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WoXDLH>RLZTE/RIN S,

Tk 1
(1) At ., ~, AnWBFuzzysBYXTsd3%,
(2) fl1, f2HFuzzyvimBXraell. (f1 +f2) . B&U
(fl «+f2) bFuzzymBLTH%,
3) ftHFuzzy@RBXRoW. (~f) bFuzzymBEXTHS,
@ M. .B tH5E26Mh3BOEINFuzZZymELTHS5.

- 19 -



CDEXRT. mEEET + (OR)Y . « (AND) . RU. ~(NOT) lt. &
EHORTEEIN S,

pave (x) = max (pa (x), us (x) ).
upa-B (x) = min (pua (x), zg (x)) .
aap (x) = 1 = up (x). X€ X.

Ty pAaldFuzzyESADXIYN=-Y Y THET. ta (X)e€ [0. 1]
THb, BH. ChEVEEOLD. FuzzyE8E A N-Yy THKERHE—
BUT. va (x) OOPHYVIZA (x) ¢EBLLIERT S, . FuzzymBEY
e X EO—2DFuzzy&E&2KbUTVWS, HU. COFuzzymBXTE
HWEhBEFuzzyE608E. B T» %,

L1

R1RRT LI, X EOEAHEE. Al , A2, A3 558, flxalfFuzzy
WY, F=A1 + (A2 « (~A3)) 3. KB TRENhB3XLEOFuzzyvE s
A ZBRHUTLS, k. CZTUXERERELU. Al 2FUL. A2 B4E. A3
EEFIVEVHSEFBFIHRIEFI TARYE., FI IFL. 0k (bET. o
HFOTRWV) J EVWASFuzzyERAZERELTCVWAZ RS,

§3 FuzzywBX TRBHTX3LDO0LE+HEH

XEDB5BFuzzyEAAW,. FuzzyhiBXTEHTXA3LDOLE;HRM
BERDe hTWBE[2]
T 1
(1) FuzzyE&AOEW. BEALERT. Al , ~Ai . XiE. 0. 1D
WTEhHZEU L,
(2) A0EE. BELEHOBRCBVLVTERTH S,
ZZTC. BAZEREE. BEABEBEM»MORS. AL, -, An, ~Al, -, ~An ,
0.1 HRXIOHZMEEBRHLTVSE [0, 11" LOoRLESL
OSANLE « SARS~AnS - SE~AN1=s1 e @
(AL Aips XWB~Ap. 2HohT)
DZETHVBART. 2™ Xn ! BAHEET 2,

Ci Ca Cs Cy Cs Ce¢ C1 Cs Co Cio Ci
~~\\‘ N ) \\ ””‘_f /‘,/
\‘\ QA* fAz //_ ’\ ‘,l

\\ ————— //
*\ ; ) |-~ 2 K
A i -’ ~A$ /
. P /
* +
‘\
‘\

l‘ /
~MA \ Ay e

& I'4
,/' )
- .‘~ IAZ ’4'
. XK
. . AN -
L el o — [ ~ .
H 1

- 20 -



F1TE. ELERIE1I 1%, UT. B AL ZBRCHELEDKXERUEH.
ADH>5B, FEH. 230, 1 /72> 10OBICHEAUFI5NL (EAHRE., XEIFD
BE) FPdrRUE, COBAWY. EX¥7BHEDOEFE2ZOEEIRM{ICLTN S
BPHBOT. USILOEFERIRE. BERLLEITCERRTEINSTH S, BB,
P ROYFINIEDEALERTESYFILERUTEY. Type 1. Type 0l
FOBD. COVFISALBEERZEITNED., B53VIREERRZEETNEILERLU
TW3,

C1 : 1/2=5~A2 s Al s~A3 =51, Al Type 1
C2 : 1/2= A2 s Al £s~A3=21, Al Type 1
C3 : 1/2= Al £ A2 s~A3 =1, A2 Type 1
C4 : 1/2=~Al &= A2 =~A3 =1, A2  Type |
C5H : 1/2s~A1 =s~A3 5 A2 =1, e ~A3  Type l
Co : 1/2=5s~A3 =~A1 = A2 =51, ~A3  Type i
C7 : 1/2=~A3 = A2 =s~Al1 =21, e ~A3  Type 1
C8 : 1/2s A3 £ A2 s=s~Al =1, see ~A3  Type 0
C9 . 1/2s A2 = A3 s=s~Al =1. ~A3 Type 0
cl1o 1/2=s~A2 =5 A3 =~A1 =1, e ~A3  Type 0
cir 1/2= A3 £~A2 =~Al =1, A2 Type 0
§4 FuzzymBXZ&L3EHR

WMETTRUATE1IO2%8).(2) 2Lt FuzzyvEGAX B5A0hREE.
Ax X3 3FuzzVvAEYE. 2X¥DL5 QXL THRTE S,
TREILEECI WBLT. Ax DEBEREA" &35, Ci ORBHALKEBVT,
A’y BEADHT. CHEVHFERRNEHATVAYFILDOINTOAND () »o
RABHEEaI &T5, ZO
Ax = V a i

L
ML T S, J
M1OFITFWE. KO28U82ELLVTHD. ROKXHERS,

Ax =Al +~A3 +Al «+~A3 +A2 +~A3 +A2 +~A3 +
~A3 «A2 +~A3 +~Al ¢+ A2 +~A3 + A2 +~Al +
~A3 «A3 ¢« A2 +~Al +~A3 ¢+ A2 + A3 +~Al +
A2 < A3 «~A2 +~Al

Hiz, che2aiitdsE. Ax =A1 + (A2 « (~A3) ) &ab,
RABENIEOIES. LLEROKEEXR. 23 X3 1 =48EEET ST T.
BRUVDISITHEDOELEEDS B, WOMDBEERERER>TVWS, >7C. Uk
DEBW. TRAKTIAEFuz z y wBEBOERRI] . &7 4,

- 21 -



8§56 FuzzymBXlis3d0FEFLHEHROEY

ChETENRLSIRFuz zy B, AIREORFBEFOHAGHE T, D
PLELVERMTELADPORAXBEFOEE L RTAERoRVA, FEOHEHNZ

DI VE-RTZEULTULRIRVOT. MEMTENRESLENS %, =
CTU. FOFFERO2VWTHER S,

FIBALLERMCI KBWT. BUINENFERBFuzzyEGR2Ax &F 5%,
EABFAL (=1, 2N lOAXx COTUEOFMBEEIRBY NS VES M,

CCTUBDTHEU T, BREUBU B AN -V Yy THROBOEOEIER.

1 HOHURIERCI KBY3EMEa &F5. 5.

ayp= 1= 12 {1l uaip(di-1) — #rax(di-1) |
| +lua lipCdi) - mAx(di) 1D

22T i di-t3BROXMOIETH %,

ET 5, R Ax &, EAEROBMTERERBRERBF L >TCTES. Fuzzy
WENEOFHELEDLDLBOHNOVBEAN. T TESERELZELLERICB IR
W a:; Om/ME

min (a;;&_. d2p. v . amg)

IFEHT S, 2B, mid L EEOK,
COEIRFHEBEHECESOLTEHEMERITMNCK > TERT S &

C.- Al A A.,;* oo A
Anl| Qi

/—\’;z Qi

A'im @ Qian

BU. Ci = {Cqu} Cpp = aip p=1,2.°-, 2n

- 22 -



Fh. BXBFOLLVEMBIC I 2BEBFRLITHINTERATSAE. COBEZEY

HY. 2¥DODLH>URS,

i) tkﬁﬁ®ﬁﬁﬁx&%Fuzzy%ﬁAﬁt\%®§E~Aitwﬁﬁbf
WaEH.

i) @%:OuthuzzyiéAQ.AMXAu.AM@%&%hER%%K
BEOFuzzyvES) BREULTVWAEEE,

i) O5E ‘

A‘id'.b§S\ NA'.’}b‘i’Lﬁ B) & dT 4

Tmﬂ=ﬁmf Air -~ s -t Aim
Ain| 1 : ;

Pim 1

ERS .

ii) OBZ4E
Auﬁs\Amwt\~A%ﬁu‘~AMﬁvﬁ(W)mﬁwﬁwﬁuktiét
Tiitr = Ts, e V Tuw,v = ) /
Aal 1 S P

s.m“mwmim@
o dennd

g;_..)..‘_':__\____

&2 %,
ZIT. 2E¥DQHEERBIRS,

A = cl * T1-2 +Cy - T;_;' v Cper * Tm-l * d::m
BU. FROBGE A-B=A" U
n
aﬁ=‘¢zﬁﬁ’bﬁ} {V @BOR. «ZAND}
f-1

%%WU%A@%iagﬁ\EMGtw§%ClTi&ﬁ@%i%%&%ﬂb\%%

- 23 -



DELZERCn Tl | BFHORKBEZEL2FHLULREEURBOFuz zvialBXO
FUNEORKRKELREHKLUCVE, >TC. ADEBEEDSBDEKEEE >T. Fhn
ascCHERHE. C1 TS ZEETHIY. Cn Tt EETCRLAEAKEFEONUKE
KOhE &< FOHELUEWER asc& 23,

ERRZE. (TR IRTHEBEURLS T, BEHEFRODISEMNETMNOEZELEHUT
FEERBRUE LS. BRZALIY I L2 E5FILTE S,

§6 F &

DEBNEXSBFFZLV. BVFOWREEOBREY—D2OFuzzyEE6TC5 2
onhld. ChE2ERBEOEAEZFOHAAHE THEREINEFuz z vRIREXWC &
VAR T ZIENTES, 312K E. FuzzyvirlXR2Fuzzyvitti.
F=INXN=-ZAORBERECFHULEVWEEZZ TV S,

§7 2E LMk

[1] M.Mukaidono : Towords an Approximate Representation of Concepts
with Fuzzy Logic Sentences

Int. Conf. On Policy Analysis and
Information Systems, 1981, Taipei

[2] M.Mukaidono . A Necssary and Sufficient condition
for Fuzzy Logic Functions

9-th Int. Symp. On Multiple-Valued Logic,
1979, |EEE

[3]  BH. M © FTREAEETIANRFuzz yAEEROEH
BG5S 7 EERTFREYSRALEAS. 1221
(4] M. BE | FuzzywnBEXli330ELHEERORSR
AR5 9O FEEMLEXLHKMELEKRS. 1185
[5] ME. R © FuzzyRBXR&E350FOEROEY

igfn6c O FEMFBUEESFHLERS. 873

- 24 -



Z > 3 1 FEGRODOESEEER

BHREABE¥EH ZAHR\HR

1 3L oz

77 A HERICOVWTIE., TTRZBDEZARHENRREINTEL, 2%
BHFETIE. 771 EGRHETRAIA NV v THABOBRFAEZRLVWT., W OHhD
INGA - %E->THRBEH#R 2% FELCOVWTAHANRS . 20EAMH#EIZ. B
R.M. Clouaire ¥ (CX->THEZLHATWEY, X5 cWFEZ2MZ . ERICNY 2V F
THEIHLERZRL . RBZEAFEOHRICOVWTEZ LD S,

2 e &£ E AR
WwWZ. D.P,Q,CE2V7 7Y 1 BICARNLNIT 7L 1 8L T 5,
(D, P>Q)=>C rREh2 77 +#REDEDRENTTEZ S,
Al. #HHFARIEBETMAX-MI NEGRICETF<
A2. 88 (>)I3Gsde |l DEHICLS
A3. Hi2TEZLNB 77V 4 EFEENL AN T X — 2 TEHRIZEENL
=3 (R

DEP¥%, Uk2th&&LT277 1448, QECR . VERKRSGLTET 74
®£5L95, ZNLE | FORELVEROBEARIIDENIIZETS. (A1)

C=DORpso ——————————=— S (1)

7L, RBDEDERICHKD. (A2)

1 if (u)¢ (v)
Y(u.v)EUXV :/Umﬂz { /é /é ——(2)
R

/A, (v) otherwise
Q

27 P, Q, DOXyNN—3 v BRI

P= (Py,P:Ps,P), Ps,Py>0  ———————— o — (3)
I1F-=-=---
D& ERbEN, B1IORYN=3 2T i ;
MHEERTLLHLTE, (A3) ! |
ol . L
(Py-Ps) Py P> (P21Py)

371 dTY X A

P, Q, DAR1INLIicE2onbLE HAKRLLTHCIH. (1) XZEEHE
HE$. LTDXES5ENDHBEIZOVWTEZNE+HTHS.

FLBIIZ. ZDDNFA-Fa, B, ¥ 32EDLIIZEDS,

- 25 -



/J. (P~ PS)V/J. (P2+ Py) if Dy < P»+ P, and D, > P,- P;
D D

a= ———(4)
1 otherwise
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DT BAIN=-VYTHEBOMRZ33VEVHERDODUTVSDONEH
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APPLICATION OF FUZZY LOGIC FOR
THE INTERPERSONAL PERCEPTION METHOD (IPM)

Minoru YABUUCHI

Gakushuin University

Abstract.

The purpose of this paper is to apply fuzzy logical functions to

the analysis of the Interpersonal Perception Method (IPM). Fuzzy expressions

of basic IPM relationships are derived from generalizations of Alperson's

technique for a Boolean analysis of the IPN. Illustrative examples are given,

Key words.

fuzzy logic.

INTERPERSONAL PERCEPTION METHOD (IPM)

[t is a reasonable assumption that when two
people are engaged in a meaningful encounter,
a good portion of their interaction may be gov-
erned by a variety of attributions and ezpecta-
tions that they hold about each other.

Laing, Phillipson, and Lee(1966) have developed
an ingenious technique, the Interpersonal Per-
ception Method (IPM), for the systematic in-

vestigation of these relationships.

The IPM is designed to measure and provide
understanding of the interpenetrations of two
individuals in respect of a range of key issues
with which they may be concerned in the context

of their dyadic relationship.

It is a 240-item test which is taken by each
member of any dyad relationship. However, for
the sake of convenience and clarity, the members
of the dyad are designated as husband(H) and
wife(W). The 240 items consist of 60 descriptive
phrases or attributes, e.g., loves, takes advan-
tage of, takes seriously, etc., each phrase be-

ing appropriately worded for each of the four

types of issues.

Interpersonal Perception Method (IPM),
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dyadic relationship,

An issue | X | is any attributive statement about
which a judgment may be formed. For ezample,
H loves W.

The four types of issues are: (a) H in relation
to W, e.g., The husband loves the wife'; (b)
W in relation to H, e.g., “The wife loves the
husband'; (c) H in relation to himself, e.g.,
“The husband loves himself’; and (d) W in re-

lation to herself,e.g., The wife loves herself.’

Each member of the dyad responds to three ques-
tions for all attributes of all types of issues.
These questions are designed to use four-point
rating scale where ++ meant 'VERY TRUE', + meant
"SLIGHTLY TRUE', - meant 'SLIGHTLY UNTRUE', and
-- meant 'VERY UNTRUE’

spective; direct perspective, Hj or Wj; meta

for three levels of per-

perspective, Ho or Wp; and metameta perspective,

Hg or W3.

The direct perspective is the opinion of either
member on an issue( H} is H—-> | X |,
W- | X | where symbol
“view of', and | X

thinks that the statement, "I love my wife' is

Wy is
should be read

means any issues.). If H

M ’
-

very true, his direct perspective Hj on that

issue is ++. The meta perspective is a member’s



prediction of his partner’'s view of an issue
(MisH»W»IXI,%isW»H*IXII
If H feels

would say that he loves her, his meta perspec-

it is slightly true that his wife

tive (Ho) would be + on the issue < H loves W >
The metameta perspective is the opinion a mem-
ber thinks his partner has concerning his own
view of an issue (Hy is H-W—>H- | X | , W3
WoH-W- | X |). IF H feels that it is
very untrue that W says ,"I think that he would
say that he loves me”, then his metameta per-

spective (H3) on the issue of (H loves W) is ++.

is

The structure presented Figure ! suggests sever-
ral interesting matched comparisons which might

be made.

Hy

H-W-H-> |X|-W-H-W

Fig. 1 Relationship among IPM levels

of perspective

FUZZY ANALYSIS OF THE IPM

Alperson(1975) has

developed the technique for a Boolean derivation

Boolean analysis of the IPM

of an IPM determination. By means of a logical
analysis which makes use of Boolean algebra, his
technique removes the need for intuitive deriva-
tions of terms, it clarifies the structure of
IPM relationships, and reduces scoring effort.
He shows simplified Boolean expressions for
eleven first-order determinations,i.e., compari-
sons of two perspectives, and six second-order
determinations, i.e., comparisons of two first-

order determinations.
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Alperson argues that none of the richness of the
IPM is lost in the Boolean analysis. In Boolean
logic it is assumed that every proposition is

either true and false.

However, it is natural that quite often the IPX
questionaire items might have values other than
truth and falsehood, and the information about
the degree of truth felt by subjects on the IPM
item is lost in Boolean analysis.

Fuzzy analysis of the IPX In fuzzy logic, the

truth value of a proposition can assume any
{0,1]

two values. Then, it is possible to indicate the

value in the interval instead of assuming
degree of truth represented by the proposition.
For example, let a proposition P represent an
attributive statement, "I love her™, then the
truth value of P is certainly 1 for some, and
it is certainly 0 for some, and it may be some

value between 0 and | for others.

It is reasonable that fuzzy logical functions
are applied for the analysis of the IPM rela-
tionships. Fuzzy expressions of the IPM determi-
nations are as follows (Yabuuchi,b1983,1984).

First-order determinations

Agreement reflects the correspondence between a
member's view and the partner's view on an issue
Thus, agreement, o, is determined by the com-
parison of a member’s direct perspective and the
partner's direct perspective; H— | X | and W
-+ | X |. If these perspectives match, then
couple may be said to agree on the issue actual-
ly. Agreement, ayy ,is given by fuzzy equiva-

lence,
Ahy = HAX(HIN(hI,wl),HIN(l—hl,l—wl))

where hj and wj are truth-values in the closed

interval [0,1] of fuzzy variable, H; and W;.



Understanding reflects the correspondence be-
tween a member's view of the partner's view and
partner’s view of an issue. Thus, understanding
» i, is determined by the comparison of a mem-
ber's meta perspective and the partner's direct
perspective, e.g. , H->W— | X | with W= | X
defines wpy. If these perspectives match, the
member H understands the partner W on the issue
Understanding, wpy and pwyuh are given by fuzzy

equivalence.

Hhy = MAX(MINChg,wy) MIN(1-hp,1-wp))

Kyh = MAX(MINChy,wo) MIN(1-hy,1-w9))
Realization reflects a member’'s ability to pre-
dict how his partner reads him on an issue.
Thus, p, is determined by the comparison of a
member's metameta perspective with partner’s
with
P hu- If these perspec-

meta-perspective, e.g., H>W->H—~ | X |
W-H-> | X |

tives match, H realizes what W predicts about

defines

his response on the issue. Therefore,

P hy = MAX(MIN(Chg,wp) ,MIN(1-hg,1-w9))

P wh = MAX(MIN(wg,ho) ,MIN(1-w3,1-ho))

A member's feelings of being understood by the

partner on an issue, ¢, is determined by the

comparison of a member's metameta perspective
and his direct perspective on the issue, e.g.,
H->W-H- | X| and H-— | X | . If these
perspectives match, H feels understood by W on
the issue. Therefore,

® hy = MAX(MINCh3,hy) ,MIN(1-h3,1-hy))

MAX(MIN(wg,w1) ,MIN(1-wg,1-w1))

©

<

=
h
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A member's expectations of agreement on an issue

¢, is determined by the comparison of a mem-
ber's meta perspective and his direct perspec-
H->W- | X |

If these perspectives match, it is

tive on the issue, e.g., and

H->1X].
infered that he expects agreement on the issue.

€ hy = MAX(MIN(hg hy),MIN(1-h 21-h })

€ yh = MAX(MIN(wo,wy) MIN(1-wg,1-wy))

Perception of the partner's expectations on
Y, is determined by the

agreement on an issue,

comparison of a member’'s meta perspective and
his metameta perspective, e.g., H->-W—> | X |
and H-W-H- | X |.
it is infered that he perceives the part-

If these perspectives
match,
ner's expectations on agreement on the issue.

Alperson termed ¢, €, and ¥ projection.

¥ hy = MAX(MIN(Chg,h) ,MIN(1-hg,1-h2))

Yyh = MAX(MIN(w3,w9) ,MIN(1-w3,1-w9))

Second-order determinations

The determination of veridicality of these pro-
jections requires the derivation of correspond-
ing second-order determinations. The verid-

icality of feelings of being understood is given

by the comparison of ¢ py and gy, and @y
and Wy
Vion = MAX(MIN(py, wyp) NINCI-bpy, 1-myp))

Vipu = MAXONNCyh, ) MINCL- yp, 1- )

The veridicality of expectations on agreement,
Ven

and V ¢y, are given the comparison of

€hy and ahy, and ey and G hw, Tespectively.



<

m

f=
1]

MAX(MINC € hyo opw) JMINCI- € hy, 1-ocpy))

View = MAX(MINC e g, apy) MINCI- e yp, 1-apy))

The veridicality of perception of partner's

expectation on agreement, V ¢ and V ¢y, are
given the comparison of Yy and ey}, and ¥y

and € py, respectively,

Vyh = MAX(MIN(W hy, € wh) MINCL-¥py, 1-eyp))

Viyw = MAXOKIN(W g, € py) MINC-%yp, 1= epy))

Realization of fuzzy functions of first-order
determination, ¢y and

determination derived from

K yh, and second-order
®hw, 4yh are il-
lustrated in Figure 2a, b.

hy  he oy wp Wy 1y

Fig.y. The realization of the fuzzy function,¢

Fig.2, The realization of the fuzzy function,Vv

ILLUSTRATIVE EXAMPLES

Mthod The subjects were 8 undergraduates. They
were instructed to read throughly a novel on a
"HI _NO CHIJIMARI” writen by
Toshio SHIMAO (EiRBEEZ THOHEBFY) ), and

to estimate the degree of truth of each IPM item

conjugal relation :

from the standpoint of husband H and wife W who

were characters in the novel.

Result Table 1

on the basis of 6 fuzzy variables, of 11 first-

presents the values, calculated

order determinations, 4 second-order determina-
tions, and anomie defined by Scheff(1967) for
four types ofissues with respect to each attri-
butive statement. Scheff's characterization of

anonie is

MINCI-p hy, -y, 1-chy, 1-syh, 1-pyh)-

& hw '—k’
Hoeh '_b
hw' Pwh
discrimmnator

¢h cluss A class 3

(2.7) (=.3)



On the statement "W is disappointed in H", the
couple agree on the issue actually. ( « = .9).
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Abstract

An effective way to cope with fuzziness is to understand its source —
human perception and behavior. We shall describe a (dynamic) micro behavioral
mechanism which illustrate why it is so difficult to judge correctly and
precisely in many human behaviors. Fortunately the mechanism can also be used
to show the existence of habitual domains (HD). Thus human also have predi-
ctable tendancy, no mather how imprecise is it, in their perception, judgment
and responses to a large number of events. To make better prediction with
less degree of fuzziness it is important to study and understand habitual
domains.

In this talk we will describe the elements of habitual domain: potential
domains, actual domains, activation probability and reachable domains. We
then discuss how to use the concepts of habitual domains to tackle a number
of fuzzy problems including high stake decision problems, optimal solutioms,
gaming and conflict dissolutions, career management, and leadership.



1. Introduction

Consider the following nontrivial decision problem:

A retiring CEO (Chief Executive Officer) invited to his ranch two
finalists (A & B) from which he would select his replacement. A & B
were given a black and white horse respectively. The CEO gave a course
for the horse race and said, "Starting at the same time, whoever's horse
is slower in completing the course will be selected as the next CEO!!"
Finally, A jumped on B's horse and rode as fast as he could to the
finish line. Naturally, A was the new CEO.

Such a problem is one that can not readily be solved by traditional game
theory. 1Instead, it is through the use of second order games and the concept
of habitual domains that one can approach such a problem. People would usually
expect that the faster horse would be the winner ( a habitual domain). When a
problem is not in our habitual domain, it is difficult to assess and solve
until our habitual domain is suitably expanded. In this situation we may say
that the problem is extremely fuzzy. On the other hand if the problem can be
comprehended by our habitual domains, we say it is not or not very fuzzy.

Based on their memory structures and stimuli, people perceive, conceive,
and make judgments and decisions. Mathematical analysis and optimization
techniques are certainly helpful in understanding decision processes, but
when we do not know the human behavior mechanism, their power is greatly
reduced. In many important decision or conflict problems, genuine and creative
solutions are obtained through the understanding of human nature, which is
usually beyond simple mathematical analysis.

Over several million years of evolution, human beings have developed
complicated and sophisticated systems of behavior mechanisms. While many are
understood, still more are not. Some are to all normal human beings, while
many are unique to particular individuals.

In an attempt to understand human behavior and to integrate the findings
of experimental and social psychology, optimization concepts and common wisdom,
we will first describe a dynamic micro mechanism of human behavior in section 2.
With flexible interpretation, the model can encompass most normal human
behavior. While each individual can vary the parameters in a unique way, the
overall structure of the dynamic remains almost the same.

One of the major consequences of the model is the existence of stable
habitual domains (collections of excited ideas) for each human being. Based
on the concepts of habitual domains, many difficult problems can be more
precisely described and studied (see Section 3), including high stake decision
problems, rationality, gaming and conflict dissolution, career management and
leadership.



(1)

2 Micro Dynamic Mechanism of Behavior

Flowchart 1 illustrates the micro dynamic mechanism of behavior.
concerning the mechanism can be found in [14] or chapter 9 of [17].
purposes, the main concepts are sketched here as follows:
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Details
For our

Each individual is endowed with an internal information processing

and problem solving capacity.

Like a "super computer', the brain
P P

encodes, stores and retrieves ideas and messages, using the pattern
circuits of excited neural cells:

The stored messages can be dynam-
ically restructured so as to most efficiently retrieve needed relevant



(ii)

(iii)

(iv)

(v)

information. Using association and analogy, the brain
interprets arriving events based on the stored memory or
learned knowledge. (See Box (1); also Hypotheses 1-4 of
[14,17] for details.) The arriving events can come from
self-suggestion (Box 10), physiological monitoring (Box
11) and/or external inputs (Boxes 12, 13 and 7).

Each human being has a set of goals or equilibrium points
to reach and maintain (goal setting). A list of goals is
given in Table 1 (p.4). The status or state of each goal
is constantly (consciously or unconsciously) monitored
(state valuation). When a significant "unfavorable"
deviation between the perceived value and the ideal value
exists, each goal can produce a '"charge'" (a tension or
urge). The totality of the charges produced by all goals
from a hierarchical structure is called charge structure.
This charge structure can rapidly change with time, with
information inputs, and with one's psychological state and
condition. (See Boxes 2-5; also Hypotheses 5-6 of
[14,17].) Note that when a goal (e.g., health) is
maintained at the tolerable interval of the ideal, without
other effort, the goal may produce very little or no
charge and will be neglected.

Attention (Box 6) is defined as a human's conscious time

allocation of his internal information processing and

problem solving capacity over various events and

activities. The time could be measured in milliseconds.

The purpose of attention is to release the charges in the

most efficient way. These ways involve: (a) actions and
discharges when solutions are obtained (Boxes 8-9); (b)
acquiring external information (Boxes 7, 12, and 13,); or
(c) self-suggestion for internal thinking, justification
and rationalization (Box 10). All of these functions feed
back to the internal information processing center. (See
Hypothegis 6 of [14,17].)

Each event can be associated with a set of goals. Its
significance can be defined in terms of the remaining
charge structures when the event 1is removed. According to
lexicographical ordering, the significance of events can
be compared. The most significant event will command the
attention. As charge structures rapidly change, the
attention can switch rapidly from one event to other
events. (See Hypothesis 6 of [14,17].)

When there is a set of alternatives for discharge, the one
which can most reduce the current charge structures will
be chosen for discharge. This is called the least
resistance principle. The remaining charge is a measure

of resistance to the total discharge. (See Hypothesis 7
of [14,17].). Note that (iv) and (v) are similar. Both
of them are complex dynamic optimization problems for our
"brain."
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Table 1. A Structure of Coal Functions

Survival and Security: phystological health (proper birood

pressure, body tewperature and balance of blochexlcal states)}
proper leval and qualfty of ate, water, food, Leat, clothes,
shelter and wobility; salety and dangar free; acquisition of

woney and other «conomic gobda;

Pernetuniion of the Specics: sexual cctivities; giving birth to
the naxt generation; facily love, health and velfare;

Self-Toportance Feeling: sclf-rospect and self-esteen; esteen

and respect from others; pover and donlnance; recognitioa and
prauglao; achiovement; crcnzlvlly;-luporlorlty: accumulation of
twney and wealth; giving and accepting sympathy and protective~
nesy;

Soclal Approval: estecn and vespect from others; friendship;
affiliacion with (desired) 8roups; conforuity with group fdeology;
belicfs, atcftudes and bohaviors; piving and accepting sympathy

ond protectivenesn;

Senauous Gratf{ficatton: nexual; visual; audftory; small; taete;

tactile;

Cepnitive Conalutence and Curfosfty: consistency in thinking and

opintons; exploring and acquiring knovledge, truth, beauty snd

teligion;

Sell-Actnnllzntlnq: abiliry to accept and depend on the sall, to

cease (rom tdentitytng wich others, to rely on ono's own standacd,
to aspire to tha “epo-ideal” and to detach oneself froa soctal de-

mands and customs uhen desfrable.



(vi) All functions/components of the flow chart are inter-
connected. Through time, they interact with one another,
For instance, once action is taken (Box 9), say publishing
an article, the event and its consequence will be observed
and registered in the decision maker's memory (Box 1) and
will also likely be observed and interpreted by other
parties (Boxes 12 and 13) which may, in turn, react upon
the original decision maker (Boxes 7 and 11). (See
Hypothesis 8 in [14,17] for information inputs,)

Observe that according to the model, many factors and functions as
captioned in the boxes of Flow Chart 1 can affect decision making and our
understanding of decision making. These factors and functions are usually
beyond description by mathematical equations or probability theory. However,
with suitable effort and attention, a person may be able to understand his own
behavior. '

The dynamic mechanism, although changing with time and with one's
psychological states, can stabilize and, unless extraordinary events occur, each
individual will have stable habitual patterns for processing information.
This observation is captured by the concept of habitual domains.

3 Habitual Domains

It has been recognized that each human being has habitual ways to respond
to stimuli. These are sometimes called conditioned or programmed behaviors.
For example, each individual has habitual ways of eating, dressing, and
speaking. Some habitually emphasize economical gains, while others habitually
emphasize social reputation. Some are habitually persistent in their goal
pursuit, while others habitually change their objectives. Some are habitually
optimistic and see the positive side, while others are habitually pessimistic
and see the negative side. Some habitually pay attention to the details; while
others only to generalities.

These habitual ways of perceiving, thinking, responding and acting can be
captured by the concept of habitual domains (HD). Flow Chart 1 illustrates that
HD involve self-suggestions, external information inputs, physiological
monitoring, goal setting, state valuation, charge structures, attention and
discharges. They also involve encoding, storing, retrieving and interpretation
mechanisms. When a particular aspect or function is emphasized, it will be
designated as "HD on that function." Thus, HD on self-suggestion, HD on charge
structures, HD on attention, etc. all follow. When the responses to a particular
event are of interest, we can designate them as "HD on the responses to that
event." Thus, HD on job seeking, house purchasing, dealing with friends, etc.
also follow. In the following discussion, HD are used without gpecifying the
corresponding functions or events, as only the general properties of HD will be
discussed.

3.1 Elements of.Habitual Domains

A habitual domain at time t, denoted by HD., is defined as the collection
of the following:

(1) PD. (potential domain): The collection of ideas/actions
that can be potentially activated at time t;
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(ii) AD, (actual domain): The set of ideas/actions that is
actually activated at time t;

(iii) AP, (activation probability): The activation probability
or confidence structure at time t which indicates the
possibility for a subset of ideas/actions in PD, to be in
AD¢;

(iv) R(I,, 0¢) (reachable domain): The reachable (attainable)
set of ideas/actions from the initial set of ideas I;
through the set of operators 0.

R(I,,0,) shall be described more extensively shortly. Observe that AD C
PD,. The relationship between AD, and PD; is similar to that between the
realized value and the sampling space of a random variable. The set AD, will be
affected by the charge structures and attention at time t. The probability or
confidence level (AP.) for a set of ideas/actions to be activated will depend on
how strongly the 1ideas/actions have been encoded and how easily the
ideas/actions can be retrieved from memory storage. It is also closely related
to the set of initially activated ideas around the time t,

Now consider reachable domains. Through self-suggestion and/or external
information inputs, one idea or a set of ideas can be used to stimulate or
generate other ideas. This suggests that a set of operators exists, defined on
the subsets of PD, which generate ideas in PDy. from the subsets of PDy. As an
example, suppose that one is interested in investing a fixed amount of cash in
stocks A and B. The concept (the operator) that any portfolio (a convex
combination) of A and B would also be of interest -will expand the alternative
set of A and B into the set of all convex combinations of A and B. Note, the
operators are also elements of PD;.

Let I, be a set of ideas with I, € PDy, and let Or be a set of operators
which generate ideas in PDy from subsets of PD.. Define R(I,, O;), called
reachable domain, to be the set of ideas/actions that can be reached (or
attained) from I, and O, . More precisely, R(I,,0.) is the set of ideas/actions
that can be cumulatively generated by any sequence of operators from the set O
which act on I; and the resulting ideas/actions from the operations. As an
example, let I, = {0,1} and 0, = {+} ("+" is the ordinary mathematical
addition). Then R(I,, O¢) is the set of all nonnegative integers. If Op =
{+,-}, then R(I,,0.) is the set of all integers.

Potential and reachable domains are closely related. We say that { I,,0,}
is a generator of PDy iff PD, = R(I,,0.), and{ I,,0, ) is a basis for PDy iff
{ Iz,0¢) is a generator of PDy and no strict subset of { I;,0,} is a generator of
PD, .

Finally we observe that HD., as defined, is dynamic and changes with time.

All four elements of HD, can evolve with time: this makes analysis of HD,
fairly difficult. Fortunately, it can be shown that HD, can reach a stable
state; thus, human behaviors are still, to a certain degree, predictable. This

will be discussed in the next subsection.

3.2 Stable Habitual Domains: Existence and Significance

In [5], it is shown that PD, aud AP, depend on the activation of patterns
of neural circuits. ‘Under suitable conditions, these patterns will satisfy a
system of differential equations with stable steady solutions. Thus, PD, and AP,
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can reach their stable states unless extraordinary events arrive contlnuously
(which rarely 1is the case).

Once PDy and AP, reach their stable states, one can expect AD, to occur at
some regularity. In such stable states of HD,, one can expect habitual ways of
thinking, responding, and reacting to stimuli and events to occur. Thus,
personality, attitude, conditioned or programmed behavior, will be formed for
each individual. Such formation has a great impact on decision making styles
and optimization theories. The existence of habitual domains has significant
implications for high stake decision problems, optimal solutions, gaming and
conflict dissolution, career management and leadership. These are described
briefly:

(i) On high stake decision problems: = Although the four decision elements
(alternatives, criteria, perceived outcomes of decisions and preference) can
vary with respect to time, information inputs, and psychological states of the
decision maker, they can become stabilized (see [4] for an empirical study).
Applications of optimization theories to high stake decision problems become
feasible.. Before the stabilization, a formal analysis using optimization theory
is not fruitful. During the transition period it might be better to let our HD,
open and expand, allowing vigilant search for all relevant information on the
four decision elements, making sure '"good" alternatives are not overlooked.

(ii) On optimal solutions: As decision processes depend on HD, so do the
resulting optimal solutions. Since HD; can vary over time (even though it is in
a stable state most of the time), optimal solutions will change with time. This
occurs when the set of alternatives, the set of criteria, dimension of
alternatives, perception of outcomes, and/or preference change. This suggests
that in dynamic settings, "time-optimality'" is important and that an alternative
perceived as optimal is valid only over a time horizon. Today's optimal
solution will not necessarily be optimal forever. As HD, changes, it may become
an inferior solution. (See [12,13] for further details.) Being aware of this
fact, one can avoid surprise over other people's "irrational" decisions. After
all, a decision is rational if and only if it is consistent with the decision
maker's HD,. Everyone's HD; is unique. What one perceives as irrational may be
very rational from other people's point of view (HD.).

(iii) On gaming and conflict dissolution: Each player has a unique HD,.
Understanding one's own HD, and one's opponeuts' HDy is essential to winning
competitive games or resolving conflicts. If one knows his own HDt but does not
know one's opponents' HD{,one cannot confidently construct a winning strategy.
Indeed one could lose the game entirely, like the .Pearl Harbor disaster (see [9]
for a detailed discussion of the mistake). If one does not know both his own
and his opponents' HD., he very likely would lose most games.

In games which are partially cooperative and partially competitive (like
international trade or companies competing for market share and market volume
with the same kinds of products), it may be desirable for the players to settle
an agreement. To maintain some stability, this agreement must allow each player

to declare a victory --i.e., the terms of agreement must be a time-optimal
solution from the point of view of each player's HDy. Certainly this is not an
easy task. Proposing new alternatives, creating new conceptions of the criteria

and suggesting outcomes for the players to change their corresponding HD, will
become vital. Without a new set of compatible HD s, agreement can hardly be
reached. Certainly, to successfully restructure HDy one must first be aware of
the existing HD, of each player. Instead of using the framework of traditional
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game theory, such as described in [11,8], the second order game concepts of
using HDt should be used to resolve nontrivial games or conflict[13].

(iv) On career management: In a broader sense, each social organization
(family, company, school, society, nation, etc.) can be regarded as a living
entity and can have a habitual domain, HD,. The habitual domain can also be
stabilized. The person within the organization performing a variety of
functions also has his own HD . The match of these habitual domains is
important for considering career success and happiness. If the HD are
compatible and if they enhance each other, one may expect a fairly happy
individual in the organization; otherwise, conflict and frustration can
occur and adjustment must be made in order to keep the individual with the
organization.

If human beings are regarded as adapting entities to their environments,
then choosing an organization for association become an optimal match problem
between an individual's HD, and the organization's HDy. Are there ideal
organizational HD_ to which an individual can adapt? Can he change the
organizational HD_ or is it easier to change his own? Should he leave an
organization for a new one which reveals a more compatible HD_? These are
some important questions that each individual must address for career success
and deserve careful explorations. (See Holland [7] and citations therein.)

(v) On leadership: Each '"group'" or social organization, as mentioned
before, has its own HD, which depends, at least partially, on its members' HDt'
A good leader should have a clear picture of the ideal HD_ for the group.
Leadership may be defined as moving the current HDt of the group to an ideal
HD; for the group.

There are two extreme kinds of leadership. One is status—-quo leadership
which maintains the current HD,. The other is revolutionary leadership which
drastically changes the currenE HDt to a new ideal HDt'

Note that knowing the individual members' HD  is very important for
successful leadership. 1Indeed, a leader can best motivate members to move
the group's HD; when he can create a high ''charge'" on the individual members
and show the way for them to successfully release the charge. The perceived
ideal group HD, should be compatible with and able to enhance (as perceived
by the members) the members' HD,. Otherwise, resistance and conflicts will
hinder the leader's success. (See [1].)

4 Reduction of Fuzziness By Expansion of HD

In the previous subsection, we have discussed how HD{ can become
stabilized and the implications and applications of a stable HDy on various
subjects. Stabilized HDt allows us to process information and to make
decisions more effectively and efficiently on daily repetitive problems;
it also makes our thinking and behavior predictable. In an extreme, our
thinking and behavior may become routine and programmed, when our HDt become
sufficiently rigid and inflexible. As indicated in the previous subsections,
in high stake decision problem, conflict resoultion, career management and



leadership, a rigid HDt cannot successfully offer solution. 1Indeed, a rigid
HDt+ may become a major sourve of the problem. Developing a HDt which can
appreciate and understand other HDt's is a very important step for us to
enhance our ability to solve difficult problems and to have a happy career
and life.

As discussed before, each problem or system can be represented, in
abstract, by a habitual domain HD{. Ourselve ( a researcher, a decision
maker, a company or an institution) can also be represented by a habitual
domain, denoted by HDg.

Suppose that HD,C HDY for most t. Then we (HDf) can comprehend HD; most
of the time. (Here '" is a fuzzy notion, which needs the reader to explore.)
On the other hand when HDt(\HDO =gffor most t, it will be very difficult for

us (HDO) to comprehend HD, most of the time. 1In the lass case, we may be
shocked by HDt when it confronts us and catches our attention at the first time.

The above two extreme cases seldomly occur. In most situations, we don't
have total inclusion neither empty intersection. ,(We have 'overlapping' relation.
That is, H DO(WHD # ¢, HD¢\ HD? f ¢ and HDO\HDt £¢. 1In general, the larger is
HD? (HD,, the befter is our perception on HD.; or the larger is our HD®, the

t’
better 1s the probability that we can have a better comprehension about HD,

The following methods can expand our HD.:

(i) Expand HD; by awareness and willingness to learn from other people.
The largest resource for expanding our HD is other people's HDs. It is safe
to say that everyone's HD is almost surely unique. That is, there is virtually
zero probability that the HDs of any two persons can be identical. (See [14-
17] for further discussion.) By being aware of the difference among HDs, we
may begin to be willing and able to spend effort and time to encode and absorb
those favorable ideas/operators so as to expand our HD.

Depending on the degree of cooperation, rivalry and intimacy, humans
reveal their HDs to their partners, perhaps partially, consciously and/or
unconsciously. Their revealed ideas/actions or operators may be accepted
or absorbed because they are similar to those of the partners or because
the partners make a special effort to do so. The ideas/actions or operators
can also be rejected because they are strange to the partners and/or the
partners either do not care or activate their self-suggestion to distort
and avoid them. The acceptance of rejection will certainly depend on the
partners' charge structure and attention, etc. Usually new ideas/actions
or operators can be more easily learned and absorbed if they are similar to
those which are already known than otherwise. Confronted with ideas which
are outside our HD, we may have a tendency to reject then right away instead
of taking time and effort to absorb them. This quick rejection to totally
new ideas may prevent us from expanding our HD to a higher dimension.

In real life HDs of other people are not easily observed. Recall that
the actual domain AD, is a subset (perhaps very small) of PD,. Most of the
time only a portion of PD, is observable, and without attentlon even the
observable part of AD, can be ignored and/or misinterpreted. The following
are some important operators/ldeas for awareness and absorption of other
persons' HDs: (A) sincere appreciation and genuine interest in other persons'

abilities, skills and well-being, (B) open minded frank discussion with other
people, (c) an attitude that other persons' opinions/beliefs can be rlght or
valid and (D) the willingness to think in terms of the other persons' interests.
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(ii) Expand HD, by considering one higher order of the systems within
which we operate. For instance in the stock market investment problem, one
can regard the stock market as a subsystem of speculation markets which also
include the bond market, option market, futures market, etc., which again is
a subsystem of the money-making mechanism. By looking into a higher order
system, we can usually broaden our mind and see other ideas/operators which
we could not otherwise see.

(iii) Expand HD, by periodically being aware of our existing HD and
seriously questioning the preconceived assumptions and notions in the existing
HD¢ Different assumptions and notions will likely produce different
conclusions, just like different initial points and dynamics will produce
different terminal points, This awareness and questioning can make us
discover new ideas and expand our HD.

(iv) Expand HDt by varing relevant parameters in the thinking process.
For instance, in a house purchase decision, one can vary the parameter of how
much he can borrow from the bank so as to expand the set of feasible houses
to be purchased. '

(v) Expand HDy by actively using "association law." By actively trying
to find the similarity and difference between two objects, one may be able
to discover new ideas. For instance, in decision making, one may be able to
expand the set of alternatives by deliberating the other three elements:
criteria, perceived outcomes, and preference. Through this deliberation,
some new alternatives may be derived.

(vi) Expand HDy on specific problems by consulting with experts, previous
similar events and books. This consultation can usually provide us new ideas
which we could not obtain otherwise.

(vii) Retreat from the specific problem for a while when being trapped
by our HD+ and when the above methods offer no help. Turning off the problem
has an effect of turning off being trapped. Then start our generating process
when our mind is refreshed again. New concepts and vital ideas can be obtained
in an easier fashion when our mind is fresh and is not trapped by the previous
thinking.

5. Conclusion

We have sketch some main concepts of habitual domains and how can we use
them to cope with human fuzziness. The following are some important problems
to be explored as to reduce human fuzziness.

(i) Classify fuzzy systems or problems according to their attributes as
to describe them as precisely as possible in terms of HD. This will allow us
to comprehend the systems or problems better.

(ii) Understand our own HD and expand our own HD so that we can understand
the HD of the fuzzy systems or problems better.

A, Maslow,a famous psychologist,says: "If the only tool you have is a
hammer, you tend to see every problem as a nail'. Shouldn't we expand our
horizon of vision (HD) in studying ''fuzzy systems'? Let us encourage and
help each other!
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INTERACTIVE DECISION MAKING FOR MULTIOBJECTIVE NONLINEAR
PROGRAMMING PROBLEMS WITH FUZZY PARAMETERS

Masatoshi SAKAWA

Faculty of Engineering, Kobe University
Hitoshi YANO

College of Economics, Kagawa University

1. 1Introduction

In the multiobjective nonlinear programming problem, there is no optimal
solution due to the inherent conflict between these objectives.
Consequently, the aim is to find the satisficing solution of the decision
maker (DM) which is also Pareto optimal. However, when formulating the
multiobjective nonlinear programming problem which closely describes and
represents the real decision situation, various factors of the real system
should be reflected in the description of the objective functions and the
constraints. Naturally these objective functions and the constraints
involve many parameters whose possible values may be assigned by the experts.
In the conventional approach, such parameters are fixed at some values in an
experimental and/or subjective manner through the experts' understanding of
the nature of the parameters.

In most practical situations, however, it is natural to consider that
the possible values of these parameters are often only ambiguously known to
the experts. In this case, it may be more appropriate to interpret the
experts' understanding of the parameters as fuzzy numerical data which can
be repriseQSed by means of fuzzy subsets of the real line known as fuzzy
numbers”/°“’/., The resulting multiobjective nonlinear programming problem
involving fuzzy parameters would be viewed as the more realistic version of
the conventional one.

In this paper, in order to deal with the multiobjective nonlinear
programming problems with fuzzy parameters characterized by fuzzy numbers,
the concept of a-Pareto optimality is introduced by extending the ordinary
Pareto optimality on the basis of the a-level sets of the fuzzy numbers.
Then an interactive decision making method to derive the satisficing
solution of the decision maker (DM) efficiently from among an a-Pareto
optimal solution set is przgented as a generalization of the results
obtained in Sakawa et al. .

2. a-Pareto optimality
In general, the multiobjective nonlinear programming (MONLP) problem
is represented as the following vector-minimization problem:

min £(x) (fl(x),fz(x),.--,fk(X))T .

subject to x € X = { x € E | 8.(x) <0, j=1,...,m}
J =

where x is an n-dimensional vector of decision variables, fl(x),...,fk(x)
are k distinct objective functions of the decision vector x, gl(x),...,
8m(X) are inequality constraints, and X is the feasible set of constrained
decisions.

In practice, however, it would certainly be appropriate to consider
that the possible values of the parameters in the description of the
objective functions and the constraints usually involve the ambiguity of
the experts' understanding of the real system. For this reason, in this
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paper, we consider the following fuzzy multiobjective nonlinear programming
(FMONLP) problem involving fuzzy parameters:
FMONLP

. ~ ~ ~ ~ £ T
min f(x,a) A (fl(x,al),fz(x,az),...,fk(x,ak)) 2
subject to x e X(b) A { x e E" | gj(x,Bj) <0, j=1,...m }

where Ei and b, represent respectively a vector of fuzzy parameters
involved in the objective function fi(x,si) and the constraint function
gj(x,b-).

These fuzzy parameters are assumed to be characterized as the fuzzy
numbers introduced by Dubois and Pradel)’2

We now assume that Ei and b; in the FMONLP are fuzzy numbers whose
membership functions are ugi(ai; and qu(bj) respectively. For simplicity

in the notation, define the following vectors:
uz(a) = (p§1(31)3’°'9u‘5k(ak)) ’ uS(b) = (llsl(bl),---,llsm(bm)) ’

a=(a1,...,alg, 5:(51,...,5k) ’ b=(b1,...,bm), b=(b1,...,bm) .
2)

Then we can introduce the following a-level set or a-cut of the

fuzzy numbers a and b.

Definition 1. (a-level set)

The a-level set of the fuzzy numbers a and b is defined as the ordinary
set Ly(a,b) for which the degree of their membership functions exceeds the
level a:

Lo(a,b) ={(a,b) | ny(a) >, wz(b) >a } (3)
It is clear that the level sets have the following property:
a;, £ a, if and only if LafE,S) > Laéz,s)
For a certain degree a, the FMONLP (2) can be understood as the
following nonfuzzy @-multiobjective nonlinear programming (a-MONLP)
problem.

o —MONLP

min f(x,a)

>

(fl(x,al),fz(x,az),---,fk(x,ak))T

subject to x

m

X(b) A {x e ET | gj(x,bj) <0, j=1,...,m } (4)
(a,b) € LQ(E,B)

It should be emphasized here that in the a-MONLP the parameters (a,b)
are treated as decision variables rather than constants.

On the basis of the a-level sets of the fuzzy numbers, we introduce
the concept of a-Pareto optimal solutions to the a-MONLP.

Definition 2. (a-Pareto optimal solution)

x* € X(b) is said to be an a-Pareto optimal solution to the a-MONLP(4),
if and only if there does not exist another x € X(b), (a,b) € LQ(E,B) such
that f;(x,a;) §fi(x*,a§), i=1,...,k, with strict inequality holding for at
least one i, where the corresponding values of parameters (a*,b*) are
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called a-level optimal parameters.

In order to generate a candidate for the satisficing solution which is
also a-Pareto optimal, the DM is asked to specify the degree a of the
a-level set and the reference levels of achievement of the objective
functions, called reference levels. _

For the DM's degree a and reference levels f;, i=1,...,k, the corresponding
a-Pareto optimal solution, which is in a sense close to his requirement (or
better, if the reference levels are attainable) is obtained by solving the
following minimax problem.

min max ( f.(x,ai) - Ei ) (5)
x € X(b) 1<i<k
(a,b) € Ly(a,b)
or equivalently
min v (6)
X,V,a,b
subject to _
fi(x,ai) - fi < v, i=1,...,k (7)
ux(a) 2 o, wuz(b) 2 @ (8)
x € X(b) 9)

The relationships between the optimal solutions of the minimax
problem and the a-Pareto optimal concept of the a-MONLP can be characterized
by the following theorems.

Theorem 1.

x* is an a-Pareto optimal solution and (a*,b*) is an a-level optimal
parameter to the a-MONLP, if and only if there exists f=(f,...,f) such
that (x*,v*,a*,b*) is a unique optimal solution to the minimax problem.

If (x*,v*,a*,b*), an optimal solution to the minimax problem, is not
unique, then we can test the a-Pareto optimality for x* by solving the
following problem:

k
max ) €
i=1 (10)
3 = * g% .
subject to fi(x,ai) +e, = fi(x »a¥ ), €5 10,1_1,2,...,k.
x ¢ X(b), (a,b) e LG(E,B).
Let (x,a,b) be an optimal solution to (10). 1If all e; = O, then x* is an

a-Pareto optimal solution. If at least one €; > 0, it can easily be shown
that x is an a-Pareto optimal solution.

It is significant to note here that from the property of the a-level
set, the following relation holds for any two optimal solutions

(xl,vl,al,bl) and (xz,vz,az,bz) to the minimax problems corresponding to
al and a2 with the same reference levels:

al < a2 if and only if £,(xl,a]) < £,2,a2) i=1,2,...,k .



3. Trade-off rates

Now given the a-Pareto optimal solution for the degree a and the
reference levels specified by the DM by solving the corresponding
minimax problem, the DM must either satisfy with the current a-Pareto
optimal solution, or update the reference levels and/or the degree a.
In order to help the DM express his degree of preference, trade-off
information between a standing objective function and each of the other
objective functions as well as between the degree @ and the objective
functions is very useful. Fortunately, such a trade-off information is
easily obtainable since it is closely related to the strict positive
Lagrange multipliers of the minimax problem.

In the following for notational convenience we denote the decision
variable in the minimax problem (6)-(9) by y = (x,v,a,b) and
let us assume that the minimax problem has a unique local optimal
solution y* satisfying the following three assumptions.

Assumption 1.

y* is a regular point of the constraints of the minimax problem.
Assumption 2,

The second-order sufficiency conditions are satisfied at y* .
Assumption 3.

There are no degenerate constraints at y* .

Then §he following theorem is derived by using the implicit function
theorem 3/ .

Theorem 2.
Let y* = (x*,v*¥,a*,b*) be a unique local solution of the

minimax problem (6)-(9) satisfying the assumptions 1,2 and 3. Let A* =

f* a* bk ok

(2,2 ;A ,Xg ) denote the Lagrange multipliers corresponding to the

constraints (7)-(9). Also assume that all the constraints (7) of the
minimax problem are active. Then it holds that

af . (x,a.)

i i

k m
_ a* b* . 11
= .Z Ay +.2 Aj , i=1,...,k. (11)

9o a=a® i=1 -1
Regarding a trade-off rate between f1(x) and fi(x) for each i=2,...,k,

it can be proved that the following theorem holds 5).

Theorem 3.
Let all the assumptions in Theorem 2 are satisfied. Also assume that
the constraints (7) are active. Then it holds that
af . (x,a.) A E*
oot 1 i=2,...,k . (12)

3f1(x,a1)

It should be noted here that in order to obtain the trade-off rate

information from (11) and (12), all the constraints (7) of the minimax

problem must be active. Therefore, if there are inactive constraints,

it is necessary to replace Ei for inactive constraints by fi(x*, a? ) and
solve the corresponding minimax problem for obtaining the Lagrange

multipliers.

=* [ ’
a=a g

4. Interactive algorithm

Following the above discussions, we can now construct the interactive
algorithm in order to derive the satisficing solution for the DM from among
the a-Pareto optimal solution set. The steps marked with an asterisk
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involve interaction with the DM.

Step 1. Calculate the individual minimum and maximum of each objective
function under given constraints for a = 1.

Step 2*.  Ask the DM to select the initial value of a (0 < a < 1) and the
initial reference levels £y, i=1,...,k.

Step 3. For the degree a and the reference levels specified by the DM,
solve the minimax problem and perform the a-Pareto optimality test.

Step 4*. The DM is supplied with the corresponding a-Pareto optimal
solution and the trade-off rates between the objective functions and the
degree a . If the DM is satisfied with the current objective function
values of the a-Pareto optimal solution, stop. Otherwise, the DM must
update the reference levels and/or the degree a by considering the current
values of the objective functions and a together with the trade-off rates
between the objective functions and the degree a and return to step 3. Here
it should be stressed for the DM that (1) any improvement of one
objective function can be achieved only at the expense of at least one of
the other objective functions, and (2) the greater value of the degree a
gives worse values of the objective functions for some fixed reference

levels.

5. Numerical example
To clarify the concept of a-Pareto optimality as well as the proposed

method, consider the following three objective nonlinear programming
problem.

~ ~ 2
min fl(x,al) = al(x1—9)2 + (x2—6)
min fz(x,sz) = 3x1 + X, - 52
min f3(x,53) = 3x1 + 5x2 - 53 (13)

subject to
<o, gz(x) =-x, <0 }

2

xeX = { x|xe Ez, gl(x) = -x,

where a;, a,, and a3 are fuzzy numbers whose membership functions are given
below :

psl(al) = max ( 1 - Ial -1.2],0),
paz(az) = max (1 -2|ap,-5.4],0), (14)
ua(a3)=max(1—0.5|a3—17.1|,0).

3

Now, for illustrative purposes, we shall assume that the hypothetical
DM selects the initial value of the degree a to be 0.8, and the initial
reference levels ( fl’ fz, f3 ) to be ( 20, 7.5, 7.5 ) . Then the
corresponding a-Pareto optimal solution can be obtained by solving the
following minimax problem.

min v (15)
X,V,a
subject to

2 2
al(xl_— 9 ) + (x2 -6 ) -2 $ v
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_ - <
3x, + X, a, 7.5 < v (16)

1
3x1 + 5x2 - ag - 7.5 < v
max (1-]a;-1.2],0) > 0.8
mx (1- 2|la,-5.4],0) 2>0.8 (17)
max (1- 0.5|la;-17.1],0)2 0.8
-x; £0, -x, 20 (18)
Solving this problem, we obtain a unique optimal solution (xr ,x§ s VX )
= (5,3,5), (af ,az ,ag ) = (1,5.5,17.5) and objective values (f? ,f; ,f; )

= (25,12.5,12.5) . This unique optimal solution clearly satisfies the
assumptions 1,2 and 3. Considering the second-order sufficiency conditionms,
f*x f*x f*

the corresponding Lagrange multipliers become ( Xy, Ay,23) = (3/11,1/2,5/22)
* g% g%

and (X} ,125,03) = (48/11,1/4,5/11) by solving VL = 0. Since all the

constraints (16) and (17) of the minimax problem (15)-(18) are active, using

the results of Theorem 2, the values of the trade-off rates between fi ’

i =1,2,3 and a can be obtained as follows :

3
fi a Xa* N xa* N la* _ 223
B 1 2 3 - 44
3@ lgy=g¥
Concerning the trade-off rates among the objective functions, from the
results of Theorem 3, we have

i=1,2,3.

af, Af5 11
afz a=a* Xf? - T 6 ’
3f1 ng 5
3f,Ja=ar __*Tf - T 76 .

Observe that the DM can obtain his satisficing solution from among an
a-Pareto optimal solution set by updating his reference levels and/or the
degree @ on the basis of the current values of the objective functions and
a together with the trade-off rates among the values of the objective
functions and the degree a.
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On Some Stochastic Control Processes

in a Fuzzy Environment

Toshio Odanaka

ABSTRACT

Much of the control processes in real world takes place in an
environment in which the goals, the constraints and the consequences of
possible actions are not known precisely. To deal quantitatively with
imprecision, we usually employ the concepts and techniques of probability
theory, etc. This, in our view, is a questionable assumption. Our
intention is that there is a need for differentiation between randomness
and fuzziness. By fuzziness, we mean a type of imprecision which is
associated with'fuzzy sets, that is, classes in which there is no sharp
transition from membership to membership.

Aim of this paper is to make minimize the membership function that
the state variables over all stage exceeds the fixed levels, starting
with the inicial state C, in a fuzzy environment and draw attention to

problems involving feedback control processes in a fuzzy environment.

Member of Mathematical Society of Japan.

Metropolitan College of Technology, Tokyo.



1. Introduction

A lot of the control processes in the real world take place in an
environment in which the goals, the constraints and the consequences of
possible actions are not known precisely. To deal quantitatively with
imprecision, we usually employ the concepts and techniques of probability
theory and, more particularly, the tools provided by decision theory,
control theory and information theory. In doing so, we are tacitly
accepting the premise that imprecision can be quoted with randomness.
This, in our view, is a questionable assumption.

Specifically, our intention is that there is a need to distinguish
between randomness and fuzziness, the latter being a major source of
imprecision in many decision processes. By fuzziness, we mean a type of
imprecision which is associated with fuzzy sets, that is, classes in
which there is no sharp transition from membership to membership.l)

It should be stressed that our limited purpose in the present paper
is to draw attention to problems involving feedback control processes in
a fuzzy environment that the input have some membership function.

It requires more investigation to develop a general theory of

control processes in which fuzziness and randomness may enter in a

variety of ways and combinations.

2, Mathematical Model

Let us consider problems involving some stochastic control processes
in a fuzzy environment.

Let us assume that the state at time ¢t + 1 in stochastic system
is described by

2.1 . )



where the state Xe» at time t , range over a finite set and the input
u_ range over a finite set and the random variable r, is assumed to
be characterized by a probability density function 9P(r).

We assumed that at each time t the input u is subjected to a

t
fuzzy constraint Ct, which is a fuzzy set characterized by a membership
function ut(ut).

Let us discuss the problem of minimizing some membership function
over a finite periods or an infinite periods in fuzzy goal. When
problems are in nonfuzzy environment, the optimal policy may become
identical with the special case of the optimal policy of a fuzzy environ-
ment and the membership function may become the probability.

We define fk(c) as the membership function that X, run out from
the range (B, a) arting with an initial state C at stage k and

ending at stage (N - 1), using an optimal policy, in a fuzzy goal,

subjected to the fuzzy constraints. That is

(2.2) ) .
fk’/ﬂ/‘/ (C):gnfeﬁ/ [//ﬁ(‘/ﬁ)v TV My (&(V—/)V |
. s D / ( D//b/‘ ) , )
b, f %5 {f’n.?d)w ( gg%_/,& 5,5)}]

where x = C (k=0,1, 2, ..., N-2), in a fuzzy goal,
A= {(c, p;(1)

(2.3) B = {(c, py(eN}
¢ = {(c, (e} = {(e, qy(e))  (ey qp(eN}

where pl(c), pz(c) and q(c) are termed the grade of membership of C

in A, B and C. Then, we have for k=1, 2, ... N - 2



( /}(c)/ (c2a)
o
l/ﬂ/% 1-7/ 9’/7/(/?4'} IU ('};\-1-7/ 9’1//;/{/
% . ~0
+fji,f/ﬂ—/(71 */)y[//d; (/4< c<a)
.

Ig-v,

e (<)

(2.4) 'f;}.ﬂ"-i <C); M MM
R

with

Jale)

‘ - » " (A0
(2.5 fyyu (D2 2(6/, (fccda) § /

Bl ccp) §:§7<¢¢7

where w = ax + y.

3. Existence and Uniquess Theorem
We must establish existence and uniqueness theorem of equation

(2.5) when N~?oC ., Let us impose the following conditions of

) /2(;3/3( Jand  G(7) .
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0
(a) for all vy, _7/;)3 0, /Y{jjd/:/ and for all %"
So

X~

(9dy <a< .
| giprayca

(3.1) e

c<puy) sl 0SS 0 <419)< 1

(c) /?/;L{ ?1{7;) are monotone increasing continuous functions
and /géyz ?247) are monotone decreasing continuous

functions.
(d) At is bounded and continuous function.
Then, under those conditions, we have the results.

Theorem 1. There is a unique solution to (2.4) which is bounded and
continuous for C in the finite interval gfi ).

Let .}%ﬁy.j“yfcj be defined over all C with (2.5) Definite the
sequence }Jé ”_/[4%} as follows.

file,  CezA)
Adelw=C)

(3.2) 'f ey (&)= M, My, [ J (P<c<A)
o -1 : Vf« ’ 7w C«,J[g;/,/t/-/) g /
pe). ¢ 5’/4)

Then Sy ‘ exist for all C and is the solution of
Jj;l ¢) v{ég;o Ji,,v-/ (¢/

/o, (¢) (C2A)
AR -C)

LC) = i ,
Jpeo) /‘/ , m[ oy C,.f;.*/)j/ 7i<c <)
[:(¢) (C’:’/ﬁj

(3.3)
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where, to simplify the subsequent notation,

o0 ﬂ_.n’\

G0 Tow ¢, f)=| fime ) 99744 + / pove ) A74f

~ -7 A=
+ / fruwt Y f{'/y/c‘/j
o

In this case,

X

(3.5 J(n)¢, .}21,): /i'%T/(vbﬁry)_y[,Q//é/f
i

h
where /‘)/ /7"\-(-24 (()f")’)\(‘L/ < m)
Ppes (W J)= N o) (S oncych-oy
pireg) (eee<y i)
77
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An Application of Fuzzy Integrals to
Multi-Attribute Decision Problems.
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1. Introduction

A decision in a "fuzzy environment" has been defined by R.Bellman
and L.A.Zadeh [1] as the intersection of fuzzy sets of goals and
constraints. The decision as the intersection of fuzzy sets by
applying the minimum operater implies that there is no compensation
between membership values of alternatives [10]. H.-J.Zimmermann [15]
proposed a "latent connective" which map between the minimum and the
maximum membership values. We propose to apply integrals based on
(NSA) type L-decomposable measures [11] by W.Schwyla [6] and R.Kruse
[3] for aggregation operators of fuzzy sets. These operators imply
various degree of compensation.

2. Fuzzy Integrals

Let (X,QS denotes some measurable space. B is measurable set in
RB. m is L-decomposable measure of the type (NSA)[11]. t-Conorm | has
a normed generator g . n(P)=0, m(X)=1, gom : 3 —>[0, 1] is the
probability measure. Then we have

-1
m(B)LlmB)=g( (gom)(B) + (gem)(B ) ) (1)
i j i J
where B,N B; = @.
By defining a multiplication as
-1
aTnB)=g (gla).(gom)(B)) (2)

i i
where 0  a £ 1, we have a semi-distributive property of T and 1. in
an algebraic system.

1) aT(nB)1lnB) )

-1
g (gla).( (gom)(B ) + (gem)(B ) ) )

1 J 1 J
-1
=g (gla).(gem)(B ) + g(a).(gem)(B ))
1 J
=(aTmB))L(aTmnB)) (3)
i i
2) (m(B)1lmn(B) )Ta =(mn(B)Ta)l(nB)Ta) (4)
i j i J
Using the multiplication T and 1 -decomposable measure m an
integral is defined as in [6]. n
Definition 1.  For simple function u =3lu 1  with disjoint
i=1 i B,
B, 0<u <1, a fuzzy integral is defined as *
i i
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g uTn= __Lu Tn(B )
B 1—1 i i

=g (ZZ( g(u )).( (gem)(B ) (5)
i=1 i i
Proposition 1. When B=X, fuzzy integrals in Definition 1 take
values between min u; and max u,. If u,= -— =u, then they take u,.
Proof. Let ur be a minimum value of u, . Since T and L are non
decreasing and dlstrlbutlve,
uTmn>uMrm (6)
i i i
and
J_u'rm >_Lu'rm"u T(J_m ) = u" (7)
n=11i i i= i i=1 1
Let u¥ be a maximum value of U
__l_uTm(_LuTm—uT(_Lm)—u (8)
i=1 i 1ii=A i i=1 1

From Prop031t10n 1, the integral of Definition 1 can be regarded
as a mean value and when m is probability measure in the case of
g(x)=x, it is the conventional mean value. Thus it is called a fuzzy
expected value. Let us show three types of integrals that have
following properties.

1) Yager's family of t-conorms[2].

P
g(x)= x (9)
p pl/p
xly=mnl[ (x +y) , 1] (10)
XTY = X.¥ (11)
n p 1/p
S urm = (Yu.§ ) (12)
X i=11i i
Where§_= g(m,).
L L n
lim g utm= Vu (13)
p—>® )X =1 1
where v denotes max.

n
lim gu'rm S u.§ (14)
p—>1 i=1 1 i

n
lim guTm = T['u9é (15)
p—~0 i=1 1

When m =m,= -—— = m in (15)

n 1/n
lim gu'rm= Tu (16)
>0 i=1 1
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2) C-dual of Yager's family of t-norms[2].

P
g(x)=1-(1-x) (17)

1/
xly = 1-max[((1-x)p+ (1—y)p- 1 ),pO] / (18)
p p 1/p
w1y = 1= (1= + (1) - (120 (") (19)
P
SuTm=1-(Z(1-u)§’) (20)
X i=1
lim g utm = 1- 'TF(1—u f? (21)
p—0 i=1 i
lim S utm = % u.§ (22)
p—>1 i=l i d
lim utm = ?\ u (23)
p—>® i=1 i

where A denotes min.
3) Sugeno's parametered family of t—conorms[2]

g(x)=(Tog(1+px))/(1og(1+p)) (24)
xly = min[x+y+pxy,1] (25)
log(1+py)/log(1+ p)
= (1/p)((1+pX) -1) (26)
S urtm =(1/p)(T\'( 1+ pu )9£- 1) (27)
X 1=1 i
lin gqum =1 -‘ﬁ( 1o )% (28)
p->-1 1=1 i
lim g wm = Ny (29)
p—>0 1=1 i i
lim ((urm = 11'( usi) (30)
© )X =1 i

(28), (29) and (30) are equal to (21), (14) and (16) respectively.
R.Kruse stated this type of fuzzy integral in [3].

The range of value of fuzzy integrals are shown in Fig.1. Graphs
of fuzzy 1ntegrals are shown in Fig.2 - Fig.4. In Fig.2 u, and u, are
substitutive and in Fig.4 they are complimentary.

3. An application to multi-attribute decision problems.

Assuming that the decision maker has pseudo additive weights of
significance for each attribute, a pseudo additive weighting method of
multi-attribute decision problems is to find out the most preferable
alternatlve such as

x* [X\maxJ_uTm] (31)
j i=1ij 1
where J—m =1 and u,; is the evaluated value of the i-th attribute of
the J—th alternative. (31) is a generalization of following
conventional decision problems.
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Simple additive weighting method.
=[x |mx fu .m ] (32)
j ) i=11ij 1
Max min decision plinciple

x*=[ x |max min u ] (33)
i o311
Max max decision plinciple
=[x |max max u ] (34)
i 1 ij

The preference order of alternatives by pseudo additive weighting
methods is not necessalily order isomorphic with that of the simple
additive weighting method. Therefore they imply various degree of
compensation between attributes.

We apply pseudo additive weighting method to the empirical data of
quality evaluation of titles in [15]. The membership scales for !
good solidity', 'good dovetailing' and 'ideal tite' are shown in
Tablel. By assuming three kinds of integrals 1), 2) and 3), we
determine the most fitting generator as g(x)=(log(1+px))/log(1+p),
(p=7.22) which minimize the sum of absolute errors from observed data.

The grade of significance of the attribute solidity is 0.22 and that
of the attribute dovetailing is 0.31. The observed values and the
computed values are shown in Fig.5.

Table 2. The comparison of goodness of fit.
max min | max max | simple additive | fuzzy additive
weighting method | weighting method

sum of

absolute| 2.76 6.17 1.740 0.93
errors

As p>0, two attribute 'solidity' and 'dovetailing' are mutually
complementary.

4. An application to multi-objective linear programming problenms.

The multi-objective linear programming (MOLP) problem is
represented as

mx ax
i
(35)
s.t. xeC
( i=1,-—,n ) "
where a.=(a, , a,,, ——, a,,), x=(x,, X,y ==, X;) and C i$ a convex

set formed by linear constraints.
In order to find a compromise solution of the decision maker(DM),
Sakawa[6] classified the fuzzy programming in three types as
follows.
i) Maximizing a fuzzy decision set as in [9] and [13]

mex min u (X) (36)
i i
s.t. Xx€&C
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ii) Maximizing a sum fuzzy decision set as in [7]

n
mx ST u (x) (37)
i=1 i
s.t. x¢€C
iii) Maximizing a product fuzzy decision set as in [13]
n
mx T u (x) (38)
=1 i
s.t. x€C

Let us consider the FMOLP problem in [13] and [14]. In this FMOLP
problem, fuzzy objective functions are characterized by its membership
function and so are the constraints. Thus the constraints are also
regarded as objective functions. A decision in a fuzzy environment is
defined as the selection of activities which simultaneously satisfy
these objective functions and the maximizing decision proposed by
Bellman and Zadeh uses mini operator for the intersection of fuzzy
sets. The FMOLP problem can be written as

a.x ?Vb ( i=1,-—sn ) (39)
i i

where goals are represented by fuzzy sets b; that have linear
membership functions as in Fig.6. This problem is described by verbal
expression. An interpretation of (39) is the following: Make a
decision x in such a way that the restriction a,x 2 b ( i=1y,~—,n )
are satisfied " as well as possible". The decision maker is prepared
to tolerate violations, ;s Up to d. 2 0. Thus the following problem

can be formulated [13]. ¢
mx min u
i i
s.t. ax+s 20
i i i
d.u +s =4d (40)
i 1 i i
(x,s 20,0<ug 11, i=1,~—,n )

i i
where s, =0 when the set "greater than b," is crisp, i.e. 4;=0.

FMOLP(40) uses min operator to aggregate fuzzy sets of goals. The
mini operator implies that there is no compensation between the
memberships to goals. It was reported by testing empirically in [10]
that compensatory effects between objectives are present in managerial
decisions. Thus in this paper, generalizing the above FMOLP problem,
we consider the following FMOLP problem.

n -1 n
mx \uTm=luTm =g (3glu).gm))
i=1 i i i=1 i i
s.t. ax+s 2D
i i i
d.u +s =4d (41)
i i i i

( x, 520,0<u <1, i=1,——;n )

i i
In the FMOLP problem (41), fuzzy sets of goals are aggregated by
fuzzy integrals. Depending upon the generater g, (41) expresses
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various degree of compensation amoung fuzzy goals.

In (14) when m =m,= --—— m , FMOLP (41) is equivalent to the case
ii)[7]. (18) is a geometric mean and is equevalent to the product
operator in the case i1ii)[13], if it is applied to FMOLP (41). (23) is
equivarent to the min operator in the case i)[13].

The maximizing problem (41) is equivalent to the minimizing
problem whose objective function is

min 1 - ( umm (42)
X
Thus in the case 2) the objecti;e function is written as
n P 1/p
mn (37 (1-u) .S) (43)
i= i i

When p>1, FMOLP (41) is reduced to a MOLP based on the concept of
compromize solution by P.L.Yu[12], where utopia point of the
membership function u; is 1 and (43) means to minimize the distance
function from the utopia point.

By assuming three types of fuzzy integrals the FMOLP problem (41)
expresses various degree of compensation between fuzzy goals depending
on the parameter p. Furthermore it can express the grade of importance
of each goal by m,.

When the generator g and m,'s are known, the FMOLP (41) is
reduced to a non-linear programming problem. g is a monotone function
from [0,1] onto [0,1]. Thus the objective function g~'(Z g(u ).g(m,
)) is a monotone increasing function of u,. If the generator g is
upward convex function, i.e. p<1in1) orp>1in2) or p 2 0 in
3?, the FMOLP (41) is a convex programming problem. Thus it can be
approximated by the LP approach where p=1 in 1), 2) or p=0 in 3) and
solved by a traditional non-linear search technique. The solution by
this algorithm is not necessarily pareto optimal. Therefore the test
of pareto optimality by Sakawa[/] should be applied and an optimal
solution is determined.

If the generator g is downward convex, the objective function of
(41) is also downward convex and monotone increasing of u..
Considering the MOLP problem such as ¢

max u
i
s.t. ax+s 2D
i i i
dut+ts =d (44)
ii 1 i
(x,8>0,0<u¢1, i=1, =——, n )

i i

we find a set of nondominated extreme points of the convex set formed
by the linear constraints. Then we determine an optimal solution which
maximize the objective function of (41) from those extreme points.
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Fig.3 A graph of fuzzy integral (g(x)=x).

log (1+px) e

Case 3) g(x)= ————
log(1+p)

Csae 2) gx)= 1-(1-0P ——

Fig.l The range of fuzzy integrals.

Fig.2 A graph of fuzzy integral (gx)=x2).

1.0

Fig.4 A graph of fuzzy integral (g(x)=1-(1-x)" ).
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Tablel. The membership scales for 'good solidity!,
'good dovetailing' and 'ideal tite!

oWy Uy Wy s oy Wy W
| 0.426 0.241 0.215 13 | 0.947 0.020 0,247
2| 0352 0.662  0.427 14 | 0.202 0.826 0.500
3] 0.109  0.322  0.221 15 | 0.744 0,551 0.555
4 | 0.632 0.032 0.212 16 | 0.572 0.691 0.585
S [ 0.424 0.4  0.486 | 17 [ 0.041  0.975 0.355
6] 0,900 0.000 0.000 187 0.534 0.873 0.681
71 0.270  0.403 0.274 17 | 0.674 0.587 0.570
8 | 0.135 0.130 0.119 20 | 0.420 0.450 0,418
9| 0.790 0.284 0.407 21 | 0.909 0.750 0.789
10 | 0.732  0.193  0.z61 22 | 0.856 0.091 0,303
11 | 1.000  1.000 1,000 23 | 0.974 0.164 0.515
12 | 0.330 0.912 0.632 24 | 0.073 0.788 0.324
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488 ) EFFECT MATRIX MAKING

I WANT TO KNOW YOUR REQUEST.
PLEASE KEY IN THE NUMBERS OF YOUR TARGET VALUES.
AND,WHEN FINISHED,KEY IN 0,PLEASE,
73 0
73 .REGIONAL DIFFERENCE OF ECONOMIC POWER
DO YOU THINK THIS REQUEST AS DESIRABLE OR UNDESIRABLE ?
DESIRABLE ** 1 UNDESIRABLE ** 2

oo

I CHOSE POLICIES WHICH GIVE EFFECT TO YOUR REQUEST.

22 .RELEASE.PUB- LIC TRANS.FROM PUBLIC DUTIES

50 . REGIONAL UNBALANCE OF PUBLIC INVEST.
72.UNFAIR PRIORITY SYSTEM FOR CAR-PRODUCT
92.UNFAIR TRAFFIC POLICY FOR CARS
99.PARTIAL PUBLIC INVEST. IN ROADS

117 .SELF-SUP~ PORTING SYSTEM IN TRAF.CORP,
127.POLICY SUPPORTING PUBLIC TRAFFIC

140.IMPROVE. OF ROADS
151.SETTING NO TRUCK PASSING
1.PEAK ROAD PRICING
6.IMPROVE. OF TRAFFIC
7.CONNECTION OF MNATL.&PRIVATE
8.IMPROVE. OF TRAFFIC

AREA IN DAYTIME
TERMINALS
RAILWAYS
FACILITIES

I WANT TO KNOW YOUR POLICIES.

PLEASE KEY IN THE NUMBERS OF YOUR TARGET POLICIES,
AND,WHEN FINISHED,KEY IN 0,PLEASE.

3
127 8 6 59 0

I REPEAT YOUR POLICIES.IS THIS CORRECT? (YES=1,NO=0)

127.POLICY SUPPORTING PUBLIC TRAFFIC
8.IMPROVE. OF TRAFFIC FACILITIES
6.IMPROVE. OF TRAFFIC TERMINALS

59 ,.CONTROL OF PARKING CARS

THERE ARE 67 CONCEPTS IN C.K.BASE,WHICH ARE RELEVANT TO YOUR
REQUESTS.

PLEASE GIVE ME THE PATH WEIGHT.

BUT,THE VALUE MUST BE LESS THAN 0.440,FOR AVOIDING DIVERGENCE

:
0.4

IN THIS CASE,THE EFFECT GIVEN THROUGH 2.5PATHS OF DISTACE 2
EQUALS THE EFFECT GIVEN THROUGH 1 PATH OF DISTANCE 1.

THANK YOU.

PLEASE WAIT A LITTLE.I AM CALICULATING EFFECT MATRIX.

i 2 PREFERENCE CHARACTERISTIC CHECK

NOW,I WANT TO KNOW YOUR PREFERENCE CHARACTERISTIC.
PLEASE ANSWER MY QUESTION.

THE POLICY WHICH HAS THE MAXIMUM TOTAL EFFECT
TO THIS VALUE: 73.REGIONAL DIFFERENCE OF ECONOMIC POWER
1S :127.POLICY SUPPORTING PUBLIC TRAFFIC

AND THE VALUE IS 1.197.
GIVE ME THE VALUE MIDPOINT OF CAUSAL RELEVANCY CONSIDERING THAT
THE IDEAL SCORE IS 1.528.

1.0

Fig.10(a) A part of question answering process of the
system

#3 BEST POLICY SET

VALUE POLICIES
127

8 6 59

0.472 1 1 1 1

0.452 1 1 1 o0

0.442 1 1 0 1

0.422 1 1 0 0 SR s e e et
0.314 1 0 1 1 P-Axte

THE BEST POLICY SET IS AS FOLLOWS.

127.POLICY SUPPORTING PUBLIC TRAFFIC
8.IMPROVE. OF TRAFFIC FACILITIES
6 .INPROVE. OF TRAFFIC TERMINALS
59.CONTROL OF PARKING CARS

@

#3 BEST POLICY SET

VALUE POLICIES
127 8
0.455 0 1
0.439 0 1
0.427 0 1
0.414 0 1
0.344 1 1

THE BEST POLICY SET IS AS FOLLOWS.

8.IMPROVE. OF
6 .IMPROVE. OF

TRAFFIC
TRAFFIC

@

(b) Value functions and final results for two
different strategies

FACILITIES
TERHINALS
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Fuzzy Clustering and Robust Estimation

Yasuo Ohashi, Univ. Tokyo Hospital

Abstract

A modified version of the fuzzy k-means clustering is proposed
for getting the robustness (the resistance) against a few outliers.
Some numerical examples are presented for illustrating the intui-
tively appropriate interpretation the modified method provides. and
it is pointed out that the estimator of the typical value (the
population mean) obtained in one-cluster case is equivalent to a
kind ot M -estimator.

1. Introduction

The fuzzy clustering is a method of data analysis and pattern
recognition which allocates a set of observations to clusters in a
“fuzzy” way, more formally, constructs a membership-function
matrix whose (7. j)-th element represents “the degree of belonging®
of the 7th observation to the jth cluster.

A pioneering application of the concept of fuzzy sets to cluster
analysis was made by E. Ruspini in 1969. Since the fuzzy k-means
clustering algorithm was proposed by J. C. Bezdek and J. C. Dunn,
the theory of fuzzy clustering has developed rapidly and the
potential of the fuzzy clustering for a wide range of applications has
been suggested (Bezdek (1981), Kandel (1982)).

The fuzzy k-means clustering is an optimizing technique of an
appropriately chosen functional and is a direct generalization of the
k-means clustering. In this paper, a modified version of the fuzzy
k-means clustering is proposed for getting the robustness or the
resistance against a few outliers, and its relation to robust estimation
is suggested (Section 2). Some numerical examples are presented,
and the comparison is made with the maximum likclihood solution
for the normal mixture problem (Section 3). The fuzzy k-means
clustering and the proposed modified version can be easily imple-
mented in SAS MATRIX procednre. and a good initial solution is
provided by SAS FASTCLUS. An example of the program is given
in Appendix.

2. Fuzzy k-means clustering and a modification

2.1 Fuzzy k-means clustering

Let X =(x.x, . 1) bea nXp data matrix where r is the p

dimensional vector representing the coordinates of the ith obser-
vation, and let U = (u:;) be a » X k membership matrix whose
elements satisfy the following conditions:

Uij € [0, 1] V.’.j. ()
é‘ Ui = 1 Vi, (2)
éuu >0 Vj. (3)

A k-tuple (i1, -, ) represents the melberships of the ith
observation where x;; can be interpretated as the degree of
belonging of the 7th observation to the jth cluster.

The fuzzy clustering is a mapping from the set of data matrices to
the set of membership matrices, and if the restriction

(4)

ui; = 1lor0

is added to (1)~(3), the resulting solution reduces to the usual
partitioning of z observations to & clusters (hard clustering).

The easiest-to-implement technique of the fuzzy clustering is the
objective functional clustering which minimizes the appropriately
chose functional

J = J(U, X,some parameters),

and the technique is regarded as a generalization of its hard version
such as k-means clustering (ISODATA) and Friedman and Rubin’
s method (see, for example, Everitt (1974)). The fuzzy k-means
clustering (Bezdek (1981), Chap. 3) is a direct generalization of the
k-means clustering, and adopts as the functional the least squares
error criterion

JWUX, V)= 8 3 (usdlz, v )

where V' = (\UI’ v v) is the set of the “typical value” vectors of

&
the clusters, d(x:, v;) = fr: — v;|l is an arbitrary inner product

norm (usually Enclidean distance) and m is the tuning constant
which determines the vagueness (fuzziness) of the solution.
When m = 1, the solution of

J(U, X, V)—>min (6)

reduces to that of the hard k-means clustering, and as m approaches
to infinity. the solution approaches to the most vague status

1(/14 l/f/f

Vk - 1k
m = 2 is recommended by several authors.

The solution of (6) is obtained by Picard iteration of the
following equations :

ui; < (1/di; 2™V where di;* = d(x, v)?, (@)

v = (s

~; [

(ui)™, (8}

n
=1
and the convergence property of the process is discusesed in Bezdek
(1981) Chap. 3.
2.2 A modification

The fuzzy k-means clustering provides an intuitively appropriate
solution for the data consisting of some well separated clusters and
“intermediate™ observations (see Exhibit 1.1) or partly overlapping
clusters. But for the data with possible outliers (outlying clusters),
the estimates of the typical values are greatly influenced and the
technique often fails to detect the “natural™ structure (see Exhibit 1.

This paper was presented at the 9th SUGI (SAS Users Group International) meeting held in March 18-21, 1984, at the Diplomat Hotel, Hollywood Beach, Florida.
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Exhibit 1.1.

%o % i
S

2). One way for overcoming the deficiency is to modify the objective
functional and to make the technique robust (resistant) for the
existence of a few outliers. The modified functional proposed in this
paper is

JHUX V) = a % B o) dles 0P+ 1= @) ()", 9)

where z;* represents the discordancy (the degree of isolation) of the
7th observation, and the parameter ¢ should be determined by the
accuracy of data (see later). Corresponding to the above modifi-
cation the conditioning equations (1)~(3) and modified to

wi, u*e[0,1] Vi, (1y

,»z:u"" +u’t =1V, 2y

2 uu >0V, 3y
When ¢ = 0, any hard partition is the solution of

J*U, X, V) min, 6y

and when @ = 1, any observation becomes an cluster isolated by
itself. It is easy to verify that the solution of (6)’ is obtained by Picard
iteration of

wis o (1/di# ™0, ws* o (af (1— @)™, ay

n "
Lii = .Zl(ufj)m{f/ El( ui)", 8y
and following the discussion of Bezdek (1981) Chap. 3, it is proved
that the iterative solution converges to a strict local minimum or the
limit of every convergent subsequence of Picard iteration is a strict
local minimum of (6).

Just as the other nonlinear optimizing techniques, it is not
assured that the solution of the iterative process is a global minimum
of (6), and in order to increase the probability of reaching the global
solution as well as to decrease the number of cycles, a “good” initial
soution should be adopted. SAS provides a very rapid clustering
technique FASTCLUS which is a combination of the efficient
initialization technique (inspired by Hartigan’s leader algorithm)
and the k-means clustering.

Some experiments show that FASTCLUS provides a good initial
solution for the (modified) fuzzy k-means clustering and the
inspection of the results of FASTCLUS and the modified fuzzy
clustering seems to be a useful technique for data investigation,
especially, multivariate outlier detection.

2.3 Relation to robust estimation and selection of o

When &k =1 (one-cluster case), the typical value v is the

iteratively adjusted weighted mean with the weight function

120

olz,0) = u" = {1+(af (1-a)d(z, 0P} 7, ©)

i

and v is regarded as a maximum likelihood type robust estimator
(M -estimator ; see, for example, Huber (1981)) of the location
parameter . The derivative of the log-likelihood corresponding to
(9) is

blr—u) = wlz, w)B(x — u) (10)

where B is an arbitrary p X p constant matrix, and when m = 2 and
d(r,v) = (z — vy A(x — v) (in the following, we assume these

conditions), the M -estimator corresponds to the maximum like-
lihood estimator (MLE) for the multivariate ¢ distribution with the
log-likelihood

—logf(x —u) o log(1+(e/ (1—a)(x —«V A(x — u))(11)

The MLE for multivariate ¢ ditsribution (Marrona (1976),
Devlin, et al. (1981), Ohashi (1984)) is known to be efficient enough
for the normal sample and fully resistant against outliers, if%he
corresponding degrees of freedom (d. f.) is appropriately chosen, and
the proposed method is expected to possess the above desirable
properties not only for one-cluster case but also for multiple-cluster
case.

The parameter o should be determined by a rough estimate of
within-cluster variation and the outlier proneness of the distribution.
The relation between the parameters of the multivariate ¢ distr-
ibution and e« is given by

af (1—a) = (ve?), (12)

where 7 is the scale parameter and p is d. f.. If we scale the ¢
distribution so that it has the same inter-quartile range as the
standard normal distribution N (0, 1), the relation between & and
the d. f. of the M-estimator v is given by Exhibit 2. In the real

Exhibit 2. Relation between v and o

v a
1 .69
2 W42
3 .30
5 .19
20 .049
40 .025
80 012

applications, the d. f. parameter v should be at first determined,
taking account of the outlier proneness of data. The smaller v is, the
more resistant the proceduce becomes. Then a rough estimate of the
scale parameter? (note that the population scale parameters such as
the inter-quartile range vary according to d. f.) and v determine the
appropriate @ by
a=0¥+1)" 12y

The small change of @ dose not affect the clustering results so
much and the selection of @ (the estimation of 7) would not be
worried about too seriously. Practically, the sensitivity check by
changing ¢ is recommended.



2.4 Properties of the modified method

Exhibit 3 shows the membership #;; and the discordancy u;*
calculated from the artificial data (k = 2, = .20,A = 1). The
modified robust fuzzy k-means clustering seems to provide the
intuitively appropriate interpretation ; that is

(1) two separated clusters are correctly identified.

(2) the value of the discordancy %.* is nearly one for outlying
observations, and it increases as the observation diverges
from the “centers” of the clusters.

(3) the intermediate observations are classified almost equally

into two clusters, but the distances from the “centers™ of the
clusters are large as compared with z, those observations are
identified as outliers with high z* values.

Exhibit 3.1. Example 1
'5 ~
:, sV
8% L% 4 .
. J0 9
55 s ¢ S0 o
J y ¥
7,'; §
L%
3
28

membership to the Ist cluster
20d cluscer

Taie
Roman
Bold  : discordaucy 4%

! WNIT = .1
PP
a=.Z
1
Exhibit 3.2. Example 2
% o
o
o
o 0 o oo o 6/
9 o . 5 Ter, 85
s . 3 6¢ °
55 L 4 5 177

o0 »

[N 1 s o

3 7

o
N
k1
Iaiis : membership tu the ist cluster
Roman Ind cluster
Bld discordaney 44

|~[ UNIT = .1

Exhibit § is the sensitivity curve of the typical value » and
Exhibit 6 shows the stem-leaf displays of u;(k=1, A=1/). They are

calculated from the data shown in Exhibit 4 which consists of 19
artificial observations and one reference value indicated by X
(cross).

One difficult problem in the application of (fuzzy and hard)
k-means clustering is the determination of the number of clusters £.
Many criteria which measure the validity of clustering results and the
decision rules based on those measures have been proposed (see, for
example, Bezdek (1981), Chap. 4) For the modified method, the
construction of the validity measure and formal decision rule is a
future problem. Informally, several runs with different & values with

Exhibit 4. Sample points for sensitivity analysis

n=19+1 (X)
A
|
|
.
1= *
H .
e o
o— ° RN ., X X x
L ) ... .'.
| .
| | T T >
(4] 1 3 5 7 X

Exhibit 5. Sensitivity curve for v (typical value)

121

mean
1.0—
- «=.012 (v =80 )
W17 ( 5 )
.31 ( 3)
0—
k=
A=1
I T I l >
0 3 5 7 X

the inspection of the distribution of %;; are recommended. Exhibit
7 shows the result for ¥ = 1 and & = 2 (¢ = .31, A = I) calculated
from the data in Exhibit 4 with X = 7. The values of u;, for k =
2 are almost 0 except the last observation (X). Generally, if £ is
overestimated, the values of u;; for some j are almost zero except
some outliers, so the inspection of the distribution of #%;; would lead
to the proper selection of £.



Exhibit 6. Stem-Leaf display of u, 3. Mixture problem
The resemblance of the fuzzy £-means clustering to the maximum
likelihood estimation procedure for the normal mixture problem is

X=0 X=3 X=5 . . . .
a ' pointed out in Bezdek (1981), Chap. 6. Day (1969) investigated the
10 maximum likelihood estimation for the two component normal
91139 1038 1238 mixture distribution
81688 5 5
31 718 13 114
N 644577 0003 002 3
(v =3) 51013345 446 4569 (If({.}ll,Z)‘f'(l_(I)f({,llg,z) (13)
419 599 589
315 5 5
2 4 where f(+; u, 2)) is the density function of the (multivariate) normal
! g distribution with mean y and dispersion matrix 2, and ¢ is the
0 mixture proportion. For the simplicity and making the situations
comparable with ours, suppose that 3} = [ is known. Then the
UNIT= .01 MLE of #’s and g are obtained by Picard iteration of the following
equations :
1000 0 i a0
3(139575 [e3s7ses  [013578 a(llz)= e ’ (4
~1 o . 5 + — 3 D
97224688 11689 055 af(x; i, D+ 1=)f (x5, ])
96 07 338
9517 ~ n n
.012 9% @=2qlr)x/Xalllx), (15)
(v =80) 93 - T & Z
92 8
91 ,
90 d=2qllx)n, (16)
89 i=1 ~i
88
2(7; The similarity of these expressions to those of the fuzzy £-means
85 clustering ((7), (8)) is obvious.
84 The MLE under normality is known to be very sensitive to
gg outliers and non-robust. Exhibit 8 shows the summary of the
81 simulation experiment conducted in order to assess the robustness of
80 6 the MLE. In the experiment, three models (distributions) with
different outlier-proneness are examined ;
UNIT= .001
k=1, A=17 Xl,"',Xzo’\“N(_l,]z),
italic : u. X
i of Yy, o, Yie ~ N(1,1%),
Exhibit 7. Effects of misspecification of k Model 0: Yo ~ N(1,1?)(null situation),
X = 7 (See Exhibit 4) Model 3: Y: ~ N(0,3%),
cluster 1 cluster 2 discordancy Model 5: Yz ~ N{(0,5%).
ug U u*
2
gg ‘gg g? ?(') gi As is obvious from Exhibit 8, the MLE is very sensitive for the
90 92 o1 10 08 existence of one outlier, and the mean square errors (MSEs) increases
88 91 01 1109 catastrophically, while the MSEs of v calculated from the modified
88 85 00 115 k-means fuzzy clustering (p =2, @ = 31, A =]) are stable.
76 74 01 23 26 Exhibit 9 shows the distribution of the MLE and ¢. The distribution
66 71 02 32 29 . x . . ~
66 71 02 32 29 of v is almost normal irrespective of the models, but those of the
63 62 02 15 28 MLE for Model 3 and 5 are strongly skewed, which explaines the
63 60 01 36 40 high MSEs of the MLE.
62 60 o1 36 40 Several authors (for example, Marriott (1975) and Bryant and
54 59 03 42 41 Williamson (1978)) have pointed out that for the mixture distribu-
g? gg gi 22 :‘2 tion the estimation after the hard (k-means or other maximum
51 49 02 47 51 likelihood type) clustering is inconsistant and Day’s approach is
49 54 04 47 46 preferred. But in the real application, Day’s approach should be
49 48 02 48 52 applied after the thorough investigation of the data, especially the
. close detection of outliers, and some robust alternatives such as the
3 5 0 e o5 lose detection of outliers, and some robust alternatives such as th
0 05 100 0 95 modified fuzzy clustering proposed here would be promising.
UNIT= .01

Italic : k=1
Roman : k=2

a =.31, A=1I
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Exhibit

Fuzzy

a=. 31
A=I

MLE

8. Comparison of fuzzy clustering

and MLE for normal mixture distribution

Model 0 Model 3 Model 5
mean MSE mean MSE mean MSE
by -ta1 .09 S a1 -2 s
w2 1.06 .10 112 .1 1.09 .13
(.03) (.0N (.03) (.02) ( .03) (.02)
b1 -1.06 .t “1.16 .48 -1.7 6
" .01 .15 1.09 .25 1.8 7
( .03) (.02) (.00
Iteration = 100

Figure in the parenthesis is standard error

4. Discussion

The modified fuzzy k-means clustering proposed in this paper
requires a rough estimate of within-cluster variation. The adaptive

Fuzzy:

3TeEm
-2 2
-3 2
- 3

method without it is now under study, which would extend the
applicability of the modified robust method. The approach of Art
et al. (1982) adopted in SAS ACECLUS might probably be
promising. As is pointed out in Section 2, the construction of the
measure of the validity is also under study. Some entropy-like
measures might be promising.

Gustafson and Kessel (1979) proposed a modification of the
fuzzy k-means clustering which has ability of detecting the clusters
with different shapes. A robust modification of their method is an
attractive subject.
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APPENDIX

SAS-MATRIX program for the robust fuzzy k-means clustering.

L R A R e A A R R R L X ]

+ ROBUST FUZZY CLUSTERING +
+ 1983 JULY Y.OHASHI .
+ +
+ PARAMETERS WHICH SHOULD BE .
+ SPECIFIED BY USER ARE: .
+ _DATAO_,_NUM_,_RADIUS_,_MM_,_ALP_ +
+ _DATAO_ : DATASET FOR ANALYSIS ~ +
+ _NUM_ : NUMBER OF CLUSTERS +
+ TRADTUS_ : RADIUS FOR FASTCLUS N
v _MM_ : PARAMETER M .
+ _ALP_ : PARAMETER ALPHA +

9*0#90?#00‘#4*0009#0’0""**’*'0’?0004‘*#;
PROC FASTCLUS DATA=_DATAO_ MAXC=_NUM_
OUT=0UT RADIUS=_RADIUS_ DRIFT LIST;
PROC MATRIX;
FETCH D DATA=0UT;
CMM_i=_MM_-(1); _MM_2=14/_MM_1;
N=NROW{D); P=NCOL(DI~(2); P1=P+(1);
UB=DESIGN(D( ,P1))IIJ(N,1.8);

D=D( ,1:P);

K=NCOL(UZ); K1=K-(1);

UL=J(N,K,1); V=3(K1,P,1); DIST=J(N,K,1});
* INITIALIZATION ;

ITEMAX=50;

* ITERATION START 3
DO ITE=1 TO ITEMAX
WHILE ( ANY(ABS(Ul-Ug)

Ul=Ug;

DO JJ=1 TO Kl;;
UJ=UL1(,JJ ) ##_MM_;
SS=SUM(UJ);
V(JJ,)=((DIAG(UJII*D)(+,))#/SS;
DIST(,J0)=({(D-J(N,1,1)*V(JJ,1)Iee2)(,+);

>= F.B1));

JKY=((1)=_ALP_)#/_ALP_;
DIST=DISTC>(.0001);
DIST=DIST##(-_MM_2);
DISTSUM=DIST( ,+);
UZ=INV(DIAG(DISTSUM) )*DIST;

END;
* ITERATION STOP ;
NOTE FINAL MEMBERSHIP;
PRINT Ul;
NOTE NUMBER OF ITERATION;
PRINT ITE;
NOTE CENTER OF CLUSTERS;
PRINT V;
Ul=U1<>{J(N,K,.20801));
ENTROPY=(-U1#LOG{UL )} {+,+);
NOTE ENTROPY;
PRINT ENTROPY;

RUN;
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PIZE. B TEREZL Lok &S IBMOSRFRVESE. B0 LiciES
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VITBEERT, COLHIXREEHTBHANBF Uz z y B TEUMULOICH LMD S

TR E U TSR SRR T 5 OURIFREEHSS < R 0 IBCKRIB P H 5. 7T
BERRIZOCARDEBASRESOEEPIERAZSE UTLHER B TEALTEL. 2
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membership,vaguenessZ AW BHPEHREBORY
ERKE RE E XmE BE
1. BLUBHK

EE,. ORY FPRABMORITEZEELEUVUTIRAAEHMTERSN, ZOEBNDBBHILL
T2, LKL, ZOEEAENEIRLGEBODETRYONEABEEUNELLE
TI2HDOKEEES> TV, CAKHLT,. SBVEVIEZCEREITCHO,
ERANBATESORY FOHBEAZENR TV S,

BTV IEFEOALKROBIFTEND—DLUL T, ladehK & TEEBENT-H
wWEARDAE %, Handani&Assilianik, COHBVETVREFSEREHEL LT
HMKERLY, 779U BERALEL., BETRCNKEBAEROANLTH
THFEDA TR,

Tro400R. BESHFERDCHALTVIERNGHYBRESEEZEBLI.,
WO EEENTBRACL->THRAL, PLVITUZILERETRASRERAS B,

774 8@ENBLT, 7500, NEEES0oMR S s cnsBRELAE
PRTWB, £, BES KR, XBB), (M. THVWTVWETA2O0RY FPCEBL.
(B WEEBIBRBZPLIVZIALART, TOGRRAMERNLE., ULHL, 1K
HVETVIZORYFPEBRVAREBRRAESH 0 &S 0 nEX,

CCTR,. BREEYYHDSBONZHVEVEREDEL LTI 7o 082S
W, SREAMETALMIVRZ7LOUEREY R 2 BR300 0ESESEOR
ORYP7—LAYATLOBERX2EAAL, DVWETVEHORRICIE., X Omnenbershi
p& i vaguenessO BRUDERD AN,

UTFTWR., COnembershiplvaguenessZ#fMBLEOARY P 7LV ATFLOBERD
FUNITUZLEZOERERRERKLDODOVWTRNS,

2. BVFEFVWTORDEW

ABNFABOYREBETIREG., EERYHROERE ., FLYURBOBEESZ+*EZEL
T,. PESNDIANEGUNERKFZFE > TWLCLEEZOND, £Tc, ABAF2ESYS
KEULTR, BLKREBESINNILEMZRTHDIELEHDHLHTE, BEDEEN T4 —F
Ny IBIRAYATLEEZEZDREDTES,

CCTR,. BELD-oBHAMZT IRAKBEL. COREX2ZFODETZTORY b
TERIDCERULE. DD, YHOEBERUNYFEDEBOBRZE LN 200
REBHEREKHLT, ECKNYFEHE> T RBEWWNENSISEHABREERLT
PRIREBBERNL, COHAMBER,. B LABRRODEKNELASBHEFBAAND
BHTRDINSTEBIEHEERT. sk, GlARSEBRATIA—RNAY 2%hiT
TITE30TREL, SH2BENVFE2HALTHAS, HFRALTHEBET DD &L
e

2. 1 nenbershipf5BOHA

T7I48MCETIHERIAER, ladehC f> TR ESnt-Meonpositional rule
of inference KETWVWTWD. FLEGHEARELRDBEEALD I P4 8NEATH
LT, ROHBVWEVWRBEPEBE X5,

P:1F F THEN G 4o F-G (2-1)
CORHBVEVHERBRRIGBERRTZANT

R=Ff (F, G) (2-2)
T525Nn3%. 5. COBMBRERF' #525n2&8aG6 1.

GV =F'o R ' (2-3)
TRRDEINB, CCToldAXEE ( composition rule of inference ) T, BF
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R=fT(F, G) =Fe&a (2—4)
ST, TR, mETSE ASNDOREFECR. wiaE ENVRE-—%kEgEg
mzﬁgﬁ&wznrn@77>4%m&v Lt‘s*éughb@"‘*‘*ki‘]‘b =
TOLIR, RBELESVWEZONSALES S 292, ., HAfBER. WH®EOBEE

NENSOEHTHD, g@é‘%éﬁpt?éu g@“‘%"“k‘]‘b'(f) AR
DESIKRBELESBVWZNSALEEET 5,
EROMARMO1DE mﬂ)ctjf"nugtb ZRTND,

[F VvV s Vi AND L is L; THEN P s Pis

(2-5)

CIT,. V., LJ . PU BRTKARULLK HBVWIZWSANLTHD.
RE (Vi &Ly )ki’??’éuﬁp, 23N 3.(2#-./1\?'@]‘.3'1175?5‘]—:&0)&3‘9'(&36
ﬁj‘..l ;;\ RES” V s Vz AND L is Le” b‘dn.u.xj"P‘o-Pz &350
FTHd

COSSK, HARALER, | LJOBREDELL24 (=4x6) BOB
BZELSETRALLROESBAEABTRDENSTELE B,
IF V. is V3 AND L is LyTHEN P is P,ELSE
[F V. is V,7AND L is LyaTHEN P is P1ELSE
[F V is V,AND L is LsTHEN P is P;ELSE
IF V. is VWAND L is L{THEN P is P,
(2-6)

CORBLO, REPBERB. 15X 1TXT1TO3RTRAELD, (2—4)
RKE-THSPUDHELTRELTS <.,

SBIRB(V', L' ) F53503L (2-3) REEDEAPY AEBans.

2. 2 vaguenessEHOME
ZMMk*éﬁw*wieﬁ %Fﬁb““btﬁmk E“%AAwmh7?

P R e ——— W
| @ 1 2 3 « s 3 7 8 9 e 11 12 13 14
Vif1.d 1.2 1.2 9.3 8.1 @ @ © @ 9 @ @ @ o @
Vil 8 9.2 @.2 9.8 1.0 9.8 9.4 8.2 @ @ @ @ @ e @
Vil @ @ @ @ @ 9.2 0.+ 9.8 1.2 9.4 9.4 9.2 @ @ @
va] 9 @ @ @ @ o0 e e @ @.2 9.1 8.3 1.3 1.9 1.2
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gw - ———————e= T
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L2Je.t 0.6 1.9 9.6 8.1 @ @ @ ©® © @ @ @ @ e 9 @
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L/ @ e @ @ @ @ @ 9.! @6 1.2 1.2 1.0 0.6 8.1 @ @
Ls]je e @ @ e @ 9 @ @ @ 8 o 8.1 2.5 1.0 1.2 1.3
(b) BB LOH W E WIS NN
B e ———— X
(] 1 3 4 35 ¢ 7 8 9 19 11 12 13 18 1% 16
PLll.d @ @ @ @ @ o e @ © @ @ © @ @ e @
Ple.t 1.8 83 @ @ @ @ @ @ 8 8 @ @ @ @ @ @
P2l o2 1.0 0.2 @ @ @ @ ©@ © @ @ @ e @ @ @
PAl@ @ 9.1 @5 1.0 0.6 @1 @ @ © @ © @ @ @ e @
PPl @ @ @ @1 0.6 1.0 8.5 @.1 @ @ @ © @ @ o @
Pé1e. o @ @ @ @ @.1 @6 1.2 8.6 .1 @ 1.2 @ @ @ @
PP @ 90 @ e 9 @ 0 o.1 9.6 1.2 1.0 @.6 8.1 O @ O
Ps|]®@ @ e @ e @ @ @ e © @ 0.l 8.5 1.9 1.9 1.0 1.0
(DEHEREPIOD VTSN
x1 V, L, PoREREES SLETLOSIR
JL! L2 L3 L LS Ls [Lt L2 3 e s s
V1 @ @ 9 o e @
P P2 P3 P4 .
:‘l.‘ :} :5 Pé P3 P4 P2 vz 2 LR 8.2 0.3 a.1
vz Pt P2 pPa PS P§ P7 v3 g g 3 9.2 9.3 @.1 9.3
va Pl P2 ps pPs P? Ps va 9.3 8.4 9.5 9.5
. vy Ao L )——)Pu vagueness=(y; .Lj)
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SE&HKCvaguenessB X2 RALKL, BER 77+ ZERTIX., nembershipF 1T RE=- 4
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4 — @vaguenessiz ., TR E =4 — (nembership) OB SHERTEE (EL) THO .
@& lamembership+vaguenessfE % ., £ RO nenbershipEOLSISKULTHRI EAZ L,

CCThk, #ROBRKIE, COvaguenessiEZ W3 TO ( clearly )L T.

"HRETGBW, TOBRLELTORY b MBI BEK., vaguenessOEEzRM@ &
B2 ERULE, BETNIKHABERKRE., WhiE, ECTHREZRIMNATEND
DT, MRCEBLERIZVERRBELEL, $I3BENVYFABHULER.,
BEREZTGACEVW, Chig, DEOBIHABEELSBETH->-TH, sTRFZEED
HTHSBEEZTLESILWISIABRBOFERLAEVWDOTH RS,

RANKR, BEEFAEL ., BEABVEBEHRINLEEREORZTSRED LE .,
®3 O &S vagueness mapEBEALL. BAXE,. "V is V3 AND L s
L, "tW5ﬁ%&5ﬁ\ﬁﬁéht%%@wmwmwﬁ(@ﬁ)ﬁo.3&?6;
COEZEDEL, (1—0. 3)Xx100%&ELT,. NYRHERSNEEA@AH
D27T0%DERBTHFLELT, BEHRETGEDIIEK TS,

3. 0Ry bElEAHE

BRNRERORY POZLIVILERBENCHRIZE, ROLS3670Y
IKB D,

(1) B3XL (observation block)

(2)BF{BE (quantization block)

(3)#=A®% (inference block)

(4)BRES (interpretation block)

(95) (aoRy b)) HEBL ((robot) control block)

(6)BEHL (catching block)
ut®(1)~(5)?m‘&wawaé+ﬁﬂmbf‘A)Fﬁ%ﬁ@?Cﬁ(E
BRINDEITCOREKHAEERORT . NYRHAPEHENEZITHABESNRES, 70O
v (6) 'C'?iﬁl’é0)7—r—h/\"/7&b\o“ ERECVAREZEIARDIDITITH D,
UFK,.ChBs0R7ay 07 NVITYXLERBET S,

3.1 RHAL(observation block)
CCTR,. BY@r2s8BIL., PECRBOBELETA D .
PEGHEBRR. 2TaNK&EIK, 2BEEORER mt@b BHDEOEERT
NYREDURBOBRETHD. Cho0BERBERG. AVMIURZ7EEULHTIT
VAXSIHSORORAAKLBEREFULELTIOEDS . AXATERNIPIUYRTZ7EDONER
BREANTHEI2DT (BEULKRATRNRD) . BINKOBEGRETONEBELAL
PIURZ7LETONEEEZER, THIHRHBETRES. 220, ANV FIUYRT7LEED
2PMEN, AIASKELESIRAE., ZO0DERONBLIADMNDZEKE S,
BRIDEKOEER., WHRHIODZI2BERH (At AKH W BEHEEZ (ALT) &L, O
2OD0ZENBRKEDRED, EEV R,

v=Al /At (3. 1)
TREEIND. A, AtR2EDHAULEIVEHLCRZ S,
NYREDHKRBOBEZRB, NYFNEPRDBRDOERELIDRDZ . NVFDOEZRR
BREATHD, YHOBEBEBRVEBL > TRE S,
CORVBTHEHEINANL2D2D0F -2, AEWEELLTHELKEDOETE T, XUTF
D70y HKelEBEIND,

u—lIO

3.2 BFfEWL(quantization bloc

CCTR, (1) RABPTHEHSEWcEEEFHB (MUEHE

BLTHWETOVWERBANELERT D,

DHOEER, EGHNKD > K DEERELZELTVWRLIBETLNEZEZATWN S
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) EDHERK . REFESE
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CERGEZ, CCTRERBO 74—V I2EDMTBI2DIFTRENVWOT, 8LEFR
FRKPFHDODLIZTOREZRIRNELN, (EEBEHEO T+ —RFAYIDRACLKEERR
ATOREBADBELEEILFNEYEEDNS, )

BVZOBERELTOPBEEE (V) KHOWT, sTAETEE2 TRANTLHEABL
Liceggsa (0,1, «++-, T4} DERNERTZ, COEHTR., H5MU®
A=V V5T 70482852 THL,. ST, MAZTEORNEEEZRDDI3E ( (3.
1R KPBETHo&, 2ANRIUOEEBRBALANIVDOTHNIE, COF
BAUASTSNKEEZEZEVOEERERBHMGZOHPLVWDHDEE D, T, KEZALATARK
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9?%%&éﬁﬁﬁﬁwﬁﬁkﬁméﬁtﬁb§wtubnéa%‘? BFREBEEA
tABEVWEAR, S8 ERINKCEZXROnenbershiplz 0. 8K L, O EFOMHE
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SNRALBRFROnenbershipE@z 1. OKL, OEFOERSEBOEOGH LK,

HBOTOEBEULTONYFEDHEEOESE (LY YKo Td, sTAEHEE?2
TaNXtkHEBEULLEBEEES (0,1, *+ ¢+, 16)DEEANERTDZ, Ind., X
=V T7708%H8Mh0DEXTTHENWTHES,

CCTNYRF—NHBOBRLEDEKRZEZEELTHLS3, 3. 1TTRKOLBEEI.
EEETH-- . LML, SPHELZDIR. NYREMRBEBOEHEZIITHD., BlAKE
AUBEETH > TH,. WHEOEFTAFAKNYRADZOLES ., ETFAXAKCH 38
BEVDDBDENVWEEZEZBDNETHD., ZCT, WUROETAAEKNYIEEAHDIRA.
EBULEZOnenbership£ 0. 61, 12/MhE W (&LDEW) EZOnenbership
HZ1. OK, BEKZNEDTONSTVWEROEL20. 4K Lk, NYRNEPHKREE
KH258A81E, BEREINLEZOnenbershipfxs 1. 0K, 12NSVWEEEL, 1D
AEW(LDEW) BEX0OHEX0. SRUE. ANUYREAMGKELIDEN (ETH5AEH)
KH>BER. EBINEZOnenbershiplz 0. 2. ZREDVDIODRKEVEE
DE%Z1. ORK, BEK1D2KEVWEFOE®0. 5KULK,

BEI7Z7248BKCENTR, ¥779 4 8ELTHELRLETDIEANZVH, C
CTR, COLSKLT, #RAKBVWONSIBHALD VW EIVWIDHEE A+ KRM S
tETW3,

3.3 #H#H®M(inference block)

CCTR. (2)BFEBTROLE2200H 00N ER (VY , LY ) zdeL
T, (2=-3)RK&OBBUEA(PY) OEBREFTRV, T vaguenessiliORE
755,

BL2TRaANKEDK, BOAEA (FHEBPR) K&, BBRRERXRDTH &,

K., 24
(2-3)RK&D., HHUEA (P ) OEREFTAS . HBEA (P ) RORSD
WEWERELTHSA BDITHD., EOHRDINYFEF->TWL2EBEBY
heEWSERELT
HRINLER ( BESAEZEITDLHOERE U TvaguenessO X %22
ATBEIERKDONT 2. 2TRANT, COvaguenessfEM B &, 2R 8E (VO
L LYY k&b, 55MUBHEXTHN L vagueness nap MASEERDBC &b
MODEDTH D,

TR, (2)BFEBTRHRLVYI, L2, S0V IRL (Vi~V, . L,
~Lg) K&EEM X, KRIKRL kvagueness map KKV EBZERDK.

51'0(\‘\}'
='070+

3.4 BEB(interpretation block)

CCTR. (3) s cHEasntswznEA (PY ) &Lvaguenessfi s d &K
LT.RERNORREBRETES,
BEMANORREZATR, tFP) 22RO BEYULRREBLINSERBEKER
T2, ®K., vagueness2Z@BL T, ERICNVFEBHIELI2EELHRT D,
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% 0 p :' x A & o qb; A xx Ax, xXx
A b8, . x Tox AAQA%N o x'“ x
[ 448 0 2 ’xl , cd [ K_A_&__AA L_Tx;._JA 1 cd
=10 A b ¥z x 10(cm) -10 e 10(cm)
4 %, AAA Af 0g0 x X = & AA% 00: =K AA
A A A‘ | xx Xy MA % ML x x x x
A ay K3 ,xgxxx x A 4 x X :
'y Ax x & LYY x x% X x
a8 1o R YV x’}hi V502
IO S S ;xﬁxcd ; control deviation A}m— X x x
o 0 = cc ; verocity of 'cd’ & s
A L manipulating variable L x x
4 * ; positive a 8
4 A ab
A 8 0 ; zero
-40 A ; negative —-40-

Fig. 4 HBEAFAE. AEIRLREROMRK

DEDEBISARV-FOHBAEKRDEISICHREL .

(1> if cd=PB then uc=PB , sd=B
2) if cc=PB then uc=NB , sd=B
(3 if c¢cd=PM and cc=PM then uc=Zr , sd=S
(4) if c¢d=PS and cc=PS then uc=PVS , sd=S
5 if cc=NB then uc=PB , sd=B
(6) if cd=PS and cc=NS then uc=PS , sd=S
(7) if c¢d=PZ and cc=Z then uc=Zr , sd=S

cd ; control deviation
cc ; velocity of ’cd’

uc increment of tentative command
sd sampling dulation

B ; Big P ; Positibe

‘M ; Medium N ; Negative

S ; Small V ; Very

Z ; Zero Zr; Zero (non—fuzy)

TIZT. BB Y TIWRHATORKEBOMHSTHY., EROBERBIFOBA X
TOucHREMELULTERKDEN S,
FHREZNADLE IR, HEREZLBEERDODHFEEX2PONIKEET LI LW,
4. vy3Ialb—-vay
STROEHBAYICE > T200HOERT - 252KV Iab-—Yvarviaghuy
REBOBEE. AR -V y THED hedgek R L E. 7T U XA, &
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AL, YL FUVERBCBIIBEHLT. VEDORUIMETEEOK
OR THEWEIATWS,
EZHVENVWHEBSOAYUNA -V THERIKROIIIKERLT WS,

HEEEcd, REEEce., BHEOBDuclcB U TIKAKA 2[0,Xe]. hedge %

h&E LT. 3/XJ)V B, VB. XU SiZoWT

pe =xXedht , pusCGO={pB&X}2 , pusX)=(1-x/Xe)h?
SR MCOWVWTI 0<Xm<X0% 2Xnk W T
xSEXmD L E  anX=(x/Xmh3
x>XmD L E  pnO={Xe—x)/Xo-Xm)} 4
SRV ZIcHonwT #Az=>0-IxI1/Xe)P5

YLTW3. SRWIREDVWEVWERLOBEDEATH > T x=0T pu =1,
x #0 Tp x)=0 TH D,

YT IVERsdOVWTIHRELSE Xi,Xe) &L T
BeG)={x=X:)/FKa-X12)"E, p 5 () ={Xe—x)/ Ko-X1)}r7 & L.

CCTHROZLTHHIN. BHVWEVWELSICOWT. hedge OEEIIR LS.

V3Ial-vavoRREOHL Fig 30FEBTRLE. ENXTA - OHER.

F-AFESPHIBTRTL., TOBRIRDERT A -S> THREREHML
HhAhULTWwW3,

Table2 1EHOATTHWESHHROEK

1 4 1 2 3 4 5] 6 7 at
Sl a-1 6 0 0 14 1 16 7 44
a—2 5 0 0 8 1 14 18 46
a-3 0 0 0 33 4 10 20 67
b-1 0 0 0 12 0 14 4 40
b-2 0 0 0 34 0 22 11 69
.b-3 0 0 0 40 0 15 13 68
c-1 0 0 0 20 0 12 20 53
c—2 0 0 0 41 0 15 20 73
c-3 0 0 0 60 0 4 13 7
52 a-1 5 2 7 10 4 18 0 46
a—2 0 0 5 16 3 11 22 57
a—3 0 0 2 31 2 10 23 68
b-1 4 0 5 13 1 25 0 48
b-2 6 0 5 18 4 10 8 51
b-3 3 0 3 16 0 17 18 57
c—1 3 0 5 28 0 25 0 61
c—2 1 0 1 26 0 13 28 69
c—3 3 0 0 44 0 4 6 57
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Table 2 &, EHHEN. —HORTHICAVWEHBNOEEDOMERLTWS

 BE DO, ®BXY MR, MELHEBELTELFRAIHW TS, 2O L. &
DEBR N compensatory trackingThH Y. BHRFILE., FEAREDOHA AR H.
HEEOAZXMOXhTwhinEd., CRT EHE DK E X 10X3ID L KL T
INEWLHIBEXhZ2DbOLBbh 3, 22T, B#RESLUCBITA2HERED Small
® hedgeld. T 1.3, S2TW 1.5TH VY. MEZEED SmallilODWVWTHR R 4,
1L.OBLUY LLITHot. . REBIVEEEE D ZeroD hedgeldSITR %,
0.3. 0.3 THYS2TIE 0.4. 0.5 TH Y. Zeroll DWW Tk, Nonfuzzyllif < MK
LTWAZEAEXD.

T TREIFOES . ERTF -3, ERAKA IV ISHEEL R O2208M O
F—BIOWTHBHONRT A -3 52RDY IaV-—YaviTh-FEH KDk
ARV—BDEFNVOBRAOERTRDE OBy IaVv—-—VvarvikiihoFk. ¥
ht, RKDEARV-F3DEFIVE., HERFRLEIVRE T -KN NI RER
BL. Thic. EFVEERLELACHEBHEEXAAL., 20 20HBRES &
VEBAEE OB IcbEsTKDE. 2OHF % Fig. 5ICRT. T2 THRBR
CEFNUBRICAVWEBETF -0 IaV-—varvERTHY (Fig. 3 OHEK
WHYET ) . B2 EADLDETRLTH S,

S1 léc_mJ manipulating variable _léim) control deviation
a—1
\/ \/ (sec)
=15L 15
S2 i
N AN W,
S AV <
Fig.5 %ﬁbf%r»k&éwﬂﬁwﬂ@ﬁ -- -sim-1
SWVWT. TEFNVOBASHOERELLT. EZLHBO ms. % Ko Table 3 ILRT .
TABLE3 ®FIVo#&#%E (201) [rms. (cm) ]
HEHE a-1 a=2 | a-3| b-1| b-2 | b-3 c-1| ¢-2 | c¢-3
Sl exp. 4.5 2.9 1.4 5.9 3.3 1.6 7.2 3.3 1.8
sim—-1 4.5 3.1 1.8 6.8 3.6 2.0 7.5 3.9 2.1
sim-2 4.1 2.8 1.4 5.9 3.3 1.8 6.4 3.4 1.9
S2  exp. 4.1 2.5 1.5 5.6 3.4 1.5 .0 3.5 1.7
sim-1 . 2.7 .0, 6.3 3.7 2.0 7.4 3.8 2.1
sim-2 4.3 2.6 1.8 5.8| 3.4 1.8 6.3| 3.5 1.9
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TABLE3 =®FNO#EAHE (+02) [rms. (em) ]

R4 a-1 a-2 | a-3| b-1] b-2|b-3 c-1| ¢-2|c-3

# 1 S1  exp. 4.9 2.4 1.3 4.0 1 1.1 1.9 1.0 0.4
sim-1 6.0 2.8 1.4 4.4 2.1 1.2 1.8 1.0 0.6

# sim—2 6.7 3.3 1.6 5.0 2.0 1.2 1.9 0.9 0.7
S2  exp. 4.8 2.6 1.1 4.0 1.4 0.8 1.7 0.8 0.6
sim-1 5.5 2.5 2 4.3 1.6 0 2.0 1.0 0.8

= sim-2 6. 2 2.9 3 3.6 1.6 0 2.2 1.1 0.9

TZT. W, exp. k. EBOTF -3 DOrmms. AT H Y. sim-1 . TFIVHERIC
HwE20BMOYIalV-—YavicbBiddms. f, sim2 &, TFIVEB W =408
MOYIalb—-—varvicBi3sdms.fiTHs.

5. bHhx

FHETE. 2RO - FRL ARV B LIV RBZFHHBARIBVT.
ARAUBESLEHBELITIBEDIRV - ADHOVWEVWHAA*ERT -2 2K IC
WMELE, TOB. EELATCRATF Y TANKLHNTIEATIERELTW S A
HE. REEETHECRAERBOHBE: Toy RT3 L&Y, HBERNIEET
BHALWVWOHENZZTHLHELLBIZLERLE. ChEVHERBLESBHOR
BRIV —vaYIRIYERL., BELEEETR. EBRF-40—H0H
AHERALTETVEBETELZZ L2 8bERLE. S8, BREL XS ICHL
HBBREBOBAZERERETALENDY., ZhiiHWTR, AFvT7ANDOES.
BEBOEBEAS. 2N —Vy THEBOD hedgell o THEDENRBWEEZZ L
2 HFTTRREIHhTWS,

&% X

() . RS : BANE2LOHEANRICHT S Fuzzy Modelic X 2BEZEDE
YebT s AR BRI BES R CE. 20-7,621/626 (1984)

2 BB, Bl FABRHFEL:LHOHEAHSROFHHBI BT 2D EVHEET
WERAWEREBZTOKEREN . HAEHWBESHCE. 21-5 (1985 (48
#FE)
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VATLAFEREUVUTOTI 7V + &%E

FHRFE FF FE

1. YZAF LT 3 HER
*well defined system (B#ffvATLA) BEIY¥. BE:H E
SEEIE. YIal—yvay

defined system (BN £&. #H) YAFLI%
HEETNL., J7Y 2588

2. VAT LEERNT 3 ABOEE
« WMEREE D I o, . . TEHN. TE. 3. & JIFRTHY

ZEBRMEEY

- EENEE /0. BERY. V. TH. EMNEY. JEREN. BRY. NER
<o NI — U BRPEEYIEICEY

« i1l

7 ORBERITHOhEE. I/0BXELHS,
3. 77Vt EEDYVATFLANDFIA
- FIHLE i o
AEEY AF ORI OEFIL. 5. %5 81k
ARIDOBEEF L. I(THEFL. #L2EFTL. ) )
RV RVYIRODA Y —Tx—RA. TFYUY, Fili. %5t

@D oRv b, B ATHEE. TR IN—PYAF A, B#. CAD.
CG\ ﬂ;ﬁ\ )]t'—‘l\\ &%\ 1?% ¢ :E%%?)L\ &iig )

VAT AETFLEUTDT 7Y 1 4
. . EFY VY. BR

4. 77V ¢ ¥HEsHE
- BIEEHE. ZEMEHE. SFYEHE

- FDPORIER : R, ®¥. BE. HB. Fili. BF. EEE. 300 E0%
. BRERE. 70T A

5 - EERTXE
BRI —-T xR
cBBRINL—L (T7Y2+FETPV 1)
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XREBRRBCBITZ2 77 V4 REEROEFENT7 S0 —F
M#Te =TEHYE FR B (LHEEXFIFE)

1. FANE

THREEBREOLTFICEWVT. BooleanREEREBRT 2RFIBFOTOR
HERLERRICBII2EEELA I HREEAEL. SVRKLERI:FX
S Ld A% HNBooksteind . Buell and Kraft?Z 1. X VEBHZHh., 77
ARBREERLFATVS. UL, - -EERK. REEREGHRERET
EZXTW2ED. REERCBIIEEELRETRERL., EBWRRKRIATIK
FTESINAIVEARTHILEALN D,

—%. B 5 . Tahani® ZRF -3 X-ZARFOHFICE W T, YOUNG,
OD 2D T 7 VA4 RBRBEEAVERE. EILE ZadehY ARBUESBAY Y
VERY, MORE OR LESSZE * BALEABRBILODVWTH W, JVAMOBRILH- -
FEABHELTVWS, #-oT. XKEBERKOHFILEVWTH., ERNLRFH
DEAHEXORZHOD. Salton SO AEHETELDIKC. RENLIBE
B L7 To—FEALNRVWEDITHS.

ABTIH. UEOBEKCED., 77 VARRERDO—DOHFELLTERN
vy UDHEARRA D,

2. IREBBRE VAT LLIFVAREER
2. 1 UWMEBBBEVAT L
YHRERBRREV AT LAER, FHD. Radecki¥VE:2B8E L LTROLFA
r3 3,
(D, Q, T, ¢, 2, o, V)

zzT
- — ~

D: XROES

Q: Bl (RMFEER) 04 (AREB L)
T:HKREBOKE

¢ : DD FEBAITEH (BL. D: XMRRDESR)
1:Q-Q HEMEHX (EL. Q: EMRBEOVELS)

p :DXQ-oV RFHEHK

V:H#EAEDHES

THd.

THRBEOLL . EXHKERIMNTLERROLLETHSE., AFTIR. D
=F (T) 233, Thbb, FXREKXFINTHEE ¢ L X->THRFBORSE
IOWEIIEE - BRI

BEEE 1. 21— F-—DBEREBULIIRBEEREVATLANZHETES
¥ (BERE) wEHBITr28EEERDT.

BREEH o . BEHLEXHOEEEL2 51230 THD. HEEDEEV
2. AT O DEARXRMET S, M. EBHDBooleanRETW. (€, 10D
HOEEGLRS.

BMEERLUTBooleanERREEXSZIELS. ROLDIIR B,
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- teT = teQ

s qg e Q => NOT t ¢ Q

9, g € = qAn'Dq’eQ

*q, q’ ¢ => q OR q’ ¢@Q

DECE-TEBESAZDIDEGHN. EHRATH 5.

—%. ;@;9&&¢§*§ﬁkﬂbf REHABM o k.

cq=t 0o dy, @=¢ ()

« q=NOT q’ :p(d,q)—l—p(d,q)

cgq=gq’ AND ” : p d, @) =nin(p d, q¢’), p d, q"))

s+ q=q’ OR q” : p d, @ =max(p d, q’), p d, q"))
LEBHT D, :

?

00

2. 2 IJ7VARBREER
FiRDBooleanBRBEERTIE., ERXRAFPILETTNIBEEORGIBILESELE
WTRETIAEIORERIRRATZR V., FOIOIRERL2DBIRBRFAT 2D
BEAELRITHELBEATIHFEIHAEZILTW S,
BT, BEDBooleanBREER
q=1t AND s
WBEWTR., BBt esIlAZOEAERMLTWELEILLZ. LML,
Lt SKOVWTEIXMEAVAEVWDTHEIH. BICKSIBLtIKCEEEREWT
BELTHRLVWEWIEESDT+HRBIVEDS., L2AH. EEDBoolean®RE
BERTHCAYERTIZLIEITERV., ¥F2T. REEREERT AR5 F
PPHRBEERCEASZ L RIHELEAET22LAEILN. 27 V4 BRE
ERLEATWS. TOHETE, 1 E.
q = tog AND so3
DEIK., BIBORBFERICSII2EZEEIRBECELTIRREELS. 20
HELEAL UTERT 32 5%% Bookstein AERL., T-MRMELULTHER
T35 % Buell and Kraft? RA5rLTW3,

3. 77/4&#%*4Ennm77an—?
3. 1 RELEVANTORZE
—ODHKBTHLEREHh B BooleanBEER

q=t
Y213, TOERKXE., MR Btc@HALEXRERRBLTHLVI &0
S21-H-0D (BRETF I LB) ERERFIZLEFADZILNTEZS. 20
I 1. BEDBooleanRFEERICIZ., @A LT (relevant)] WD T 7Y
A RRBREAERILHZ. EVBANE. o=t RARFERRE.

q =relevant to t
DEETHILirlitds. 20 [BELT] 2RALHPOFETITFVARE
LUTBRETELES. ESBAv VR0 77V 444 THEALTI KHERT
2bNLULTHEATEZZLATMEELRD. TOHEFE. XK.

q = very relevant to t

= (very relevant to t) AND (relevant to s)
= (relevant tot) OR (more or less relevant to s)
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LZORENTELRS.

AT, TEALTGelevant)] $F - IR -ALBITET7 VA BREE
KIP L OEEHLBRETIZILEEXDL. BROTFT IR -XATR., #IAKE.
TERDPOFOAERRFEE X HRAEMERET 3D, E®5® . Tahani®
i TER-ZA (old man) ¥ BREBEHE K| 23X 5077 V4 RBEXELERN
DUBEIZOVWTERLT WS, FIAE. 77V 1454 TER-k GlLOJ 2K
1Dk B ET2H. 0FTOAREEELT, S5FOARHEEE 0.5THRE
TBLVIDAEOEETHD. UKRLAL., HEEOKRZWRHILHEAT 5,
Thicl., THRESRETE. B%. XHLASBOHAAEL ZOT IR
rEMOoESELLTWS (2. 1) . ULAL., DLUAXHMELEFEOHA
AEFxOE. SAExTRETILERAD L, ERE20T7 V4 KE TH
AU T (relevant) ] AEET I EWXLR S, KR TEITIE.

RELEVANT (x) =x xe (0,1,

kb,
1 1+ 1‘
e g’:é RELEVANT
£F: 3
50 55 60 AGE 0 L EE 13 1
IRDAEAK
M1 77Y4%4 OLD M2 77Y4%4E RELEVANT

REDE I BRELET 7V« %S THAELT) 80T RELLBET 5.
(&) =0 RELOEHEIE. ERWIC fuzzy-valued logic KB 2EBENEHE
f u-true LALCHBDERSTW S,

3.2 ETBAYTQHEA

RELORZEMNS. 2. 1 TRAREHLSEOHE (REREY DEHR) .

cq=t : o0 (d, ) =REL(¢ (d) (1))

« g =NOT q’ :pd, d=1—p W, q")

-q=q’ AND q” : p (d, @ =min(p d, q"), p (d, q”))

cq=q’ OR q” :p W, P=mnax(p d, qa°), s (d, q™))

YEEXh B,

ZWAy VIR, 20 RELLEATI2HEFLUTEATES, EB~ VK
£. VERY. MORE OR LESS. SLIGHTLYZ R4 R b DAEHZHATWE AN, ZZ
£, BB 7% VERY LMORE OR LESSE WA Z X iXT 5. TDEHEIK. W<
SHMERIATVWEIN, EE TR -BNCAVWLATWS

VERY REL(x)= {REL(x)}® ‘
MORE OR LESS REL(x)= {REL(x)}%
Y RET 3. ATF. q= very relevant to t % q= VERY t F B2y 3.

THO—EHEA RELEZEXBILIEYETZ Ay VEEATE, SVYERE

B
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HI EVWREERBEAANTELRS. AXE. (RIIBtKERHEETEIX
mEBRKRE L] RBERKI.
q = VERY t
rEbxh. REDBLIIEFICESL., »ORETFsErhbrhES
TrXMmERKE L] 2 IERE.
q = (VERY t) AND (MORE OR LESS s)
LETZLAHTES,
M. BROBENTETIR. HIAIE.
q = VERY NOT t
DESIEEOTEICADRVLOLEREIAS A, Zadeh™ QL XL H I,
IRRELEVANT (x) = (NOT RELEVANT) (x)
= 1 — RELEVANT(x)
rEH L.
VERY NOT RELEVANT =VERY IRRELEVANT
BRI Az IYBRRT B,

3.3 EBANYVDHE

=ﬂﬂ/\/~/0)§b7|<l 5 = ntﬁ?[:‘g‘)’:ﬁbg;}z@g Wi E-o< LY
ZhUT33b0LEIHLADE (H3) . M. RER® 007233, I4db
L, BEENLT ULOIMELNTEIEEEEXSE. ZOLE, RITW/L KK
DSWTEH 0.80 LRI, %m‘“ﬁq=tt:%fbfliﬁ%énéﬁ‘ q = (VERY
) KL TIRBRREAAR N, L. EA 0.6OXHIE. a=t KHLTRR
FHXhHRWH. g= (MORE OR LESS t) WH L TRBRFEZH B,

00'7 ——————
nme
XRO
Ak

LEVANT

VERY RELEVANT

o ®x5m:06 0.8 {
IROAAE

M3 ESBAAvIYVOHR

3.4 F—AR-ZAPI7IV4RBRKFERL OHE
UEDEBRBISSIZILIE. 77V 4 XREEBRBICES T 2EH D Boolean
BRHEERN. §TILTI7U4 + F—AR—RCHF B Tahani® OVWSI77Y
ARFERICHYTEZLTHD. oT. XREBRBELF - ¥ X - ARHK
DRBT I UL RKRERLVWINBOEDLDAALTAIHZZLREET S
DHEIAH B,

KIS, RBILPBIZ 77 VA RBBORESLEEATHD. T-AXR—-A
BRFEICHBWTIEYOUNG, OLDZE D BERIBERERDIHEOLE LWL IR
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CERERLOTHE. ChOLBRATCONFTAVWSASE 77 V1 hER
KEZFOITHBLEXLAD. THhICHL RELOBEARE. TOREOHFDOHE
HHELE DL T. BEES OLVHARETHILARKHIME 2. Tab
t, EEEODREIT. TWMLEBEINTFOEFELORAZIMEKEFEL. TOHERA
Hicdv—EBREZT v,
F-AR-—ZRFL XM BERBEOBRVE., TOHRETILODNHEEE L
BVTVZUHBLVHATVWEIYAR, SEAREHFICIEFORVWAIRERTW S,

3.5 ZENHEECE
FAR-—ABREDHBFTCREFSIAF- 377V EE&. TH
bt. BFIXIEERERD I208<H 0] &h TEWV (young)l LW EZBDET
HRFTBZVATALDWTERLTWS, Zh&. %0 RELOEASIURE
¥ HhALRANIE., XWERBLTTEILOEALUT RELEXF LD LEX
ZORERTHB. Thbb, ZORFHBFZIOXKIC MFEHEWLEELTNS
(very relevant)] 2 THZETVFEALTHARWY (not very relevant)] & W
D EEBERLEAL LTEATAZ LIRS, SVHRX DL Negoitad P 0
WA 2 fuzzy-valued logic DA A S WA, EAZHEHEMBELUTHA
BEVBAEL LTHIAZFIERRDOT. ATZDI>REXADEFRRE:
EFNESELEIZLILT S, ‘
ZEBENESEG. ZENCEENEEBEETH S0 H fuzzy-valued logic &
[EEic . RELEVANT X IRRELEVANT:* BRI EBZAY VEEVWT 20O RS & K
Exgd, i, SEAy YL LT VERY L YORE OR LESSE vhiE. kKD
CERFEODRFEITERERLS

(1) VERY RELEVANT

(2) RELEVANT

(3) MORE OR LESS RELEVANT

(4) MORE OR LESS IRRELEVANT

(5) IRRELEVANT

(6) VERY IRRELEVANT

SHMHPEAELAVWVESAORER. EFSY FRLEF - IR-AREL
FIRTHD. '
A, AR OUERXKEOMWETEAMNITITZIILRIFFAETHY., &
WEWKBEMN THBRETRETHAD. TZORKTIE., ZDfuzzy-valued
logic WELCEFNVIE. A EB3HRFINTOIWEFINERSTWARLEX
bh 3,

4. HrHhx

ERIE. 77V BROEAREENNEEIRERRBOLFICIHALED
DTH3. Salton B2, 77V BROBBO—HDOFERAESHLOEAL
5310 HrDbST. EBNLFRATOREIAD AR VWEHEHHLTWVWS, L
M. F-EAR-ABRFONBFTCRETNR 7 Tu—FHREATHEINH. X
BESREOLFTTH. $&. PIAEESENLRREVCEVEESRSISITO
HREIPHZ OB,
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BEF-2522V 25 - ZNVIVXLOTIVAFvBANOGCRAEZOLETNM

BERAZ RH E XEM ANt Bk =X

.U K
Smww@§®h5—§¢Eﬁﬁﬂnw®mﬁﬁﬁﬁ%b\13@$%ﬁ§%®%&§?
NIZMIVRBRLEKBBT 424K, 772 7519')/7%&’&&“?%,‘( TUOAF

v?ﬁﬁ’&hotu;ﬁﬁ%P’bj')Z‘Ad\ 77 S + ISODATARR"'MEZOERDOIN, 1D, T
WPILTYZLYT, TRODORFERNASA—223BOKEALHNERER VLK., &
k. ZNZhCEBhAABANATRI v FOC—"TsMnTHRL,. BEEORA
FHETo .,

2. 77T« - ISODATAZ EZOBERZILTY X A
ﬁgJEJE;&_O)ﬁEr&‘C77ZSI®§ET§§$tL UJ2AAREFZAERAY, TN
% "EFOERN_FEOMBLLUTRY, B LUTHEHYGREEREIXRTE LN
> O #iBezdek, DUNNS DRRL L7 7 Y « - [SODATAB T 5 % '),
?—9%éx{Mu.kawr‘gT—awmmmwmahwfﬁbanéa?éu:
NDEE, CASDONEDTF—42%42CBOISARKDEITBEEERD, BT —4HE
9729"z?éﬂA&ﬁa?JU?ﬁb¢=
j=1.

U=[usy] i=1.2,-~,¢ 2,-,n (2-1)

€[0,1] (2-2)
1¢vig ¢ Zui> 0 | (2-3)
1¢¥j< n zu,;— 1 (2-4)

UGk | J%EG)T—&@l§E®7729kE?éﬁlA(}mEF)’sz\‘s‘a (2-3)R . &
RDUVSAZKRB ., PEETEORBENASDICEERDL, (2-)ABET—42H, %
n%nwaazacaﬁéglémﬁmn& TIKBEBESRTWEZEEEDT,
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TE25NfOBELBMELRICLELIS. COROPLTYXLELT,

fp(u,x,v)= }-¢Z(UA3 LD PEL VEEE (1sp<00) (2-9)
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Ai: X—=[0,1] (3-1)
EERLTVS., 2T, 1208 ETHU . (BOT7 7Y+ %80KeHanES,

Al
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ChERA TS 1 EBAERRS,
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ERZERN

«,B.,P) (3-4)
EERXD. THDLBEELAL,
A:X xQ—[0,1] (3-5)
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Th, BBEAACBOXKHEIZPBETHEI Y O —1(x, A, B

[ (x, A,B)=H(», A)-H(x,B)-H(x,A,B) (3-20)
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5§_+§EAA EAf k@@jéX@ﬁﬁ’x‘@EEﬁ vhOor -
I(X,A;,AZ‘)=1/n§,I(Xa,A;,A{) (3-23)

477240328V VDT IVAFvEHNANDRRE

775402220205« ZNVTYUXTLAEERTDZTI7AFvBEHELT 5?1
ﬁ§§§§3§b\fcc5§1bh7 HHT.,. BRNEEFIOSPIXCEDARS(R), B8R
A6, SRS B)OIEER(TEHRI2ONEE, BRERSEYMNEREZR)D ﬁ)i" Z5
n‘C(/ZDfJ‘\ CCTRRHRMOo&EELE., ho—EB® Eégfabt&’)é

18 32)(020)1?_?)—]%*"5?2’“« R\ G. B, BEE&DE6 ﬁfl%’f’}fﬁfﬁb 12O N
%?@2(16 CEEXSE@A)Z18OFHBETNXNIMLURELT, 77 DT AR VT
EBDTUVAFrENEIT - IC.

%*”%cbnt;qﬁ]é%@.ﬁ?&’;ﬁﬂ%?ék NHBBLLTBROTLHE, BERF

ZNK—BHDADERTRESNIBAMNEHRBLLIEREEHED 07,457 ,90°
usﬁﬁ%@wtcﬁ%”%é@ﬂ&—/®%%m%q%§ﬁutﬁ§£®mﬁmﬁ&
Etbc‘&“k&ﬁéﬁﬁ%@ﬁ&@é%ﬁ@ﬂmérﬁbftﬁéntﬁm 5 B,
FATEANBERDE AR O AKKA> TV AIEEDRNEOENODERNBEE LoD
DEMzA btétﬁtﬁ%f%éaftb‘ﬁﬁﬁ‘%ﬁﬁﬁtﬁﬁﬁﬂgﬁfmﬁ
MBOODAVAEZZATERENER, NMEERTH > HEERBLELTANE, B
KEBRONEESAEBNEHCSTI2ERENBEO A AERT

V5 ALBERBLEZ., HEDELSKRI M VERS N R m% NERDY TR
RICBTI2RE(REATHN)ET 7T« « ISODATAEK & TN TD, THEFNZFNOXRFER((2
SNRKHITBp)E1.2,1. 002 0 KRELVEFANROFEL L THELE, ABKTF 2 X
FrRFEOBEREEZHENCERRTDLD, BNEBRHNBRBESADISALKEBT D L
TS A8 EKBRAILEDODDIBAATEONBERE TS 2,

Rhf-

ER2EFHEIOT V9AFvBHOER
(F.ISODATA p=1.2)

- 167 -



135 q0° 45°
P! ;

\ \\'~
~N ]
(023 |lo2%

@‘..E‘S"@d\%ﬁﬁ?}t%d\%ﬁt&u‘iﬁéﬁ%"ﬁ@j%@ﬁﬁ

SIBBVDT 794 - U528 YVSDRARE ‘
§’/"329U‘/7‘°7)b:l")ZAD‘B%Bhéﬁ%’-JﬁW@ﬁ%%(Q519%%)’&11
ENCABRFKENEX, CBEOER SADT - S REDBERXCEIZIET Y b
og-—, &U%Eﬁ%’e%éﬁ@ﬁﬁiﬁl)I‘Dt’—’i'?f%bfcc (CZTR’ c=5)
i's"‘%Bhékflﬁa)ﬁ?JﬁﬁJ’E‘(S-l)ﬁ@&ﬁEC@@EE%%%&:L‘C;‘%b?u

uly ul e Ui Uy Uay ~oeUl, Us Ugy = Ulm
o A ) e A Lo (5-1)
TN, U ouleeeuk )/ U Uy -~ -Ugn

CCT.EBRDEBARITTEDL, B-19)REBOTHBLL. pi [0 1]EMH2
DIGEARNECATL, HERAOBERARAOEHTRASRETH5. ha;
B, RO TOR R R A D ER BT HM TR THE L, Chi b (321
R I D F DR E R A BT 57— SR ADTYIRTIY PO HBLE S
RERITHZ, ARKIZEDOFEL DO T, (3-19), 3-22) R T2 O REEA LM 7
BT-SREOFHERIVPOC-%, (3-20), B-2)RTIODHERALET 55

22w —4RAOTHH/ELIR

A =

55

IrhEoE=—-&

= W0 > 5 ~ s __ ~ L A N
R1LEHTRI boe THEEEE LY OO ;;gii._ﬂﬁb‘
F(X. A1) 0.035 = = 2T, RINSbhB&
(X, 42) ] 0. 982 - ' — SKAI(BOBH)KET

: X.81.82[ ¢ 291 0.776 ; .

I Y s T T a —_—
1§§:°f ?'jg‘_’ X A1 43| 0,331 | 0. 4% éiﬁiﬁl;:mé_
X A [ 0747 A LEN AEY INPSPEN [y egsap ey g
: AL LSRN TN TN RS o Al

N X A2. A3 [0.175] 1.527 DA ;

:‘21 -~ X A2 A2 0.159] 2,190 ‘gw;%ngé;g%
= X.A2. A5 | 0.181] 1.545 ERDME . — A‘(

o . 5 A J 3? c ~ bA
A B e LB nm e A (B0 5
S rAtR oz Tess] (RMTR Sp}ffﬁﬁlb/;

- 168 -



k%&@?@étﬁ\ﬁm@bm&;imﬁﬁ?&%xsw=*t‘imwnotﬁf
ﬁﬁzﬁzvhmt—umaaﬁ?@éa:@:ama‘magwﬂﬁumm;or
Wét®‘Altmw%ﬁﬁﬁ‘%ﬁ%b(%@%f%hé$ﬁﬁﬁﬁékmﬁt%i
5n3,
it\§1t§uwm0®$$$étﬁ?é$ﬁzﬁlyhDE—%\13@%%%%
Eﬁ?é%ntmNét\é%ﬂtb@ﬁ%%é@l)hmf—wﬁﬁméwc:n&
?—9%éﬁﬁiént9529&?9529U)ﬁahtﬁai‘ﬁE?@ﬁk%w
e, DRIZSAETEZ2DL0 D, DDA TERD &, T—3&AGHD>DZL
9329U>73n1w6;5ca26t®?§é, .
UED &S, CORHMBEENSHB &, 7329%"]?1@15_??573‘7&%0\&:‘:663}
53, Umhi, C@iﬂﬁt‘t&ﬁi@b@?—?ﬁt?b\‘t@ﬁizaU VIIBREBANK
teituém?\wﬁbmiiw%n%nﬁ&&ﬂk$§@§¥ﬁébrmétwc
:@;5&%%E§ok%®t%26nég::?u‘w%@miacowtﬁﬁbt
ﬁ\ﬁﬁ?é%%@ﬁﬁﬁﬁ%%cmﬂtﬁgésié;5?&6,
REWﬁD®¥E§N¢E§m®§WE$DSﬂEﬁH\%@@QEE@I)FDE—
@ﬁﬁ%mwtﬁﬁb\p@ﬁ@&%&%&ﬁ?écp@EmE;éE§I>b05—§
RILRICTR T,
Dﬂl@%é‘19®E$%étﬁ?é$ﬁzﬁlyhmf—u‘nﬂﬁmﬂﬁ@%éc
mﬁiétéﬁWKmé<\§E$§ééwmﬁ?$6méwgit‘wtwmﬂﬁm
%é%&&?étiﬁzﬁlyhDE—%ﬁE?ﬁﬁmﬁwm$w=ﬁot\N#%ﬁ
®Eumé<t‘1cﬁw&£5§<9529U)iahtwé:tﬁbmot,H

6.5 0K

ARXTE, 7794 - ISOATAEEZOEROINTDTH P LI X L2 SHhNEE

Br- S MEFRICEAL., 87V ITU X LAORKFERIE3EVKERXT. 542 F

TREETo K.

FEIDDBVKEBZEHERIV bOL — RERL12ZBODTI 791 - 5524
VYIS FEKLIREEEIRIVMOY

0=1.2 | p=1.6 ] 0=2.0 —DBIENALT, 841 mET- I,
H(X.A1) [ 9.535 [0.558 | 0.607 RREELTRELLEEESLaAYNRY
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220, ZhAswigBC R R o T BRCTIIRBL ST BIERFEC
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Ry 3 R I I T A P T SRS SUCCNNINPS N = Ryl SIS N Y
u;rl:b B l\' irt ;“'] /‘r'{r ,‘iifz /f S AT A V')'t%»,‘?éri n;!\ AR f..'c

GIRSIE L A5 L E 5 CEELREE. @S- AOWRRTH S, KA
BRIBCHI SEHBE D U S WELST IRV w0 AT s TRR

KRBT AN~ AOEELAR AL, @S —ADBEIS L > Td. A (
smeriean Medtoal Association) OCMI T (Current Medicai information

E Teiminology ) BEERLXL UL, X3, ZWHllFE ~—2lHU T, BEEVLS

RHRAGEDF - T -V s OBRBCRIETRE TS AT LEENL 2.

Table 1 The number of registered diseases
in the index file

DISEASES AND CONDITIONS RELATED TO ...... 1237
THE BODY AS A WHOLE,INCLUDING
PSYCHE

INTEGUMENTARY SYSTEM «nunrerrennnennnns .. 1236
MUSCULOSKELETAL SYSTEM wveveennnnennns 1151
RESPIRATORY SYSTEM «uvvvveeeeeennnnannnns 538
CARDIOVASCULAR SYSTEM ©oveverrereeennnnns 691
HEMIC AND LYMPHATIC SYSTEM .............. 505
DIGESTIVE SYSTEM wvvvvensnnnnnennnns .. 859
UROGENITAL SYSTEM +ovveeeeeseeeaannnnss, 1067
CENDOCRINE SYSTEM +neeenenannn, 293
NERVOUS SYSTEM - nnneeeeeeeeeeaaannnns 906
ORGANS OF SPECIAL SENSE ....... . 718

TOTAL 2211
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OBEEXVEZEFRAREDS — - T = d OBEZ L. F— v 77— 4 #iE A

LT aREE. A2 —EEIVESEERANT S HES»SS G35 .

INDEX FILE OF DISEASES

MATNTENANCE
MOCULES

TEXT FILES OF DISEASE

— INQUIRY MODULES

KEYWORD FILE

Fig.2 System configuration

SYMPTOM/SIGN
ACNE 2 AMELYOPIA HHENDRRHEA
ANOREXIA 5  ANXIETY APRTHY
APNEA 8  APPREHEMSION AREFLEXIC
ARRHYTHMIAS 11 ASCITES ASTHEMIA
ASYMPTOMATIC 14 ATAKIA BACKACHE
CHILLS 17 COLLAPSE COMA
COFUSION 20 CONSTIPATION CCNYULS1ON
COUGH 23 CRAMPS CYRNOSIS
DEAFNESS 26 DEHYDRATION DELIRIUM
DEPRESSION 29 DIARRHEA DIPLOPIA
DISORIENTATION 32 DISTENSION DIZZINESS
DROWSINESS 35 DYSARTHRIA DYSPHEA
EDEMA 38 EMACIATION ENURESIS
ERUCTAT I ON 41  EXHAUSTION EAOPHTHALMOS
FAINTNESS 44 FATIGABILITY FATIGUE
FEVER 47 GLOSSTIS GOITER
HEADACHE 50 HEMATURIA HEMIANOPSIA
HEMOPTYSIS 53 HEMORRHAGE HICIUPS
HIRSUTISM Sb  HOARSENESS HUNGER

! PLERSE ENTER..... ENTER/E/888/,Q/0/C

Fig.3 An example of menue panel of keywords
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AT otsEralETCd S (AS5) .

A

AJR_AHI CORTEX, TaRC INOMA
ADRENOCORTICAL INSUFFICIENST
DIRBETES NtLL]Idb/TKhNb'LHT/
PENCREAS, RESCESS

PANCRERS, C(Sl;CDNZCPIIHL
PANCREAS, CYST,FALSE
PANCREGS, CYST, TRUE
PRNCREATITIS,ACUTE
PANCREATITIS,CHROMIC

N
-
GF ¢ E I50RN

AFARETFOE— s T—FIHUTE

I E VIR VR,
‘lt;k}i&.x‘fl/ C’*‘

N {;: jl ‘:‘) (;) .’“\ 3“:

PANCREATITIS,PUSTOPERATIVE

THYROIDITIS,CHRONIC LTMFRCOYTIC

THYROIDITIS, CRAIILGHATCUS

THYRDiuAiC CriSIS

WATERHOUSE-FRIDERTCHSEN STHIRGME

EASE EhTER ..... ENTER/E/252/Q

4 A result of inquiry by using a keyword of "FEVER"

HYROID  AND SWEATING
ACROMEGALY
GRAVES DISZQJE
REART, THYROTOX1C DISEASE OF
HYPERTHYROID]SM
PHEOCHRGMOCYTOMAL,WITH THYROID CARCINIMA
THYROIDITIS, GRANULOMATOUS

PLEASE ENTER.....ENTER/B/%%%/Q

g.5 A result of inquiry by using keywords of
"THYROID" and "SWEATING"
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7 Y s BE S OREEE AHWVL =
HZAGEERISE S X5 2. DOa1E

BBy S35
(KRBRAFE « KAGHESE > Y -)

1. QUi

2, HATHOMABRARITROYL, HELOHATELEY A7 LBMERIh TL
3. BATREWKE, FEHZELOBVEVIPETA TR MMH ST, L FL
TOWMY PV R+HRREEA LV AT LAREEAERYGR O, 2T, H0 VRS
RPECHBRAVSZEOTEAMELRBATHEBNEY AFLRIELE.

2. VAT LOHE

AV AF AL, XHIL] © Lisp &k 2/NMUHAFBEMSE Y A5 L TOAS % VAX-11/
780 (0Si VAX/WMS) LEDLisp-F3 BHURJDEN-AEUT, ThiZd\ i
SEREVHFLAET AL 2EMUTERUE. YAFLRBTED VT RS
FEER (2] THRBL, L IVLRBSRATHEF L AEMIIHL T, b0 T 7
VABRAEEV AT LANBOUEMA T E OFEERHEL, ChIZBRSVWTRET S LS
Lk,

UT, YATFLEDRFEHERURYE S, YATLAOERIZDVWTERTVWE S, BE
DEZHHRBREODBER LI VO -IZUMFEIRVDT, AT FORDITREE
DRIEVI X RFH->TH 5.

(1) PO & S5k
9, EDOXSVRANDBOEED, flIeRTAHLD. >BFVRITHNABOANT, D
FORITBY AF LD SDINETH 3.

> akai hakoga tsukueno ueni arimasu.
FLEBIloLHv )

% wakarimashita
(b FU)

> sono hakowa totemo omoi.
(FO/MILETHEN)

% wakarimashita
(hbhvFUER)

> aoi hakoga aru.
BLENH3B)
% wakarimashita
(hhYFUR)

- 176 -



> sono hakowa omosaga chuukurai desu.
(FOHIEINPLHNTT)

% wakarimashita
(b EFUER)

> kiiroi hanawa maa ookii.
(ABVLRITETDAEL)

% wakarimashita
(b EUR)

> shiroi hanaga tsukueno ueni arimasu.
(BLWiEBHlo LS £9)

% wakarimashita
(v FEULER)

> sono hanawa chiisai.
€N > UN-3))

% wakarimashita
(v FEUER)

> kuroi hakowa omosaga Tkurai desu.
(BLRETEINR7LLHVTT)

% wakarimashita
(b EUR)

BREDEZ S, FHROEFXN T 546,
hako (%) , hana (&) , mari (¥ Y) , tsukue (ML) , tsumiki (FBAK)

DSDOBEITHAS.
LB DTE I,

2, K&x, &%, k&
BH%5. BORMTHEATEIEFFL,
akai (FFV) , aoi (FV) , kiiroi (&V) , kuroi (BW) , shiroi (W)
D52TC, BEDEZ S, ChollBVEVTRVLEZBIATVS. K&, &%, kXD
BT SEEREN,

<KEE> <&EI> <RX>
ookii (K&EW) omoi (EL) nagai (F]R\)
chiisai (UphEWV) karui (#L) mijikai (JGHL)
chuukurai (1< 3 0)
nkurai ( n< BV 1 <n<9)

T, ZHBWFIRTHVEVTHEEL, 006103 TONERBEORE L TOUEEMED) 1
EEZS. B, KEXOBHOEEF U T,
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ookii = {1/10, 0.92/9, 0.68/8, 0.32/7, 0.08/6} p
chiisai = {1/0, 0.92/1, 0.68/2, 0.32/3, 0.08/4 } p
nkurai = {0.22/n-2, 0.78/n-1, 1/n, 0.78/n+l, 0.22/n+2 } p

ECEZBUTHS. REU, { }p XUl HRFRDT. £z, chuukurai Id Skurai
EREUTHAEEXS.
¥k, BlFEclE, caUAOBHOERAHU TEASDDOELUT,

totemo (&Td) , taihen (VWA A) , maa (¥BH) , sukosi (D U)

BH%5. totemo & taihen FIHIIEEHT ZTEAFOTHEHOR A DIEE 2EL, maa &
sukosild 0.5F LTV 3[3] .
LOLFHEOHEHR, THlREOREN,

tukue ---ue--> shiroi chiisai hana , akai totemo omoi hako
Wl --- £ ---> BNV, FLETHEVE)

aoi chuukuraino omosano hako

FLHLVOEXDH)

kiiroi maa ookii hana

FEEVWEDIKEWVTE)

kuroi Tkuraino omosano hako

(B 1 aLOEXOH)

&%,

Q) BVFVLEIREFTRVEM
ZHhIZDVTIE, TUASEE U RO TERITHR S IFRICEEDS.

> akai hakoga tsukueno ueni arimasuka?
FOEBIIO LBV T3 H)

¥ hai arimasu
v, v F9)

> naniga tsukueno ueni arimasuka?
UTHBPLD EcH v 3 »)
¥ shiroi chiisai hana , akai totemo omoi hako --eeto kore dake desu

(BWHNEWIEBTE, FOETHEVH — XA-&, TREYTY)

> naniirono hakoga arimasuka?
(MEOHMBBH I3 H)
% kuroiro , aoiro , akairo desu

(R, 7@, FETT)

3) BLFVL TR EUHEM
9, TPV 2HFRES.
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> kiiroi hanawa chiisai desuka?
(HRBEVEILNEOTT D)

% iie chiisakuwa arimasen
(W z, hEKEDBDYLIEA)

> akai kakowa taihen omoi desuka?
(FOEEEOANAENTT D)

¥ hai totemo omoi desu
XV, ETHEVTY)

> akai hakowa omoi desuka?
(FOHEIENTIT )

% hai tabun omoi deshou
(A3, PRABEVTUL X D)

> akai hakowa maa omoi desuka?
ORI EBENTIT D)

% hai tabun maa omoi deshou
(B, PRAEBEVTUL & H)

CDEOIRERT B RDHIE, BEPOXEX DOWTD T 7Y 1 G T S, th
HIRCEE DR hONEx BT ZuJfEEA I DOWMEELRD I LIRS . BEES &

S= {n W/ u W: uinU}p

KV, FUT, COEEEZLEWES (5230.5)&HNT, ul) > 6&R2 ()
DEAfERnl EU, p < 0&25n(u) OEKERR0 &5 3E, RD5DIHE

T3,
(a) ETHAT : nl >0,
(b) RXAETHAT: nl >0,
(c) BATHAF n0 > 0,
D) REAATHEF: n0>0,
(e) hpaRW : n0 = nl

n0 =0
n0 > 0,
nl =0
nl >0,

nl > n0

n0 > nl

REU, 2hTEnW) EuW) OEBEIU LT ZAEINTUESDT, Zhizx

UTERNRCHANRTT 127 3.

(@) ET» 5T
(b) RRAETHAT .
(c) BTHAF
(M) hRABTHSBF:

hai

(e) HhoRWVU

<« desu
hai tabun ---

>N
deshou

iie ---dewa arimasen
iie tabun ---dewa naideshou

dochiratomo iemasen

- 179 -

2UT, Cha@)-(e) RESWT, YATF AW

bl ".T?‘)

2V, XA TULLD)
(WOE, -~ TRHVIEA)
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(EBsEd, VAEHRA)



DEIREET S.

(4) 22OWHRIZO>VTOHERM
2O0ONFEHANZHEMbLURETH 5. Zhil, PR,

> akai hakowa aoi hakoyori zutto omoi desuka?
FEOEUBTOVEIVT D EEWTT D)

% hai tabun zutto omoi deshou
IV, 2RATSEEVTULD)

&12%. 72, hobo hitoshii (FIEHELLV) EVSERFRBSIILHTES.

> akai hakowa kuroi hakoto omosaga hobo hitoshii desuka?
FLHERBEVHEBEINFTEFELOLTTD)

% iie tabun hobo hitoshikuwa naideshou
OV, 2RATIFELLRBRVWTL L D)

> aoi hakowa kuroi hakoto omosaga habo hitoshii desuka?
(FOLARBRVEEBIBIFTEFELLTT D)

% hai tabun hobo hitoshii deshou
(v, ERAFFZELVVLTULLE D)

T, 77 ¢ Blkzutto omoi (FoEEV) DAYy THKE,

1 u-v>3
0.89 u-v=3

p(u,v) =4 0.5 u-v=2
0.13 u-v=1
0 FOith

EEHJRUTHO, 77V ¢B% hobo hitoshii (WFFZELV) DA YNV Y TS,

[ 1 us=yv
0.89 lu-v I=1
ulu,v) =4 0.5 fu-v I=2
0.13 flu-v I=3
0 fu-v I>3

EEHELTHS.
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Zhit, BRIOLZHLOT 7Y ¢ BHER 1239 3P RAEEZO RO OuREH ST & 112
DEBEERDBZ LS. TOHBEES

S= {min(r1u), n2u2))/ u l,u2): ul inU, u2 inU }p

EVHTREMEA T TE Lo S. ThdXRE[0,1] LOUREMAHERSIDT, LERU
&I, (a)-(e) KHKELTHE RO hIX LWL,

3. 8Bhvic

PAE, VAX-11/780 LODLisp-F3 THERU RSV ELLRBRILMYFESIEDOTESH
ABEMISEY AFARDVT, fledd Tl BEQOEZ S, HATESHRLE
<BRVU, ELOHPIDORYVZVLLDHOR>TWVS. SR, LVBEFERENE
¥, ELOHFIEWEHT, LVLEVEHOBAFRMYVFA B3 LSRHERL TV ER
V.

(5]
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2. L.A. Zadeh, “Fuzzy Sets as a Basis for a Theory of Possibility”, Fuzzy Sets
and Systems, Vol.l, pp.3-28 (1978).

3. L.A. Zadeh, A Fuzzy-Set-Theoretic Interpretation of Linguistic Hedges”,Jour.
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