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T. TNTRGBUCTION

Wher wg talX ¢r think abont anvibhing, we are building models,
Whether one iz attemphing teo expiain & particular set of experi-
mental resnlkp or engdging in a diplematic confergnoce with repre-
setitabives of another culture, & model «f the emplrical syatenm i
gatahlighed anpd ufed to guide farthar progregs.  Whensver kwe or
pore diacipiines or ovan Iwe or more individualis ave isvelved in
bhe moedeling process, bhe rsould will be & multidisciplinary
wodel., #ven theongh we may thirnk of modgla in thaese very lotesly
gefinad terms, it ls desirable o have & more preciss definition,
We atbempt hgre to define a4 model by ewpliidating & madeling
prssadure, ¥Faced with the nepd be nodel an shservakion met {g
gtk of emplrical data), ig there & methodoiogy whinh fesds Lo a
slearly defined models one which aliows for nodification and £for
gxtengion into A theory? We believe thak such & methedology deem
¢xiat angd hepe that what is presented here will =erve as &4
nasful attempt to deflne that methodoloqy.

The conatruction of a model must not e taken lightiy L% any
process bhat might be congtrued aAg deductive rfaasonineg iz to
Esilow vy Lf ong wiahes Lo vae the nodel 2 & vedns of communicn~
ting, When twe oy mors pecple ume what they helleve ¢o be khe
game model, difficultles fraguently srize doe to differences in
the uee ¢f "comman" terme, It addition, intended meanings may
vary from mement ¢ moment because of ocontexi sSensitivity. Huck
uge of onptext may oven be delibarate.  Theses anmbiguitiss perfve
2 &8 meanyg of metivating the rei¢indery of everyday conversa-
tion, hut are not desirable when khe precision of cithey dedug-
lve ressoniuyg or informative domimunicabion i L guestion.

Bniggs clearly staked arnd agread upon definitions, azsumptions,
and rules are aonecionsly ostablished bhroush a woll-undergtocd
metbodolisgy, the ooherence of the modeiing atbempt will gradiually
deteriorsgte untll there s no possiblicy that presise commupicas
tien can proceed, The desire, perhaps the need, to apecliiy &
toplo in 2 seaner which sinlmizes he likelibosd of such 2 commmu
nigative digjuncture iz largely what motivabes socignce. Helcoe
bhe tepic of methodologies in multidiaciplinary modeling is an
important one,

¥or the purpoesy of the discussion wilch follows, a modal can be
anyihing whigh 1e uged Yo represent, fp cohsyent faghion, the
sub®est of wither glsvussion or Lhought., Whanever & model i
used, & regresenkatiar of -the external ¢r i{sternal subject may bhe
z3id to have bheen formed or cognized., The faitenfulness of Lthe
reprecentation 1g a meaaure of the valve ¢f the model.

Admittediy, even this gounnobative definition of z model iZ rather
loosg,. howevel the procedors by whichk one builds 2 medel must be
gulbe strick, There are many cansbraints within tie proceduze,
4% the sinme time, tle procedurel degrees of fresfan are guf-
ficiently arbitrary and puwmerous b sllow the dagired explanatery
power. Tt is the procedors thab really deflnes what a dedel is,
and in this sense, 2 model Is 2 fundamantal concepk, bHelng ¢pergw
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tionally defined. Phs only rigoerous definition that we oan
wrovide is a2 denotative ghatsment that *onls, this, this, and
thiz” provess should go inte the paking of a medal, Thus, wa
will atbempt ko provide the speratiosnal definibion of & wodel in
he following giscussion.

The methodology put forth here is betisr treated ss 2 provedursl
dimonoetic than s being sither presuslipiive or desvripbivs. LE
wiil aanswer .bhe guesbtion, "What are bthe paris of bhe modeling
proveds which, 1f omitted, lead v insurpowatabls diffienltien®”
We will desoribs 2 madel 88 consleting of bthree paris whiach will
be debatied in turn: the epistemologiosl framswork, Lhe repre-
sentational framewonsk, and » protedurasl framework, In asdition,
we will taks s ook ab a measng of reprseenting the modeling
procediare.  Fhisg will alilow us 40 examing the gonnsciion between
# podgl, an smpirical theory, and 2 world view, ¥Finally we will
mention pone of the apecial properiies of a multidisciplinacy
model and indicate & few practical methods by which the methodo-
logy sapoused heve may be iaplespented, Alihowgh many of the de—
bails of the methodology to be auxtlined below will szem sbvions,
Lhey are none~bhe-less non-brivial.

In summary bthen, we are interseted primarily in a $ystém of
syntax detniled in such a way a4 to allow conftection with a
gyetem of pragmaties and with a esystem of memantice. These

boplos will be explored in future papeca,

L, PHE BPISTEMOLOGECAL FRAMEWORK

The constrection of a proper model begins with the formulation of
an eplstemological framework, An epistemoclogical framework is a
get of loogely defined agreements which are made explicit by
those who will be injecting infermation into the model. In 2ome
genge, Wwhat each individoal brings into the modeling process at
thia point le dependent npon ocher modela -~ upon a certain pre-
disposdislon. A1l obzervations are in terme of some prior model
and these oheervations have Lhzen <¢ateqgorized in some way or
okher, These categories and the prior models must remain inpli-
els in the eplstemological framework, They remain enfolded
wiﬁ?;p the model to be developed, unuslliy implicit and znde-
tailed.

Al an example of thig enloiding of rmodela, consider a nodel of
inventory at a Fruelt stend., %he structuxe of khe lnvantory model
is larcely dependent on hoy one chooses ko agoregatse bhe frueib:
whethker inko appies and cranges or frult ang nen~fruit, whelher
the palits sfe craken or poands. This methof of categorization iz
a4 model ¢f a gmall partisn of the vworid wileh is enfolded inte
the moedel of inveubory. Similariy, there iz a nodel of the
anivarssls of grammer which is enfolded into the nedel of frult
zecropakion, We can krsce the enfouldings bgok through evdligbion-
ary models ©6 a cgemalogical model, Theze I8 btheu aithegr a
aatural limit ©or & regresgive enfolding depending on whether
ane's cosmalocy is cloesed or opan-ended, Phese details of the
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enfolding are relegated to an inplloll® pragmatios an goon 88
thoge sngaged in bthe wodeling gpecliy bhelr intenit.

mhere are five basic agrsements U0 ihe sigbencicgicsl framownzk.
Eaeh of thees ayrssments post  be present if Che modeling asttenpt
iz te be aﬁcﬁﬁgﬁﬁui, Firat, Lhefe null e an apressent of oo

5 undeatiang {a la Gricel,¥ Jooparsbive communics-
tlong coneiata of ChLes gpp-ggrsspenty,.  There moet b an initial
gup~agreemnasnt that only comnwonly dafingd terme will bhe uged.
Commpmnicaticon must begln with berme in evervday use. If thsre is
& fFallurs £ uge sueh bterans and trest thew ag belng fundamental,
rhen &n abtempt o defineg conmples terms (derivsd concephs] will
certainly fail., By treating commen Lerms sz Lundamenial, a
laa&aly defined terminalogy iy permitbsd 28 operational defimi-
rions eveive. Thisz coneent iz somewhat asxin 2o & kean. A defini-
tion iE given @@ “such and sach™ and 4hen three sentences later
may bae given ae "not such and auch bat 2o and g0 fg cloBer Lo
what is meant®. In this way, by going back and forth betweoen
geyeral dlstincet and apnecific definitiona, hLetLms Come Lo be
clenrly and orecisely defiined in an operaticonal sensgs. In gene-
ral bthan, fundemsnkal terms are contextually defined.

There muet pe 8 sub~agreement a6 to which teems wlll be uced as
fundamental torng and whinh ternme will ba kreated as derived
tesme,  Termsg sach as "and", "the", and"or" are among the most
gammonly used terma and moct veople have a pretity ¢oo0d sense of
what they méan, evern thoeugh Lhese terma may have very preeise
deinitions In the mathewmatical or logical sense and these defini-
Liong may ot be known. "Throogh an agreement as to which kerms
are te be treated a¢ fundamental and which terms are to be de-
rived* aventually the more preciges terms can be specifled through
the operationally defined terma,

The final eub-gygreemenkt of Lthe agreéméent of cooperative commupi-
cationeg ia an agreepent of pertjipence, This agreement lmposeg a
bilatersl conditlon., In any dSommunicaticn, each parkty must agrep
not o attempt bto mialead the other or to entertain irrelevant
information., Conhvereely, it i3 asaumed that any statement, unhder=
stood or not, i3 pertifient and ae such each party must attempt Lo
achieve & relevant interprebation.

Before any great pregressa can be made on the model; there must be
afi agﬁgﬁmgn;“gxwga;gﬁz. Thogse engaged in the modeiing mugt gpe-
gify what it ia that they wish Lo model., The fizrst of these
refera to the obkject of the madeling by referepnce only, for
inatance, it is here thet ifventory or guantun electfodynanmios 1s
chesen o8 the subject to be modelied, Thie sgreement is Closely
reiated o Ehe bhird maler agreemsnk within the epistenclogical
framework, agreement of obgservatien,

gnoe kne inhent haa been agresd uponR, there pust be agreenent ag

*por gorap-Schmidt such an agreement often asuifices to define bthe
sperationsl sSpace,



o what observations constitute the relevant gygtem observables,
The agreement of obseryation defines obgervables, apecifies Lo
what extent obaervables can be dietingoished, and the method by
which they are to be distinguished. In other words, when distin-
guished, In other words, when modeling fnventory, shall applas
snd oranges be ftaken as the gyeier c¢bhssrvanles orf shall ithe
numbers on a tally sheel be uged as the pystem obhassrvables? Lack
of puch an agresmesnt will lead to a breakdown in communications
when falsification of postulates il royunired within the prow
padursl franewor¥.

Prhe foucth wmaleor agrestent withino rthe epigtensiogioal frapework
iv bhe paresepent. ol paplisib-asasnpiions. There muet be an a«
greenent te cleariy speviiyv apd acres npon all the zssumptions.
if o eingle assunmption is lefst out of the wodeling process,
eventually it will be ugad implicitly. The uge of implicit
agsunptions laads to migonderstandinges and disagregments {as well
pg mecidental creativieyi. Ths most trivial of agsumptions must
Mg gtmbed expiicitly, Yn the wasbal case however, it 1B the most
sun~trivial assnpptiong whieh are overiogked, the most ilmporiant
being those of an exietentlsl naknre, For exanpie, the erxieten—
tial postulate, the diatination between what i "oyl there® and
what i "in here™, ig rarvrely speeified, Whete ig the boundary
szgunsd te be? The partissiag answer 18 nobk 48 important metho~
delogically as is the faer that the guestion need bo gnswered,
fhe game thing applies wher the agsusption is made dhalt there is
an "in here® or an “ont there', and that kkeve ifg @ beundary
between them {Depcartes’ duglien). Theme are prebahly the most
inportant sassumptione thak ¢an he nade,

En dnteresting effeck often takes place when one La willing ko
zlther give up bthe bounddry or Lo let it "fleat free", Mauy
procegpes aeen az beling devoid of explanation or perhaps too
aonpiex ts explain, becompe oless 8 ston as the bouyndary separa-
ting the syatem from fig mavironpent becomes son-rigld,® Where
the houdary is placed gan sazvs Lo zither elarify or complicate
the model bhat iz beili., Fer sxanple, in z thermodynanliso pro-
tags, bhe oconseprial pladement 2f the iscthermel wall oan he
critivael. 1f ¢he wall iz vlaced Jown the cenber ¢of & hest ed-
chenger and the interest is in verifvipg bhe conoept ¢f qungar—
vabian ¢f eneryy, then pany procosses gre taking plade adrogss bthe
Loundary - hack and forth acroege the wall., In order to verify
that snergy 18 ¢ongerved in bthe syghenm, each and every bik of
heat flow must be EBaken inte adacoount, It beacdmes much lesze
difficult t¢ see that energy is congerved, however, If a bigger
box is btaken so thst the entize hbealb sxchanger im sontainsd

A3 a sedpnd sxample oonsider the clusbering problam asz shawn in
Figure 1. If it i3 desiced to form & linsary dichotomy ssparabting
the *+1a® and the "~'g%, it obhvionsly makes no sense Lo plane Lhs
boundary a% & gyvraight line. If, nuwaever, Lhe boundary ig piscad
a8 shown in Figure 2, then a "gimpie” noordinate transiorwmabion

* The boundary caloaloua of topology is uaeful here,






mokes khs Tlinearity™ zsraigqhbforwerd.®

Fron agresment to apecilfy each aspumpbion comss 3 hypothetipg]
Eramewors which anawers, £¢r the moment and with no gertainty,
sxipterntial guestions of the sort "¢o I exiph?™. Por inetasos,
G Elaght s#tats bhe answer ag "1 will nasume, £or bhe parpoges of
Lhie eadeavor, vt I do gxist®, When one ongages Ln moedaling,
paradexes are bhe psual resplt wibkhoent metvlculouy regard Ior what
are npormally ipplicii asaumpbione, Thia is especially inporiant
when mampbersy of Gifforent culivres are providing information as
iapnt to the sodel, Betsphyeicsl azsumptiong musi b included
.wikhin the epistemologicsl framework., I ig equally important
that the shatenants be racognized as assumpkions and that they
aan not be provens 2y mere than any agsunpbtion or gtzbsment
within the spigtemclogianl framework gan be proven.

very often, a8 will be Bgen In the procedursl framewoerk, 1t i
degizable 4o rsturn to thegs ﬁssumﬁﬁiana and tweak the epistemid-
legical framework with them ip order to optimize & bulky, confu-
ging, or unworkable acdel, Citer ihe &EE&%@t_DH which actonpli-
ghes thia feat is the one which places bthe exiebtential boundary,
Hote, for exapple, that physicists sfben make these assumpblions
inpiseitly, Behr and Heingenberg ware at 6dd42 on the point of
whether there was or waa noet an insidefonteide dighotonmy. Bokr
interpreted conmplementariky ag a atatement that observations were
an artifect of mind, not of the outgide worlid, where ag Helsen~
berg inkerpretead uncertalnty & ¢ statemeant fhat the two could
nok be separsbaed.

Spwceifying the aspusmptions by which as individual abldes e a
¢oad way Lo examiig theltr worldeigw., Uniggs one goadsstions bhe
pgsumpPoions that yre »mady, arguments will ftend bto perelist withoub
glther party underastanding why, C&re muast be taken ac thess ars
not asgumphieng whkich peopls intrinsicly conceptvalizs in the
came way. 1t if necsedary o Bnow whare others stiand on these
points bafors precige commupication Le possible.

The f£ifith agresment of bhe epistemclicqical framework i es-
sentisaily a variation ¢f Qﬂihﬁm,ﬁ_ﬁﬁaﬁx, Fi Kﬁt; the partici-
panks muet accept &0 A0LGRD . inal genersl i, that ig, 4o
state assumpiions which are more ﬁncaﬁpasslng ramher than theas
whith avre s¢ specific as o encoempaag very litkle. On the othe:
hand, the azsunpbions mast pot Do BL ganeral that exgeasive yge
of the razor is peguired lzter omn, Sesond, as ggkeepsni.of
febBgangs stk He met, Assusmsilons muazd not be siated unless

shpoligeiy regulired for model, I¥ is sesgumed bhst the modeling
prooadyre has been considerably focnged zt this point by baving
specified geperatle which questiong ave of interest and which

* B calm‘i us of ¢lustering is afsumed: ¥Wamely Is thaet a styug-
Rurs such s that shown in Figﬁ:% 2 imyiiﬁa Lhe neaed L4 4n as
yek hﬂdﬂfinﬁﬁ paramenber ~ in ¢elhezr worde, the parazeizre are
separebhie if and enly if Lhe nwmber of orthencrzmal paramaters ia
sufficient,



queckions will be allowsed, Thus the assumpilone siated hare dps
not juat & iist of mil the detsils £hat sre ralovant, Hathaot
they arg the n@sumptions which may b4 stated in spoh a Dannet ag
to incorporats &g mach ez iz possible without bBeing go genersl oo
to incorporate the sonscessary, $he Heror 18 bhus used ag s hest
to distinguish periinent and relsvanbt nmatsrisl from non-pertinsnt
and irpelevant or sxbranecus maberial. Diven ths asssunptions
siready stated, one asxs whethsr 0r nob esch new asgumption is
neaded or whether it le alyeady containsd within the framework,
In obher words, iz the resdon o do such and sueh already svail-
ahie?  One practical method by wihlch the Eazdr may be implomented
iz to overpraliierate, intreducs varisby, ailow deaebharate da-
goripbion, and then f£ilber oy reducs, In Bhisg way ante ends up
with the maxinum information and the mianimam noise,

the gegumpdions that asre sabtlined &t this point zre not incompa-
Eible if they refer to vhe same clroumskances in different waye,
Fhue the level of moedeling L8 not atomie. Bather, they will
refer to geparate worldviews [(belief aystensa), each apzping the
atructure of thought differently. Since it iz difficultb ko khink
in two differsot wave at she came time, Lt L desirabcle to spac-
1fy the agpumptions of a singile worldview,

Y5, THE REVRESENTATIONAL FRAMEWORYK

The represenbkational framawork connlusbs of two zeteg: a get of
ayobols and a set of rules of manipulation. These sets are chosen
pobdeckively from egquivalent sets in order to simplify the parti-
¢ular modelling task. Glven any kwo abgtract collectlions of
gymboly (ababkractk ia the senge that no obdective meaning has been
aggigned to the symbholz), the collections are said te be equiva-
lenk LE 4hey liave the ssme cardinality (number of elements). Two
sebky of rules of mandipulation acre eguivalent if there 15 & one-
be-ong and onto relaticnship between them. Any two rules are
gquivalent if they manlpulate the same symboels in the mame way.
Even though the ckpregasione of the rule mzy appear different,
they are sparationzlly equivalenkt 3¢ long as every interpretation
and lmplementation pf thse sxpreseion producee the Same manipula~
bion of an sgunivaleéent geb of symbois,

¥ &nd only if there exlsts no relaticnship between the reles of
wmanipuiation {i.z. the Tuliea form an orthogonal sst - are unoouep-
ledy will the repressentational [ramework produce & iinear madal.
The rales &f manipulation muast s=lso be conplete in the gense thak
nn proper subset of the ast of avmbola is eclomed ander the rules
a#f matnipulation. The get of symbels iz ibselE closed ander bhe
ralea of wmanipulatien. Of cpurse;, the rales puet be self-consis-
tent, Whatever the framework chopen, we are foustrained by bhe
netee3ity of pufficient richmeds to allow compliete reprasanhabion
gf the zysten being wmodeled, The rapresentatienal framewerk is
thur an abziract fermaliiem.

There exists a plethora of eguivalent representations. Bguivalend

i



s# used here doew pot mean "3ame”, 1t peang the sane infornmation
apnag the same shrudture are dntrinsio to both, Mathematically
gpeak-ing thig de a0 iasmerchism {gn order-preserving traassforna-
tion} having a onsg-to-prne and onto corrggpondence, Hiroctore,
arder, and infermation are noet lost in an lsomorphic trangforma-
tion, Thisz does not mean that the vigiole or apparent siructures
#F ops representstion will be ag vielnle in sn eguivalant feprfe-
ganbtation, siange bhis ir 2 sebiscobive intérprebed festurs,

Althouch the ini%ial choiceg of a vepresentationel framework is
gaite arbitrary, bthere «will slwaye be an ophtinal repressnbabion
within the consiraints of ¢heias for thasze involved in the mode-
ling effort. For example, some may £flnd it easier to work with
arablc numerals g distingoished from romsn nhmerals, The logl-
gal sbructure of thsce two sumerical reptagantation schenes iz
guite egnivaleut {oxeludlng tbhe szsre syaboall and the eholve iz
Ghjeetively arhitialy, £ iz golely 2 mattexr &F which reprosen-
tation is sabjechively the singier o6r less somplex®.  The first
ghoices of & represeutaticonal framework may jead to a modsl which
ig found to be oo complek to he of practicasl use,

At the beginning of the modeling gffort, there may be only a hint
ef whig complexity, Ag one works boward the goale of the model,
evern initial simplicity may turn ont 8 entsil contiderabls
aemplexity, When thieg sccers, it ig desirable Lo vetorn $6 the
reprasgntational Framewoerk and <hangs ©o 2 parsilisd or eguiviient
 reprepentation whiah serves to simplify the point of diffilaniiy.
‘Nose *hab onels ealéural bilasse, Erzining, balagnts, 2toe, &ll
play a part 1o the choice of & tepresentational ¥ramework and
even more £0 in adjusbtling the choice later. If there is personal
competition, then 4Lhe paycholoegical fand Financlial, politiaal,
profesgional, ebel] threat of having onels investmsnt overiocked
iz guite real whes an pgulvalsat rspregsptation is proposed 2
peing wors optinal, Yhere iz thus 3 pesvohoelogical hurdle whigh
mupt be gvercome in bhe modeling prodgsss, az it 38 Bot snusual
Ezr howza heince o Becoms ego-ahbachad to whatever they think
about oy more than g few milliscoonds.

I, THE FROCEDURAL FRAMEWORK

within Lthe procedural Framowsrzk, the pelabionahip bhatween empiri-
cisp and bhe proposed metdiangnage ia explorsd and bhe metalan~
gquage is satablished., Thare has been & goof deal of confusion
apont bhe relatioensbly between smpiricizm and netalanguage.
Hopefully s bit of it ¢an be alleviated. Cne mistake thabk lg
often made ia ko treat the logice of thought and the legic of
observation as fthough bthegy were sqguivalent to the logle croposad
by Basle, the claes galouluee of the propoaitional logic. This
mistaks wap initially encouraged by the way Iip which Boole inkro-
duced the propositional logic, nawmely ze the legis of thought
atatewment wap intended Lo ap one of fact: thie 18 the way peopls

* gee Feynman, The Character of Phyzieal Law
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thizk snd it car e spplied Lo sayihing.

Since wi are abbeppbing to ﬁ?%ﬁix? an apprepriate petalanguage
eare must Be baken wibh such points, We push be vary careful

Lovk Yhe rules of Jogle ubed vhen ve balk shout the nodel, rafey
te ik, L.o, how we think. I we Bhink sy Boole said, thewn the
levws of Lhoughi arg absclutely Lapstvicus to bhe spaviroenmend
ghacrved, Rveryihing ls coxpatbible and can e sinultaneduniy
chasrved. ‘thers are ne logical congbraints upon whab car angd can
not he ohgervad. Phe lawe of theaght arve fixed and everyibing is
logically ralatsd to everyibing elze in fthese and only these
WaysSa

It fe f2r becter ba freat Beole's viswpolint 23 2n hypothesis.
Boole sosumec that the processes and the conkant of thought were
separsble, that they wvere neb casupled in #ny wWay, Buch g iogic¢
may nobt be adequabe, sven g a pelbalanguage, ag, Lor exanmple,
wher mofeling indistinguishebies. In this <ags therle ig & diife~
rence between the pardinal and ordinel numberg that the logic
muet take lnts account,

Tf we Lreat Boolse’s viawpeint as a2 hypoithesis, then there i
liberty to manipalate [tweak) the mebalangoans kil gomething
¢loge f£o the logic of thought is finally eptaklighed gp o moreg
useful, almost "univerasal™ imargimally grand}, mehkalangusge. We
fmiay characterize thought in a different way {use a different get
of axioms), 1f we wish, ag long as the axioms of the aysbem bthueg
oreated are clearly stated, The validity of our charatterization
will then be pupiject to empirical validation.

How rcan enpiriciem specify which metalinguniatic choice is appro-
priaste for a particular model? Within the protedural framework
ang looke to experience and cheesrvation bo answer the duegtions,
In particular this is done by distinguishing between falsifiabieg
and unfalsifilable postulates, Those postulates which are not
falsiflcable may be taken as axioms of the wmatalanguage and this
leada to predictablity within the meodel. Those postulates which
ars faleifiable lead to changes within the epilstemoleglcal ng
representational frameworks, There 1ls always the possiblity that
Cwikhin the metalangusga thare exist postulates whose asefulnssy
in the real world - althengh functioning well within the metalan-
guhage - can be neithsr verified neor falsified., These gtaitements
are Godelian iuv uvature and seive a5 an indicaticn of the richness
of the formalizm. e (Newtonian)l sclentific method iep often ase-
faul In working with ths mehaianguage, Tt functionz best in
propagitional form, The firs step is5 Lo state a
“na“aaitiaﬁ whigh L1g an inductive §4ﬁtuiuta hased on CORMOR
nﬁﬁl@ﬁre, Tnis pogbulaste is guite arbiiyary.. It may be either
# wild pratsmant or 5 ssfe ofe. At this point inp the process
bhare exisbs 4 wnigioe condlilon, Thig firet propositieon iz hased
upon tandom obgervations. It is a summation of wmany cbservations

* Ty mighi be said that the wetalancuage then consbitutses & final
topoioay in ibte cenceptusl besinniugs. '



oyer the past, The ordering hesbyeen obasrvationg has besn
smeared, guidsd only by contexitual geed and experimgntal sesihe
rics, The wsiure of this smearing is precisely the relationship
babwean the nabtivegl ¢rdering of the aniverse and thsre of ths
wubepace which ia heing modeled {if oae sesumesa bhat theea
whings exist),

Mhis unigue ipatancs in the wodeling process will oot recwor if an
ariomatic provsdural framework Iz clogely followeads The posku-
tate is formed within the context of the chosed mutalanguage,
Por exanplie, 3F a bwelve volt hattery iy coennadted to o nine volt
iight bulilb, the clainm that the hulb will burn out i reasena-
Lig, This is » statenment Rased on zandopny obgervations - gmpirical
zad informal predictahility, syperlence - even though it is a
teetabls cns. It i8 nol hased upon pobesg in sone carefully

dated rotebook, buk upon experience, lntultlons, experience with
other moedels, wvarions psychelegical factors, ete, There are
factoere lncluded within the postulate which have not been ana-
lyzed, The statemsnk need nok be hagsed snbirely wpon empiriciem,
the noint s that one does not arsive ab bhie relstively general
posbulats in any eysbematic way., Ag the podel Ig ¢omplevsed, this
pogbuiate will Foraver De viewed 8 being inductlve or idassyn-
grabic within the Sramewsxi., It ig neither predichible nor algh-
rithrmicly deseridable and ies Fraguently regarded ag fortuitous
{or pavrheps Irvusbrabtingly wnlucky when the aodel that resuits is

The next step ig Lo put forth a secondsry, more specific, propo-
gition (Eormulated as a question) abonit the Inductive pogtulate,
The fnductive postulate 1 now breated Ag an axiem, A proposi-
tion derived Ezom the indncbive postulate gng relating the rulep
af iegle to the sysien shasryvables ig aow feorpulated. Yhis second
groposition must be specific, stating what are znd what a2rxe nob
shearvables,® Finaslly, the proposition isg tested by the angwer
bo Lhat propositien, which la itself asnoblitry proposikion,

Thie noat recent bropesihion iz a positulate hased vponi directed
obseryabions. This ig the first in ¢ <chain of deductive poghu~
laktes, The entire provess ig bhen repeated indefinitely using
the most recent postulate ae the one te be teaked, The reault i
a ehain of propositions. *he meodel oonabrneting centinues
through &hia process unkil zll the sbeervables from the obhawrva-
titn set have been exbsusbivaely related to the repregeabational
Erzpawark, The axiomsa of Uhe metalangnage 4re appiisd and rasp-
plied, AL zome point it may haoome so diffinult to deslyn a nevw
testanle postaulate Ehal the wmodel ie elither Conplebo (uilikelyl,
madifisd in some way, ©Or dlsposed of altogather, Thus the modsl-
ing process 18 either yegursive or ithe Huhniarn revoluiionary step
is mads,

* Nobe khat in the light of accepted physical theory, a nzeful
criteria expreases obasrvabllify in terme ¢Ff the netion thazn
oezzibles sra ab worst oontiariss wheresz zontradictions repre
sent ieposgibilities,

ig



The Kuhnian revolutionary step occurs WwWhenever one of three
eventa takes place, Firat, the observation set is not sktatic in
most real world modeling efforts. Thus, it is alwaye possible
that a new observation element will be added toc the origlual
observation set which can not be coherently acconmodated within
the preesent epistemelogilcal, representational, or procedural
framework. Second, those involved in the modeling effort may
experience a flash of insight and start anew with a different
lnductive pogptulate than was previously congidered., Third, a
parallel attempt at the modeling effort may prove more successful
{either in fact or peclitically)., In esch case a new inductive
postulate is the result!

V. REPREESENTING THE MODELING PROCESS

The modellng process can be shown to have some interesting pro-
pertiegp when represented in atl abstract manner, IE ig reagonaple
to ask how a model 1ie connected to an emplilrical theory and how
the model behavee when the observation set undergoes some change
or modification, We begin by defining a model M ap a logircal
ipomorphism to a fully-interpreted system FR. It consists of an
abstract formalism F (the representational framework) which is
defined as a logical calculus devoid of any meaning., The symbols
of the Formalism have relationships to each other butk are without
interpretation outseide the formalism., The interpretation is
closed within the operations defined within the formallesm and no
meaning is impuked explicitly to the symbols of the formalism,
The symbols may, of course, evoke meaning implicitly.

The abstract formalism relates abstract symbole to the observa-
bles o within the obaervation set ¢ attached to the epistemologi-
cal framework via a metalanquage (as supplied in the procedural
framework). Hote that we use lowercase to represent the genera-
lized elemente of any part of the model. Theps elements may be
(for example) the discrete elements of a eet or the gquantum
elemente of a guantum manifold, The rules of correspondence R
serve to establish an internal coherence between the descriptive
features of the formallem and the cbservation eset. There 1ls sone
sense in which one can raefer to the rules of correspondence as
that which establishes an ordering of the observables., © is aleo
referred to as the universe of obeervahles,

As an example, consider the modeling of a right triangle, There
iz, initially, the triangle itself, which iz, in fact, a set of
three straight line segments, ae the observation set. There are
the two sides snd the hypotenuse, The abstract formallem may
well consist 05 the symbeols h, b, and ¢, with EPE abatract opera-
ticons of +, {})°;, and =, and the algorithm (h)“+{b)“={¢c}“. When
one supplies the rules of correspondence, {(having identified the
appropraite oheervables} namely, that h represents the height of
the triangle, b the length of the base and c the length of the
hypotenuse, the F, 0, and R define a model of a right triangle.

Generally, one models =sn empirical system with the hope that it
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will }ead te &n supirical bhenry, la defining an eppiricail
phaocry ", we take the point of view thst a ghéory musl have
rredictive powar., ‘Thaz an saplrical thetry {efien referred be as
a phygical theory) is 2 partially-interpreted syebtem which we
dencte by Fp. Terwms within the formalism which are interpreted
{that i#, for which there exigty A rule of aorrespondencel avae
called empirical terms densted by £ as dlstinguished frowm theo-
retical tecms £, which have no gpeciiic interprstation

The key factor which usually destroye - model ig the Iack of g
logical ipomorphiom ~ there ig usually & failure to provide a
one-fo-ene corregpondence batween the termsg of the formalism and
the obhaorvation set or there l& s failure ¢ pressrve the loglogl
relationships obhssived bhebwesn ohgervebles and thus, the corres-
pondents 17 oot onto. In the empizliqsl world ag ssen by Yodavs
scientist, this iz 3 fine pringciplie ., though net & necessulyY
aspamption ~ sdditional phaervations sarve Lo degresss the fensim
Ble space. Within the theory T, the opte relation must still be
satlafied; however, the correspondence may be one-to-many {or
many=to~agnel. Fer example, it may e the cage that terma used
within %ne formalism of &£he theory #re relatsd to many obssrva-
biee whioh are Lanpsed together, for the purposes of the thadsry,
under a wvingle referents term. 0o the gther hand, It may be that
there sre obgervabliss which are relsbed o g gubset of lumped
terms within the formelism.

Regardless of whether the correspondence ls many-fio-one oL one-
to-many, the theory is an open {uot ¢loced) spusce and thus a

time farget for fazther interpretation, It iz frosm this proper-
zv of theorpies that predictive powsy 1s cbtained., The loglesl
ahructurse within the uninterpretsd portion of the obaervatian
#et {or formwzlism! predict that the saps logical sirgciunres will
he found withip the correspondice fornelism {or obgenvation sei).
There in some guestion ap o whether or hot even a podel S21 be
shoewn to he a closed gEpace,. In the purist sense of the tern, Lt
can not if oneg's world view entails the belief Lhat the univerge
ig lefinite or 2 conbtingum. Por Lhe sake of pragmatism then, it
1 desirable 56 freat the yniverce as belny Jimited t0 the chogrw
vatlon set agraad upon in the espistameloglioal framewosk,

The time-dependant evolution of a model or of a theory is =qui-
valent to the waye in which the node) or theory may be nodified
without degtroying the intelnal eolierence properties of bhe
maodel, 5 few properiies sof nmoedifldghior of models mre univer-
gal snd may be explozed withis anr present gepeesentation, Fop
example, btransitivity: we 1ok €% reprosent 2 generalized

wodification operator. The previse form of the operalur Zan not
anst Beed ot be given, In &ddiiion we let $#%=0+C where 0 i3 a
#ingle oheorvatie. Thalk observable may be gither au addition or
g teletion {such as that which would be ng¢ceggary if an observa-

¥ e Jouch an iantrinsic versnf extringic groperties of models
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tignal element turned sat te te falssly reperted) Lo the orf §+qal
Bniverss O or may be a asell elemant., We defive F* and £, ¥ and

ry and Y and €t in a siwilar faghicen, Io Is interssting to noke
rhat g smodification of © inte O% noosasibabes 3 medifigstion of B
into B* and thne & gféiﬁig ion of P into F¥, vias bhe wodifica-
tiin operators ¢ s oand Q% Such & change i3

egoivaient to a #mﬁi‘iﬁa*iﬁr of ¥ it M*, Thus the nodification
oper&tor oheys the trangitive law, .

The guertion that next arisee is whelther or not the inverse
operator simitarly follows the transitive law and whethsr or neot
tig Lnverse operatoy aven sxiste in Lhe general cage, Ia gther
wordg, sre there nadifidations soeh that a modifizgation of the
formalisn necesgitabes & unigue medification of the rules of
correspondence and hence of bthe obsarvation seb? The angwer is
ne, Ih i epaszy to 3es bhat A theory {wlhich can reauib whep a
mofel ld medified without due recard o the obhgervation setl need
ot have {indeed cap not have in a dualistle worldview) s uuwidgue
correspondence to renmlity.

I%L iz uhia fack that aliowp Z¢me theoeiieg t¢ be evaiuvatbsd as
peing more ¢orrech than othsre gnd hence for thesriss so fall. Fe
can thugp say that thaories make eithey moreg Correct or BLIe
incovrest pradictions in comparison bo conpetitive theorlies., If
the predéictiens nay be asgumed to be corrsagE, then i 4 npt
zlwsys the oase thal we <zn predict the apacific observables
which would verify the theory. Cne night say that thig 48 due to
the necessaary graininers of the model and hence of bthe theory.
Becanage we do nct know {and ¢ap not know in a model that entallis
5 dualiatic woridview) ail thabh there ig o Know and becsuse this
is refiescted in the medel, there are necessarily levels {(hierar-
¢hieal in gizucturel atr which interpreration may he complisis and
~the level 0f inberpretation 18 chosen aacurding to how nuch
detd4ii we wish £¢ lmpeues, W gAYy, hovwevel, BPPRroximate Lhe
irverse mosifications in sushk & menner that the reault is logally
gorreck, 4his approxizigtion ip possible only because the plece
wise inverbtibilibty of the operator permits ur to ignors global
conetralnta thab weuld be imposeible to matipfy within the know-
ledge base #nd/or eperatser mabhamatice available, Thua the madi~
Floation operatoy is said Lo be ioCally thouygl noet necessariliy
giohally inveriible.

wha way in whish a model behaves ynder modificgbion is idenbiasi
Lix bhe bime~dependent behavior of the obsexvation get, i,e., L0
vhe systen dynomicos, Similsrly, we may expiorg bthe ystesn sha-
kigs by iocking ab bhe tlﬂé*iﬂﬂﬁ?ﬁﬁdent behavior of bhe modal or
the invariante under modification,® This techonigne 15 a powere
Eud and vexy general tool in the modeling of empirical systama
ard the generation of snpirlesl thscries,

Abrenpting to define & world view is a difficuli fask lo- apd of-
Ligulf, one that 18 not 2ppropriste here, Wo have, in passing,

e von Welzaoker ob temporal ol
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touched ppan seme &f the detailie of aworld view., Inparticular
we have robed the izporiance of the eplsitsmoleqidal framewstk,
with its many assuaptiong, in appicaching the medeling process.
Perkaps inp 8 more géngral way, wo have noted the impoxiance of
the representational framework ag the wehicle which provides for
interpretvation of bhe obzervation s¢b i vonivnetion with Ehe
metsionguage, Here it was peinked oot that ap ordering reiaktion
is imposed vpon the ohservation sek. This ig the key faetor in a
world view: the ordering relation., A detailed analyels ¢Ff Ehis
propositior requires the lavention of a galculuns of ordsring
relatioas and, in particanlasr, 2-generailzsd ordering relation
that 12 aot vestricked o ths familiar ssquentisl orderings, This
notion will be explored more fuoily in 1abgr papers.

Vi, THE TBOERIOUSER OF BILYIDISCIPLINARY BUOLSELING: ECTICH

Consider the vaual cage of multidisciplinary modeling in whieh
two or move lnaividuale have non-overlapping knowledqge of mini-
malliy-sverlapping knowledgs, Thie condition may be refarred to
as a restricted kpowledgs-bage., ®He can idealize thie zltuation
by limiving bhe number ¢f individusls 4o two, and by assuming an
optinal knowledgo~bage, i.4., bhal two individualzs shave the fanme
knowliedgs, In s5ch a clzoumstance it ig lepoariank Lo note thak
ausstiong of soparatlion will arize. Boundsries are now hagy aand
khe individuais ~ in tezms of the mofel - gre no Ioncer diastingi.
Ina similar way, it should be notaed that pragumaltic purposs and
historie accident. are all kthat truly separste the sciences, 7The
gholce of geparaticn ia warked by azbitrary definitions and by
the fact that it i easier Lo eebaklish houndazries where thare 18
# dgeresge in bthe Igvel ¢f kanwliedgs,

phere guestions of pragmatic PurpeSe might avise, it i3 aseful Lo
tostrict the wodelipng attenpt tawporarily £o the forzalishm. Onoce
the cbhservation set has been specified (s joint task) &nd rulss
af gorreapondence have besn drawn to the individieal absbragt
formalleme fan individual tagk), there remainsg anly the joint
tapk of speqifying the degres of ilzomorphizm batween the indivi-
dnal Formalisms and thie ig trivial. & 16 sometimes then degipe
aiple to examing the use of a thizd and egolvsisnt formalism which
hoth parties sgres bo yse ¢ acumunicetion, HWe aggupe here that
gompunication orp ovecwr, PThig i troe only iIf 2 Loundary can be
goneeptaally rlaced about the btwe individosis acd it is Lben
pasgiblie to wmodel what they joinbtly consider wo be the observa-
Lion set. Heed we evar, for bthe purpoaes of representaticn, daal
witl anything other than the formalism? The answer is "Hol“. 19
do 60 would be & further and unnecessaty complication to an
alrandy difficult task, Fer the wmoadel to evolve it is necessary
4 arproach the mdadel as though the formalism were all thers was
a8 veallity, othorwise extranecus material ig lntroduced inte the
task, By exbrangoens material wg wmean postanlates, implicit
agsumptions, hypotheses, ei¢., pboest which %there isg Dot vek
agiregment., Howsver, it ig interesting To note thab it is this
extrangnus material which helps to motivate change - the nrecep-
gary uncverkainty, wnlsunderstanding, or featute of disagreenent

14



winieh preomobes ongoling vennunioanion,

Rodele are difffowlit te bulld only begsavss they reaulive great
attentlion be Jataily bhey sres nonethelses brivisl., Thenriesn are
far froe tidvisl, bevasuse Lt dg Gifficult for Lweo or more o
agres apoen Lheotstical berms, bhe lntergretstion of whieh is
compistely Intringle.  In genersl, there are four proossa 2LeDs
in any modellng methodology, whather the model be 2 mulbidisepli~
nary medel of pok. they arsy 11} agres, (3} sbheerve, I3} Formoe
Javs and {4 correppond,

Are Lhers ressenakle bedhsistes fof bhridglinu Lhe gape which
specialization produces in bthe profesaions or which are the
reguit of & minimal kndwliedge base? Fes, 4 nunber of bechnioses

are nEefol, bualt Four srend oab a2 belng bhe baeglo gulding tace
tign, The firac technigie i b8 appeal Lo bhe conpon ground that
alweys axises beotween individuaiaz when specifying the fundanpental
Convepls ahd Leérme, whethér that common denomingter ie cpliurze;
goais; a specific field of lrteresit, or sinply thak fasct that all
thn individuals are human belings. Tt i intsresting 4o nobte: in
thia regzrd thab = mezaanre of the relative conplegity of berns ia
glmply the amount ol the time it fakey Lo reach a saltually
satisfyvinc connotative mesning of bhose terms, This {6, in turn,
degendent upon whether othera havwe or have nobt used the tsras
before and how mach bthe terms heyve heen used. Whgn an indlvidpal
aXpresaes an cukrighi ohiection Lo the Lpropsed use oF a berm, it
ig an ingication that bhey are using a different <lassification
schene — different caetegoriea. 16 ganeral, ik iz dagjirakie 40
chooge terms in avch a way Lhalb comnon denominaters lsed o
commenly defined berms,

A zecond methed is khe itergtive prooedure, By restatine what
veu believe someone 3aid as those they has said it or evelnakaed
it, ik i3 poesible obtain a orikigue whieh ig rather ointed. A
proegess of restatement and "re-critlgoeing®y sven when several
individuals are involved and frenm widely varying filelds of intgw
regt, will eventually resuit in mutual sgreemeént or At lsagt lay
bare perktinent conflicts,

A fhird methed is the use of metaphor. Thiz is a powerful tactic
because of the cleose relationshlp between metaphor and moedel. &
mebaphor is egdentially a model in which aomé of the "linka™ are
mipsing ~ & relatively coaree model, Often, the model and the
maetaphor occuyr at diffsrent levels in the hisrarchy of desctip-
bive detsil, By treating the metaphor as though it were a model,
a good deal of agreement can be reached in a short perlod of kime
and, after all, a nultidisciplinary model is simply a great deal
of detailed and cautious agreement between individuale and the
enplrical world.

A Fourth method invelvea geing fiom a model to a metaphor, play-
ing with it, and then reducing back to the model level, As was
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" A4 egarlie a metaphor ig rothing more than a lew guaiity
ﬁo%%%. ﬁnen gﬁer&.lﬁ edgnate reasoﬁgtﬁ Eelieve that more dow-

talled correspondence than hag been given is poesible, or when
the circumstances of Improper correspondence afe such that they
can be successiylly lgrnored thongh acknowiedged, & ¥model” with
same of the rules of correspondence migoing san be of considers-
Bie upe, One cen go £ron 8 podel to a metaphoy by sinply invres-
$i%y the cardinslity ¢f gither the observation #et or of the szet
af syvabels within the farmalism. Certainly this results in =
theory, but nesd pob he sither acknowlsdged or treated formally
ae much, 1t is pormissanle to Pcheat® at bneg inbeérpretation rulss
aof & wetaphor in & nanner unlike thet wnich I3 poseible with a
formally ackacwlisdged {and oommitted bol thedry, Once one fagle
ceomfortable with the metapnor, it can be reduced o filteresd back
ko a level of complaexity thak is formally & mudel,
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