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*. b L.
F ([ Aq

fili & 4 .

ab) /4 - Ab) /2 |
P (lAg 1) = PCLAz, bl ) =B,
, b ) = [Ax , bl EREET S,

2

FII2BHEHTH S.

E 4
£ 3 D b,
THd.

e Bl JEO] = | Zw]

E) 1=b HRI2EBAXIINNVOEALODVWTHBRALILAFAEYLD,
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5. R&EASOBA LY
TH1IYEBERMVWTHRLRIMBEEGOBA LT 25,
(n, m) XKOBFHT. EFHAEL2 20 ‘1’ ULhrdERVwboDLik

¥ Q(n, m) T3,

7y X L '
D MErLT. (n, m), eln, m), (n, m) /ZDY
Ahk%&®DK %,

i Dedd(n, m) @Y icry, (D) & (H| HEDLHILYT 2
(n, m) OEH) 24EBRT 5.

iii) HeaﬂD)uﬁb,ﬁ&ﬁU K (n, m) /2 OHMARRZERHY
V(D) 82 LT 5.

iv) W) L) PER#ET 5.

Vi JD(n, m) ABiIch-EH. V(D) oRRfk L 3.

SOFTNWTYXLENZRRBICERBULEEREERLICRT .

R 1. MIRZ22BEG0H (AHOBE L =by KNI 3H)

m 1 2 3 4
n
8(3) 28(11) 60(23) 104 (39)
3 26(7) 248(73) 1316(379) 4958(1357)
4 80(15) 1936(419) 25152(5387)

6. H & HxE
BE. ERRBUHTIHELIMEASOBYMEESXZ3AXREBOIATVWE
We ZTORREYBHT I LRBEKDDICLLBEbhd., . EBAY MV
DY T VHEOEHEERVE-BROFBALHF UEABOFEEEBLTWL S
LINSHBOBRBETH 5.

B & XK
1)Sanchez,E. :Information and Control;30;38-48¢1976).
2)Czogala,E., J.Drewniak and W.Pedrycz:Fuzzy Sets and Systems
77;1;89-101(1982). '
3)Wang Peizhuang, S.Sessa ,A.di Nola and W.Pedrycz: BUSEFAL

1 18;67-74(1984).
4)Miyakoshi,M. and M.Shimbo:Sets of Solution-Set-Invariant Coefficient

Matrices of Simple Fuzzy Relation Equations; submitted to Fuzzy

Sets and Systems .
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IFH Uy F ULy 2R oo ZF= EH & T 1B

G HH 35 o] B B B8
(W V7bhEY) (BR B K T 88)
81 Ui

HE. HIZBI%¥. RU. LR AN PV ATFLRE., BARSBRIBWLT. 0.
GRAVE2I-V VAT LET., BYRETRHYHASLLDS. BESEDI A TL
LS, AP, EE,. KADHEL > TWAHEEOEREALE. BELXELETZX S
ZEWRKT, DVFLR. DAV, TENFMOIPEHETCHSEEIHZLOT. b
FTLIEEE. —RBRBRHAORD TROBRHSCEDOTESIFEN. BEEh TV S,
FIZT. 22T, L HEET S VFORE#HRL. 2282 -FY Y AFLNT
FHTZ2—-FFEVUT. FuzzvmBIYEBIhAXEHWATERLERT S,
EEwz N, BE5R. 353 0EEEX L0 0EW (Fuzzy) EBECRHT
XLZLLVHHPARKEDOT. ARBEOEAEF (Zhod, FuzzyvERTERHRX
NTW3) &, W 2hDORBEEGTZLI>THAGHYE. X (ZhE. Fuzzy
BEYEOH) AERL. B2onTEOHEEENEETIFETH S, Zhid.
XEOBEIEREDVBAH. B<HAIAHBERIR>TLAHEOABEFL L
TEWBO2F O TV T, TOLIRKADHBETXSREUL. HIRTHS LWL HFH
AHRESOVTWLE, LT VIEEE. BIERILA TVWAHRBEOHFBOHEAED
FTHEMNEBRT L. MENANOSSEBO I V1 - Y Y AT A ETHO L
DF%&WO&éLT@E&ZtT&%tﬂﬁ:\:@Fu7zvﬁﬂiwﬁﬁﬂﬁ
HHAHS NI B>TLAE.. FORBOERFTDLUR T REEZTALS0AS
Kﬁmfﬁ‘Fuzzyﬁﬂit@ﬁh%ﬁﬁﬁﬁ@TWE%\LLL\PUZZY
E4r L TE520hlE%. dAFMMEREIHKY. BEXBFBOHAGHLETHEP L.
FharEDIFuzzymlBXERDSIFIRIOVTHENRS,

8§ 2 FuzzyviaiEx

XENEES GEEO22EESR) L. Al . . An 2XtOFuzzvE&HLE
UT. Cho2EABELIRL, Zhil. IR TIY. ZO&EFuzzym#EX
W2XDLH>RTERINS,

Tk 1
(1) Al ., -, AndFuzzynBXTsd5,
(2) f1, f2WFuzzymBYRaWE. ({1 +£f2) . BLU
(f1 + f2) bFuzzymBYIXTH%,
3) fHFuzzyHRBYRE. (~Ff) bFuzzyvmEXTHS,
@ ). @) .Q) THEAoNZBOEFNFuUuzzymEXTHS.
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ZDERT. mBEAT + (OR) . » (AND) . RU. ~(NOT)Y &. &xw
XOWNTERIN S,

aave (x) = max (pa (x), us (x) ).
a8 (x) = min (ua (x), pu (x)) .
ntap (x) = 1 = pp (x). e X.

CZTs pARBFUZzZyERADXIYN—-VYYTHET. na (X)) € [0, 1]
TH3, BHE. ChEIVMBOLRD. FuzzyE/REAIN—-Vy THKERE—
BUT. va (x) ODPDHYUIKA (x) ¢HBLZERT S, . FuzzyimlEXY
. XLEO—2DFuzzyEA2XbULTWE, BU. COFuz zymBYTE
MEINSFuzzyEE508E. HETd %,

(617

Rl1RRT Lo, XEOEXKETE. Al ., A2, A3 538, flalFuzzy
WEN. F=A1 + (A2 « (~A3)) B, KB TRE¥Nh3XLOFuzzvES
AT BEbDUTVAS, $h. CCTRXRZEHELU. AL BHEL. A2 2HE, A3
REFVEVSEARABFIRIENTITARE., FE THEL. L (RET. BoF
FOCRW) I EWHSFuzzyERRHARLTWEZ RS,

§3 FuzzywmBYXTRETEX2-2D02BE LM

XtOd2FuzzyEEAY. Fuzzy AR TERTX3LDOLELH2M
WREZKDoshTWAE[2] ,
EH 1
(1) FuzzyEAAOEW. BEALERT. Al , ~Ai , Y. 0. 1O
WTFhHIZZEL L,
(2) ADEE. BELEHOBRZBOTELETH 3,
CITC. BAZERET. EAEBE MRS, AL, «, An, ~Al, =, ~An,
0.1 BRXIOHZMWELBEHELTVS [0, 11" LOBRHLESL
OSAHLS « SAhS~AhsS - =~AlS1 e @
(A, Ay XW~Aip. 2Bo6H )
DZETHYVRBKRT. 2" Xn ! HEET 3.

Cy Ca Cs Cq Cs Ceé C1Cs Co Cio Cs
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1. EAZREI 1835, LTI, BEAEREHE LR ETRU 2.
RXDHS55, GEH. 220, 1/72h6 1 OMEHEUF50 (BAHE., XUWHFED
BE) Bdr2RUEL, COBHWEL. E¥53H¥ESOEFEZOTERFLILTHS
FdROT, VS99 LVOEFRFRR. GERLITERTESINPSTH S, B
PO TFINRFOCAERTESZYTIALRBRUTEY. Type 1, Type 0L
BOBD. COUFIABHEERRZEITHLAD., B30V’ EEDRZETHhEIMERL
TW3,

C1 : 1/25~A2 s Al £E~A3 51, Al Type |
C2 : 1/2= A2 = Al &E~A3 =51, Al Type 1
3 : 1/25 Al & A2 s~A3 =51, A2 Type 1
C4a : 1/2=~A1l = A2 sS~A3 =1, A2  Type |
C5 . 1/25~A1 s~A3 =5 A2 =1, e ~A3  Type l
Co : 1/2s5s~A3 =~A1 = A2 =51, ~A3 Type |
C7 : 1/2=~A3 = A2 =s~Al1 =51, oo ~A3  Type 1
C8 : 1/2s8 A3 = A2 s=s~Al =51, e ~A3  Type 0
C9 : 1/2s A2 = A3 s~Al =1. ~A3 Type O
cio 1/25~A2 =5 A3 =~A1 =1, e ~A3  Type 0
cit 1/2s5 A3 =~A2 s~Al1l =1, A2  Type 0
84 FuzzymBXiZ&idEH

FETRULLATEIO2Z2B(W.(2) 2T Fuzz vERGAX NERASRREE,
Ax X8B3 3FuzzVvRAEZE. 2X¥0L5QLTHRTES,
FRELEFCI WBWVLT. Ax DEEfERA"Y &T5%, Ci ORHALKKBVT.
A’y REDT. CHEVAREBEMUEATVEYFILDTNTOAND () 25
RAEEE I &35, COR
Ax = Y o

[
BT %o
M1OBTFE. XO2%82ELLTHD. ROLHILRS,

Ax =Al +~A3 +A1 +~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. Ch2EEtd2E. Ax =A1 + (A2 « (~A3 ) ) &Rkd,
AAHBFERIEOEE. LATHMORUEXR. 27 X3 1 =4 8HEFEETSUTT.
BRYDIT7THOELLZEROS B, W ONOBUEREREBH>TVLS, -7, DL
OEEWE. TRekTIhPuzzywBEBORBRE] . &7 4.
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§6 FuzzymBXilibdsiLFHROEY

ChEFTiERNL LS WX FuzzyREBEYXE. GIREORABREFOHAAEHLET. D
PLELEBEITENRPORAXBEBEOEE—HLULRTAIRIRBRVH. FEOBEMNI

D54 E-HTR3EUPTUDIRIBRVOT. lEFEBTHUEESLSLEND S, Z
ST FOFFRDVWTHENS,

FFEHALLEBRCI WBWT. AHINXEWEZERLEFuzzyEGRAXx T 5,
HEABEAL (1, . 20E T OAY EDEREOFHELLIRBEI NS VB L,

CCTWRDTHELLLT. BREBT B AIIN-Yy THEOBODEZDENEE.

1H5BURLEBERCI WBU3EMNEas &9 5, Blb.

aip= 1- V2 {1l ua "p(di-1) — #ax(di-1) |
. + luA’%(d;) - HAx(di) |

CZT. didi- I BROXEODETH %,

ETH. R Ax & ELVERMORTERLREARF L >CTES. Fuzazy
RENCOFHEEELHBEO NS VBEN. JITESBERLBLLERICB Y 3E
BEa; 08/ME

min Cazj. azg, - . amg)

PIERBT %, 28, mlidb VRO,
COEIDRFHMBERELCESVTIHMERITIICL > TEHT AL

Air A - A-,} oo A
Al Qi

Aiz Qi

Ci=

Aﬁ g Qian

1_E.L’\ C| = {Cqu} CPP= a'P 3 P=1s2"', ?.n
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i)

ii)

EXBEFEOLLNEMBIC T2 EERFBLITNTERISE. COBAEZEY
DE¥DODLHIURS,
tw%%wﬁﬁT\@%Fuzzy%ﬁAQt\%®§E~Aitﬁf%b?
WAIEE
@%:?uinuzzyﬁéAQ.AMfAu.AHM%&%&EK%%K
HEOFuzzvER) REUVLTCVWAEE,

D) D54 |
A‘a&b‘sx ’\'Ai’j.b‘itﬁ (B) WH-HE&T 5

Ti,i+l=TS,T,= A'i_]_ S -. T - - A',m

Al 1

Pim 1

ERS .

i) DFE
AlpBs. Aldit . ~AL Bu. ~ARDVIT (F)) CBOBOHH>h&d b

Ti,itr = Tst V Tu,v = , ,

’ Air - S -t (LVA'Z'Y\
P U S

|;__x..|_;_\_-__

1%

FITC. DEQHEERBIAS,

Bgu.

A = €1 +Tir- c, - T;,;' v Cume1* Toner * d::m
ITHOMTE AB=A" &
in

ai4=V aik*bgy {V WOR. - WXAND}
f=1

REHLHEAOER 4l ZMOLLZEMCL T FHOEKRHERBERL. &
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OtV EFECn TlE i FEHORXKEFEEHLREEUEBOF Uz 2 vREXOD
FUNEOBRKELEHRLTCVS., #>T. ADEEFOSYBOEKERE>T. Fhi
as e CHERHE. ClL TS EHCHFTYV. Cn Tt EETROLAEXKBEEOHTH A
EHniE <. ZOHRMUEIL asc &5,

EBRE. (THEIRTHEULRLLTDH., BEBAROB I EMUEITMOBEEZERIW LT
FEEERE LS. BRZALIY A LE2E5EILTE S,

§6 T ED

MEBRZEKSRBRFFECLY. SVIFOREEFEOREN—DDFuzz vyEAETEZ
ShhE. ChE2BREOERABRZFOHAGHE THBMIWEFuz z vREIW X
VIEPRMTLENTES, Jl2E. Fuzzyvia#X2Fuz 2z yitth.
FT—IN-TORBRREZHEHUEVEEZI TV S,

§7 BE Lk
[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, IEEE

[31] BH. M @ TEEBESHEFuzzyREEROEH
B 7THFEEFEE¥2EA2EKRE. 1221
(4] M. Bl @ FuzzyRBEXLL350F0EROEKR
o OFEFMAEYSHUBLERS. 1185
£5] M. BB © FuzzysmBXRlE350E0HEHROEL

iAo O FEHBAEELFHEELRS. 873
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=z > 3 FEFGROOESE ER

BHRIEARE¥EH BAHR IR

1 oz

77V A HRICOVWTUL. TTREZLDFELIHRHESRERSINTESL, -2
FHRTIE, 771 ESEHETAA N v THABOBRFIEZRLVWT. WOHD
INGA - %F->THEBLHR 2% FELCOWTANRS . 2oEAE#IT. B
R.M. Clouaire ' {CroTHEZHNTWAY, ILICWEEML . ERIIXNY 2V E
THREXELERE2RL . RBICEAFEOBERIIOWTZ LD S,

2 RE L EXA
w2, D.P,Q,CE%2 V7>Vt wBItRLNhIT7 7V 1 ELT S,
(D, P+Q)=C LEREN2 77 1 HRAEZODEDNDRENTTEZS.
Al. HAHFARIIEBEETMAX-MI NEGRICETF<
A2. BB (>)3Gode |1 DERICLS
A3. B2 TEZLNB 77V 1 £FEENL AT X - ¥ THEHENIZEEL
Iha,

DLP%. U22H&ELTE77Y18%E, QLCR:. VERUKRELTET 7V 4
®£5-35, ZNLE, FORELVEROBEAARRZDENIIZEITS., (A1)

C:DORP*Q _____________ e e e e (1)

72720, RIZDEDERICHKD . (A2)

1 if (u)g (v)
V(u.v)éUxV :/Ll(u,v)z { /‘é fg ——(2)
R

/,L (v) otherwise
Q

3272 P, Q, DXy NN—3 v 7RI

p:(Pl.Pz.P_;.Pq), P3.Psa > 0 T T T T T T e e e e e e e (3)
th=-----
DEIZRLEIN, H1DAN= T | :
MR ERTLLNETE, (A3) : :
Ol : !

370 dY) X A

P, Q, DAR1OLIIcE26h2 LS, HEERLLTHCIE. (1) AZHEEHE
HAEFi. UTOLIRSENDOHBEIZOVWTEFINE 0 THS.
LB, Z0DNIXA—Fa, B, v 2D0EDLIIEDS,
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/v( (P,- Ps)vﬂ (P2+ Py) if Dy < Po+ Py and D> > P,- P;
D D

a= ———(4)
1 otherwise
min (u) if a =90
u &I f';:’

A= ——= (5)
max (u) if 0 << |
u€l /Ll{:'

A A DN

I———{u € {(P,-P;, Py U (p,, P2+P.)} ‘ /4 (u) = /u. (u)} -=(6)
P D

T = (D)) (D2) -——(7)
fp Ny

SLBNDHBEEES (1) — (v) I2X->TRT,

a=0 NHeEF. (i) I=¢ ZsiF

(v) = (v) for each v € V ——=(8)
[ K

(i1) Ix@ 76

/.( (v) for v. € V,
Q
(v) = 1 for v € V, (9)
C
max /{ (u) for v € V;
ug ' (v L D
b 1%

vi={ v| vgmin/,(;’(ﬁ)}u {v |v > max /4-'(3)}

Q Q
V, = (mingg "' (7)), max (L' () )
M Q
vi= Vv, (v,Uv,)
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0< @ <1 DLE. (iii) Pi< D <D <Py (I X@) ZLbHlE

a for v & V4
(v) = (v) for v € Vs ——1(10)
I /4
ma x (u) for v € Vs
s

ve O ()
e 1q

AZ AR PR
V, = {V ‘ v S 9,-Q; or v 2 0?,"'04}

Vs = V., , Ve = V,/ (V,Uv,)

(iv) D4y< Py or D> P> DEE,

( « for v € Vs
/J.(‘U’) :1 1 for v € Vg ——(11)
C
ma x /U, (u)
ug ' ( ,-L(V)) D for v € Ve
. P Q
IAYAS U
V, = V., Vs= Vo, Ve = V.o (V,Uv,)
V) a=1 DES. f{“):l for Uv €V —— == (12)
C

4 71 T XK ODE
HWBO7TNLTY XLEFTNRXTRICEFVWTEEINS, ZZTEEFO—EIzHoWWT
NAHIFREEZ 8. WTFNROBELO2EDLICEAALBEHEL TBL,
2. eRERUEHSEDTOICbITSE. Hionilz:bsbv € VIIHLT,

Ui = {ueu | ) < M (v)}, U, = U/ U,
p Q

ZHNEE . (DRIEBRIZHENLHICEIT S,
/u (v) = 6(v) V H(v) for each v € V —-————(13)
C

A Al DN
G(v)= max (u) =---(14), H¥)= ma x ( (u) (v)) =---(1%)
uéU. /‘L]) ué.U; /']() A/’C(:',
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(8) Xo#ml  «rionwzkth. Vueu : 1 (u)ﬁlu (u)
D P
L7zA->T. ()2 (15) kD
G<{max (u) < (v), H < (v)
uell, f{P /J’Q "LQ

E-oT. (LD

Vv eV : /(,(v)f M
C Q

CIT. AEERENE 2 F2HEHATL - B)R%1EB2, (QED)
T

RIERC ()R 5 (12)5K
OTHRERRBIZRT,

WS LHTEES . MEORETERT 2, SHEMLE

5 # U

BizlC AHERFROBRICOWTE EDTEL,

(1) D=P % C=Q 25 HL. GHERIL 7S 48P F - L L
T<ét\ﬁ#ﬁ%miimﬁéhéo:@:&ﬁ‘twﬁ%tﬁwfx$%%%
FZIRZLBEICHEL . BbICFEh S,

(2) DCP ki Cc=Q %5, (1) RZOBENBETHL. BIL . gifk
;Oﬁgm%wﬁﬁé%ttLTB&#Qﬁ%ﬁéhéc:m:tﬁ\7?§4ﬁ
B P>Q" 2HNINEHAZNLEBBYE R WL DL LTHRENhZ L #iNn
ERWTHAS,

(3) a=1 @té\ME\ﬂpﬁot&éuflmﬁ%té¥~7tﬂqu.E
RIS ICIEFWN L 4 2,

(4)xyﬂm&vTﬁﬁémomﬂﬁx—&?%i%Ctti0‘Eo@%ﬁa.B,
r@SﬁD@%ﬁ%%iéﬁHT\i$<ﬁﬁ%%%%ﬁbxitﬂynywﬁﬁ
74y 7 BEEEFE-T. Ch2BEBIRRTAIEHTE S,

(5)" P=>Q:", (i=1---,n) A TOWRNTBIRTLOLEETH S,

(6)ﬁﬁﬁttfu‘ﬁﬁﬁﬂc%mb@u\Bm%momﬂﬁx~7ﬁﬁ§%m*&
m&—xﬁ~&%?%éo%%%ﬁﬁ@lﬁﬁﬁthﬁﬁ%%tu‘ﬂ%#mﬁ
HEzpEET2,

B E XM
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2) J.F.Baldwin, "A model of fuzzy reasoning through multi-valued logic and set
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FA3AXAIN=-UyTHEEMXYN=-Y 9T (Many-Valued Membership Fun
ction)BMERY. BEOAIN-VYYTHEBOEFVEUTHET S5, £
DE. COMAIYN-VYTHELEEHETHBULDOEUVUTHEEX N
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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 IPM. Illustrative examples are given,

Key words.

fuzzy logic.

INTERPERSONAL PERCEPTION METHOD (IPM)

It 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-ites test which is taken by each
pember 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 (IPX),
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dyadic relationship,

An issue | X | is any attributive statement about
which a judgment may be formed. For example,
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, H) or Wj; meta

for three levels of per-

perspective, Hy or Wo; and metameta perspective,

Hy or W3.

The direct perspective is the opinion of either
pember on an issue( Hy 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

. .
-

very true, his direct perspective H| on that

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

55 29 0%



prediction of his partner’s view of an issue
(MisH»W»IXI,WisW»H*lXIL
I[f H feels

would say that he loves her, his meta perspec-

it is slightly true that his wife

tive (Hp) 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
W-oH->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 1 suggests sever-
ral interesting matched comparisons which might

be made.

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

Fig. ! Relationship among IPX levels

of perspective

FUZZY ANALYSIS OF THE IPM

Alperson(1975) has

developed the technique for a Boolean derivation

Boolean analysis of the IPX

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
IPX 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
IPN 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 IPN
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 IPN 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
"1 love her™, then the

truth value of P is certainly 1| for some, and

attributive statement,

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 IPX rela-
tionships. Fuzzy expressions of the IPH determi-
nations are as follows (Yabuuchi,1983,1984).

First-order determinations

Agreement reflects the correspondence between a

member’s view and the partner’'s view on an issue
Thus, agreement,«, is determined by the com-
parison of a member's direct perspective and the
partner's direct perspective; H~ | X | and W
- | X 1. then

couple may be said to agree on the issue actual-

If these perspectives match,

ly. Agreement, apy ,is given by fuzzy equiva-

lence,
ahy = MAX(HINChy,wi) MINC1-hy,1-w)))

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
+ K. 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 why. If these perspectives match, the
member H understands the partner W on the issue
Understanding, wpy and wyh are given by fuzzy

equivalence.

#hw = MAX(MINChg,wy) MIN(1-hp,1-w)))

Hyh = MAX(MINChy,wo) MIN(1-hy,1-wp))
Realization reflects a member’s ability to pre-
dict how his partner reads him on an issue.
Thus, o, is determined by the comparison of a
member’s metameta perspective with partner’s
with
O hy- 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 hw = MAX(MIN(hg,wg) ,MIN(1-hg,1-u9))

P wh = MAX(MIN(wg,ho) MIN(1-w3,1-h9))

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| H-> | X ]| .If these

perspectives match, H feels understood by W on

and

the issue. Therefore,

[}

® hu = MAX(MIN(hg,h) ,MIN(1-hg,1-h))

MAX(MIN(wg,w1) ,MIN(1-w3,1-w1))

RS
=
-

n
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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->|X]|.

infered that he expects agreement on the issue.

€ hw = NAX(MINChg hy) MIN(1-h 31-h })

MAX(MIN (wo,wy) MIN(1-wo,1-w1))

€ wh

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 ¢, e, and ¥ projection.

¥ hw = MAX(MIN(hg,ho) ,MIN(1-hg,1-hp))

Yyh = MAX(MIN(wg,wp) MIN(1-wg,1-u9))

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 jyp, and @yp
and wpy-
Vion = MAX(NINC® py, wyup) NINCI-bpy, 1-myp))

Vigw = MAXOMNINCO yh, why) MIN(I- ¢y, 1= whyd)
The veridicality of expectations on agreement,
Venh

€hy and aypy, and € yh and

and V ¢y, are given the comparison of

G hy, respectively.



<

m

=
I

MAX(MINC € hy, ahw) MIN(I- € py, 1-apy))

VEW

MAX(MINC e yh, apg) JMINCI- €y, 1-cpy))

The veridicality of perception of partner’'s

expectation on agreement, V ¢ and V ., are
given the comparison of ¥y, and eyy, and ¥y

and € py, respectively.

Vyh MAXCMINCY by, € wh) LMINCL-¥rpy, 1-eyp))

Voyu = MAXOIMINCY by € ho) JMINCL-9gn, 1= epw))

Realization of fuzzy functions of first-order

determination, ¢y and gy, and second-order

determination derived from ¢py, myh are il-

lustrated in Figure 2a, b.

ILLUSTRATIVE EXAMPLES

Mthod
were instructed to read throughly a novel on a
"HI NO CHIJIMARI™ writen by
Toshio SHIMAO (HEHEEE TRobEBEY)L ), and
to estimate the degree of truth of each IPH iten

The subjects were 8 undergraduates. They

conjugal relation :

from the standpoint of husband H and wife W who

were characters in the novel.

Table |

on the basis of 8 fuzzy variables, of 11 first-

Result 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

MINCL-p hyo I-mhw, l-ahu, 1= gun, I-pyn).

¢ hw '—k’

Howh '_b

Fig.Z;, The realization of the fuzzy function,ohw, Yoh

hy Iy hy w, Wy 0y
o
S
—{ ”wh

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

discrimmator

oh

cluss A cluss 3
(2.7) (s.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 solutions,
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. 1In 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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(ii)

(iii)

(1iv)

(v)

information. Using association and analogy, the brain
interprets arriving events based on the stored memory or
learned knowledge. (See Box (l); also Hypotheses l-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 consclious time

allocation of his internal information processing and

problem solving capacity over various events and

activities. The time could be measured 1n 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 is 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."



(1)

(11)

(141)

(iv)

(v)

(vi)

(vit)

Table 1. A Structure of Goal Functions

Sutvival and Security: physiological health (proper biood

presaure, body temperature and balancs of blochexf{cal states)}
proper leval and quality of air, vater, food, Leat, clothes,
shelter and mobiltty; safety and dangar free; 2cquisition of
wonay and other «conoaic goods; »

Pernetuntfon of the Specics: sexual cctivities; giving birth to

the naxt genvration; fanily lova, health and velfare;

Self-Inportance Feeling: solf-rospect and self-esteen; esteen

and respect from others; pover gnd donlnance; recognition and
prestige; achiovement; crc-tlvlty;-lupariority: accumilation of

twney and wealth: glving and accepting aywpathy and protective~
ness;

Soclal Approval: estecm and vespect from others; friendahip;
affiliaeion with (desired) groups; conforuity with group fdeology;
bellefs, ateicudes and bohaviors; giving aud accepting sympathy
ond protectivenesn;

Sensuous Gratification: rexual; visual; auditory; small; tastey

tactile;

Lepnitive Conalstence and Curtostey: consistency in thinking and

opintons; exploring and acquiring knowledge, truth, beauty and

relfglion;

Self—Actnnllzn((uq: abllity to accept and depond on the salf, to

cease [rom ldentitytng wieh others, to rely on ono's ovn standard,
to aspire to tha “cpo-ideal™ and o detach oneself froa soclal de-

mands and customs when desficable,



(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 inforwation 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 specifying 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:

(i) 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
ADy;

(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 1is 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 ideags can be used to stimulate or
generate other ideas. This suggests that a set of operators exists, defined on
the subsets of PDy, which generate ideas in PD; from the subsets of PD.. 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, € PD., and let O, 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 Oy =
{+,-), then R(I,,0,) is the set of all integers.

Potential and reachable domains are closely related. We say that { I,,04
is a generator of PD, iff PD, = R(I,,0.), and{ I;,0;} is a basis for PD, iff
{ It,0¢} is a generator of PDy and no strict subset of { I,,0,} is a generator of
PD,.

Finally we observe that HDy, 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 cad be shown that HD, can reach a stable
state; thusg, 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; aund 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,

- 48 -



can reach their stable states unless extraordinary events arrive continuously
(which rarely is 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 UDy, 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 18 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;). '

(i11) On gaming and conflict dissolution: Each player has a unique HD;.
Understanding one's own HD, and one's opponents' HDy is essential to winning
competitive games or resolving conflicts. If one knows his own HD; 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 careéer 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 thé 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 curren% 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' HDy. 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. Indeed, 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 HD?.

Suppose that HD C:HD% for most t. Then we (HD%) can comprehend HDy most
of the time. (Here '~" is a fuzzy notion, which needs the reader to explore.)
On the other hand when HDt(\HDO =gﬁfor 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 HD, 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 °{1HD # ¢, HD\ HD? f ¢ and HDO\HDt £¢. In general, the larger is
HD? (HD,, the better 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 HDg

(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, comnsciously 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
HDy 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 HD; 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 HDt 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!



10.

11,

12.

13.

14,

References

Burns, J. M., Leadership, Harper & Row, New York, 1978.

Cattell, R. B., Description and Measurement of Personality, World Book
Company, 1946.

Cattell, R. B., Personality: A Systematic Theoretical and Factual Study,
McGraw Hill, 1950.

Chan, S. J., Park, C. W., and Yu, P. L., "High-Stake Decision Making - An
Empirical Study Based on House Purchase Processes,'" Human Systems

Management, Vol. 3, pp. 91-106, 1982.

Chan, §. J., and Yu, P. L., Stable Habitual Domains: Existence and Implica-
tions, working paper No. 160, School of Business, University of
Kansas, 1984 (to appear in Journal of Math Analysis and
Applications).

Chan, 8. J., and Yu, P. L., "A Dynamic Conflict Resolution Model--Accept-
ability of Alternatives and Conflict Solvability," working paper No.
161, School of Business, University of Kansas, 1984 (to appear in
Journal of Optimization Theory and Applications).

Holland, J. L., Making Vocational Choices: A Theory of Careers, Prentice-
Hall, Inc., Rew Jersey, 1973.

Isaacs, R., Differential Games, John Wiley and Sons, New York, 1965.

Janis, I. L., and Mann, L., Decision Making, A Psychological Analysis of
Conflict, Choice and Commitment, The Free Press, New York, 1977,

Kwon, Y. K., and Yu, P..L. "Conflict Dissolution by Reframing Payoffs Using
Linear Perturbations," Journal of Optimization Theory and Applica-
tions, Vol. 39, No. 2, Feb, 1983, pp. 187-214.

Von Neumann, J., and Morgenstern, 0., Theory of Games and Economic Behavior,
Princeton University Press, Princeton, N. J., 1944,

Yu, P. L., "Decision Dynamics with an Application to Persuasion and Nego-
tiation," TIMS Studies in Management Sciences, Vol. 6, North-lolland
Publishing Co., New York, 1977.

Yu, P. L., "Second-Order Game Problem: Decision Dynamics in Gaming
Phenomena," Journal of Optimization Theory and Applications, Vol. 27,
No. 1, January, 1979, pp. 147-166.

Yu, P. L., "Behavior Bases and Habitual Domains of Human Decision/Behavior-
An Integration of Psychology, Optimization Theory and Common Wisdom,"
International Journal of Systems, Measurement and Decisions, Vol. 1,
1981, pp. 39-62.




15.

17.

18.

19.

Yu, P. L., "Dissolution of Fuzziness for Better Decision - Perspective and

Technique," Fuzzy Sets and Decision Analysis, Studies in Management
Sciences, Vol. 20, (ed. H. J. Zimmerman, L. A. Zadeh & B. R. Gaines),
pp- 171-207.

Yu, P. L., "Introduction to Decision Dynamics, Second Order Games and

Habitual Domains," working paper No. 156, School of Business,
University of Kansas, 1982. Presented at AAAS Annual Meeting,

Washington, D.C., January, 1982. To appear in MCDM: Past Decade and
Future Trends, ed. by M. Zeleny).

Yu, P. L., Multiple Criteria Decision Making: Concepts, Techniques and
~ Extensions, (to be published by Plenum Publishing Corporation).

Yu, P. L., and Huang, S. D., Behavior Bases and Habitual Domains -~ Theory

and Applications (first draft Ch., 1 Introduction, Ch., 2 Behavior

Bases, Ch. 3 Observations from Social Psychology, Ch. 4 Habitual
Domains, Ch. 5 Personality, Ch. 6 Decision Dynamics, Ch, 7 Second

Order Games, Ch. 8 Conflict Resolution, Ch, 9 Career Management, Ch.
10 Leadership).

Zimbardo, P. G., and Ruch, F. L., Psychology and Life, Scott, Foresman and

Company, Glenview, Illinois, 1975.



INTERACTIVE DECISION MAKING FOR MULTIOBJECTIVE NONLINEAR
PROGRAMMING PROBLEMS WITH FUZZY PARAMETERS
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1. Introduction

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 repriiegsed 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 prziented 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) A (fl(x),fz(x),...,fk(X))T .

subject to x € X = { x € EM | gj(x) <0, j=1l,...,m }

where x is an n-dimensional vector of decision variables, fl(x),...,fk(x)
are k distinct objective functions of the decision vector x, g{(x),...,
gm(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

- = ~ ~ ~ AT
min f(x,a) A (fl(x,al),fz(x,az),...,fk(x,ak)) -
subject to x € X(b) A { x € E" | gj(x,Bj) < 0, j=l,...m }

where Ei and b, represent respectively a vector of fuzzy parameters
involved in the objective function fi(x,ii) 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 51 and b; in the FMONLP are fuzzy numbers whose
membership functions are uéi(ai; and qu(bj) respectively. For simplicity

in the notation, define the following vectors:
uﬁ(a) = (uil(al)’...,uak(ak)) ’ ug(b) = (uBl(bl),-o-,uBm(bm)) ’

a= (al,...,ak), a = (31,...,5k) , b= (b1,...,bm), b = (Bl,...,B ) .

m
Then we can introduce the following a-level set or a-cut 2) 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(3,B) ={(a,p) | uy(a) >a, g >a |} (3)
It is clear that the level sets have the following property:
a, £ a, if and only if LafE,B) > Laéz,B)
For a certain degree a, the FMONLP (2) can be understood as the
following nonfuzzy @-multiobjective nonlinear programming (a-MONLP)
problem.

a —-MONLP

min f(x,a)

>

(£,0x,2)),£5(x,8,) 50005 f, (X520

subject to x

m

X(b) A{x e E"| g(x,b5) <0, j=1,...,m } (4)
(a,b) e L (3,B)

It should be emphasized here that in the o-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 ( fi(x,ai) - fi ) (5)
x € X(b) 1<i<k
(a,b) €L (a,b)
or equivalently
min v (6)
x,v,a,b
subject to _
fi(x,ai) - fi < v, i=1,...,k (7)
us(a) 2 @, HB(b) > a (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 = (£y,...,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)
subject to fi(x’ai) + €, = fi(x*,ag ), € io,i:l,Z,...,k.
x e X(b), (a,b)e LG(E,B).
Let (x,a,b) be an optimal solution to (10). If all e; = O, then x* is an

a-Pareto optimal solution. If at least one €; > O, 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 @2 with the same reference levels:

al < a2 if and only if £,(xl,a]) < £,x2,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_the following theorem is derived by using the implicit function
theorem .

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* b* 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.) k m
e Sl o _ ax b . 11
N B VR I SUNNE SN (1n

sa
i=1 =1
Regarding a trade-off rate betw%en 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
3f (x,a.) A EX
i i 1
,i=2,..0k . (12)

afl(x,al) a=a* Xif*
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 fi for inactive constraints by fi(x*, a? ) and
solve the corresponding minimax problem for obtaining the Lagrange

multipliers.

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 < @ < 1) and the
initial reference levels fy, 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,a2 = 3x1 + Xy - 52
min f3(x,a3) = 3x1 + 5x2 - ag (13)
subject to
2
xeX = {xlxekE g (x) =-x 20, gy(x) =-x, <0}

where 51, 52, and 53 are fuzzy numbers whose membership functions are given
below :

“51(31) = max (1 - Ia1 -1.2],0),

uy (ay) = max (1 - 2 | a;-5.41,0), (14)
2

By (a3) = max ( 1 - 0.5 la3 -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 ( El’ 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(x 1~ 9 ) + (x2 -6 ) -2 < v
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3x1 + Xy - a3, - 7.5 < v (16)
3x1 + 5x2 - ag - 7.5 i v

max (1-1]a; - 1.2, 0) > 0.8

max (1- 2[la,-5.4],0) 20.8 (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 (xf ,xs , V¥ )
= (5,3,5), (a? ,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 conditions,

fx f*x f*
the corresponding Lagrange multipliers become ( X1 XAysdg ) = (3/11,1/2,5/22)
* g% g%

and (Xi ,Xg ,Xg ) = (48/11,1/4,5/11) by solving VL = O. 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 :

afi _ Xa* a* a* 223 i=1.2.3

s T T S T Y A e et
a=a*

Concerning the trade-off rates among the objective functions, from the
results of Theorem 3, we have

Ja

af, ng 11
3f2 a=a* AfT - T 76 i
3f1 Xf§ 5
o N i S

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
enviromment 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.
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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 1in stochastic system
is described by

2.1 y
GV Ny= @kt 7, (g geen)



where the state X s 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 3P(r).

We assumed that at each time ¢t the input u, is subjected to a
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 xt 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) -fw//(C) /%,4_ [/1}/({/&)1/“‘ v My (-0

Y-l
Fob. }( o 2 >a)0,(Mm ,&qﬁ’)}]
£ <
where X, = Cl(k =0,1, 2, ..., N-2), in a fuzzy goal,

>
|

= {(c, p (1}
(2.3) B = {(c, pz(C))}
{(e, q(e))} = {(c, qy(e)) (e, qz(C))}

C
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



( fe) (¢c29)

AW ~C)
oG ‘/9 -3

l/ﬂ/% f7/ 9’/71(/74‘] }) (};\_,.7/ 97//‘//
jin‘/ w-r (o */}j’l//a/; (/4< c<a)
f (<) (65/3)

oy g (=) Mo, Ma,
»

with

Jale)

by, (24

‘ - ™ ’ pile)
(2.5) JLN'/,tV"/ (C)_‘_' 2(5/} (/5(({‘7‘/ (e) /

Bl ccgp) &J

[{]

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

J(H) /3(53/3[ () and Z[;/‘
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9
(a) for all vy, y’/;):? 0, /Y{j)d/:/ and for all #*
S

K-

(4)dy < a< .
| geprayca

(3.1) i

o<yl 0SRGS0 <q1y)< ]

(c) /@/2@{ ?1{7;) are monotone increasing continuous functions
and /3672 ;g/;l) are monotone decreasing continuous

functions.
(d) Aecr) 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 € in the finite interval &ﬁ;cﬂ ).

Let th_IJQV(C] be defined over all C with (2.5) Definite the

sequence }J% W'/(Q%} as follows.

ple ¢ eza)
- felw=C)

(3-2) 1} ,-".-[ CC); /L/&;] ,4’//2/‘ [! ‘ J [/(f <0()
ﬁ N m 7—(;-‘//\ dl,fﬁ"}/, y _/) >

) e {/4)
Then ‘fz[é):%éé% JZ/W# (¢) exist for all C and is the solution of
P (C2A)
g AW -C)
() = P .y
'}[; ) /V 9, /M[ T C,f;.*,),]/ (/;(C <oX)
[:(¢) (c":’//

(3.3)
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where, to simplify the subsequent notation,

0 ﬂ‘.”"

G0 Ty ¢, fr=| fitwey Fg/4f + / oy

0 -ov A=
+ / St S F
y%zy
In this case,
2

(3.5) 7771)4,.}21,): ﬂ%/(v,«r;)y[g//ﬂ;
LR

where
Pt ) (wﬂr(&/<‘¢°)
s (W )= _é,/{’n%y/ (F-w<Y A=)
porty)  (me <y Bend
J 4
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An Application of Fuzzy Integrals to
Multi-Attribute Decision Problems.

H.ICHIHASHI, H.TANAKA AND K.ASAT
Department of Industrial Elgineering, College of Engineering.
University of Osaka Prefecture.
804 Mozu-Umemachi 4-cho, Sakai, Osaka 591, Japan

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,B) denotes some measurable space. B is measurable set in
R. m is L-decomposable measure of the type (NSA)[11]. t-Conorm | has
a normed generator g. mn(f)=0, m(X)=1, gom : 3 ->[0, 1] is the
probability measure. Then we have
-1
m(B) LmB)=g( (gem)(B) + (gem)(B ) ) (1)
i j i J
where B,N B; = @.
By defining a multiplication as
1

aTn(B) =g (gla).(gn)B)) (2)
i i
where 0  a £ 1, we have a semi-distributive property of T and 1. in
an algebraic system.

-1
1) aT(u@)laB)) =g (gla( (gm)(B) + (gm)(B)))
1

1 J ] J
=g (gla).(gem)(B ) + gla).(gem)(B ))
1 J
= (aTaB)L(aT ) (3)
1 J
2) (n(B)1n(B) )Ta =(m(B)Ta)l({mnB)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 =3{u 1 with disjoint
i=1 i B,
B, 0<u £1, afuzzy integral is defined as ¢
i i
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guTm— duTnB)

B 1—1 i i
n
=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 uAr be a mlnlmum value of u . Slnce T and 1 are non
decreasing and dlstrlbutlve,
uTmo>uttm (6)
i i i
and
_Lu'rm >_I_uTm-u T(_Lm)—u (7)
n=11i i i=1 i i=11i
Let W be a maximum va.lue of U
__1_uTm<__LuTm—uT(_Lm)—u (8)
=11 1ii= i i=11i

From Proposition 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 p1/p
x1y=mnl[ (x +y) , 1] (10)
XTY = X.¥ (11)
n p 1/p
SuTm =(2u.9 ) (12)
X i=1i 1
wherefi g(ml._). .
lim g um= Vu (13)
p—>0 )X i=1 1
where v denotes max.
n
lim g um = 37 u . § (14)
p>1 = W
n
1lim guTm= T['uPi (15)
p—0 i=1 i
When m =m,= --- = m in (15)
n 1/n
lim gu'rm= Tu (16)
p—0 i=1 1
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2) C-dual of Yager's family of t-norms{2].

g(x)=1=(1-x)

p p 1/p
xiy = 1-max[((1x) + (1-y) - 1), 0]
p P p p 1/p
Xty =1 = ((1-x) + (1-}’) - (1-x) (1=y) )

1/p

Su‘rm =1-(z(1-u) $)

X i=1 i

lim guTm=1- WI'IF(1-u )S)i
p—>0 i=1 i
limSuTm=§u.?

p—>1 i=1 i1 1

lim utm = ;\ u

p—>00 i=1 i

where A denotes min.
3) Sugeno's parametered family of t-conorms[2]
g(x)=(Tog(1+px))/(log(1+p))
xly = min[x+y+pxy,1]
log(1+py)/log(1+ p)
= (1/p)((1+pX) -1)

S urm —(1/P)(—\T( 1+ Pu )9- 1)
X i=1

lim gqum =1~ T(1-u)t
p->-1 i= i
n
lim g um = X u.§
p—>0 X i=1 1 i

toe
lim ( urm = T ( u’¢)
00 )X i= i

(17)
(18)
(19)
(20)

(21)

(22)

(23)

(24)
(25)

(26)
(27)

(28)

(29)

(30)

(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.

of fuzzy 1ntegrals are shown in Fig.2 - Fig.4. In Fig.2 u, and u

substitutive and in Fig.4 they are complimentary.
3. An application to multi-attribute decision problems.

Graphs

2

are

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

alternative such as n
=[x |max Lu T ]
j i=1ij] i

(31)

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 Zu .m ] (32)
joj 1=1ij i
Max min decision plinciple

x*= [ x \max minu ] (33)
i J 1 ij
Max max decision plinciple
X*=[ x |max max u ] (34)
g J i i

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 problems.

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

max a X
i
(35)
s.t. xeC
( i=1,---,n ) +
where a,=(a, , a,,, ——, a;,), x=(x‘, X,y ==, X,) and C iS 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]

max min u (x) (36)
i i
s.t. XEQC
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ii) Maximizing a sum fuzzy decision set as in [7]

n
max 57 u (x) (37)
i= i
s.t. x¢€C
iii) Maximizing a product fuzzy decision set as in [13]
n
max T u (x) (38)
i=1 1
s.t. xeC

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

ax?vb (i=1,‘--)n) (39)
i i _
where goals are represented by fuzzy sets b; that have linear
membershlp 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~——yn )
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 2>b
i i i
d.u +s =4 (40)
i i i i
(x,s 20, 0<€ug1, i=l,——,n )
i i
where s, =0 when the set "greater than b," is crisp, i.e. d;=0.

FMOLP(40) uses min operator to aggrégate 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.

mex \uT m _l_u Tm =g (ZZ’g(u ). g(m )
i=1 1 i i= i
s.t. ax+s 2D
i i i
d.u +s =d (41)
i i i i
( x, s > 0, 0<u £1, i=l,~—;n n)

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]1. (18) is a geometric mean and is equevalent to the product
operator in the case iii)[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 - ( urm (42)
X
Thus in the case 2) the objectiye function is written as
n P 1/p
min (2 (1-u) .§) (43)
i=1 i i

When p21, 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(mL
)) is a monotone increasing function of u,. If the generator g is
upward convex function, i.e. p<1in1) orp>1in2) or p> 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[4] 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 20
i i i
d-ut+s =4d (44)
ii 1 i
(x,s20,0<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.

- 72 -



References.

(1) BELLMAN, R.E. and ZADEM, L.A. : Declsion Making in a Fusay

Environment. Management Science Vol.17, No.4, (1970), 141—164.

{2]) DUBOIS, D. and PRADE, H.: A class of mzzy measures based on
triangular nores. Inbermuoml Journal of General Systems,

Vol.8, (1982), 43-61.

[3) KRUSE, R. : Fuzszy integrals and conditional fuzasy
measures. Fuzzy Sets and Systems, Vol.10, No.3,
(1983), 309-313.

(4] SAKAWA, M.:Interactive computer programs for fuzzy linear
programming with multiple objectives. Internatlonal

Journal of Man-Machine Studies, Vol. 18, Ne. 5, (1983),

489-503.

[5] SAKAWA, M., YUMINE, T. and NANGO, Y. : Interactive fuszy
decisionmaking for multiobjectlve nonlinear pr
problems. The Transaction of the Institute of
Electronics and communication Engineers of Japan,

Vol. J66-A, No. 12, (1983), 1243-1250.

(6] SCHWYHIA, W.:About ths 1so-orphla. between some sugeno—
measures and classical measurea. Proc. of the 2nd
International Seminar on Fuzsy Set Theory (ed. E.P.Klement)
(1982), 344-355.

[7) SOMMER, G. and POLLATSCHEX, M.A. : Fuzzy programaing
Approach to an air polution reguration problem. Progress
in Cybernet.ics and Systems Research, Vol.3, edited by
Trapple, R., G.J.Klir and L.Ricciard, He..la]:her Publ.
Corp., (1978), 303-313.

(8] SUGENO, M.: 'l'heory of Fuzzy Integrals and Its Applications.
Doctoral Dissertation, Tokyo Institute of Technology, 1974.

[9] Tanaka, H., Okuda, T and Asai, K.: On fuzzy sathemsatical
FI'O . Journal of Cybermet, Vol.3, No.4,

1974), 37-46 .

[10])Thole, U., Zismerwann, H.~J. and Zysno.P, : On the
suitability of minimum and product operators for the
intersection of fuzzy sets. Puszzy Sets and Systems,

Vol.2, No.2, (1979), 167-180.

[11]HEBB1 S.: ] -Decomposable measures and integrals for
Archimedian t-conormsl. Journal of Mathematical Analyeis
and Applicauona, Vol.101, WNo.1, (1984), 114~138.

[12]YU, P.L.: A class of solutions for grou] decieion probless.
lhnngenent. Science, Vol.19, No.8, (1973), 936-964.

[13)2imserwan, H.J.: Fuzzy and linaar pro
with several objective functiona. Fuszy Sets and Systems
Vol.1 No.1, (1978), 45-55.

[1I.]Zi-ernmn, H.<J. : Using fuzzy sets in operational research.
Europian Journal of Operational Research, Vol.13, No3,
(1983), 201-216.

(15)Zismermann, H.~J. and Zysno.P, : Latent Connectives in Human
Decislon Making. Fuzzy sets and Systeas, Vol.4, NO.1,
(1980), 37-52.

1.0

furm

Fig.3 A graph of fuzzy integral (g(x)=x).

Case 1)

Case 3)

Csae 2)

73

e Vou
g)= [-"' i

log (1+px)

gix)= ———
log(L+p)

gx)= 1-(1-x)P ——

Fig.|

The range of fuzzy integrals.

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

Fig.4 A graph of fuzzy integral (g(x)=1--(1-x)5 )



observed u

Larger than b,
0j bl

u
Lol ______
!
i
|
1
|
!
]
~a -
b,
1
u  Approximately b
1.0

0.3 1.0

A
computed uoj

o L o
Fxg 5 Observed versus computed grades of bi

evaluation by the fuzzy additive
weighting method.

Fig. 6 Fuzzy sets of goals With a linear membership function.

Tablel. The membership scales for 'good solidity!,
'good dovetailing' and 'ideal tite!

3 Uy Uy Uy 3 Uy Uy W
t | 0.az6 0.2 0.215 | 13 | 0.949 0.020 0.247
2| 0.332 0.652 0.427 | 18 | 0.202 0.826 0.500
3| 0.105 0.332 0.221 | 15 | 0.744 0.551 0.555
a | 0,630 0.052 0.212 | 16 | 0.572 0.691 0.585
s | c.ass 0.456 0.486 | 17 | 0.081  0.975 o0.355
6] 0.000 0.000 0.000 | 18] 0.538 0.873  0.681
7| 0270 0.405 0.274 | 19 | 0.674 0.587 0.570
8 | 0.155 0.130 0.115 | 20 | 0.440 0.450 0.418
9| 0.79 0.288 0.407 | 21 | 0.909 0.750 0.789
10 | 0.732  0.193  0.261 | 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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Fig.6 Plotted effects of individual Policy Concepts on
B XN plane and calculation of effects of
a policy set
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[T1X1 IS 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 1IN TRAF.CORP,
127.POLICY SUPPORTING PUBLIC TRAFFIC

140.IMPROVE. OF ROADS

151.SETTING NO TRUCK PASSING AREA IN DAYTIME

1.PEAK ROAD PRICING

6.IMPROVE. OF TRAFFIC TERMINALS
7 .CONNECTION OF MNATL.&PRIVATE RAILWAYS
8.IMPROVE. OF TRAFFIC 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,N0=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 RELEVART 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,SPATHS OF DISTACE 2
EQUALS THE EFFECT GIVEN THROUGH 1 PATH OF DISTANCE 1.
THANK YOU.

PLEASE WAIT A LITTLE.I AM CALICULATING EFFECT MATRIX.

N 2 PREFERENCE CHARACTERISTIC CHECK

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

THE POLICY WHICH HAS THE MAXIMU! 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

$§3 BEST POLICY SET

VALUE POLICIES
8 6 59
0.472 1 1 1 1
0.452 1 1 1 0
0.442 1 1 0 1
0.422 1 1 0 0
0.314 1 0 1 1

THE BEST POLICY SET IS AS FOLLOWS.

127.pOLICY SUPPORTING PUBLIC TRAFFIC
8.IMPROVE. OF TRAFFIC FACILITIES
6 .INPROVE. OF TRAFFIC TERHINALS
59.CONTROL OF PARKING CARS

@

VALUE POL1CIES

127 8 !
0.455 0 1 3
0.439 0 1 ¢
0.427 0 1 .
0.414 0 1

0.344 1 1
THE BEST POLICY SET IS AS FOLLOWS.

8.INPROVE. OF
6 .IMPROVE, OF

TRAFFIC
TRAFFIC

@

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

FACILITIES
TERHINALS

VI. A
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HROHERERT 3V AT LORFLED TV 3.
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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 of 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 likelihood solution
for the normal mixture problem (Section 3). Tbe 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, . x) bea uXp data matrix where r is the p
~2 N " ~

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 :

Ui &€ [0, 1 ] V.',j. (1)

L3

Ex Uij = 1 V.‘, (2)

E_luu >0 V; (3)
A k-tuple (u:1, -+, w:) represents the melberships of the ith

observation where u;; 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 = lor{

is added to (1)~(3), the resulting solution reduces to the usual
partitioning of » 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

JUX V)= 3 3 (usdlz, v (5)

where V' = (v, v. -, v) is the set of the “typical value” vectors of

&
the clusters, d(x:. v;) = [x: — vl 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

k- 1k

Vk - 17k
m = 2 is recommended by several authors.

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

wi; < (1/di; )™ where dii* = d(x, v)?,

(N

v = g(uu)m}"/ 'z::l(llij)m, (8)

~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.
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Exhibit 1.2
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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

JMUX,V)=aZ

n
i=15=

3 () d (0, 1= OB ()" 9

b

where y,;* represents the discordancy (the degree of isolation) of the
ith 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

Uis, M.“G[O,l] Vi, 1y

Dustu’ =1V, @y

B uu >0V, Ay
When ¢ = 0, any hard partition is the solution of

JHU, X, V) min, (6

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

i o (1/d* 0, st o (af (1)), (7

n n
vi = iE_‘(uu)”'{;/ lZl(llij)m, (8
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 giobal
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(x, 0P} 7T, )

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

$lxr—u) = wlz, w)B(z — u), (1)

where B is an arbitrary p X p constant matrix, and when m = 2 and
d(x,v) = (z — vJA(z — 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+(a/ (1—a )z — «V A(x — u)).(1D)

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 whe
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 @ 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 ¢ is given by

a/ (1—a) = (ve?) ™, (12)

where r is the scale parameter and v 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 a

v a

1 .69
2 .42
3 .30
5 .19
20 .049
40 .025
80 .012

applications, the d. f. parameter y 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 p determine the
appropriate a by

a=0P+1)4 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 u;; and the discordancy ;"
calculated from the artificial data (k = 2,0 = 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 g™ values.

Exhibit 3.1. Example 1
o
./~
: P ¥
8% 1% s r .
. ¥ H
5 s “ S0 o
«
1s g7 ¥
% ”
5
28e
It:'ic : membership to the st cluster
Roman @ 2nd cluster
Bold : discordarwy <%
1 UNIT = .1
1
Exhibit 3.2. Example 2
.
"
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. i ‘e . & 7 e S
58 L I 177
* d :'
FERSIE S
il
o
7
Iraii: : membership to the ist Cluster
Roman Ind cluster
Bold Lodiscord ney of

1~|: UNIT = .1

1

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

calculated from the data shown in Exhibit 4 which consists of 1Y
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 k.
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 k values with

Exhibit 4. Sample points for sensitivity analysis
n=19 + 1 (X)
A
|
!
L]
§ = .
H L]
o o
o— ° RN ., X > *
e . .‘. .. L]
1 .
T T T T ] >
0 1 3 5 7 x

Exhibit 5. Sensitivity curve for v (typical value)

1.0—
—_— a = .012 ( v =80 )
05— /
.17 5 )
31 ( 3)
0 —
=1
=1
I 1 T 1 >
0 3 5 7 X
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the inspection of the distribution of #;; are recommended. Exhibit
7 shows the result for £ = 1 and £ = 2 (¢ = .31, A = [) calculated
from the data in Exhibit 4 with X = 7. The values of ., for £ =
2 are almost 0 except the last observation (X). Generally, if £ is
overestimated, the values of #,; 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;

O m NWH U0 WO
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Exhibit 7. Effects of misspecification of k

X = 7 (See Exhibit 4)

cluster 1
¥

98 98
90 93
90 g2
88 91
88 45
76 74
66 71
66 71
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62 60
54 59
53 55
51 65
51 49
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49 48
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33 35
0 05

X=0 X=3 x=5
139 1038 1238
688 b b
8 113 114
44577 0003 002
013345 446 4569
9 599 589
5 5 5
4
9
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0 0
055678 * 4557 0035579
135579 2357888 015578
224688 11689 055
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7
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8
UNIT= .001
k=1, A=1
italic : u; of X

cluster 2 discordancy
uy ux
00 01 02
01 10 07
0t 10 0¢&
01 11 09
00 11 15
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03 42 41
02 45 45
04 46 45
02 47 51
04 47 46
02 48 52
02 52 &85
04 63 65
100 0 85

UNIT= .01

Italie : k=1

Roman : k=2
a =.31, A=1I

3. Mixture problem

The resemblance of the fuzzy £-means clustering to the maximum
likelihood estimation procedure for the normal mixture problem is
pointed out in Bezdek (1981), Chap. 6. Day (1969) investigated the
maximum likelihood estimation for the two component normal
mixture distribution

q/({,y),E)*F(l—q)/({;ye,E) (13)

where f(+; u«, ) is the density function of the (multivariate) normal
distribution with mean % and dispersion matrix 2, and ¢ is the
mixture proportion. For the simplicity and making the situations
comparable with ours, suppose that 33 = [ is known. Then the
MLE of #'s and ¢ are obtained by Picard iteration of the following
equations :

afx;a,l)
qlxr)= =Ll , (14)
- af (e )+ (A=0)f (x;82,1)
i= i‘;:q(llgl)g‘_/gq(ltgl). (15)
q= ga(llg[)/n, (16)

The similarity of these expressions to those of the fuzzy £-means
clustering ((7), (8)) is obvious.

The MLE under normality is known to be very sensitive to
outliers and non-robust. Exhibit 8 shows the summary of the
simulation experiment conducted in order to assess the robustness of
the MLE. In the experiment, three models (distributions) with
different outlier-proneness are examined ;

X1, v, X20 ~ N(—1,1%),

Yy, -, Yis ~ N(1,1%),

Model 0: Ya ~ N(1,1?) (null situation),
Model 3: Y2 ~ N(0,3%),

Model 5: Yo ~ NI(0,5%).

As is obvious from Exhibit 8, the MLE is very sensitive for the
existence of one outlier, and the mean square errors (MSEs) increases
catastrophically, while the MSEs of v calculated from the modified
k-means fuzzy clustering (p = 2,¢ = 31,A = [) are stable.
Exhibit 9 shows the distribution of the MLE and ». The distribution
of ¢ is almost normal irrespective of the models, but those of the
MLE for Model 3 and 5 are strongly skewed, which explaines the
high MSEs of the MLE.

Several authors (for example, Marriott (1975) and Bryant and
Williamson (1978)) have pointed out that for the mixture distribu-
tion the estimation after the hard (£-means or other maximum
likelihood type) clustering is inconsistant and Day’s approach is
preferred. But in the real application, Day’s approach should be
applied after the thorough investigation of the data, especially the
close detection of outliers, and some robust alternatives such as the
modified fuzzy clustering proposed here would be promising.
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Exhibit 8. Comparison of fuzzy clustering
and MLE for normal mixture distribution
Model O Model 3 Model 5
mean MSE mean MSE mean MSE
. by -1a1 .09 TR EUET BT URY ST
uzz -
e o 1.06 .10 112 .1 1.09 .13
e (.03) (.01 (.03) (.02) (.03 (.02)
ni o -1.06 .11 116 .48 -1.7 6
MLE \
" 1.01 .15 1.09 .25 1.8 7
( .03) (.02) C.on
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

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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.. . . . _ _NUM_ : NUMBER OF CLUSTERS
distributions, Biometrika, 56, 463-474. “RADTUS_ : RADIUS FOR FASTCLUS

Devlin, S. J., Gnanadesika, R. and Kettenring, J. R. (1981), Robust MM_ . PARAMETER M
estimation of dispersion matrices and principal components, J. + _ALP_ : PARAMETER ALPHA
Ame’ Slat ASSOC 76 354_362 fﬁ-ﬁ-ﬁ-ﬁ-fﬁ-ﬁ-f0-0-0-0-0-0-0-0?“00‘00000000000000;

F N A A I I

PROC FASTCLUS DATA=_DATAO_ MAXC=_NUM_,

Everitt, B: S. (1974), Cluster Analysis, Heinemann Press. OUT=0UT RADIUS=_RADIUS_ DRIFT LIST;
Gustafson, D. E. and Kessel, W. (1979), Fuzzy clustering with a PROC MATRIX;
fuzzy covariance matrix, IN: Proc. IEEE-CDC, 2(edited by K. Ff‘;CLDMaAI?;?L‘JT;MM 2=18/ MM 1:
S. Fu), 761-766, IEEE Press. k N=NROW{D)T P=NCOL{DJI~(2); PI=P+{1)};
Huber, P. (1981), Robust Statistics, Wiley. UP=DESIGN(D( ,PI}}IIJ(N,I1,@);
Kandel, A. (1982), Fuzzy Techniques in Pattern Recognition, Wiley. E:Réoctaﬁ;i: K1eK (1)
Marriott, F. H. C. (1975, Separating mixtures. of normal distribu- UI=J(N,K,1); V=J{KI1,P.1); DIST=J(N,K,1};
tions, Biometrics, 31, 767-769. * INITIALIZATION ;
Marrona, R. A. (1976), Robust M-estimators of multivariate " l{'Eg:??;:B;TART .
location and scatter, Annals of Statistics, 4, 51-67. DO ITE=1 TO ITEMAX
Ohashi, Y. (1984), Detection of multivarite outliers in survey data, UI=\J:{LE { ANY(ABS(UL-UB) >= Z.01});
Research on  Socio-Economic Aspects of Energy System, DO JJ=1 TO Ki;;
Reports of Special Project Research on Energy (SPEY 4) under UJ=U1(,J0)##_MM_;
Grant in Aid of Scientific Research of the Ministry of Education stgl_]?i?‘(’é TAGLUII*D) (+ ) 1#rSSs
Science and Culture Japan. ENBIST(.JJ)-((D-J(N.I.I)'V(JJ.))OOZ)(.*);

DIST( ,K)={(1)-_ALP_)e/_ALP_;
DIST=DIST(>{.00801):
DIST=DIST##(-_MM_2);
DISTSUM=DIST( ,+);
Uf=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=UL1<>{I(N,K, . .00081));
ENTROPY={-U1#LOG{UL1)}}{(+,+)};
NOTE ENTROPY;
PRINT ENTROPY;
RUN;:
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x>¥XmD ¥ & pnxX)I={Ee-x)/ Xa-Xm)} 4
SRV ZIconwT #zG=>0-Ix1/Xa) "5
YLTVW3, SRVIRRHBVWEVWERLOBHEDEETH> T x0T p I=L ,
x #0 Tp X)=0 TH 3.
H Y LIRS DWTHREESY X,X) LT
Ao CI={(x-X:)/Ka=X1)} PE, p s (X)={{Xo—x)/ Ke=X1)} h7 L.
CITHUROZLTHIN. BHDVEVEAILDODWVWT. hedge OBHEIIR LS.
Y3Ial-vavOEROME Fig 3OBEBTRULUE, ENTA-FOHER.
F—BAHERMHRBTRTL., TOBRIRDERT A-F L k- THRERLAHL
HALTWAS,

Table2 1HORTTHVEEZHBUOERK

i 4 1 2 3 4 5 6 7 3t
St 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 77
S2 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 iX. EHBREN. —HORGTHICAWEHBUNOEBROAERL TWS
c BE @D,®OBLY DR, BMLEKELTELFERAZLATWS., 202 LE. =
DEB M compensatory trackingTHh V. BHREF WX, HEBREOHAIRREZH.
HEEOAZX MO IATWhRWESD., CRTHEDKE X Q10X L HEELT
NEWLHIEXhh23 0L Bbhad, 22T, H#RESHCHITZ2HBARZED Small
@ hedgeld. FH¥ 1.3, S2TW 1.5THY. MEFEOD SmalliiH>VW TR 4.,
1L.OBLY 1LLITHot. . REBIUVEEEE D Zero® hedgeldSITR %,
0.3. 0.3 THYS2TIE 0.4. 0.5 TH Y. Zeroil DWW Tk, Nonfuzzyllif < MR
LTW3BZENEXB,
TrTREBOLOIC. ERTF AR, EREHIVISREALE-HO208BMO
FeRUHOWTHBAHONRNSA—A2RDY IV —-YavifTh-EdH, ROk
ARUV—BOEFVOBRADBERTRDOEI IRV Iav-—vavkihok. ¥
bbb, RKOEFARV-ADETIVE., BIARRLIVRDZ T4 -FKNv I RER
L. zhic., EFVEERLELEALCEREEANL. TOLZOHBARESL X
VEBAEEXIOHELEIchbE->TRDE. FOME Fig. 5IlRT. T I THEKRBRI
CEFNUBRICAVWEBETF A0V Ialb—varyERTHY (Fie. 3 OHKR
YT 2) . B EEDLETRLTH S.

st 1(5c-mJ manipulating variable _lstim) control deviation
a—1
oA AL AL
% \\/ (sec)
-15L

at N/\\/ A AR )

V’W\J Y

Fig.?5 ﬁﬁbf%TWk&éNﬂH@ﬂ@ﬁ - - -sim-1
SNWT., EFINOBAHOERBLLT., ELEB D ms. ¥ Ko Table 3 CRT.

TABLES3S =F)o#dtt (£01) [rms. C(cm) ]

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

SI 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} 3.6 220! 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| 7 3.5 1.7

sim-1 | 5.0| 2.7] 2.0! 6.3 3.7! 2.0 7 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#EEHE (0D 2) [rms. (cm) ]

HE8E a-1 a-2 | a-3| b-1] b-2|b-3 c-1| ¢-2 | c¢-3

# 'St exp. | 4.9) 2.4 1.3| 4.0/ 1.8 1| 1.9 0| 0.4
sim-1| 6.0 2.8 1.4 4.4 2.1 2! 1.8 0| 0.6

| sim-2 | 6.7] 3.3] 1.6] 5.0 2.0 1.2 1.8}! 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| 6.5] 2.5| 1.2| 4.3| 1.6| 1.0} 2.0! t.0| 0.8

#£ sim-2 ] 6.2 2.9 3/ 3.6 1.6 1.0} 2.2 1.t} 0.9

2T, £, exp. . EBOF -2 Drms. HTH Y. sim-1 &, TFIWERIC
w2y Iav—ya it dms. i, sim2 k. TF IV W EOH
MOYIalb—-—yvav izl ams.f iTH 3.

5. b Hx

FHMETR., 2ROY-—FRL ARV -3 XY RZFEHHBARIBVWT. %
FARUBES*ERBHELITIBEOARV-—BDBVEVHBANLERFT -2 2 51
HELE. ZOB, EHLAI TUAT Yy PTADUCHTAEATHEEBLTWEHA
WE. REZETHLCBRAEROBHEEY Foy RT3 L0k, SIBRARET
ED3LWVWOAEBENZZTHLHEBLEBI IZLERLE. ZhEVHERLESBHO R
UrErIaV-varvEYRREL. BEHLERETCE. EBRF-30—-80 A
PHERALTETVEBETEZ2Z2L28bERLE. BB, BRELEXIHICHL
BREOBAZLEARTILENDY. ZhiiHnwWTiR, XFvy7AHOHA.
BREBODEBES. AvN—vy THBO hedgell ko TEEODENBWERBZZ
@ HNTTILREHhTWS,

&% Xk

() i, RS : B2 OHBINRICHT B Fuzzy Modelil K2 BEHOH
Ve SRl B2 SR, 20-7,621/626 (1984)

2 5. Bl FEFL2LOHANKROFHHA I ST d2bWwEviiEaEsT
NWVERAWEBREROKEREN  HMEBHWBZLSRH/ XL, 21-5 1985 (18
Bre)
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VATLAFERELTOT 7YV + %G

EBARE  FF B
1. YAFLRNT 2 HiER

*well defined system (EfivATL) [ BEILY. EHEE
SEHRE. YIal—vay

i1l defined system (FEifR. £, #HD) [ YAFLI%¥
WEET L. T7V 1 %GR

2. VAT LT 3 AROEE

- WENEE L I/0, KREHE. . TEEY. TR, M. L QIRFRR
EZ:05 () [ =g

-EEBEE I Y 0. BE0. BV THN. EMEY. JEREN. BRY. TER
o NY—VBRPREHNCEY

7 ORBERITHOEE. I/0BELIHS,
3. I7V Lt EEDY AT LANDFIA
FELB ) o
FEEY ZAF LD 7 TEFI. 5l %5t 581k
ARIOBEEF L. ITHEFL. HEEFL. ) )
R IVIRDA =T x—A. EFY Y. Fili. BEt

B oXRw b, B, ATHEE. TEIAN— PV IAF AL B¥. CAD.
CG. . —4. B, 178 - BZBEFNL. REXE

VATLETFALELTOTI 7V + KA
£, B, YT, BR

4. 77V s EHEHE
- BEHE. ZENHE. $EE

- FDPOREN © Rk, BIF). BE. HH. Fil. BF. BEEE. 300 E0%
. BERE. 7LITYX L

5 - EEIENE
BRI —Tx—-2
BRBRIL—-NL (T7V2+FET7V 1)
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XRERRBECBTZ2 77 Vs RREROEFANT7 Su—-F
Fmw ZEBH FR B (EHEEXFIFED)

1., TAHX

THEGREOLTFICE VT, BooleanREEREBR T I2RFBOTH4R
HERLERRICBI2EBEE LA I HELXAEL. JVRKRLERRIX:GX
S LF BHENBookstein? . Buell and Kraft?Z i VBEHZHh., 77
A BRKEEREFATVWS., LAL., 2—-H-RBER. REXERLEREET
E£xTwakd. BRERCSYIEEE L HETRLL., ERULRATRE
FIEOHIYVERTHRZEFZTALNM S,

—%. BEHSY | Tahani® ZRF-FIX-ZAREBEDOHEFICEH VW T, YOUNG,
OD BN T 7 V4 RBEEAVERSE. Btk ZadehY ABRULEEBE~ v Y
VERY, MORE OR LESSZ * BALEABRBIOVWTHW. JVAHOBERCH- =
FHEEBELTWS, o T, XBMFERROLFILEVWTH., ERNLFH
NDEBARZZDNBZELDD. Salton SO HNEEIT A&D. BEDE I AE
FRAR T TITO—-FiEALPRRWEDITH 5.

EBTI. UEOBREKYED. 77 VA RKERO—DDOHFEL LTEEN
s VDHEARRADB.

2. IBREEBRE VAT LLEIF VL REER
2. 1 XHMEBBREVAT A
TRIEBREY AFLER, FHTD. Radecki¥VE 2B F L TROELFA
r3 3,
(D, Q, T, ¢, 2, o, V)

D:XBROES
Q: Bl (BRFEER) 0&LS (ARSHE LKD)
T: R BOKE
¢ :DoD HEBATHEE (BL. D: XBRREDVEE)
1:Q-oQ HEMHEH (HEL. Q: HRMRIEOVLSL)
p :DXQ-V RFEBEH
V:H#HEEDKS
THdo

YHBHEOLL., EXHERIMITLELEROLLETHSL. EFMTE. D
=F (T) £33. Tabdb, EXREFRINTER L THIBOES
LD 77 VA BEEELTRRAT S,

Bz, 2 —H-0BEREJFLLIIRREREVATLANXETES
¥ (BMEHR) wEHRTI28ELEDT.

BREER oL, BERLEAXHOBEEEL25X230DTH>. BHEEDREV
2. AT O DPARXMETE. M. BEDBooleanB®RETHE. C,1DZ
EOREELR B,

BREBHLLUTBooleanERRXNEEXSZBE. ROKDILR D,
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- teT = tQ

- qeQ = NOT t ¢Q

+q, q’ ¢ = q AND ¢’ ¢ @

*q, q’ ¢ = q OR q’ ¢ @
DENLE-TESHhZ23IDETN. BEHERRTH 3.

—K5. _@ijtﬁﬁiiﬁﬁkﬁbf REBEM k.

+g=t o d, = ¢ (d) V)

« g =NOT q’ :p(d,q)—l—p(d,q)

+gq=q’ AND q” : pWd, Qd=ninlp d, ¢}, p d, q7))

cq=q’ OR q” : o, @ =max(p d, q), p d, q¢"))

LEET B,

?

Ol Ol

2. 2 I27V4REER
FIRD BooleanBHEERTR., ERXRPULETThIBEORSIBFLELSLE
WTRETAEIARERZIBHRTEZL WV, FOEIOIRERL2DBRBEHAT I DK
EAZELRIHELEATEIAEIHAEZILTW S,
AW, EREDBooleanBBHEER
gq=+t AND s
LEWTR., FFFrt s AZDEARMLTVWRLEEXLNS. LAL.
tLSKODWTEIXHEHAYVEVWDTHEIHN., BICKSBLtICELEEREWT
BRELTHRLWEWIEELTHEIVES. LZ2AH. EEDBoolean®REK
ERTRIhE2EBRTAIZLETER W, F2T. REERLENT 2HE5 R
PHARBERICEAZ LR THBEEMET 2L EALS N, 27V L BRE
ERLFATVD. TOFETR. FIIE.
q = tegAND so.3
DEDK. BEIBOREBEERKLBII2EZEREEIHBECELTREAEHZ. 20
BELEARAL UTRRT 5 H% % BooksteinV MERL. T-2REL LTHER
T 23KH%% Buell and Kraft? AAi;rLTW3,

3. 77 VA RKBEROEFN T SO —F
3. 1 RELEVANTO RE
—ODNHEEEI»PSLBREN S BooleanREER
q=1t
YEXS, TOERKRIE. THKIBLtIKHEAULEXRERBLTERLYLI & W
S1-H-0 (BREFILLB) ERERBEATZILFALILATES. IO
I, BEODOBooleanBFEERICIE., THA LT (relevant)] WD 7 7Y
A BRBAFER DB, EBIOLIE. o=t RIRKERI.
q =relevant to t
DBRETHE L 2. 20 ([BALT] 2RALDOHETI7F VA RE
VUTRETEEEA. EBANvIERIDT7 7V KE THEELTI CHERT
ZHQOLUTHEATRZZLATRLLZ. TOER. ALK,
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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ZORENTELERS.

AETIE. TEALTelevant)] $F —IR-ALBITBITI7 VA KREE
KIP L OEEHLRETIILEEXDL. BROT —AX-ATR. HIAKE.
(ESAR0TOAYREL L) RA2EEMEAETHAH. EFSP . Tahani®
i TER - A (old man) ¥ REBEH K RAEIR IV RREBELEZTLEMN
DMBEIZONWTERLT WS, FIAE., 77V 188 TER-k GlDJ 2F
1OEd 1T 2R, 0FOAREAELT. S5FOANBHEESE 0.5THRE
FTRLVIDNEDEETHS. YRLHFS, EEEORZVHILEDT 3.
Thicl. THRESRETE. B%. XKL KRSBOHEAELZO IR
PEROBAELLTVS (2. 1K) . LAL., LUAXBERSFIBOE
AEFxOE. SAExTRETILERAD L, ERE20 77 V4 %4 TH
A LT (relevant) | ABET Bz LiRd. ATEFEITHE.

RELEVANT (x) =x xe 0,10,

LA,
1 -:r— 14
L g'i.i RELEVANT
Al
50 55 A AGE 0 PR r}
XRDAEAR
M1 77Y«%4 0LD H2 77Ya%4& RELEVANT

DEDEDICBRLET 7 U4 EE THASLTI 20T RELEBET 3.
(&) =@ RELOEZEIT. ERMWIC fuzzy-valued logic BT AEENHERE
f u-true LEAIULHDERS T WD,

3.2 EF~9TOHENAN

RELORZEMND. 2. 1 TRARELHAEOHE (REXEAY 0EHR) B

cq=t : o0 (d, @ =REL(¢ (d) (1))

« g =NOT q’ tpd, d=1—p W, q")

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

. q=q’ OR q” : p(d, @ =max(p (d, ¢, p (d, ¢7))

CEEEh 5.

ZWAyUR., 20O RELLEATIAHEFLLTEATES., EB~ YK
't . VERY. MORE OR LESS. SLIGHTLYZ# 4 R b ODAFABHEZHATWE A, ZIZT
3. BN VERY “MORE OR LESSE A WA T rilT 5. TOERIE. WL
SHIERIATVWEN, EETE-BNCAVWLATWS

VERY REL(x)= {REL(x)}? ‘

MORE OR LESS REL(x) = {REL(x)}¥
YRET 3. A FR. q= very relevant to t % q= VERY t F L BT 5.
TO—ERHHL RELAEX B2 L CEYET v VEEATE, SYERE

- 161 -



FIEWREEREBFATEL LS. FE. (HRIIBLCERCEST X
MERRE L] RIERIE.
q = VERY t
rEbhEh. (HBBeIcEZKLEAL., »ORTBFsErhbhrhES
TEIXHMERKE X R IERE.
q = (VERY t) AND (MORE OR LESS s3J
rERTZLHTES,
M. IdoREOTETIE. ML,
q = VERY NOT t
DESILEEDTEICADRVLOLERIAS A, Zadeh™ OZ X H IRV,
IRRELEVANT (x) = (NOT RELEVANT) (x)
= 1 — RELEVANT (x)
LEHL.
VERY NOT RELEVANT =VERY IRRELEVANT
LEBRTAILILIVUBRT S,

3. 3 EEBE~NyVOHR

EZEANVVOHRR. N5EEXHERFFBHLEROESEVWEEDSLI LEY
ghtyvT3boLEIHLNB (B3) . A, RE® 0072353, 34b
L, BAENLT LLOXIBMELEANTEIEEEELD. ZNDLE. RETL
SWTEHR 0.8DOXHIT. BERRNq=t 1 HLTRBRFZIHh B H. qg= (VERY
) L TIRBEREAR L, I, EH 0.6OXEIE. a=t XHLTRER
FHXhRWMN., g= (MORE OR LESS t) I LTRBREETHS.

1

01'7 ——————

345

a0 ‘ RELEVANT
VERY RELEVANT

) #3me06 0.8 {
IROAAK

M3 EJ/IAvVOHR

3.4 F=AIR-Z2Qp 774 RBREERL DU
REDEBISHZZ LT, 77V 4 XREHEBRBWL ST SEE D Boolean
BBEERN, I3 TWLI7V4 - FeBR—ZieBWF B Tabani® OVWH 77 Y
ABRBERICHYUT I LTHD. H-T. XREEREL T - I X —-ARK
DRBTI 7 VA RBERL VWOIWEOEDIA AL ThIDHZZLRERTS
DELNDH B,

KIC, BREKSITIZ 77 VA RBBEOERELEEATHS. T-H8X-X
BFEICHVWTIEYOUNG, OLDZE DR ERIER AR DI HBEOLE L V- IR
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BRI DTH 2. ZHhHILBOSTZONFTHVWLIhEZ 77 V4 BB R
KEFSITHAELEIOLNB, ZhicH L RELOZARE. TOREBOHEAFDOE
HELE DO T. EERN O DLHEXETHI24LRB ALV, Thab
Hh, BEHKOLTIE. XHMEESBOEFRELOWASIICEKEL., ZORA
Hildhb—EAEE RV,

F—AR-ZBFBFL IHERBRFOE WX, DHFELTE2HO0DHEEE &
BVENIILHBLVHDATWEY N, A*/\fﬁk%%@énﬁ\ﬁnfnéo

3.5 ==:E =

F—aAR - xﬁﬁwﬁffmﬁﬁb”ﬁr AEkL 7YV RES. TR
bbb, FIZXITEREDS 208 < B0 b TFEW (youngl)l] EWVWo2BDET
HRFTZVATALDVWTERLTWS, Zhi, %0 RELOEASIURE
FHhASANRIE. THEBEARAGTAROEALAL LT RELEXAFE VWX D LEX
ZOREKRTH2. T bbb, ZOHRFBFRXZOXEMIC FEHFLEELTWVWS
(very relevant)] > THFTVFEASL TRV (not very relevant)] & W
S EEBEFEYEALLTEAT BRI LIRS, SV X B & Negoitad 20
WA B fuzzy-valued logic DHEAKMAR SRV A, EAREEMEL LTHA
ZEVBEELLTHAZHIERRDOT. UT mxaaéawamiﬁ&
EENESE LRIz LT %,

SEHNECEG. SEHCEENHEHEETH S, H fuzzy-valued logic &
F&E1c . RELEVANT & [RRELEVANT2 BRI ETFAv VEAVWTEOMO KRR K
HExgB, i, SEAy UL LT VERY LYORE OR LESSRFvwhiE. kO
EEBREORFEINTEEL 2B ¢

(1) VERY RELEVANT

(2) RELEVANT

(3) MORE OR LESS RELEVANT

(4) MORE OR LESS IRRELEVANT

(5) IRRELEVANT

(6) VERY IRRELEVANT

SHHRLCELAVEEAORHER. EFLY FRLEF -2 R~ x&ﬁa
AHTH 3.

A, AMA O DHEXKHMOMWETEAMIFTEIZILRFRAERTS Y.
WEWEBEMN THBRETRETHAD. TOBKRTIE. T Dfuzzy-valued
logic WELCEFNIE. A EBRFINMFOIWEFIVERS TR LEER
Lh 3.

4. brhx

AL, 77V BROEREENNEHEAXRERRBOSFCRALED
DTH>D. Salton 5OV, 77 VI BBOBHO—DIIEAET[LOBEAK
523 0DbeT. SBHRAATOTFRIGShZVwELHHLTWS, L
AL, F=IR-—ABRFOHRFTREBZART7 Su-—FHREATHIANHL., X
BEHREOLTTH., 9%, FIAEEENTREVCEVEEGRIISTO
WEEIFIHHZEZHL S,
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BRF-2522 UV - ZLMTYUXTLDTIOAFvBMANOTRETOLATM

ARATE RE B XEM Nt EK =%

1.RUBHK
SI2SNERONS-—BLEEEINRCMERCAAL, 12D NAREBORRET
ROMVEBULBRT—4K, 77540328 YV FEa2mBELT. 7227
v EToK, BEZUMITYUZXLEGE., 77T« « ISODATAR"MEZOERBOTIN, T, T
WZ N TUXLYT, TNESORFERNASA—SEBOKEXLHNRBERER VL, &
. ZRTHRTBONAAETNEIRILPOC-—Y"2FOTHRL, BFEEORS
T ET o

TP ~IS0DATAR EZOERBZLTY X A

ﬁlx;ﬁ&@ﬁﬁr THO)SALDEEHEBELLT IS ZAARELAMERN, N
’& "BAHOERN_REOBMBELELTRY, BAEULUTHELGRBEBEREIRT S EN
3 @ HiBezdek, Dunnba‘ﬁﬁbt77/4 [SODATABE T & B 112,

FT—2EEX-= {X,},.ka‘ao\‘c §T—SHZSZRE®I\9h)bfﬁbéhét?éuC
(Dt% ChRSONEDF—4%25CBOISARKARITIBDERERD, BT —32HE
VD3 2AAKBIBHGENIATHALCTERD T .

‘J

U={uyl i=1,2,-,¢ j=1,2,--.,n (2-1)
ui; €00,1] N : (2-2)
1¢vig ¢ Zug> 0 (2-3)
1<%j¢ n Eui= 1 (2-4)

Wik, (BEOT - 4K IBENISAAKRIBNERBEIERT. 2-DKG. &8
ROLSA8KE, NEETENDRBEASBILEEDL, 2-NREBT—4H, 2
NERDISASKRIDABDRAA, IKRBLIRTVAILEEDT,

EREEEL T,

fﬁiégwuwullm»vm (2-5)

EEXD. COTOWNMIB, BT —2KE5Z25N2ZFMBETHD, dx;, vz, x&
VIRNMERIOFRPETH 2. FRMUER., BHLVDDIHVRAITH YD,

d(x7,ve) 2 0 (2-6)
d(xz,ve) = dlvg,Xx;) (2-7)
DODRABEHIRELLTIERSIN TS, e UEEX T,
Min{five, U :(2-3)8(2-4)) (2-8)
TEZONRBIOBELMEERICELTS, COROZLITYXLELT,
fr(u, %, ¥)= 2 £ 2 (usg P iing-ve 1 (1<p<60) (2-9)

DEFBMECEIVDUEZRETHIREFEAN, BezdekO 7 7 ¥ ¢ « [SODATAE P TH 5,
S.Z.Selim& M. A Ismailiz, 77V« - ISODATAKDER ELTIBROEEL LEWVH
EFRVWBEI - 77V40F7LTUZLINTDLTHERBLEY, NGS5 248K, TD
BR-DEDIIN-ve 1P, HRULKZRFALEVEERVEASRETDFRTH B,

IR I VPO —K &EB2RET 74 0324 YV T - ZLUTYXLDOLREEMR

BB I7V 4« DZ2A4) 00 ZLMIYUXLEERTDZIEE., EO7LTYXLNK
EROF—44BELEDEFLLRBTHANENVWSRHRENEULDH., T4 BENSGNZT WG
BAEEZDE, CNREBCHLL, - T7LTUZLEIDKRDEDD, BE 7
VWJUZLEBERALTEBESONSZABTNERENKLESZIDEINLINVEEZENS,
FNEHBEALTIRI VPO —-OBRENSERT B

AEATAUOBITU Ui,  UinB, BT —2HBIVSAAKLETAIEBE (X N
2y 7)IERDLTWBOT., XEtD120 77T %£68A;
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Ai: X——1[0,1] (3-1)
ERERUTOWD, T, 12093FTHL i, (BDT 7o+ (80K EHGHE S,

A
Az
U= As (3-2)
Ac
CNERBT 74 BAERERTY,

S92 5yvs5 . 7)[/3')1..\7)”(@@%}‘0@&L ZOERNSBSNBZKAED
NEATHNEBITBRS(VS24BE )REAENCE~ BFEFKESNHIATHNEDD L L.
ThHEDRER %*ﬁmi"%k?‘é

KEBORBTAUE(LL)eer.- e ETNRIEL, 7?/‘(§A0)§§{A1z}zl ey L=l x
#goh 6: f@ﬂ)ﬁg"fTﬁla)ﬁﬁkﬁr?é?)b:'JIA’&G)&L/ D2k%

{W»,l«)z -, Wi} (3-3)

ET3. SEKBPNTYXILDEGBOEER ERBRIDRODECNSA—GEBERESR
ERzxM

«“,B.P) (3-4)
EEZXD. THRDLEEELAR.,
A:X xQ—[0,1] (3-5)

6E)§B§§kotbzﬁénéa CCTAR, BXX)2EETHLBARTHAILD &
T3¢
@éZTEE%@EﬁFE‘$’EDt?ht:‘ ZTOEZOI O —3, Shannonic & b
hi(p)= -[plogap +(1-p)loga(1-p)] (3-6)
?Eﬁénfwé”gx@?ﬁc&w§w3ﬁ§<WJnﬁﬂﬁ®%é@\ REANE
BRECHDLHBIEN, ZO0B8L2TORE A

Qx)={wiA (x,w)=1)} (3-7)
Q%) ={w! A (x,w)=0} (3-8)
p(x) =, P (3-9)

LiﬁcﬂenL@%Aﬂﬁwwmm®®P3Wc@hWHHL$Kbﬂ‘A7X a4 %F
BoOnE(3-7),(3-8) itt:??’ﬁﬁ%‘@iﬁkotéﬂ)?c@h(p(X))’&Eﬁ+§AA0)xk5&?6
EBICAOE—-EFUH(X A AIJTED T,

HiX, A)= -Tp(Xx)log.p(x) +(1-p(x))10g2 (1-p(x))] (3-10)
—RHICIE, {0,1}5(9#0)850\&0‘%17(?36%7‘(6%%7)‘3660 TCTTMBEHFNES
&L
0 a, < a,< -+~ <ang 1 (3-11)
ET5. BRFMBELOEEHRBE (NI, RERINIA—SERMHBOREBSN S
LDOEERD,

L=04x%)00,(x) - (3-12)
Q,)=Jax%) . 2.x)-Jakx) (3-13)
QN =aix)Ual(x) (3-14)
P (f(x))/P ((x))=a; (3-15)
P (%)) =p: (x) (3-16)

FHEEOFEOEES T L RLBBERIE., 2TCDONRS A — SEBROMDEKELDDD L
%iéitbc%é@t\6&+§EAA0)X"5§‘§6$§I/I~DC—H(\ Al
Hix, A)= -g,[aLpL(x)log a:pi (X)-(1-a2)pa(x) 100, (1-a5)p; (N)] (3-17)

= f()mgpu)zo()Mm) 7 (3-18)
L—yx_‘ﬂhohc»\u@
HEBH-DOHEREDRALEN, HADSALFRLEET2Y , HBEEAA &
Box®Beax E%I/hmt-—ﬁ(xA B)tmt
HiX.A.B )=-z zo\a‘.b..\)log p{as b, x)» 7

p(az.x)n(ai)-Zo(b; x)h(by) (3-19)
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SABEBODT 794 - U528 Y VI DRARE _
BOS242Y vy - 7)!/:‘UZAD‘B%%Bhéﬁ%JﬁﬂJ@ﬁé‘%(Q529%‘5%)’&1(
ENKAEFCEASR 2, CEUJE%E%S‘A0?—9%6‘0)@%%)‘%:55?62%1‘/l‘
ag-—, &L"%Eﬁ%’é%éﬁaﬁ@?ﬁﬁiﬁl‘/l\Dt’-’&?f%bfcc (CZT’ c=5)
ES SN ﬁ%hékf@@ﬁﬂﬁﬂ’%(ﬁ%)ﬁ@éz’)tCCfIEU)Eﬁif’e%étbfﬁbﬁ“o

Un Ug o-s Ul U Usy =ooUi, Ugy Uly oo U
Ac=tl o o] A N L P (3-1)
U.'\‘ U:;-“UL, U:T u:)“'u:'\ f u:l u:i(l 'U:M

CCT.EBEROEBNRIATRDOL, G-1OREBVTHELL, 03[0 KM%
DIZRSARIECHBL, HEEODEER AR RORMTRNARETH S, hia,
B, B DR TR R RSO ER DT AW T -6 RTHE U, Ch a0 (3o
R B D F RO R R AT 37— S AOTHIETI Y PO — A HEL &
RERITHZ. ABKIZAOOFEL DN T, (3-19), 3-22) R T2O DR REA - M 7
BT-SREOFHERIVIOE—%, (3-20), 3-2)RT2ODHREA LB T 5 >

o ., —ARAOTBHHPEIE
2. EZEHE g v~ S = g i )
£2.ZH =y Ce-¢& Ivbar—-z3aEL,

RLEHIHIY bor - FHREEXRIVboE- 70
ﬁ_kﬁibhn

FX. A1) ] 0,035 - - $7T. BINSHMB &
j(X,AZ\) 0.?82 X 81 8202110778 okA»(zm@%ﬁﬁ)k[%E?
i(X.AS.' 0.720 X a1 85 03370 éfﬁiﬂiﬁl/l‘ﬂt.—
S(X AL 1367 XA AL 025 7.27] BB, ROIYhor-
ROX,A5)| 0,742 T e CEKERULTHS AL
X A2 [0 Tsrr] NS TRENOT, A

Al . i X 42 A¢ 1015612 190 RELENTECF LR
A2 : X A2.A5 | 0.181] 1 545 9. AVNTETHBC
AS E i X A3 A4 ] 0.232] 1,855 ERDNB. =7 Al
Al . B X A3 A5 | 0. 206 | T 219 LOBRIVEA1 (BOR S
85 oE AT e VKNI ATBIRIY A
A4 851 0. : OE -, MEERLT
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REBETHZ1 . RINSDMNBLEICHETFB S A, T, R2MB2DKKET
PERZTRAIVPOC-BNSHEHTH S, COCENS, NEBDOBHRIUMLS T
WaBRE., ALEALDBRBEN. %ti%b<§!D‘=.'-’TB*Iéll\ﬁﬁb‘ﬁéf:wfit%i
5hd,

if:‘ﬁ1t§2£‘323®5§$%é£§%?6$ﬁ$§1‘/l\Dt‘—ta“ DoRERELS
KRIZZThEERB &, éttﬁ‘](:Z’)@ﬁE-ﬁ'-%é@I‘/l\Dt°—0)7J'7J‘/J\éb‘a P () -
?—Q%Qﬁiﬁiéhfcﬁﬁlﬂﬁ?ﬁﬁzﬁ'J‘/ﬁ'c“hfé')“B?’\?ﬁE-T-@D‘ &0
KO 1DBI524TEXBE0 ., 2DDISR2TERD &, T—2R&NKS L
7519U‘/ﬁ"c“hfh‘é&‘BE%\iétw?@éu :

HEDESK, CONMBRENSHD &, ISALBMTHETEARENEC A b &
5n%, Lnu, C@ﬁﬁ?t&*ﬂi@@@—f—%ﬁt?b‘f@ﬁﬁ]ﬂ'J‘/ﬁ%%’&%ﬁéﬂ")t:
E52TWEH0T, 125é0@a"-?ﬁ@%h%nb‘ﬂ:!ﬁﬁk%%fﬁ:ﬁ.??’ﬁ%bTb\éf:dth
COLSBRRLLH>-LBDEZEZIS NS, CCTR, RAVDFELKOVNTHHUL
N ﬁﬁ?é?—?ﬁ@ﬁtﬁﬁ%%%tﬁ@&%géﬁiék51"&365

2?“:123@‘3035"—:&’&/\'#%&00)@0\(:4:DS%E%U\ TOEBRKERIVbOE—
DREEROTRFL, PMOBOZEEERH TS, PDEVWK&LSPERIVbOLr—%
RILRIKKR T,

P=1.20 8 & DORERECEIZIEYTIEI Y bor—u, P=1.6,p=2. 00 B &K
ERTZELEL2HBHEMNSL, BRBESL BEOEETFHEONES O, g7, p=1.6&£p=2.00
ﬁé%&&?étﬁiﬂiﬁl‘/l\Dt'—fﬂEE:FﬁﬁttEﬁE‘J/J\é‘b‘: > T, RNFER
DEERNEL T, 1‘:5&0‘t§£5§<7529'J‘/ﬁ'éh‘(b‘é«:tb‘bb\ofco -

6.HboK
XFEGXTR, 779 1 - ISODATA&&%(DER&@TN.TD,TW,7)b:‘UIA’EEﬁiB’\J&‘E
By-2(REFRI)CEAL, 8703y ZTLONFERIEIEOKERT, 797
TR ETo L.
RIMEVKELDIEHERI > boE - REUE12BODI77Y4 5524
YUYITFRKEIREZIRIV bov

n=1.2 | p=1.610=2.0 —ORETERALT, BARAMET- I,
H(X.41) | 9.535 [0.558 | 0.607 RRELTBECEEE> IV NS
H(X.A2) [ 0.565 | 0.717 | 0.936 BITAZEHON, HTRXEHETO
H(X.A3) | 0.555 | 0.674 | ¢.855 BETEANEDEE5N3300860 1,
H(X.44) [0.592 [ 0.875 [ 1.008 L, FRIVPOC-ORZEANT
RIX.A5) [0.555 | 0.682 | 0.881 FLVIYZTLAKBFARNFERIOBEOS

EREDOVDTRENL pOBRANS CTIK
RANDEVK &3 IHERI VPO - L EEBETE I POY —
p=1.2 p=1.6 p=2.0
[ T H T | # T
X.A1.A20.081] 10210 085 [1.190 | 0.105| 1.438
X. A2 A3 [ 0.118]0.972 [0.135 | 1.099 | 0.154 | 1.306
X.A1.A4[0.094[1.034[0.092 [1.278|0.104] 1.511
X.A1,A5[0.124[0.965 [0.127 | 1.112 | 0.151 | 1.337
X. A2, A3 [0.078]1.043 [0.077 |1.514]0.054 1.735
X.A2. A4 [0.061[1.098|0.062 [1.468 [0.067] 1.877
X.A2.A50.085[1.036 [0.075 [1.522 |0.058] 1.759
X.A43.44]0.085]1.053 [0.088 |1.399 |0.083] 1.778
X, A3,45 [ 0.124[0.986 | 0.115 [ 1.241 [ 0.100] 1.654
X.A4. 45 [0.096]1.051 [0.077 | 1.418 |0.056] 1.833

- 169



BEWEESELITALYVIINDZIER DM K,

KRXLTR, 77I14 0328 YV 5 -ZLUTUZXLELTT 7?1 - ISODATAK %
ROAKHR-okA, TRIVPAC—OEREBATRE. O T 7V« - 2524
e ZLTUZLRDVTHRATFEATETH Y, TAKOVW TRBEERNB TS 3,

F .

1)

LOEBET-2NORADAITWV S,
2EXH

J.C.Dunn : A Fuzzy Relative of the ISODATA Process and its Use in
Detecting Compact Well Separated Clusters ; J.Cybernetics ; Vol.3 :
pp32/57 (1974)

J.C.Bezdek : Patter Recognintion with Fuzzy Objective Function Afgorithms
: Plenum Press,New York (1981)

S.7.Selim M. A. Ismail : Soft Clustering of Multidimensional Data,A Semi-
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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 ...
MUSCULOSKELETAL SYSTEM ..........
ATORY SYSTEM ........

£SPIR

CARDIOVASCULAR SYSTEM ...... e ceo.. 681
HEMIC AND LYMPHATIC SYSTEM ....... ceeens . 505
DIGESTIVE SYSTEM ....... ceeeee Ceeeeeaaa 8¢e9

UROGENITAL SYSTEM ...... oo,
- ENDOCRINE SYSTEM

.....

NERVOUS SYSTEM ... .. ..... 906
QRGANS OF SPECIAL SENSE cuvvviiieieiinnnn 7138
TOTAL 9211
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HMECBERERA L 2, £, BHERCOROLATVARG - Laia i, 3
OB ETETHERE A ATTHROUFERTSH S,
FIC. IRl Lk s L BRGTHIRBLI LT BIEW ARG
aHE AL Tl EEN AT
IR RE S A b, AEN - TOWRE TS D, 3K
BIST AWk s S WEOSR D LG T 29 ESE
RSB A0 EAR AL, HMBA—AOBEISL > TE, A
American Medical Association) @CMI T (Current Medicai information
G Teiminolozy » BEELUL, XU, ZWHll@E -2 UL T, BERELS
RSt — T~ hroORE Bkl 950 25 L 2dlEL 2.



B MR LFRECEFHREGLSOMEI DT, FEGUEKIELE

vy SN -

B3I M- A TORIB, S ob BRGS0
Wy 5,
2 MmEk - OEMLL

M N— ADWEISL G, On ) T ol E i onamiy

b

AAENIKL e ZORS Ty LS. WEEER LSy

Loy

¥ - L
‘}./ ? by

IRES [ 'y

FE Rk
W MA@EFIEBEENGE LT "~ —

Mgk ~x—ADERRELTR. 7y 7”7
LAREBRBAHIN, BEZYGUMBOEREH 4TS
PikeGEBRE L L, MBoRBOMAE LR,

000k 5L 5 (E1)., &5

TOWMEL S ik,
a3 =),

HBHEWVD Em

A A REMIKES. BAECHT SHE HEE. .
.

)

EIXE. HEEWV & REQEHB LS ->Th 5, Fk

<

SENNYMED LV B AN UL ATOS Iy VAL TGRANT
RELATED DISEASED SKisv,auuuh N BISEASE

R S IR
SUEDEHE VIR I

LAB/ENAM]

BLooG:

h [5;"

BN

ig b An exampic of hnewladze representation
BRasdiellhds— = FPEEIRUTEHLE
3 VAT LD

Ao

F2u v A5 AnlBafy, thTa07 v (A CEHdsn
FROORERCY— - T EOMIBE. L AT LNE TSR

WA THEDTSATHS

172

e EONE L b bees m e
MR e A R TV
oV {7’( u‘z Ol AL U

1000@m3] 7
3, e e or EB IR

4L 0 3; Jooo ol ky -(J
. SR N

MEREY. B
’I’U’\ el '{’: e

LWARBERT

1N
P

L Cvhsa—



A B

HRTIRF CEE chd o
VA N _/F] (;L(t >

STMPTOM/SIGN

AL R I I I N I I W I I il it R o I TR I Y e S U

P T o o o o . e . E e e e e W e M T T M e T e W e e % s e e e e e e e = e e =

ACHE
ANOREX IA
APNEA
ARRHTTHMIAS
ASYMPTOMATIC
CHILLS
COFUSION
COUGH
DEAFNESS
DEPRESSION
DISORIENTATION
DROWSINESS
EDEMA
ERUCTATION
FAINTNESS
FEVER
HERDACHE
HEMOPTYSIS
HIRSUTISM

IhET VL IS4 e
SRRSO —

A2 —HBELIVESTEERANT s HEe»rsHs B3

MATHTENANCE
MOBULES

INQUIRY FODULES

e TP T S R 4
T— b i OB L.

Fig.2 System configuration

2  AMELYOPIA 3

5  ANXIETY b

&  APPREHEMSION 9

11 ASCITES 12
14 ATAXIA 15
17 COLLAPSE 18
20 CONSTIPATION 21
23 CRAMPS Z

2t DEHYDRATION 27
29 DIARRHEA 30
32 DISTENSION 33
35 DYSARTHRIA Sk
38 EMACIATION 39
41  EXHAUSTION 42
44 FATIGRBILITY 45
47 GLOSSTIS 48
S50 HEMATURIA o1
53  HEMORRHAGE 54
Sb  HOARSENESS 57

ENTER/B/888/Q/0/C

i
X

KEYWORD FILE

(i

—_— e LA

i
&
¥

INDEX FILE OF DISEASES

TEXT FILES QOF DISEASE

HIHMENDRRHEA
APRTHY
AREFLEXIC
HSTHEMTA
BACKACHE
COMA
CCNYULS1ON
CYANGSTS
DELIRIUM
DIPLOPIA
DIZZINESS
DYSPHEA
ENURESIS
EROPHTHALMOS
FATIGUE
GOITER
HEMIRNOPSTA
HICIUPS
HUNGER

Fig.3 An example of menue panel of keywords
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T

= T UL NN —

Fi

Loy wigEnaeETtads HUa) .
AJR_dHl CORTEX, “BRSINGHA
ADRENOCORTICAL IHSUFFiCIEHC(,ﬁ.ITE
DIARBETES MELL]TUS,TRHNSEENT,O: NEWBURN
PENCREAS, RESCESS

PANCRERS, C(SI;CUN::HIIHL

PANCREAS, CYST,FALSE

PANCRESS, CYST, TRUE

PANCREATITIS,ACUTE
PANCREATITIS,CHROMIC

PANCRERT I TIS,PUSTOPERRTIVE
THYROIDITIS, CHRONIC LuiekolYTIC
TAYRQIDBITIS, CRANILOMATOUS

anKuiuniC CrRiSiS
WATERHOUSE-FRIDERICHSEN STHDRONE

ERSE ENTER..... ENTER/B/=55/Q

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

HYROID  AND SWEATING
ACROMEGALY
GRAVES DISZQJE
REART, THYROTOXIC DISEASE OF
HYPERTHYROIDISM
PHEOCHRGMOCYTOMALWITH THYROID CARCINTMA
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 5 Y e BEES OOELE A FH U
HA<GEEERI IS ZE o X 5 2 DOEVE

BBy S5T35
(RBRKF « KAGHHESL> 5 -)

1. dudie

=i, BATEOMEPBARZITROO, ZLOBATHEUEY AT LABERIL T
3. BATRL, FEHZLOBVIVWINETHATLARZOHIH BT, H0FH
TOWMYVIFVETHRBA RV AT ARBEAERY RV, 22T, L FLRER
REVHFLAVACEOTEAMERAAREEMEEY AT L2REL .

2., YAFLDHE

AV AF LG, XHIL] O Lisp W&k 2/MBRIEABHEBISE Y A5 L TOAS % VAX-11/
780 (0SIk VAX/WMS) EDLisp-F3 B UEHDEN-AEUT, 2hiZa\LF Ll
SEBUHFLUETIHALEMLUTERALUE. YAFLARETH SV VSR
HEMEA 2] THRHRU, S0 FVRBELSUHEF L 2HMeHL TlE, BEfho7 7
Vi BEGEV AT LANBOUEMA L OMBELHEL, ChRESVWTEETSLS
RUE.

BT, YVAFLEDZFERRRURBE S, VAT LOBEBZ DV THERTVIS . RE
DEZAHERBREDOBER LIV OA-IZUMNHEZRVDT, ARETIEFORDITIER
DRIEVIXEH->THS.

(1) FFU & 528
T, EQXSBRASIDEEED, fIeRTALD. >BFLRITHABOANT, @
FORITBY AT LDODRETH 3.

> akai hakoga tsukueno ueni arimasu.
(FoEBHloLEcHY )

¥ wakarimashita
(b FUR)

> sono hakowa totemo omoi.
(FOHEETHEN)

% wakarimashita
(b FEUkR)

> aoi hakoga aru.
(FLEBDS)

% wakarimashita
(hhovFlLk)
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> sono hakowa omosaga chuukurai desu.
(FOHIEIBFLSNVTT)

¥ wakarimashita
(b FUER)

v

kiiroi hanawa maa ookii.
(HBVLETTDIAEL)

wakarimashita
(bhrvFEUE)

I

v

shiroi hanaga tsukueno ueni arimasu.
(AviEsPloLicsv 9)

% wakarimashita

(b EULR)

v

sono hanawa chiisai.
(FOIEL/HE W)

wakarimashita
(hbhHvFEULER)

L)

v

kuroi hakowa omosaga Tkurai desu.
(BVHEREIBT7LBVTYT)

¥ wakarimashita

(b EULER)

REOEZ 4, RGN TV A48T,
hako (%) , hana (&) , mari (¥ V) , tsukue (HL) ., tsumiki (FEK)

DSBS THAB.
ZFEAT G R EDTE BT,

B, K&X, &%, k&
B5%5. BORMTHEATE 3EFSAL,
akai (FLV) , aoi (FV) , kiiroi (H&YV) , kuroi (BW) , shiroi (HW)
D52T, BEDOEZ S, ThalddVELTRVEZBZXTVS. K&X, X, RO
BT AEEHAE,

<KEX> <EIX> <RE>
ookii (K&EWV) omoi (&) nagai (L)
chiisai (UhE¥W) karui (W) mijikai (FBdL)
chuukurai  (F< B L)
nkurai ( n< SV 1 <n<9)

T, ZHOBINRTHVENTHBEL, Wo10F TONBRBORE ETOTEEMEN
EEZXS. P, KEXOBHOERFIHU 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

EEBUTHS. REU, { }p ot meRbT. £z, chuukurai I Skurai
EEUTHBEEXS.
¥k, BlFEE, M oBtOEASFCH L THEL 2b0E LT,

totemo (& T®) , taihen (2 ANA) , maa (FH) , sukosi (DL)

BH%S. totemo & taihen IHIIEMHT ZTEAFOUFEHEORADIER 2F L, maa &
sukosild 0.5 L TWA[3] .
LOZFHOER, PHliEORAEWT,

tukue ---ue--> shiroi chiisai hana , akai totemo omoi hako
Bl --- £ ---> BWhEWE, FLETHELE)

aoi chuukuraino omosano hako

FHFLLBVOEXOH)

kiiroi maa ookii hana

(BEVEHKEVIE)

kuroi Tkuraino omosano hako
(B s 0OEXDH)

&ER%.

(2) BVEFVXEEEFRVEM
ChiZ2O2VTIL, TMASER U RO TCERITHIR BT RICEED S,

> akai hakoga tsukueno ueni arimasuka?
(FOEBIO LB 4 »)

% hai arimasu
(v, »vF9)

> naniga tsukueno ueni arimasuka?
(D LBV TTH)

¥ shiroi chiisai hana , akai totemo omoi hako --eeto kore dake desu
(BWHKWLIEYTE, FOETHEVE - xi-&, ChBUTY)

> nahiirono hakoga arimasuka?
(MEO#END L FTH)
¥ kuroiro , aoiro , akairo desu

(R&a, F8&, FBETT)

(3 HVEFNTREUHEM
9, RITHIR VL ODRES.
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> kiiroi hanawa chiisai desuka?
(HEVRIINXOTT M)

¥ iie chiisakuwa arimasen
Wz, MDYV IEA)

> akai kakowa taihen omoi desuka?
(FOEE R OAALBENTT H)

% hai totemo omoi desu
BV, ETHEVWTT)

> akai hakowa omoi desuka?
(FOHEITENTTH)

% hai tabun omoi deshou
(W, 2RAEVWTLUL D)

> akai hakowa maa omoi desuka?
(FOVREIESEVTIT M)

% hai tabun maa omoi deshou
BV, RPRAETBEVTL L H)

CDEORIEERT I RDHICE, BHHPOXHEX XDOWTDT 7Y 1 EGWCHT S, T
MDD OIEx KT 2R W OIBEELRD B I L1 5. EBBES T

S= {m W/ W:uinUi}p

VS XE0,1] LotfiEtER TS X o B, 28, Uk {0,1,2,+,10 } &EFzxhif
W, FUT, COEREZUEWVESO (5250.50 AT, u) > 0&R3nW)
DEAERZRl U, n) < 6&RS5n) OEKER2R0 T3, ROS5DIHE

T%3.
(a) ETH 3T : nl >0,
(b)) REAAETHAT: nl >0,
(c) ATHSF 70 > 0,
(d) 25ABTHAEF: a0 >0,
(e) bhraRrW n0 = nl

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

nl > no

n0 > nl

U, ZHhTldna) ulw) OESEUEZETRPEIATUESIDOT, Jhiid

UTIERRCHAXRTT 129 5.

(a) ETHAT : hai «-- desu (E\©
(b) RXAAETHAT' . hai tabun -+ deshou
(c) BhTHAF iie --dewa arimasen
d) XABTHAF . iie tabun ---dewa naideshou

(e oWV

dochiratomo iemasen

- 179 -

EUT, Cho@)-(e) REDVT, YAFAR

, T

A2V, XA TLLD)
(WOWE, TRV IEA)

(WLWWx, RRA~Ti
BROVTUL D)

(EBotd, VIERA)



DLIREETS.

Q) 250>V TOHM
22000FEHARSHMBbERETH 5. Zhid, HIRE,

> akai hakowa aoi hakoyori zutto omoi desuka?
GROBUEFEVHI VTS EEVTTH)

% hai tabun zutto omoi deshou
IV, RRATHSEENTU & D)

&72%. &1, hobo hitoshii (WTXFLLV) ELSEAREESIIEHTES.

> akai hakowa kuroi hakoto omosaga hobo hitoshii desuka?
(FLRUGBEVHEEIHFEZELVLOTI D)

% iie tabun hobo hitoshikuwa naideshou
(W, 2RATIFEUVLLRBRVTLED)

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

% hai tabun hobo hitoshii deshou
v, 2RATEZELVOVTUL L D)

T, T7Y 4 BRzutto omoi (FHEEWV) OXINYyTEHKE,

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

uu,v) =4 0.5 u-vs=2
0.13 u-v=sl
0 ZOH

CEEBEUTHY, 77 2B hobo hitoshii (FFZELL) XNy vy THEL,

! us=v
0.39 lu-v I=1
pwu,v) =4 0.5 fu-v I1=2
0.13 fu-v I=3
0 lu-v 1>3

EERLTHS.
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Zhit, BROLZHLO T 7 ¢« BHER 1239 3P RHCZEO RO OEREM SAE 11 & 112
DFHBERRDII WD, COHBEES T

S= {min(m1Cul), n2u2))/u l,u2): ul inbl, u2 inV }p

EVWHTREMD T 2 oh 5. ZhdHEM0,1] LOTTREMAHERZDT, LERU
&, (a)-(e) WAL THZERZ DT L.

3. by

PAE, VAX-11/780 E®Lisp-F3 THERU 2BV EFVLRESERMORS>Z&DTESH
ATERISEY AFAIED0VT, flRdd CidRiz. HEOE IS5, FIATXS8FLE
SRVU, MiELOFHHLIRVEVTLLDHOREZES>TVS. SHKRiE, KVBFeHENE
¥, XiELoRHEwaDT, LVLAVEHOHAFEMVFA S LHRHEIRV TR
AN
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