusl world of situstions znd swstems

into & comncerstusl world of mebthods: establisning s
Former rart’s concerts snd the laltter parbl’s ones.

ENHANCING MODEL MANAGEMENT SYSTEMS

Im & computerized model mansgement  swestem
imelemnsmted Lo receive ss dnpul well srecified and P
bese mensdement  swestems  (DBEME)  sre  desisned Lo
Formstbtings and ovdganising date Files For models Lo
sracifications. & MME is & ster asbove i sorbisti
comes us with those specifications. IL srovides & u
aboult the models  and can revform tasks  like e
ciisrlaway  dntevfescinsgy etocrand btherefore extends
DEMES when courled Lo one. Tdesllyy 3 ster higher +
MME would e 2 swsbtem bthet could sutomaticsllw shrue
anct share them =0 ss bo #give hdnAnher a cholce of ape
solving hisAher sroblem LE2%1.

The Liun that naturslly comes bto mind now i
is Fmiﬁlb;e o budld such 8 swstemy  whal  tas
serform?  Problem structuring is verw difficult to s
deneral worldrs and desidgning s2onoall purrose intelld
i mtill Or. Frankenstein's dream. Howevers: reshtri
ciomasin bo s orersbions resesroh and manssemsnt so
at lesst 8 well Tormalized subselt of  such  an
structuring  its concerts  into & consistent esist
asnould srovide & coherent  dround  to sohisve  a
situstion +to  model and a3 sebisfwing mathematical m
woulo take auite 8 desl of  semantics  snd  semantic
conditionsd Dwe the comsistencws of Lthe FTormaslism unde
clomain.  This domsin being the %nuwimdév hsse Lhrousds
fyom one endg -~ bhe user’s Lo bhe
concerts.  Dresting snd limkinsg antitis
snart  auerweing  swstem whose ¢nfn1vnvsnﬁ FOWET
structural consistencwy and hedristic srocessing,

It is towsrds designing this
aim this studw. The stlemsl here is
Tollowing cusstions? (LY Ts it rossible Lo
comeleter and coherent way on B omachine & knowledse
the swustem scoeess sssocistions of concerls iaadinﬁ
inferences  inm & humsnlike manner? {2y IF  bhe
solved: iz it rossible rossible Lo prodgram a machine
guere o user based on bhe resresented bnowledsbEe?

The fFirst cusstion is structursl whereass Lhe se
gt both o are  rurelw eristemolosgicsl. The derende
the former s#ives s mnatural order of reflection.  Ind
of  wusing some kpowledser 46 ds  mecessary bhastl

limk bpetwsen  Lhe

Ford

(MME Yy melhods sre
ormatted dats. Dabts
marndle  rebrievings
e rune sccording to
vation oarn o khats dd
mar Wwith information
serirbions: exsmele
anc #ives rower Lo o
ouwards the rerfect
ture o wuser’s ideass
roFriate models

i smsuming thet it
b nﬂﬁUlu it nmeed Lo
miw dndivicdusl  in s
gant comruater swsbem
cting our  knowledss
jence envivonment o
ervivonment - and
emologicsl formalism
mareing  Deluweer
adel . OF cours
Frocessing
pluwins bhe kr"
h owhich Lo
obthey - Lhg
®o PEuiTes & verw
woulad  relw  on obh

vl of comeuter swshem thaet I wish Lo
to rrorase rotentizl answers o Lhe
% ?ww?@*@ﬁt in 8 oconsistents

ciomain s0 s8s Lo have
to deductions and
rrevious sroblem is
kA W) 1nt iligerntlu®

cond i srocedcdurals
ree of the la,L@r uly
wacty Defore thinking

Lhe  krnowledse lie

S Res Rt e A e e e
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somewners. This exelains wiw bthis studs started focusing on ressarohing
an  adeauate  structure bw  investigsling the work done in the fTield of
kEnowledsge rerrvesentation before errosrecting whaet rertains to  krowl 2
srocessdng. The lstiter ds & more difficult asres whose st 3 :
vnverstancding bodew does nobt #o bewond shtructure manisualation. Generasl
inferencing  slgovithms  are nolt  aveilable  bot routines rgriicular to
contexbusl domains - iddoswncraltic inferencing ~ are sufficient. Thew
Will be writbten in Lerms of basic hrowledse rrocessing ubilities

5

o

A MME doted with 8 eroblem  structuring subswstem comeosed of
s#otlid kEnowledse Dase and o 3 Ysmart®  erocessor  le bthus bremendouslu
anheanced.

SYSTEM GEMNERAL ﬁiﬁﬁﬁIPTIGH

T would like to sxrlaing

surrFort  swstem with 8 conce

iadon

et overall  dmas wiiah
B EE] It
mesic  Tunctions  are  delfiming  Tuncbionse salideting fumchtionses . and
checking functions. With such funcltions with & = fic rroblem
inomindg would srovide intersctivels ineubls Lhres main shasesi #
sroblen structuring ehased # model wvalidasting  ehe @i @
runming shase.  As I detail the for ahemy 1 L brw
“inroint oharacterishics andg i i termine © iw for
relevance of the knowleddge resrvesentation eresented in sachion.

#

ot

33

1.0 BASIC FUNOTIONS

Dw bhs swsbtem  are of  Lhirvee ol
Defining fTunctions will with  and within g concertusl knowl

sy efining concerts and Lences rertaining to sndg ohsrachterid

ao owroblem din hdlsdher bermse "mabking somes sense® in bhe
context. Validsting functions will  ensure L owhat  the
"understood® from bthe user’s dnegt iz somehow whal £/he meanh.  Finsl)
checking functions will make sure that everwbhing is sbructurslls
arc consistent s

The tasks to bhe rerformed

13 Defining Functions

B

erhities
w0
for  hbhe

fAs bhe user dnteracts wilth bhe swustem s he hes concertd
g omingd dm tevms of which s5he knows sbout his her
cbhet the knowledse base comesrises these concerbls
@ L to creshe O e anc inshano
whdeh constitute dts minde dn order Lo rerress
ari bheir  exerlicit or dmelicilt semantic dmepart. @
v bhe rervesentabionel rower of the knowledse anc now  4h
#b1  inTormsbtion  that mabkes g concerd bhe b concert.  Abbribube

3 v a
roles Lhew slaw within 8 concesbts  everwihing  should heve dmelicitlw

mod b bhvos Ehdu Ty
erihdhi

sioulad e causnt

43 il 3
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sitioeaa
wrorarhi
rerresentation sthructure Lo

to @ whole  esristemclosicsl inheritence  of concerbts and
B4 o The defining Ffuncltions will sctuallys maeke wuse of bhe
gudce bhe user.

ims Wit & Produchions
PPﬁﬁH@Tiﬁﬁ of goods
xi.!ii'."!'“’ W .
wonlad e
s Dedng
"tﬁm should lhwn hﬁ
sedation o o

i TSN

To illustrate bLhis let s think of a mwr
| Distribution: arnd Inventorw lUiE wrmmlam¢
|
|
\
;
|

st rlantsy Lhen shisment of goods Lo ﬁi
The model into which bthe wlad trw Lo
@ network of ng arnd- - ar Lants
shirring  rootes i

a

radesy  and RE:N BYOCH.
careble of intelligentls bracinmg &8 rath of concs
s dnstance of the concert ARD with astlbribubs
e SGHIFFING with according atbribut FLANT  snd
illing  the instantisted comcert’s sbivibubtes. As we
i =rasentabion
carabilityy snd morers  anod lls ) lTansuasgs
arrrorriste srimitive Tunobtions  with 4h <n Lo obudld
gefining functions D2e3e4:50,

the Structured-Icnheritances Metuwoark

1.2 Malidating Funchtions

e

Human krowledsge is highly idioswncratic. Qoncert

imlidring bne

ernhity  dis  dome ouite  differerntly Ffor different Thuse dnn an
cexecheange belwesn bwo rersonsy 8 constant wealidaetion in e 3

of  course: unconsciously - i order bo make sure ot oea
ftallk aboul the same thing. Becsuse of Lthe fasob thest st easch  con dad
shimulus  much i dwelicitlys measnt at  the same  timey B neceseary
asaumebion making  mechanism (in comrher Lermsl clefault value
igrnment wmechanism?  is bo bhe wused in oo =1 ho oul down bhe Duorcer
s precursivelsy and btherefore 1ﬁﬁw?ihi%éiw9 For e Lled  ocono
inheritancs. Menoces walidation funchio law the role of coming
Cho the user with umed values when these need be  scbiveted én
fashions to either confirm & sreviousls made husothesi or g
Whaen necessary. Such Tunchions us,%i i ; oL maintal
concerbusl  consistenous mer uEan encountering
incoheraent aril

o

rrd

shating  that
2 reascbion
doss
slaced: unless
coula . haeean®

For dinstanosy baking the PO combtext asgains a
st de shisping soods From Houston Lo Ay shgen
From tﬁ@ susle G7he would bhe answared 2 s hi
make much sense Lo ous Lo viee From s slace thﬁ
wou could  srovide  some ification on how  Lhid

WR A

Derending on what the use aarhy a8 dnconsistbency maw

@ dneul ervvor maw be covvechted.

the resresentsbior

I peliesver osn

Velidating functionss toos derend 3
#ower  of bhe knowledse Dase.  BLONE srimitis
Lhie rrincicle.
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1:3 Checking Functions

This last set of functiorns is morve erimitive then  Lthe erevious
onesy and 2re relsted Lo suntactic structural soundness of bthe *lesrned®
Enowleddse orested during intersction wilth the user. Im bhis sensey bLhew
are not noticeable by Lthe user andgd FTorm 3 kind of comsiler Tor the
rerresentation fTormalism. For edemrler s concest cannolb heve  bhe  ssme
concert Ffor surerconcest snd suboonoest. :

2.0 SYSTEM COMPONENTS

fe L osaid esvlieve Lhe decision surrord sheamn  decomProsss
into three main stages!  eroblem structuringr model validetions and
model execubion.  This decomsosition underlies the logicsl srocedurs of
mocelLims. ,

21 FProblem Struchurinsg

As o3 user  loss on s resulsy model mansgement  swustems Lhe
interaction offered: slithough it maw dSive the dillusion of intellisent
auerdy 1s essentially & hiervarvcehicsl menu of commands snd roubines which
is dnevitebly rigidy and rreconditions in & delterministic waw & template
structure imto which  the useyr has to Fit hisAher  problem. fim @
contrasty & swstem sllowing one  to define hisdher own concests and
nenceforth treing Lo tie them inferentially to  those of some models
wWoul o give a heuristic rower that verwy much resembles & human
consultant s waw. The sart of the swsten reseonsible for this tashk
constitubes the  sroblem  structuring module. The context tLhe
arelication domsin - peins common Lo Dobh the  user  angd bhe shame
Herneral concerhs  such as  Desic sobtivitiess  ard twedosl ey i
irvolveds should besr enoush drnformatic For bthe swsbtem Lo infer
a#s rossibler amd 2lso sromedt Tor more stimulil when nesded.

mrie

Works like the ones of Moore L1111y and Collinss et al L7101y e
Lhe  dssue of ressoning From dincomslets knowledse.  The labiter ers
tarmonomic areroach bto wsws  and circoumstsasnces of  subomatic
srocesses  in a comruter sided dnstruction {(CALY envirvornment Dased
semantic network rervesentation of memorw [43. The CAT  combest 3
considerable resemblanees wilth our sroblem structuring swstem in bthalt Lhe
sarbies interacting lesrn Prom one anobher.

b ored
st @

The sroblem of conversence of such & vecieprocal lesrming process ia
“hhe interest of the mext module!  the model validastion.
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2.2 Hodel Validation

It is horeds im the rrocess  of  structuring one’s  eroblems bhsth
closure be eventuslly resched in schieving convergence towards some
models in a8 consistent waw Tor both the user asnd bthe swustem. For_ thig
surraser bhe syestem must have bthe carasbility of "making some sense® oul
of the wuser's insuly snd vice-versa. bhe user’s conceshs sre  exrescted
to  be found some amalogous counterrardts in the sustem’s knowleddge hase.
Thereforer & facility meling sure bhalt boblh sgree on bhe snsloswey  meke
the same  sel of  sssumsbions ancd  Teel comfortesible. doing soe is
FECESEaTY. Model wvalidsation tasks arve erincipslls oheok ins for
concertual inconsistenciesy rasolyvinsg concertusl  dnconsistenciess
grloring inTerential consecusnces  of  hurobhese winioh maw lesd Lo
concertual  dnconsistencies: and FTinmellwr resch validebtion of srevious
clefaulted sssumrbions. It is in bhe swustem e TR L ol oL Lhat o sueh
modules sre Lo be stratedgicellw selt dnbto & welidestion code.

%

There is no sueh bthding Lo dste - Lo mw  knowledse - @a o Haneral
inferrving  alH@oritbms.  Thuse situstions will have to be well understood
28 mador determinants of this shaser idioswnorabticle OFf nob undversalls.
Morefullwsy factors like bthe closure of the serlication knowledse baser
arnd & Lhovoush ereliminery dnvestigstion of MMS  usasdger are likelw Lo
circumseribe a8 relativelw small seb of situstions to be & ted. AN
ongoing exreriment towards budlding this sort of feeilite tends to  give
oredit bto bhis view.

o

23 Model BExecubion

The aim of bthe user ds to Find 2 methemsticsl decisiorn model fto run
with hissner srecific  ineub. Thereforses  the ulbtimste stasdge and the
tardget of someone using Lthe swstemn is ranming some actusl oode.

Once concertual conmections are  established between Lthe user’s
srobtlemn and and sdecuste models the latter oushl to bhe fed da arnc runse
aytomsticalls. lDsts ordganizsation ifie bo & model iz interfsced via

a2 clsssicel DIBMS Trom user specified sources.

a5

At bthis stagey the user is comfortasble with the rroblem modellins
arti is  Tamilisr with everuwbhing that must be srovided for dmeult in
missher termse end will be given solubions in hisAher terms also.

SEMANTIC METWORKS

>

I bhis sechions I eresent & Driel summsrizing survew of koo Loess
rerresentation reseasveh done since  bthe filrst asepreasrences of semantic
menory structures until todaw. :

e
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I the last twelve wesrsy the issue of rerresenting knowledse in 2
machine Dased on bLhe ides of concert sssocistions hess been luring ouile
a rumber of cresbive scientists. The resesren has Dlossomed inbo 8 verw
Pruitful number of rerrvesentations of sssocistive memorw 28 5 basis of
model Ffor 2 humanlike  bknowledse  base. Simce early  snd relstivelw
simerlistic models like Quillisrn’s TLD D133y and Carbomell s SCHOLAR L6671y
artificial  drntellisence  dinvestigstorsy  zs much @B sawohologistas
limguistss rshilosorhersy  snd obher obscure comruber scilentists of Lhe
"gagteric® side - as oreosed Lo the sutomstic theorvem sroving grousr of
lodgicians comstituting  the formal harvd core of arbtificial intelligences
== have Tormed a grour of semantic network and lansusge believers. Muoh
is  wtill soing ony  asnd Lthe ares Promises to be & verw Pruitful and
edeiting one.

Linguists ravbiculasrle: 4F nob exelusivelwr were bthe ones  ho  sive
the subdect & close look during the early sevenltisg - coainee bhe bdrhh
of semantic networks is ackrnowledsed Lo be 1966-68r with R Guillisn’s
sioneaering work  [12131. That resulited 4in the verw used bt rather
chaotic (for ressons of rigidite?) csse structure in networks like those
designed bhw Shariro L1771y Rieger [1471y Simmons L1813y eteo. &1l fthese
nets are bhased on centralizing an zotion on the verdh whose sgent (or
subJdect? would bot  not necessarily commit bthe sotion {(the verh? om oz
ossible  obJdect. The common Flaw  in all tie CEEE struchiyre
rerresentations is that the concert of concerdt is understood in & rether
intuitive fashion as showed bu Brachman in his dissertetion [21.

!

In an excellent survew that has also the merit of beinsg the recent
s comrlete sublished in the zres D41 he shows thalt eversons sdosted s
uniform converntiond as concerts are enbtities subdect to  zssociatic
thew asre simerlisticls defimed as nodsl units interrelsted witn T
tures of linkasges as srecifically needed. It Lthus serreazred thalt what 8
concert  wes  wss  not essy Lo rercsive snd sven less bo be sub o dnto oz
maching. :

Howevers most of Lhe edreriments wers somehow  successTul . doing s
somewhat  dntelligent work. Bubl: excerlt For mornenstwork resre
like Schank’s L1461y the structure of knowledse was verw 0
Lo bhedr surerimental domsins. I successTul For bthe knowledss Y
the erocedures locelly desismnedy the ambiguouse incomeletsr or ftoo larse
set of esrimitive nodes angd links  was  verw hard or dmeossible to
translete into snother domain of aerlicstion. In fachty evern SBonaenbk’'s
rerresentation had the notion of concest not clearly seb, ; 3

=3

e Wimston L1911 was smong bthe Ffirst Lo be concernsd wity
sristemological nbases  For  semsnbic nebworks. Alsor s the ssvenlies
fadedy the arez ewranded from nets to include langussges like KRL  [1ls
and FRL L1531y for knowleddge rerresentstion snd manirulstions offering 2
comelaxd datas structure immediatels codesible sz &8 netuork knowleddge Dase

Unfortunstelyy bthe difficulis of defining = sharmdsrads el l
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