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Abstract

This paper dinrnsaes soma of the basic thereiicsl for-
mulations related to an ongoing exploraiory sindy con-
carning the cognitive processes involved during scen-
tific problem sclving. It preseats an approach we pro-
pose that ntilizes conceptual graph stroctures called
Juery cogmictive mope to approximate the novice problem
solver's cnrrent chain-of-thought, These structioe pro-
ride & cognitive model of the novice. Set-theoretic char-
actaristics smggent an offeciive faoli—deinction scheome
based om overiays, while ordar mlalinzs ara utilived for
error diagamis. Fuazy formulations for lhuemmptnl
structores are alwo presented. -

1 Introduction

This stndy is concermed with the devaopment of an in-
talligant systamn for diagnewing probhlam salvizg skills.
Initin] =fforta stem from cefated resesrch in the fielde of
edncation sand the physcal aclences. A series of extan-

sive studies in dassical genetics problem acolving [10,11] .

is the current major reference.

Thess atndiss have resulisd in tha proposal [12] of
an oremll desige for & working expert system that takes
the rals of an expert intor. Ik incorporaies & chain-gf-
thoughi anolyrer that establinhes & cognitive model of
the student, to distinguizh frem siundeat modeling ap-

“proaches wtilized by other existing mislligent tntoring
wywiems (ITSs). In thin paper, we preaent a solution that
not only performs tke disgnowtle cask; it snggests nffnc-
tive tntoring capabilities as well. We refer the meadet
to oar preceding paper [€] that divcoows the thearetical
frapewovk of ooz resenrch effarts.
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Figure 1: Preliminary notions

2 PFuzzy Cognitive Maps

The mathematical formulations pressnted here stem
from graphk theory, set theory, and relations theory.
Seme formulations wre derived from Rosenfeld®s sy
prophs [9] and from Keako’s fuezy cognitine mapr [8]

2.1 General Knowledge, Domains,
and Concepts

Some preliminary notbons are coquired before evtablish-
g & fmmework for cognitive mapa desigued for fadi-
detection and arror dingnosis in ecientific problem sclv-
ing. The notion of concepts shomld ha of primary intarsat
in stwiles regarding conceptual percepiion of probiems
sad their wolutions. A comocpd is considered to be a act
of idecs hhert.

] Tha conjectursd izterslatioaship hatwesn knawl-
aige, domaine and concepts in depicted 3o Figure 1.
Mathematically, we refer ta general knowledge an & uni-
werie, X. The domaaine of diecaurss ars slan knowi s
soncopt spsoas, C € P(X). P{X} denotes an applicable

formulation for the power aef of X, tha sat of all its mb-

setn Coocepls comatituts kxowledge and understandiag.
Cleatly, any concapt « £ X has the properiy that c g L,
for a4 lanst coa C € P{X). These initlzl coneaptions are
the baria for the mathematical fozmulstions developsd
here,
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2.2 Fuzezy Relations on a Fuzzy Set

The fallowiang dofinitions of fussy relations on a feaxy
st wre adopied from [7,9,13] Wheseas these and other
papers focus on funsy binary relatinna, which is alao the
cancern in this stady, mme general defritions for n-ary
Jorsy rolations are oullioed as the basiy for moceeding
foxrmmlatioms

Let X be s set. A furzry rubset 5 of X ia 2 st
characterized by the mapping

By X — [0,1] (1)
whchmm.hmhdmml:fftmhﬂﬁpdu-
Ss p;.(:]f 1. Ancther notation for 2 furxy
of X is 5§ € {0, 11", where [0,1]¥ denotes the
fnﬂrmrldnix—ti:ntnfl.ninnynbutlnf
X. Similarly, an n—ary fuery refation & on X i a fossy
nubset of the product apacs X®. X U characterized by

the mapping

pri XU — [o1] (2}
which assigns to sach n—tuple {£:.25,....22) € X" a
reiational strength, 0 < pgiz: 22,...,Z0) 2 1, which Is

the degres of certainty that & halds, In the spacial cases
where g and p cam only take on the valwes U and 1, ihey
reduce to the chemeterdstic funstionn of & criep subaet
aof X and a criap m-ary malatice oa X, raspectively.

In genenul, given s fuxzy wubset 5 of X and aa n-
mmm&nﬁmx,“nehhﬂulnﬂhw
relation ou the Eursy wet 5 if

er(zma. g € N sals) (3)
i
whuclhhiindinmthtmﬁimumulﬂmpadtn
f=1,....0. Hence, tha ralational sireagih amongst
_ :Iunuhnc[nn—tlpleuﬂumtaﬂwdhtmd
their membershin degrees in 5.

The symbals /™ sad " will o gaed to dencte
sthe forsy oxiossion apd fump resiriclion, respectively,
of a fuxxy mapping. Let # be s furzy subest of & sel
X, defieed ax F 1 X — [0,1]. # is an o-axy fursy
relation on F, chametedzed by the membership fanclion
g defined similarly to the foxsy relation pz on 5 sbove,
The nlhwhmn:f-mhﬁﬁmﬂﬁﬂnﬁ'cﬁ
writien #, 5 the foxsy n-ary relation P dencked by
¥: E' —[0,1], with the property that

YiF,53,...y5s) = plr,Fzp.. . fa) A A#.(:.-}
y
fori=1,...,n Aﬂuﬂ exizmaion o festansion of
au G D F, wiitten fd',i.lth:ful:]n—lrrmll-ﬂm'f'
dempted by 7 : G — [0, 1], with the property thet
Asp(s) £ riam.2d < j_\;ﬁfs;) ®
fori = 1,...,0- Notice that for all = in F, pj{:}i

wp{z) d{s]. and that 1" Freatriction to
written =

We reler to the minimal feriansion whenever we
comakler faaxy extensions on R Relative to the def.
initions Jmat ooilined, the minbmal #extension of &

an&: ﬁ‘:ﬁ:ﬁuy n-ary relation T denoted by
Fi —[0,1], sad givea by

’{#lm‘lrllt.’l}. if this i
{1, 52, ...,28,) = { defined;

o, otherwisa

(8)

2.3 Deflnitions

LExt the universe X bra non—ampty £xita sat. X is called
the reforence sot in soma foxsy literature [7]. Tha dagrss
of aubsethood of A in B for fuszy sukaets 4, 5 € [0, 1],

weitten g, 5.4, i 5 meagure of wacerivinty in terms of
the poasibility, », deflned wa
""[n,llli = r[AC B) (%)

whete g1, 4.4 demotes the membership function that
mpl.zihlhpﬂmlllnfﬂ Tha walwa reiurnad by

aA would depend on the fissy implication operator
u‘%ﬂldtﬂmbudrthm&mppm&mhyd:ﬁm

wAGB) = mis (uzx —sp2). ®

This is similex 40 v horsh critorion for computing the
ininmgls snbproduct of two binary relations. given by

(Ra8) = min (Rij — 5p) {9}

in relations theory. This lntter equation decives the de-
gres of subsethood of the afterart of R with the forest
of 5§ foxr sooe fixed zi € dom(R) sbd 24 € mn{§) A
moderale eriterion willizss the mean

. WWe are now ready to define & funy cogrilioe map,
M = {Cp. Rg) over the universe X. Zadeh’s fanxy sein
theory [13] utilizeo the closed lntexval of realn 3% = 0, 1]
asa ronge sl althongh linguistic terms ace aleo poslble,
Hence, & fumy comitive map 18 a fieqy groph [9] that na
2-tuple of fanctions g : € — [0,1]8ad p: ExC—[0.1}
foz € € [0, 11*:

» Cg € [0, 1] is & fazzy concapt space of X. Un-
likr Koaka's frmulations, the zotican of geanifly
space sad reodifier mpace [B] are not considersd
here, Th:l:mdﬂdu-pedmmujﬂnuﬂnnmi

s Ry la s fasxy relation on Cg € [0, 1], given by
Ry : CgxCq — R, The valees of Bj; are
zestricted by foewuls (3}, and o

tﬁijﬁkﬁ’ihkﬁ’j
for all xi, x5 € O

s The iotally ordered mope =t ® = [0,1] =stab-
Halies the cortainiy or membersiip yalues betwenn
soncepts O € Eg-
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2.3.1 Opecations

We define the loliowing operations oo arhitrary fusey
cognitivemape M = (€g,Rg)and N = (g, Rp)
wrer the nniverse AT

s The fussy join of M and ¥ is demated by
Mo N = [Cguls Raegucy)
U Ry exueql) (10)

where Ui iv the fessy set union operstor and L i
the fusay relationn! unien opemator, defined as

Yo X, HogueEe® = Mo ¥ v HEg3
(R teguepill (R eguey) ks
Rp /vyl (RgAeaueaiky
respectivaly. Ths ¥ symbol denoies the movimom

aperstor,
& The forry meet of i and § i denoted by

MQN = (€g0Cq R\icaneg
N Bg\egneg) (11}
whera M is the farry sot inkeracation operatar s
N the jfrrxy relstional intersesiion opastor, de-
fimed an
Yo X, Megnegs = o TAjc,s
(RegMtcanez N (R egnce)liih
R gt gnc )iy (R teanca s

reapectively. The A symbel danotsy the mimimum
opezatar. - T

s The frxsy discrepancy of Af over ¥ ia denoted by

el = (Ca\Ca Ri\warcy)

n R\ e e} (1)

where | is the furey st difference operator aad =
ix the fusty relolionod negotion operator, defined

”n-".".' 1 _{”ﬂ’].

{R (O S ))ih
(Rp™ ity cplkiy

Yaeg X, Fog\e® =

(Rosicat cxl
Rasicghcalhi

reapaciirely.

Tha fazzy jolit opemtion can be utilised to create
 and Bmk cognitive maps. Teuncaiiow or pruniog is we-
comphisied by taking the fosxy meet. Meanwhile, fanli-
detection b performed by taking the fazay discrepancy
af the approximated chaiz—of~thoreghlt with a cognitive
map sapplied by the expert

2.3.2 Hﬂhtmm

Tha lllowing relatlone o arbitmry fussy cogmitive
mape M = (CgRyg)and § = (Cg,Rg) over the
mniverss A are dafined:

|Bhﬂﬂeﬂ.lflﬂ'ﬂﬂhﬂpﬂfﬂ, written
M « N,if the following hold:

MeN o x(CqClp)zag, amd(l8)
R B Rg\eg {14)

for some presst threahold g, um.llrmnta; =
0.5, und whess

*(Coallp) = mia(pe,s— poys) and

'R'iij =
(R )ij-

o M Is called & Jumzy supormap of N, writtes

Ry O Rgveg # ¥ij

M > K, the Sollowing held;
M>F o =(CiCh)>as, and(15)
Rg\cg A Ry (26}
for sote prevet threshald oy, wmally mtat oo =
0.5, and where
Wy 2 ) = D {ficy® =t Mg s} and
. . (Rguceki
R‘ﬁ\lcﬁ : Rﬂ' - v‘l-’ Eﬂﬂu-. ?

v M i mid to be ogual to N, written & = N,
when the followizg hold:

Hal w4 Ce=CpandRy =Rz (17
which measn that

VEEX pegs @ gy
and Vi,j Rg,; = Ry

Otherwiss, AF in not sguad to ff, weltten i £ .

The cognitive map mistions just pressated could
ba villized for comparing and analyxing approximated
atructares with idealized ocnes  Farmxy onders [14)
coeld provide interpretstions of concepinal mamipula-
tion sizakegies employed by & particalar novice CHher
uzetnl applications are still heing Inwstipated,

3 Implementation:
- Some Ugeful Properties

Soma of the relevant knowledge acquisicion prablema
are alleviaied by utilicing the concapt of slosray fram
mathematical relations theory [3,4] This allows the
free—hand entry of dats by connecting frame-like nodal

Julleno snd Bandier ., p3
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structoras eepresenting concepis The system will then
attempt to ewtablish {he desired relaticn xnd coacapinal
atdaring prics o analysis,

It i comjectured hexe that for any cognitive map
M = [Cp, Rac} Ry ix the brengitiva closurs of the ex-
tared nodal eonnectivity, ', mpplied daring the nowl-
edge acyuimition phaxe. This stems from the proposal
that Rar is trearitiva Choose to consider B frraflaxive
aad sirictly ondi~ymmtinic, Wnce In cdjacency moiris
poiatica, the poopectles

YrER RE £ 1 (18)
and  min (R, %) = 0 (18)

hold The tranrtive oloswrs of R, which i the least
Inclnsive tramsitive relation containing R’ [4], is » sbrict
ordor that i exactly R . This relaticn is compnied by
taking the circle product or the max—min composition
of the focal preordsr cloaure of B' with Heelf

tmcde® = (beprcloRJoR = R (20)
as suggesizd by u fast algorithm in [4]

4 Conclusions

We have proposed the nse of fuoxay cognitdre maps o
reprosent an approximation of the concept maxipuole-
tion and formation stiategy employed by n movice in at-
tempting ko solve n purticulsr problem. Corresponding
facry formulations ars developed wtilizing relations the-
ary and the notion of restrictions and sxtensions, Inter-
whick weunld be paralld to & conceived dolution paith, is
derived by nifiring ceder relations. Forthermore, this
approach's applicability to other abdoctive systems re-
quiring some fialt detection or ervor disguorls is being
comsidered. We wrm currently investigating other plan-
abla possibilistic formulations as well. These provide
muibicient initintive to continoe extensive resesrch on the
mbject ares
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|| The Caminé of AE& of Fuzzz LoEic I

Message from the Congress Chalr and Proceedings Editor

Tha proceaedings for the Third World Congress of IFSA - \he internationsl Furry BSysiems
Association, reflacts both the breedth and degth 1o which fuzzy sels and Thwir applications have
pervadad nearly all realms of the mathemaiical, computational, physkeat and soclel sclances and related
enginsering dieciplings. Ona nesad only glange through tha gassion titles lo appraciats the cument scope
and extent of the fiekl. Rather than Hemlze the various dieciplinas that are now represented at this
meeting, | Invite you k beowse ttmough the program. Evan a curandy glance shoukl comdnce mosl readars
that our flald has reached a plateau of stability and maturity that Is ncreasingly evidant as fieldad eysteme
oxhibiling real applcations find their way Into Intemnalional marksts. Concomitant developments In the
theory have lad to a deap and satistying structure that tends to complement and supplement modals that
have other, mere conventional blases.

it has bean my great pleasurs to work with the program committes and the IFSA councll during the
plarning and assembly of tha conterance. | want to eingle cut hers for thelr exemplary help the four day
chaire, wha raally id all the hard work. My sincers and heartfelt thanks, ihen, to: Dra. Ron Yager, Hideo
Tanaka, Uirich Hohte and Henri Prade. Dr. Edith Martin, Vice Prasident and Director of the Boeing
Asrospace and Electmrics High Technelogy Center also desarves mention: without her patlence and
suppor (both direct and indirect), the congrees would not have besn hedd In Seaitle. Finally, a speclal
thanies to Jan Kvarmima at the University of Washington, who took diligent care of the unending details of
local arrangements at ihe campus.

Most Sincarely,

Jim Bazdak
Aug. &, 1983
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