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This paper presents a discriminant model by using the concept of
possibility. The discriminant analysis by the concept of possibility is

called the possibilistic discriminant analysis.

The possibilistic

discriminant analysis is formulated by using decision rules which are

different from decision

rules

in Vila’s discriminant analysis. To

formulate the decision rules in the possibilistic discriminant analysis,

we discuss possibility measures,

Vila’s decision rules,
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(Interval Regression Analysis)

Hhsek  (H. Tanaka) KBRFFMLA%¥Univ. of Osaka Prefecture)
% (1. Hayashi) KBREFZK%(Univ. of Osaka Prefecture)
fiZHE= (). WVatada) BEDKA¥  (Ryukoku Univ.)

Abstract We have proposed possibilistic linear regression models by
fuzzy numbers, although conventional regression analysis has been done
by prabability models. In this paper, interval regression analysis by
intervals instead of fuzzy numbers is formulated. This formulation
would be easier understood than the formulation constracted by fuzzy
numbers. The merits of this formulation are easily understanding and
easly obtaining interval parameters in interval models by linear
programming.
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An Application of Fuzzy Multi-Attribute Utility Theory
to Assessment of Water Supply

JEi 8 A% A %% (Hokkaido Univ.) %5 [1{#AER (S.Noguchi)
b K2 A FPt (Hokkaido Univ.) k% 2 — (T.Nagano)
jbigE AF T %% (Hokkaido Univ.) 4% 27 (K.Kaneyasu)

Abstract. The multi-attributed utility function is one of main implements which
treat with multiobjective decision problems. Using it, we can evaluate the crisp
utility if we know the crisp value of the attribute.

However, we think naturally that the value of the attribute and the utiliy
are not crisp but fuzzy in practice. Therefore this research attempts to fuzzify
the multi-attributed utility fuction, and considers the possibility that we can
apply “fuzzy multi-attribute utility theory” to the evaluation of citizens with
regard to the water supply.
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On Fuzzy Topological Spaces and Separation Axioms
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Abstruct The concept of a fuzzy set, which was introdused by Zadeh, are applied a
number of classical theory for generalising it. In this paper, we have considered
the general theory of fuzzy topological spaces, especially a system of separation
axioms. First, we recall the definition of fuzzy topological spaces. And the sepa-
ration axioms (FTO0),(FT1),...are showed, the cennections between some separation
axioms are studied. We also show the relations with the existence of fuzzy func-

tion.
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77/4&8?6 %oa% PpTO, ET1 ¢ RA3ERKEF - BRI ELET 5,
(FTl)t(FTs—)Q%#%ﬁf?té F-S£EHZEHE WD,

(FT6) XOEBDT7 7y Y 4FARAEICH LT, EETORZDMTOICZSBWEKI(E
F - MG EFEET 5,



(EH10) (FT6) OFH42#%7=326iX. (FTS5) OXHFb#HET.
(M) £ (E) =0, i« (0O) =supwue(z), £-1'[0] #¢
zef-'[0]
Ec=X-E¢BLER7yY 1 HRELR S,

f (E)=1, ure> (1) =supwue(z), £ 1[1]1#¢

CZT. supuene=a 33, ECO:1, ECCO2, uoinoe>a 2301, O0FHE
T3

(EH11) (FT31) ORMERETZLIE. (FT3) ORFLRET,
(ﬁBﬂJ f (XP) =0s f (E) =1e ”7_1[31 (XD) =ﬂp(XD) ’
e lin (X)) =ue(x), mrcxp) (0O) =supur(xp) =yes(0, 1],
e (1) =supwue(z)
zef-1[1]
PEE&D., p€0r, QCOE, OvNOe=¢R25T7 7Y {BAXEAO:, OcHELET D,
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The extended Fuzzy Monadic Fields
and
Fuzzy Topological spaces

[N

Takeshi Nishimura

AEELEKRYE —HRHEH
Department of General Education,
Osaka Institute of Technalogy

Abstract.

In [4] we defined the Fuzzy Monads as T-fuzzy sets, where T is the Dedekind
Completion of the nonstandard extension of | = [0,1], and applied it to fuzzy
topolgaical spaces. Here we introduce the notion of Extended Monadic Fields
for Fuzzy Topological Spaces as mappings from X <"1 to Tﬁf Some of notions in
Fuzzy Topological Spaces including almost compactness and some seperation con-

ditions are described using this.

1. &

A.Robinson [1] #5453 72 BT ( Nonstandard Analysis )BT FEPHEFD
£LONBTENRERBEUTEDR S LI LR>TETV S, T 7V IBFRS
WTHEEREIFEEh3AXRIBETATV S, EBFORPLBY 3 BERTOED
hAGXEXETHAY, MUNCTHRRERRET T ERTH%, ETITRIATZ
Y DEETOERNSUD TFERSEEE UTRASG LS. UhdZOBIRWILS
— R ORMEEEENRE URETRBIATVWADOTZOERRESONARN R 2.

—~H TPV LB BVTE. C. L. Chan [3] &> TT 7Y 4 MHERBERS
NTURBEREABEBAENETOMENEATN S, BREELRZEVUTETF
BREE->THATIIERE LR, EAKTHET 4 NY—RHTZET FBRET
505,77V 4 EAOETHET 7V A4 Tt MY —DEFTFRI7VARETHS
OBEREEEZ NS, AITHRAWT 7Y AETFRERT S D | = [0,1] D
Nonstandard Extension Tl @ Dedekind Completion % T &U 1-fuzzy set &UT



TPIA4EFFRERUR. TUTT 7V 4 EFFRERBL. ThiRk>TT 7Y 4
BAHZMCBY SRHAREE — BAOALNY ME. EHlE. HMAES —
. BBRBEN RV TRRATEZIERRUR. $R7 7Y 4 BB 5 Mk
RESLAUBADSEARBTCENTES, UITR. BT 7Y 1 AR ZOEHR
DI7ILTANI—DEFFRMETE IR, Vb, 77V A BTENEREY
S, TCTRHEAW. EBFOEFFERRBT S "ERIhLETE” [7] WHE
T3, "ERIhRT7V/ETE OBARBAUZORNEZIRUE. HREU
T FIAWR T 7Y 4RI B BFuzzy Set »5 Almost compact T& % D%t
7 7Y 4 EHEEEBS 3EONMAEREL T RHORMERERILL &> TRED
5.

2. Fuzzy Monadic Fields

BRMARM | =[0,1] @ Bk ( Nonstandard Extension ) ¥I 2 Z DS
¥< 1BIU T Dedekind Completion UdD% T THoh¥. I0IEFE < OMET
52T, ¥« b | OEEOMEF < OHETH 3P 5. ThoDIEFE B < TRT
ZERTE.SCT O . SO THTOLRBEUTREZAEA. Sup S BEU
Inf S THT. | OEFRENS 7 |'—> | & | EREESHAT. 1 LOIERERE
MEWRE, THMEED fe ) RHUT. 8= sup{ 1-x|xe™, ps v} rEH
FhUE&V. 25UT T GEFER TS RENE 2 o2 FEawRRY. | OE
T2 1-I7VIEBEBRT. ThoOEEOAHDIERIRUBESLERST
EWTES, -7 7Y 1 RAOEARKRE. -7 7V I EEOBALALL < TH
¥

Xob) 2T 7V EHEEMET 3. 5 € X 2HUT. X O@EBEA X 0 1-
TV LE@MNEEOE ¥ | S D T-TrV4REEUTORERA R
Nuc § &I 3. BB,

(1) Chue X)) = Inf {¥sG) | sed )
X
yVx e¥, &80T el e TX %2E&HT %, Nucd BITEMEThZTI7Y 47

ANY—F 2RBRBEHTIZ0OTH>THUL % (B3VR S IDT7Y4LEFF



EWS,
Xx1 (B30t Wx¥DOERR € = <p,r> D&>WwHRUT. fuzzy entity (53
Wit #fuzzy entity ) TV D, Ae X wHULT

(2) §e+A @ r<Ap), feA & r<Am

*
DkIW et ke DEHERDTEC. AROEFU. fehxxtl riaeTlw
HUTLBEDNh S, L€ 0FER £4FA TRY.
& *fuzzy entity 1= <q,¥> € Wx¥ wHUT 77V 4L TANI—NL R U‘,{, U"L
%

~

(3) '\A);:; = {Aet|met
Il}"l = {Aet| e B}

k> R W = b B, B Moty EBLC T BRY VY —FRfuzzy

entity B X x | OBFERS. Uy, ¥, & 1 O2EAOMEERTSY . TOBA

~~

£y ’n'utl n, WHAITERUVRETF. BLU +EFFTH3B. Tk,

"1
) ﬁ%q={Cet’|q£C},
ﬁf,l = {Ccet'|netcy

&k oT ?RL&?A{,‘{ REEL-
~ ~ ot
(5) =Vt ek ), =\ LFC|CeRy)

EBL. 22T t' W closed fuzzy set FXTHoMBME. BB t'={C| (et
} THB. Fh. TTTO N 1-fuzzy sets DAHOBERTHS. LE 1€ Xx|

%5 Ra RISIO-EHTS Y. ity 11O r-wodand rm, @—HF 5, 23U T K

Yoo TX ADSRELTAOOWE GEE) ShRBETE ;1 F

~

1= iy,

+ ~o,
7’ m,
i MR iy BAVI AT P s ERE NS,



A. Di Concilio & G. Gerla [6] W7 7Y 4 tHZERIZX U T Almost-compactness
DOBEEEH‘E V. ChX T 7V M HEERIOTI 7YV L EARMUTHEERTE S, LU
TTd LR I77Y A HEREET S,

€% (cf.[6]) A e 1X %5 almost compact THB&lE. Fct 2 A v DE
%. ohic § @ finite subfamily So 2 A<V {S|SedH! tarsideth
Z2E20VS, REULSIWES OBATH 5.

A e 1X 3 almost compact TH B2 & WIEXhRBETFIEYL $fuzzy entity OF
ETROEIOREVEREN S,

TH A € 1X B almost compact TH 3 hHOLE+HRMIL 7e+ W oth3
55 REED MM WROUT, W, § W THBAIR feXx | REBLE
MTXHIETHS.

DX 2DOHBMABOEHRL ST, TheilRIhk. HRThLBETHEOFTETD
K kid~B. (cf.[7])

E&(8] 77V 4 UHEMX,DEBVT. Ke t FUet BKeU RiERTR
5. ohte Ve lXs

(6) K ¢ intV <« V < U

TH3EOehsLE,. (t) BERTHBEVDS, ELU intVIZ VOREBTS
o

EE 77V AKHER (Gt BEETS3ROOREFARME. 7, Ty e Xx
FLows iy $ W RWRTER. DRsE (el R e Bopo, Ty €

M THBEIWLENBTETH %,



EF&[9] (X, 1) BIEERITHZER. EFED Ve t B8
€ U=v{intc|Cet/, Cgu}
ERENBZILETH S,

7ﬂEUJ)ﬂE%?&%kwmu\§eXxl,7e*mﬁlboqéﬁ;?&%t

s\mﬁaﬂ THEZEBLETDTH 5,
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Choguet Integral as an Integral Form for a Genera] Class of Fuzzy Measure
EEHEX, ER1EWH
Michio SUGENO, Toshiaki MUROFUSH}
RRIEAE
Tokyo Institute of Technology

This paper discusses several topics on Choquet integral as an integral with respect to
fuzzy measures. |t shows some expression forms of simple functions used to define Choquet,
Lebesgue, and Sugeno integrals. An inequality which shows a quantitative relation between

Chogquet integral and Sugeno integral is proved.

The paper also discusses the representation

of fuzzy measures by additive measures. In this context a Choguet integral can be represented
by a Lebesgue integral. A concrete example gives an interpretation to fuzzy measures and

Choguet integral.

1. &%.

T7V 1 HEOHESPREINATH S, HHR-
ICEOMER L RO BEARMEBRIATETY
3. REAE, T7V 2 HIEDYSADHLE, 7
7V BERETZI T 7Y+ 8%, 77V 2 HIE
WESSEENFEOEFY VY, £2TH 3.
Uh U, ZOMEDEFEALR, 77V 1 HIER
GRETIOERS>TWS.

T7I+BHBPCETIRY, ZARBL K
FORMABLETSHS. Ty V1 HIEDYT 52
CINU THRA RO WERTEZH, TyY 18
E240r 5 2B T 3BTV TWE
WEARYL. EH 6] k&3 77y s HUE,
T7V +PERED I SARODVTOBBMETSH
38, TOEEOBRIIARICEES: sh TR
AN

%M (X, &) Lo 7Y BB, K

OHEHRZLOEERE v ¥ - [0,1] TH% !

(F1) w(@ =0, p(X) =1,

(F2) AcCB = u(A) = u(B),

(F3) AtA = u(A) t u(d),

(F4) AA = p(A) {1 u(A).
REDPSTOPIEIL, TrY s BIER, 2
DOEFAMRR L > THEH ST o h 5. BRHER,
IEED S BFEMBEINZOT, 77V 1 HIE
D—DTH%. COEKTT 7V « PEEIFERH
EOHIRTH 3.

TR h X - [0,1] 077V ¢ BB,

fhou = sup [a A uh*(a))] Q)
a €[0,1]

TEEINE. 2B,
h¥(a) = {x I h(x) 2 a} @

TH%5. COMBME, KMEREFTERILT
W3DT, ~ROT 7Y 1 BIECHT S

UTHESRDHDCHS. UhL, ZhitiN—2
HAOHWIRTWRY. 22T, ~BOT 7Y 18
BERETIELTE>T, 7 7Y« BESIEYE
EF2EXRNRAN—THHR—HT 3 &S5
HBBEFHhTVES.

Weberld, OB >V TORX [8] o e,
Choguet [1] OFERU LAMHKS—EOT 7Y ¢
BELLIEDEAREBZEEEBHLTVLS

(UL, BRRZOABBKURVROVTEEA
EEFRUTOLRY) . RAWZZhEChoguetflisn) &
MAZEWRTS. Tl h: X - [0,0) ©

Choquetf&#+11,

[, nwxay daa ®

TEEINS. 22T, W(a)BEERUES R
(DATEZ o0 3. Dempster [2] 2 & 3 fE
¥ABERIED upper expected value & lower ex-
pected valueld, &diZChoquetidNTH 3. 12,
Hohle (41D A B Choquetid D lE>TEHEI &
BTES.

Kruse [5], Weber [8] REF - =X [7] i,
decompsosable 27 7 ¥ ¢ B (FhITEmMESy
HE KHT INOBAIEHFELTHS.

KRB ZDRXT, —HLDT 7Y ¢ EWHT
LWRAEEUTO ChoquetDfERHEDWT, —
MEMRUECXS 7 7Y c BIEOERE, RU,
T7Y 4+ MEE ChoquetfED O BRI REIZ & 2
B, % — ®mAT 3.

ZORXDPTHEANES 7 7YV c BEW, &k
DEIREEEK u:9 — [0,00] ¢33 (2
2L, P, SEXOHRLEEDORD 0-ELHK
TH3) :

(F*1)

(F*2)

u() =0,
ACB = u(A) = u(B).



R, noEsEMEE p(X)=1 BRELRL.
T, CCTORKIIINTHEAEKBERKE T
3.

2. Choguetf&%

IN—TERIRT 7V + MR OEERRB L,
&R BERKOMD ORRE L BEKORIVER
REFLTVS. EEOEMEL : X - [0, o)
i,

=

h(x) ="Vlailm(x) (4
' —

an, AlDAzD'"DAn ’G&'D—C

A;={x1h(x)2a;}

ERoTWE. £, 1, RESADTEMET
5%. BEIKhBKOLSROEES

n
h(X) =. > l(a' - ai_l)lAi(X)- (5)
| =

REU, ag =0 TH%. IBI, ROKD
KH&|IT3 .

n

h(x) =.Elai[1A;(X) - IAM(X)]. (6)
i=

REU, Ay = @. 22T

Bi = A

EBLL, ROBEORALEAEES :

-— Al"l‘l i = 1, 2’ CITI 1

[ o =

h(x) =

. ailBi(x)
1

1

[N I

Gila-atx- M

22T, BjNB; =@ (i#j) &R>TL
%. 239, hi3B;LTlHa R 3RHTH3.
BI¥ h @k [0,1] TahiL,

<o

h(x) =

VoaAl () ®
|

1
EHRE3S.

BHOT 7Y 4L, u(X) =10k, C
DOHEBEHKOERBREA@IIBR > TEHINS. i

hs,

frow =

<=

laiA“(Ai) ©

TH5.
LDBEEOHEDE X, hOLX—THEHEN
(1) WR->TRIZIENTXS:

fhdn =

s

1

i
VE p RINEBROT,

b

n
Jnan= 2 ailu(AP=u(a; 1 AD
| =

EREM, ThiEX (6) WK KHTH 5.
ChoquetBAM L, 5% (5) > TEHENS.
ChoquetitB 2 (O TH¥zrwt sy,

n

©fn du =2 GimapPuap 0
i=

THB. A=W ERRALAB,

(I Sisn) BALVTERIHA TV SO,
Choquetfis Ld BRI AMEATIA, (1 SisSn)

REoTERSNS. LORY,
©f ndu

o

i CuCA)D — w(API A3)

EREBRABIENTES.

AOREUDA» SBFBROHB LD, T¥7
Y ¢ B u BSHEME R o & 2 Choque tREAMILA
— TR —HT 5. 2F0,

(c)f hdy = fhdu. (18)

h BEEMTRO—KOEATHRKOIES,
Choquetl i UDRB)RD L SRRy, TvY 4
BAORMORDE>wei3.

honleofte () [ TEIzEwU, HE
OHERRT 7Y 2 BIE XU,

p (A) = u(X) — u(A® (15)
& B, Hohledids it



(H)f hdu =(@f b dus (6
rEEE.
ChoquetfZ N OEARBIRHE I RD L H>RDHD
»H5 [1]:
¢n ©f1, du = wa),

(P2) az20 =

(c)fah dy = a (c)fh du,
(P3) hy Sh, =

(c)fhl du s (c)fh2 du
(P1) —fRI

©fh; + hy) du

# ©fn; du + ©fnydu

©fn au; s ©fn du

€T, h(x) S 1 &V, PRERHELTS
&, ROFERHRY 1> [6]:

|fn-r - fhdp|§1/4. amn

ROFBICOTEADHIRTH 3.

[® 1]
hi(x) = 1&U, pu% u(X) =1 RZT7>
VellEETSE, '

|f hep — (C)J‘h du | < 1/8. (18)
GE#) a€[0,1] wMUT, h¥(a)
{x1h(x) 2 a} &8L. FLUT, M
Jf hop E33&, BahZ 0SMS1TH

5T, a<M D&% plh*a)) 2 M,
a>M 0k % p(h¥a)) =M TtH3 ([6]
Theorem 3.9) . UR®B-T,

froew-@fn an

IIA

"
M- [ u(h¥a)) da
0

A

M—fEM da

= M- M
s 1.
Eif=14 Vg
©fn du - fhen s
(GEERER)

3. T77Y ¢ #IEEChoquet DR DK

Hohle [3] &, FEEOT 7Y +HIE u 8 5T]
WEM EOMENMEMICL > TRETES2Z L
ERUR. The—BIEU TR ERDLSRE
BEi3 (Hohleld[3ITl, u(X) = 1,
v= {0,137 ruTV3) .

(8 2]

(X, &) LOFEBEDOT 7V + PE n XL,
WEZEF (Y, I, m) , B& 2% > T ¥
#ELT,

L=me 7 19

Ei2%. TCTnRRORYZELTLDTHS.

)y 2(@) =@,
(2) AcCB = 7(A) C 2(B),
3 2(X) =Y.

Ol (Y, I, m, 7) 277V 1HEL
DORBPEMER. —RBWT 7YV s PEFIERWLCZL
DXRBERFD. T T, REOFEFIHELRE]
BRT. COPNIEE 2B > TV 3.

(X, &, u) 2F807 7YV + YEZERET
3. £6Y RHXME 0, u(X)), TRYDKL
VBN EEOL2HE, mEITLEOILN—-THEEL,
Egr %

7(A) = (0, (A
EEDHTYSE,
m(7(A)) = m0, z(A)) = u(A),

ER20DTC, 2O (Y, I, m, 7) FudERH
T53.

VAey (20

RIZ, piZB3 3 ChoquetfEn %, micBd 3L
N—THENTRAT 2L ROVTERS. 20
HiZid, TFEE h X - [0,00) OFRHEAN
DETHS.

H(X)%® (X, ¢) LEREIhRIFEEERE
oo 2EET 3. FUT, V(X)HARHE

w(a) O p(B)
RiGLTESERE ¢ 1(0,0) > & O2KE

asf =



T5. UTOZ &R, A2 h TV S Negoita
& Ralescu W37 7Y+ EEDOETEIRIHEY
REMTHHZOT, THIEL.

h e H(X)w©x UL,

h¥(a) = {x 1 h (x) 2 a} @n

&EF3E, h » h* BHX)DdV(X)AD 1
M1EB/THS. Tk, » e VXX,

X =
p(x) sup a1¢(a)(x) 22)

ET3E, » b ¥ BYCOPBHX)DEAN
DEHZTHS. ZUT, Mh¥) = h BHILT
3. ¥T, V(X)L EEMR~%

D~ @ & ¥y =*p

TEETDE, Gp)¥ ~ p ERE. Uhd, o
~ ¢ RO, SLOFEDT 7 ¢ BEE pizyd
UT, BRT[EEDa 2BV T,

w(p(a)) = u(pla)) (23)
&5,

[E® 3 ]

(X, &, u) RFEQOT 7V + PETEE L,
(Y, 9, m, 7) 877V 1 HELOFEEDR
RETB. COrx, TEOTHREE h:X »
[0,00) XU, TTHBIE g : Y — [0,00) 3%
FEUVT, KABK Y D,

(C)J‘h dp = ng.drn 20

GE¥) g = *(7 o h¥) EBY, Lo
ADS, BRATEEO aRBRLT,
L(h*(a)) = m(p(h*(a)))
= m(g¥*(a)) .
UhkiB-oT,

©fn du = [Tuhxa» da

f;om(g*(a)) da

f g dm.

(REBR#%)

BREG v~¢ RB3PpLopRA—HTEIOT
(0FY, 7oh¥ & gX RFA—-HWTEXZDT)
7 7Y 4 ME & ChoquetfEDDFEIRR, ROY 47
TSLTRTIENTES

(0, o)
h¥ g*
7
& >
\ m
0, 0]
Lo gltz0EED S

g(y) = sup alnoh*(a)(y) (23)

THEAGHSR, W BE)TRIWZHEMK

n
h(X) = V allA(x) (4>
=1 !

DEE, gRATRITLNTES:

g(x) =
|

<o

a.l (x).. @
1 i 7 (A

4. T 7Y 4 WEE ChoquetiE D EKRYREIC &
SR ’

X2, 1EHORARE>TVWES LT
BERERBOERET . XORMBHAELSA
E22WT, ADXIYN—BIBEOELERTEL
KIRRAEEZRS. VL —TARDEDHEE
EREBARHATHEETEZY, 205583
HEOIOHETHDOLIREST 3. -7
AP 1RFHEIHNRBORE L (A)THRIZER
T35, nBBIL—TOEESEHZP(X)L
ORERBERS. 22T, COuNBERAELRE
DTS (FRbL, IJT7Y 1 HEBETSE) O
WEATH3S.

LIMESEFOE WM RV, AYBEXD
BORERBHEARLUT, ThoDaHT L —
TAUBOEEEL2EZ22. U, ALBne<
AMAVEET Z015, n(AUB) = u(A) +
u(B) &R%. UL, -2t AYBREL
KFEHEUESIOT, 2o%REBILRL. HY
L=T DAY N—BHRIHEALED T BT
Ehid, u(AUB) > u(A) + u(B) &13.
RIS, ABRELRVBE, ERIPBE--
YUT, IBRALFETERLIARZI LT AL,
L(AUB) < u(A) + u(B) &2 3. fF2n
DBEEVI, R ERTBBEDELEIAN - DTS



TRVERREZS. ThoBREATHHL, A
EBUEAIRIWE (0%, PBELIRVT) E¥ET
X3, BREE, —oo8&BESMIL,
HRORBHEGFEOMIBEVOEAMBEI R
EBETEIBNE. BEho, BHOEABNMBEL
DEELVKEINE, u(AUB) > u(A) +
w(B) &Y, ZoHRasE, REMEDOLE
Rich 3.

ZThold, FEEATIRD X = {x,
X9} &¥ 5. LOERICEDE, my, my, my,
mg, BTOhETH, PEE>TUIIERLEHT S
EEN, x  O0BEDI ZEORVIERINT 34
B, xO»bED DRV T BEE

H, SR TEZAOHEEET ZEE
%, EBL. 2T, »BAEDEORVWEEL
I, HEBTEICROBRVWIFEREK]T 5. X
W, EIAN—ARHERB AR S 3550EE
TH3. ZhHLU, »BAE->TUEHIEELR,
FnoW—ARUDBRVISEDEFETH 3.
LRRODESLRTHh B!

u(d) =0,

pC{xy}) = my + my,

p({xq9} ) = my + my,

pC{x |, xo}) = my + my + my + mg.

F1it, EX2EBECE>TRURRTHS.
Y2mDEFEES, 29, Y ={0, 1, 2,

3 &L, B 7 P(X) > P(Y) 2TD&LD
WEDB (H2)

71(D) = O,
7C{x}) =10, 1},
7( {xq9} ) = {0, 2},

77( {Xl, Xz} ) = {0, 11 2’ 3} .

I‘( { xlrxz))

£( {xq})

K1 poOxRB

T5&, uld
n(A) = 2 m; @n
i € 72(A)
EREB. 22T, P(Y) LOmER2 8 Em%E
m(E) = 2 m; ' (28)
i € E

CEDHTOIE, pld
L = 7em

ERINB., ZOLDIRUTrOHFRR (Y,
L BIRERT TRV O, X & X, OREfFRY

HLEINZYODER 0, 3 DLDTHB. —H,
T7Y 1+ WER, TOFEMERRK > TRIES
FOEEEARZRRUTVREVALD.

ReHENEEZXS. BURITSEREXRDE
GrX ={x}, x9 =, x} &T3. H3H,
BVEEA x (BIEERRD S h (x DERSW &
¥%. ZUT, h(xy) = h(xy) s = =
hix) CRETS. 239, £7, nARRD
TN—=TXTh(x DEREE, K, FL—-T7
X—{x;} = {xy, x5, =, x} ¥ hixy)
- h(x)) KRS, K2, F1-7 X -
{x, x9t = {xg, x4 - xp} Bh(xy)
—h(xq) B, -, EVIJHIRULT, RRR
— Aokl x » h(x)-h(x, ) BHGE
HDETE. pBBETL-TH 1 BERESNG

’]( { xlnxz})

2. B2 (Venn B



ORTHo P S, TO—HREETh RGO
E5¥5 (%

h(x)ulX)
+ [h(xy) — h(x ] ulX-{x})
+ [h(X3> - h(Xz)] u{X-— {Xl’ x2}>
+ e

+ [h(xn) = h(x Pl uC{x}) (30

E7%%. TORTREN SR Choquet NS
©fn dn THBZER, RUDHZWEHT

»%. 2F9, ZOFTLE, ChoguetEDIEHD
ZBEOFERIRH-STWAS.

ZZTEU, X = {Xl, Xz} tj-%- fﬁﬁ@
2o, h = h(x) (i=1,2 eEZER
U, WY, hy S hy ERET B,

h(x) = hll{x”xz}(X) \% h21{x2}(x>

= hl l{x1 ’x2}(x) + (hz'—hl) 1 {xz}(x)

<5, @D

©fn dp
= hyulxy, D + (hy=hpDul{xy})  (32)

TH%. ZOChoquetiEN X EDO L DOFRB (Y,
P(Y), m, 7) 2EoTANR—-IHEATEHELT
#%. 3HEHVOEAR (2ORX) 3, ¥ =
{0, 1, 2, 3} LOB¥K gt

W = hi 1 oV byl 1y

= h11{0;1,2,3}(y) Vohy1 {0,2}(y)

&RB0T,

J‘g dm

hy m{{1, 3}) + hy m({0, 2}

hy m({0,1,2,3}) + (hy—hy) m({0,2})

hy mCxgoxgh) + Chg=hp) u({xg}). (3)

(32), (38) *»>
(c)fh dp = f g dm (35)
THZTENHETE 5.

5. &%

Lofihedbhins kS5, Choquetidtit, —
BOT 7Y + MEOEASEUTEENRDBOTD
3. ¥, BETHE LD, ChoquetENMEIT 7
V2 HEORF L DEERBEENSY, ThEE
HAN—THARE>TREEThS. ThaD
Eho, 2L, ChoquetfEHIIEHS - NEE®E
TEHRECEBHEOD ZbDEE2 3.
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Fuzzy Sets

and Fuzzy Reasoning

y, S
Masaharu MIZUMOTO

REREREEAF

Osaka Electro-Communication University

This paper summarizes the concepts of fuzzy sets and fuzzy reasoning.

First,

a number of examples and figures of t-norms and t-conorms which are used as fuzzy
set operators are listed, and averaging operators between min and max are also

discussed.

Second, fuzzy reasoning methods for a simple fuzzy reasoning form and

a more complicated fuzzy reasoning form which is used in the discussion of fuzzy
control are surveyed which are based on Zadeh’s compositional rule of inference.

1. QU

IV L ESOBANIRBX N TUR. T7Y
L ESOREIIT AW|EBBARBIRHONT
V3, e, MRELXUTO L - /LA, FIEE
FUTOt -2 /) L ARET SRR T 7V 1%
S0V IVRELHEU THETHERIITD
hTW3, AARAXTE. t— () JNVALADHS
FUEEN. SEFTRAS>NhTVEHORERB X
VRO EFED LTS, $h. T7V1EGH
WL UTHY EFohd &SR R EHIEE
FoORIELHIER S, ) )

—F. TrI LB, HESH. X AN—}
VAT AREONBTEERENNLRELUTVS
Ty L HADD > UEkiERS, T TRYT
—DOHRFERESVRIESREY B, MRGH
BEADOHEY. T7VAHBSTEHTINS
ERLHAREA T TRHRAT 5.

2. IJIy7VAESE
LEESURBIZ I 7V 1A (fuzzy set)

A&l

Py - u - [0, 1] ¢))
RBAYN—=yy THH py K& >TRIEDTS
REAT. @ uA(u) (e [0,1]) WEFE u (eU)
DIV L EGARBIIHEE (A& JL—
) %9,

(B8%1) T7VLEGEAIN—Y Y THE
1M 1IWSEUTVWADT. 77V %G8
BAIYN—Y TEEEARTRU

A: U= [0, 1]

LEET A ELH D, COBE. u OFTEBER
A DI REFXN S,

[£52] ABEEORAOEE. X (DO
1 [0, 1135 0, 13 £50. py WHATR
E%%e

Iy L ESADEREE UTRUTOAED
rHHXNS, £7. 2EAUN” HR” %
& {ul,u2,...,un} OBE

A = py(u/ul + paQu)/u2 + - 4 paund/un

n
= L pA(ui)/ui (2)
i=1

22T/ WBeENL—=YTHY. + WHU (or)
BEHU. 2EXT a/ut+bu=(vbu
TdH %,
NNOFDEEUT NV PAVRR” $52&d
Hbo

A = [p,QuD), pau2), ..oy pA(un)] 3
LHESUN E” OBA. X (2) O—K
LT
A= 5w (4)

D& S>HEAHTERAVTRIN S,

@H1)” BE” EookhBEREULEERT Y
V4 %4 (SEVERAL &I %) TRI L, U=
{1,2, ..,10} O{FE. X Q. QrFES> &

'SEVERAL

= .5/3 4+ .8/0 + 1/5 +1/6 + .8/7 + .5/8
=00 .5 .811 .8.50 0]
(F12) ” HTANB)” . 7 FFE(Z0)” .

? ECHRI(PM)” VoV EFVWRKEIRT
P LESTRTERMIDEIRAIN-YDT



NB NM NS I\ZO PS PM PB

/ '\

—6 —4 -2 0 2 4 6
B1 bFWIEAEE2KDT Fuzzy A
ETEShS, T7V%E 0 (RIED)
230 (4) OFRERHWTERT &
0= % 23U/ 4+ 52 U,y

2 2
£ %,
K. UBI 377V 1 %AA, BOXKY
RFEERTEUTOL S>3,

A 8. ASB <> palw) = pglud
ThY: ANB <= Panp® = palw A ppw)
B U AUB <= p,,p@) = py(u) v pp(u)

HES: A <= p@=1- paCwd
ZC. A=nmin, v=mx RBET,

CDEIRXT 7V EAEDEHLYNIL A = min
2. BUUWL v=mx RPHOVTERIhSH.
A, VORDHYRZENTFhROD & S RRERE. o
AULHAVWTH I 7V LI ERGOTH Y. HURE
KIBHZLHTES, x,y € [0,1exUT

r

(i) Hmy.
R x Ay =min {x, y} (5)
REH|: x « y=xy (8)

FRAM: xOy=0vkx+y-1) D
1
1

x XX} y
b ENLi: x/.\y={ymx ®
0 voo x’y<l
BRI REHEE U TROFMIHEERD 2.
(i) Foms.
R x v y = max {x, y} €¢)]
f¥fn: x Fy=xty-xy 10)
BRRfI: xDy=1vix+y 1)
X ey = 0
MR xvy= y mx=0 ()
1 e x,¥20
Zh s DEREOX/PEBEIRD & S22 %,
ASOS+SASvVS+=@sV  (13)

0 \ R \ u_
0 5 1 1.5 2

(@) 77V4%E4 A, B DORDHY ANB

1r
2
3|
.5t AGB
0 . N N L9
0 .5 1 7 1.5 2
5
(b) BRAM ACB
1,
2
3
5

- AQB
0 \ N \ N
0 .5 1 1.5

(c) MZUK ANB
B2 77V4EGOBADRHY

H3) NELOMRELHVTERINh BT 7

VAKEA, BOZXHYREIRT ZEF20 L5

E«C‘:ggo IR E ARV BRARCH 2 L

D ERARTE R EEERHU T t-norm (tri
-angular norm) T &FEIh. ROUE LR
UTW3,

t-norm T &

T : [0,11 x [0,1] - [0,1]

RBRABBT. ROZURHLTDHOTH S,

() T, =x, T0,x) =0 (EREZXH)

(i) x1sx2, y1sy2 (BF)
= T(xl,yl) S T(x2,y2)
Gii) T(x,y) = T(y,x) Fziatt)

(iv) T(x,T(y,2)) = T(T(x,y),2) GEEM)

h, fIIREEZRLTSEY
S(x,y) =1 - T(1-x,1-y)
D& D RERICH B,



%1 T-norms & T-conorms 3 & U HRKBI%K

T-Norms and Additive Generators f(x)

T-Conorms and Additive Generators g(x)

@ [logical product ]

x Ay =min {x, y}

f=(s X0

(hard negation)

@ [logical sum ]

xvy=mx {x,y}

_ 0 o x=0
g ={; .. t<o

2-X
X

f(x) = log

@ [Hamacher product) @’ [Hamacher sum)
- xy _ o xty -2y
xBy= -3V xHBy - xy
_ 1 -x N - X
f(x) = " g(x) - x
@ [algebraic product ] Q’ [algebraic sum ]
X*y=xy xty=x+y-xy
f(x) = - log x gx) = -log (1 - x)
@ [Einstein product] @’ [Einstein sum)
= Xy . _xt
XY= T3 a-0d-y) x Wy =77 Xy

g(x) = log }+x

® [bounded product ]
xOy=0vix+y-1)

®’ [bounded sum ]

x®y=1A+ty

o =10 X3

(soft negation)

f(x) =1 - x (negation) g(x) = x
G (drastic product ] ©’ [drastic sum ]
X y=l X eee y:O
xny={y x=1 x vy={y = x=0
0 X,y<1 1 oo x’y>0

_ 0 eee X <
g(x) - { 1 eee X = 1

t-norm T X [0,1] WBLTBLIX! BLU

F70 BHOUHCERERYT (S @A) .

t-norm T % Archimedian t-norm &WEIh %

D ERORH ()-(iv) ofte
V) T WEg
i) T(x,x) < x, x € (0,1)
BhH ok t-norm BIEU. RO K S 2BI% f

(CERBIEEWES) k> TEREI NS I &P

ShTW%, f X f(1) =0 2ikd
f 1 [0,1] - [0,00]

725 EE c BB TH Y. Archimedian t-norm
BROELS>RUTRDON S (RI3EHK) .

T(x,y) = f['”(f(x) + f(y))
2zt 1Y it foRBERTRO & > W EE
Ihbe

11,0y - £y = y & [0, £(0)]
-y = 0 oy & [f(0), o0]

X &2, Archimedian t-norm T BSEEEE(strict)
TH5H&ER



IERRRYA: B

f(x)+£(y)
£(y)
f(x)

v
0 Tx,y) ¥y x 1
B3 T-norms T(x,y) OB f

(vii) T i (0,1)x(0,1) THERNT S 3
THY. ROBIRBEILT B,
T : BE <> f(0) = oo
MR T2 (nilpotent) 1F&L
f(0) =1

7234 AP (IESIRUERBIR) TEMXh 3,

GE) £(0) # o0 RZEMPIIIIERILT S
XY £(0) = 1 2% ERRARBIRIC BT
ATEWTES,

POHAIZ. Archimedian t-conorms S 13

sCy) = gL HGg00 + g
TEZRIh. EBIE g HEKEMBIKT.
g . [0,1] = [0,00], g(0) =0

. Teyy ..
o Ueyy = T gl (v) oy e [0, g(1)]
THB. £l S BMERZE. 8(1) =00 T
59, METRVEEX (D=1 T3,

t-norms T BXYU t-conorms S DL FD4:
BB EHRRRIEDTHELLE. H1DLOR
2% [1,2,4]e 22T TOEGOW Archimedian t-
norms TIX72 <. BRI TFEELU VB, {5
U TS 5B8f WEROREL U TOLEMBIRT
HEERRYT, . OQ—-OIIMER t-norms
THY. ORER TRV,
~ 3R (3) DodAH B &S ICHIBBRND.
BB EAD t-norms THAZEBHMOIT
;20 Tl BOED t-conorms SWZXFU TR

RK2UNI A= phdD t-norms BIYU
t-conorms 2HIEULDBDTH B, 3. EOD
EOIBNIA—HYDOREZR 1D t-conorm IZ—3
TEPRRUEDLDTH S, BISIE. t-conorms
DNIFG A=Y p RELIEHEEDLIRZRSED
2y=03 KHEEXTETERRIELDHBDTHS
(t-norms WZBIL TWOCRALL,2] 228 . H4
BES EOEDRDIE. 1D t-conorm 2 y
= 0.3 DFARHVRDODTH 3,

XiZ, min & max OHRChIET SWET &
UTO” FHRET” eMBEEAUVLS3] .

t-norms —!— EIRE T T t-conorms

min max

6 RKWEHTOMNENT

XM T (averaging operator, mean) M X
M : [0,1] x [0,1] = [0,1]
RHBAYTHY. ROPHLHRTHOTH S,

«y e [g(1), 0] -

@) xAy S Mxy) Sxvy
() Mx,y) = My,x) (€23, 19
(c) M ik - MBI TS %
@) M0,0) = 0; M(1,1) =1
(e) M(x,x) = x ()
) Mg {Ar,v}
4 FEERET Mx,y) Ofl
2xy Z o
2 (L)
Ixy € {ORRS))
S (W)
1 -/(1-00-y) CSPEEA. IR S))
i N ¢ L U2

FAOHRAYR” Y RINTHIRATT
B%. ChdOEHEHTFOXRNIRERT &R

D>,
+

xAys =X s /ms 2

$1-/T00y s XL s vy



x2

NIA—F¥pkdD2t—norms&t—conorms

T-Norms and Additive Generators f(x)

1

T-Conorms and Additive Generators g(x)

® (Yager ] ®’
p [p>01
LA - 0P+ -9 ) APy
fx) = (1 - 0P gx) = P
o [Schweizer(1)) o’
p [p>01] P
Jovi® + ¥-1) 1-0v/a-0P+a-yP-1)
tx) =1 - x° g =21 - -xP
® [Schweizer(2)] @'
1 [p>01 . !
S P, 1.,
P a-o®  a-yP
fo= L -1 g0 —= -1
P a-x)°
® [Schveizer(3)] ®’
P [p>01 [J
- 0P a-yP- (1-0PQ-y)° vy
£(x) = - log (1-C1-x)P) 2(x) = - log (1 - xP)
® [Hamacher) ®’
xy [p20] x4+y-xy-(-
p+t(1-px+y-xy) 1- (- p)xy
£(x) = log Et%-w" g0 = log 22 o
® [Frank ) ®’
(GRS SSAR G G- 1)
log  [1+ A ] p#1 1-1log [14 o ]
P p-1 P p-1
£(x) = log p-Px'—.l— l £(x) = log ﬁ—;
® [Dombi ) ®'
1 [p>0 ] 1 - 1
P = "/_x__p____p
1o JAP s dP 1 [P
L (L- . p
fo0 = d=29P 800 = (20
® [eber ) ®
[Cep)xty-1)-pylv0 [p>-11] (x+y+py) Al
. log (14p(1-x . lo + px
10 = Loa Lol 80 = Téﬁ'gT%Sz
® [Dubois) ®’
fosp s131 . (=0
X VyVvVop 1-x) v(-y)vp
£(x) = undefined g(x) = undefined
® | | (Mizumoto) | Y ®'
=[ 1 1 - 1] 1--=[ 1 1]
(Tt Ty 9 V! P Gt TR s vl
[-1<p<0] [-1<p<0]
Jr—y i -1 -5t ] ; -1
Crix ¥ Ty ) Al (iodl-x)’ iy Al
[p>0] [e>0]
f(x) = %—’% (Sugeno’s negation) 8(x) = l—ﬂ!»zl_xs




R3 2D t-conorms& NI X —¥ p ORI
v | = + | H | e | v
Vager @ | o 1 1 |=0
Schweizer(1) @’ 0« 1 o0
Schweizer(2) @’ 00 1 -0
Schweizer(3) ®’ 00 1 -0
Hamacher ®’ 0 1 2 00
Frank ® 0« 1« 00
o | = | e
Weber o’ -1 0 0o
Dubois  ® | © ! B4 %10 t-conorms OEIR
Mizuwoto  ®’ 00 >0 |- -1 (y=0.3 OB&

8 + X 5 ‘7 1 8 + X 5 ; 1 (' 5 + x 1
@’ VYager @’ Schweizer(l) @’ Schweizer(2)

p=100 p=30 p=10 p=10°

@’ Schweizer(3) @’ Hamacher ®’ Frank

B5 R2ONIA—=FpERDdHD t-conorms DEIR
(y=0.3 08



8 5 -+x 1 8 ~x 5 .7 1 8 5 +x 1
@’ Veber ®’ Dubois
F5 E&X)

EHRETE U TR BB L BEEh T
%, i, HilERY T (compensatory ope-
rators) T% %

b ax 5 .7 1 (x AY)A-p) + (x vy
@’ Mizuwoto (x A y)l'p txvy)P; 0sps

2o ORI ESRETO—RIEE U T, \2\ HOMEYT (self-dual operators) T
\ & o — N g °
RONIF A 9p&:>oﬂziﬂ?§£%b 5% a4l - 2(1_x)(1_y)
p p
Mp(x,y) = -LZLL (x+y)2 - Axy(x+y-1)
2(x+y)(2-x-y)

¥, ¥FF0 (symmetric sums) TH3

p
0P + (1-y)P XA X V
M:(x,y)=1- /(1 X) 2(1 ¥) l_-TFsle’ T+ [ x -y

e ThIIHRPREFIX

'cga r@ % HM R EYIRET E OBIRIIRS D & W(2x-Y) N
2. %5 Mooy & Moy x(-WCIY) 2 ne s S0y
p_~ P RELEIRETTHS [3,4].
b M (x,y) ¥ (x,y) X5, BELOFIRETRERDOLSWEUT
P p RHBZZEBHTES,
-00 XAY XVYy M, M, M RENBETFETIE.
1 2x! X + y - 2xy M(X)y) + M’(X,)Q
Xty 2-Xx-Y 2
R, XK
0 /xy 1 - /=00y M (x, ), H7Cx,¥))
1 Liz;—i— %L HEHRETTH 3. U WORIA] 8K,
+o0 XVy XAY

. —43—



3. 77V 1HR

J7Y4Hm (4 EBNHER) V<o
D77V A RE@»SH3—207 7V {wdeH
HI ZHRETH Y. ARIDBT- TV AW C
OROHERTH B PO KVIBLBL N T
VW3, k. 757 FHIE. ZERSH. 5B
D, T AN— b Y AF L. VAT LR
BEREREREHLONMCT 7V 1 HiRUIEER
BBRELULTWS, )

FTROLMALRT 7V L HEROME LU TROR
ADT 7V A HREMY LT XS,

BifRl: If x isA theny is B
pibE2: x is A’
R yis¥
ZZTy AMALBB IR EREL2HK%ES U,U,V,V
KBIB3I7V L1 EGTH S,
CDEIBRT 7V 4HEEROME LTI
If a tomato is red then the tomato is ripe.

This tomato is very red.
.. This tomato is very ripe.

COERDT 7V A RIS HkELUT.

%i){: {HIShTW3 ZadehdHERELS] &N
o

RUADDT 7V L EZHL ”If x is A then y
is B (DY), A->B &R-7) T ALB &
OO &> hDORBRESHOHUTVAEI EN S,
BRICOT7VLRHL A-B 27 7V A1 BRI
BT 345ERG5 k. —EUVT. T7V1%E
AAcU, BV IIIXHULT

Ra=A—->B=(xV®U x-B)

= § gy 1A QrpyApp(v)/Cu,v) - (15)
DESWHEE UV RBITST7 7Y 1 BIRICEH
T5hE C BRRA” ) B85, ST ox W@

. DURRU1)TH 3. COXRMAEKI
Lukasiewicz DT

a>b=1A(1 -a+b)
CRIOIVWTWARZEBhh S,

(18)

a,bel[0,1] (16)

ARUDOT 7V M HREAL BV T, fifR20

T7V4REG N ERiR107 7V 134X (A
%) A—=>B O max-min&H "o"R{T> I LWL
> T B’ BRDONBLULEOY HmDG
BRI THY. RD&LSwb (M7E2H8) .
B’ = A’0 (A—>B) an

pgrW) = V {papy_gu,v}  (18)
u

A’ A-B B’
_— —_—
WlR2 | IV H| @R

H7 HROEWER Ao (A-B) = B’

L OHHRA Ra DIFS TIlEEW B” X

B’= A’0 Ra = A’0 [(A x V)®W x B)] (19)
THOERR RO PYCEROTRON )

526N B, BRAWK. M= A THokiah

1+1,(v)
B’= A oRa =IV +Pg

RAEANEBOND, LIANZDRIAT 7V
HALBVWTHRMYBRERTH S modus ponens

A—>B

—%—— (modus ponens)

Righ TRV EBDOMS[6]

T, 77V BIHTEISERIh TS Ma-
mdani Wik Re [7] TREDESTHSI D,
it A>B ¥ UT a—=>b =aAn b RESER
AxB féﬂmbf'&o

Re=A—>B=Ax8B
= § iy A a ) 7 ()

T35& A= AORO#ER B’ &
BP=Ao(AxB)=8B

L. RQDOD modus ponens iR ULTWVS

ZEBRD B, )
RODLEMBMNLIT 7V AR TLFEHTH

TOEREAR a—>b RHEULRHDTH S,

[8%)] SEAR MBI BB LBREINATVS
U. BT EZLDHURETH B k&AL Mam-
danidAik Re 12 a—=b=aA b RESVTWLS
B.A O—RILE U TR 6)-B)DIIRKE. —#
BIFR1-20 t-norms BHVWSRIENTE
B, TROhHL.

a—>b=a%b (23)

ZZTC. % WHEE(t-norms) TH B, ZD&KD
RUTEBoOhRE&E a>b=asbll 020=0
THAZEho. FFOAEENEUTRVLRY
M. TV A HEHTRIFERELFRIET (8] . A
(3)D a—>b HHEAN D A>B 2 A % BEBL
&L TRbD

PaggCUsV) = PasplusV) = py(u)>pp(v)

ETBE. MR A BERTHIMY
Ao(A%B)=8

729, modus ponens MWKV T B.

6D R BT LAREORE (Ira)vbh K&
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Verbal Control of a Model Car
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Tsutomu MORI , Michio SUGENO Tokyo Institute of Technology

Abstract
This paper applies fuzzy algorithm to control a model car by verbal
instructions. For an experimental study, we make a model car equipped
with sensing devices and a micro-computer.
The controller is linguistically described by manupulatlon procedures
(MP) and manipulation elements (ME), which are based on feedback, feedforward
and sequential control algorithm. The paper shows some experimental results
in the scenes of ”go along the wall”, “turn right” and ”park the car”.
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Simulation of Fuzzy Guidance Control for a Mobile Robot
e BiE. Kk &

TAKEUCHI Tomoyoshi-, NAGAI Yutaka“

X WE . L#E GRE
ENOMOTO Nobuyoshi--, HIROSE Yasuyoshi-*
"RIGBEKRYE - RIABEKEXRER
“University of Electro-comunications
**University of Electro-Comunications, graduate school

Abstract

We have proposed a fuzzy controller of a mobile robot for
obstacle avoidance{1l])[2], in which one CCD camera is used as a vision
system. In this paper we discuss application of that controller to guide
so that it travels along the path beforehand determined on the map. The
robot is guided to follow the proper path made by placing some virtual
obstacles across the other permissible passageways in the image obtained
from the CCD camera. This guidance method is investigated by simulation
and it is found that this method is valid under the condition that
all passageways are laid out at right angles.

1. ol

RFEHEZRZEILD., IBEOMOM~OBFHRTHBEMORy YL ELXh, HENMSE
PEEbhTws, EELRTFHZKEOER A REWLE#L 26 2RTNICEHICH
BT EAHEBETORY McBMLTHZE.2T-o T3,

CCDEUVH4ABRIH-> AEHUEBHORy FOMEWERIZ 7 7Y 4 MBICE- T
PRENICTRBZLZBIO. F2HOY VRIILTERELZNI2], L LEEHE
BOATREROIBETOURY POERRBIAETH =, BEOGIBZOFEAXRE
IHETBHORY FOFAMBLITOFELAEREL. YIalb—vavitiorT#kAae
CAH. BHYPICHATEAZ LV ONICRSTDOTERET 5,

2. Ry b XAT LDHEE
BYEBBORy FOBBAR LI, N—F Y7 EZR2ICRYT., $REOHTIE
KOBENTH D,

HE 100 kg |FB#TEE 0.5 m/sec
B (EE) 0.5 m B fTEE 1.0 m/sec
X | 1.2 m 30 A o 5 B 0.5 m/sec?
KICHBR B LETRIODWTHRRS,
Y S
1.16m RS R ] cCh5
|
4 d O J D yid L E
e 0.65m CPU
e 5.00m | HRER |
M1 oy OBKBEHASORE M2 N— Ko7
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2.1 #B%A
ARRIIELIICRTESIC2®RAECCDH X TEDOPOT. MEWOEXLAET S,
CCDAAZZURy rORBERBTHEN»S 1 16cmickhD. AELD#3 0EDHE
DEREE RS, CCDARXTDERMIETHME —RXETH 5, Kili & MEWOH
BIDBNDEDCCDARTNEOMBET AMAT 5LE3 D& > 12 FKilfi & MEWD
ﬁﬂﬁ&&éhé.EE@THﬁBﬁﬁ&T@%E%@&éﬁU%Vb#BH%W&T@
ERASHAHD2KEORX ICHBT 3. Shs OREREAEIIN— KD £ 7 THWHEE
WETOEMIERTMTLICHY VY TROTERMBARA DOV 1 20T 0t v HHi
UB'S 138
2.2 #ET%
iﬁ%ﬁ\EE@Zﬁ&ﬁﬂKEUT6PWS@wuHmuﬁswumoﬁﬂfﬁé.
BMRIGEEMALT > TB D RINELICHL TRERETETT 5. SHRORENY
7Utv#k526ﬂ&ﬁ%ﬁvuVkminﬁﬁﬁ&tﬁm%ﬂﬁ?6oﬁvr‘Wﬁ‘
#BEF T2 HREE. EOBEKEITHTH S,

3.  PEEHyE RN
CITHERMBOEA L 723 5 MW E#HH 12O\ T RISR~E,
3.1 #HuiNmnm
ﬁ!%wsomﬁmﬁmiﬁéwwso@ﬂﬁﬂ&&ﬁ&?é.
1)P b 371
2)wW v b 471
3) Li¥ERL: #BEFOBRLEVWHEWE COEM
ZO&EH#W)FﬁﬁﬁﬁbfL%hﬁ%ﬂi%%ﬁ@ﬁ%ﬁkﬁ@%@&?éo%ﬁ
KIRINSDNT XTSRRI D ) 1 XY OB BER L FORET 5 8 ADEEME
ELDTENRLDDAY Y MEZTEIL . BEBICOEDERME LT NI A5 K3,
3.2 MAROHME
MEWERMIMET 7S #RICED . REOEEOBBOREESHE L BN NRAE
RNEDNTAIPEET I OOMBNT x4
1) Fim#Ah Au
2) Afimwy 1y g
3) MEXEWHBAL a
ZRECNSDBRK (1) (2) 2AWTROY YT VB AOAEIESSRET 3,

u (k+1)=u . (k)+g+-Au+a - T (1)

ur(k+1)=ux(k) -g+-Au+a - T (2)
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NEEEDELBAUuULRD D, WBEANL—NLIX.
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R¥LLE,

2) AOAEME SRIFOMEWORMICID AuDMBOMESRT 5,
Luiv=min (L., Lg) RCAuDOME (F5) tREWOMUE (L - L:OFT) O
Btk (RS RES) 1pogdRD 3,

3) MEEMH EROWEBREDRENSIEELRD D, WL WE 1213
ETT 3, '
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—YavEBRUEETEREZTVWEEDARBL TENTTESILORB AN,

4. BAwHN

RO EHE RN TITERICOEAYD 2BGE. FEAICRWALEDORY b
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BEEELZWEDEBICEREZIEEL TSR TA2HERTAYITHD I -ERTH S L
Eibhd, ¥2TCHIC. EEUNOERERLETEZ L LR, RERICIZ. BRAART
BohKEAREZMELT. REOMELRIITHUREERLARALTRROER LM
£L. rOBRRLIROMEWERBARICEK T L THEANBLEITS. COHFEEY S
2b—yvavERIZEIDRILE,

MDD, ERIZIIRTHAICEDILRET S, COREDDHL TIIoHRIZT
FREEFITEROATH S, AHORESTLFRLZIDTERI LI AR BNES
MOMASDHEICED 1 1DONY B (0, EHEONHHELERTH L 6 BBICR 3,
ChzM4I12RT, UTIRESERARICOWTHRRS,

a) IEENEC-S +FRCTHETIAETHS, +FRTHONAKEHERIIHA
SORICED, ChEIDAARUABA2XML. ChotBHEOAETHBRUETHE 2 ¥
hEFhERTECRBEORENRL T 5,

b) I AMEC-L +FBTENTHINETHS, H6ICBEWT. AA’ BB’
AEBZLTEROREREL T35, EICEtOHhR» 56 THRAERET & FORMMRE L
T35, CCTCHOMELXABMLSEMLZWDIRRERZARICTS> 2DTH 5. B7Ic+F
BAERbhoary FOBRMNBTOIEBAARAEOBRETT . IEAAEC-RIE
A MOMIEONELELTH S,

c) AMAMETS-L TFROZEXUDTENTIAETH S, ZhiZos
C-LO#%¥LHELTHS, (<-TS-R)

d) oS MEBTL-S TFE (4%) THEIIAETHS, Jhizossas
C-StARICAALAEOETMAEATEOREL TS, (<+TR-S8)

e) PEAMBTL-L TFB (48) TEHAIIAETHS, (H8) Zhix
AA’ 2EBELUTCEROEBABEL TEICAEC-LOKELARICEHEORERMED
FROBEE THEZEATREMEYL U, Ef4ARICTS, («TR-R)

f)oSAELL-L ZORBIZESICIZOSSAETIIZAROEREDEDIC
SR LTRSS, BEWESHBATERTE 3OTRERZAD L TWE WHLEZEAD
EARBICE > TIIBICA»S 2B ADT. ERZABICTI2DIc. ABTL-L
DRFLAU AR R LIBT3y EXH6N3E, («LR-R)

BROUBTHEZAORBIZOVWTRICRRS, EDOHAITERALAD S 4 A8 B
EFELTHEEZRD, TOHRELVRELAELZA2%4ALTE, HODESIC. IMEE
HOBRNRXBZLEIACEBRHULTILES, COLERBEXNTERTHIOTZ I



IDAALREILTHEMRT S, ChoDI—L%T77Y 4B LTALXRET 5,
BEOBAAEORRE. FTOERONEMRA LIEEERICE > THBNICTS, 22T

MEIz o (LFBE2QT) 2/ —FelL. BREAT7SFLLEYS7EHER, 2K

FRORAEMY AP LTER S, BEABAICHBT SREBENVEKISRT .

X Y Nn Ne Nw Ns

ZZT (X, Y) BomasonE.
Nn, Ne, Nw, NsizZ¥h¥hdt, ®. fi. HIcCHEITITREADES
TH5. |
BEERIIOMEOEBETOIL LTS R 5, _

S EROMTIE. RROREWEEMBLTO2IIRIEZE62WVW, ED2DTRY X
KEIERT HOBADOMBOEY FEOREMNBOEMYH 5L ENWEEIDNEL 2o
RLEROSRNEA2T5. oXy FONBRRUHMERZEGBHEOEEL DK (3) ~
(6)IcEhkd3,

ag= YeVop  a1= YedVu g (3)

6 (k+1) =6 (k) +A0 (4)

x(k+1)=x(k) +Al-cos (6 (k) +A6,/2) (5)

y(k+1)=y (k) +Al:-sin (68 (k) +A6,/2) (6)
ZZT

D: B&GMHE (430mm)
T:H% 7Y /MM (0. 1sec)
THd,

5. BUMAYI2L—yay
H10ioMRMEDYIalb—yayOROMERT ., XHICHEZERICONWT
ERLUAERZ2H1 1I2FRT . COBRRBIBAIIRDOLTORENY U E28ATWS,
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BUEBEHORY rOT7y VM REVEBRHALRE S TOBADD 58RICEITS
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VIalb—yavickDBoehickok, LI L. DEADEL ICEWIS 5BGICIT
FE»RS, $72. SENLERAZBERT. BAIKEZETIEHRELAEY, Thr b0
FRRAENTALENS S, tDBESRERICHOIIBHROHIMBEL 25D,
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[2]T. Takeuchi et al , Fuzzy control of a mobile robot for obstacle avoidance,
Information science( to be appeared. )
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An Automobile Tracking Control with a Fuzzy Logic

fE%BX HLEEAX
Mikio Maeda Shuta Murakami

TOHIEKREY IT%8 WHHI¥H
Kyushu Institute of Technology,
Faculty of Engineering,
Department of Computer Science

Abstract

This paper deals with an automobile tracking control with a
fuzzy logic controller. The controller is consisted of three
software parts, that is, a constant speed control, a speed
tracking control, and a braking control. After a preceding
vehicle is recognized, a second car with the fuzzy controller,
initially cruising with a constant speed, can follow the
preceding vehicle by keeping a safety interval between the
forward vehicle and the second car.

To evaluate the fuzzy controller, automobile tracking
control is simulated by using a computer. From this results, it
is found that the fuzzy controller for the automobile tracking
control may be sufficiently used in the real road driving.

1. 3U®HI

EHIRTI7Y 18K (Zadeh)&E T 7Y s wmBMarinos) 2 HBARICAHLVLRDOWR
Mamdani T» Y. UK. BAOT7 7YV s BB T IAMABRIIRAHILBITHLAT
Va3, 77V 4+ 8HOBREARNL—-Y (BAR) OR2FEANEZHBOLDOD
EUHHLR)INBIHHERLEZNHPRATRBATELS LR, HIEINRD
BY¥EFTLHPBHAMTRVEESTH. HEANZOABNTBEFROATH @A LHEHT
XA52¢ETHA.

AT, HE. HHEOHRFIAND T 7V 1 i BOLHUIEFER PR TEAH
et h TS, . LYY VHRBRYU lusHlBENORLAHADAASGNT
W3, 77V 4 BOHEHEINHANOLTHLEZSLTY., HHEZH OB OKH
BRHEMTHEVIEETD, REABMTHI>THORUESABRBIC L > THAZA
BT 2E&E5-5H/ZRHMUTH I 7V «+HHBORHDUETHY. ThPEYHT
535¢%Ex20h%. BHEOHBANOT 7Y + wBOLHO—2EULT, FF
SUMUIEVEEH@  B{ToTVE. ChEFTCRITo-LEEHBLE >0
YURARDBEY, 20—2RNACKITESFEEUVRVEEOEEEITHHT
59, I~ HUNAREATEIFEET SAEEGTORITEERFMPBITHS. LI
URBSd, —BROBRBRELBLTRIASOHBIFRAPRETLAIONEKLTS 5.



FDRY, KBXTE. 77V +wmBL2rALT. TEEITHPTHRITELSE
UV oEITTEIEERMBUELEBML., _REHGBRITSZERE->TEYH
ERPBERLHRFTS. 2UT. ERBIOY I 2L —va BRIV HE
MET 7V + HAEBOFHEEDEERBNBORAEL >VTENS.

2. HOHEERIAROBE
Hl1ESEEXBHBRDT

S voy- | [ e ——— A T
2y 7@&BERT. L—¥—L .y T ma suEiEE [ | ax | RE 1
-y (EStYY) UAEER LT T -
ITEEOERBEHL M % HKET. | ——
RF150mE TRHRMTXS. KA nyEan

Yy (INJFILARE) QB
e Wb s HREOY 1 HOHEELHHR
BRUBBREZESOWNBULLI->TI 7V +HAERBUIEOEFRERHB TS50
Oy PLEETL -3 BFBRCRIFELHANTS. COR, TV cHPEED
ABANBERI /A ZABEENTVIEIEBZSINEI LD, JAAERBRET SRDUE
T77V 4T ALV IRBATELENSSW, CITRERT 5.

3. HBHEENRMNPIERORS
CCTE. BEHHEEMRBHOLDOEERBL—LELHEL. T7VsmBER
HOE_BE I 7Y +HRCEIABHEANOREE (A PANLTHERFS
RE) ODEHAELE>VLVTEN S,
3. 1 FER@BL—L
BHHHEOERBAIEEINHITHL»HV=Z2>08a»oR35. 2F0. TFEIT
W, RITEE/RBE. CROBHITHS. EEETHH L —-—FTOBEEEL
MFPUTELAETIEIHITHY., RITEERFPIEGHAoERBEHLTEL
ERERERDLP o EITIRLHITHS. TUT. ROBHBEE. TF
EITPHKIERETHPREIRT. BEEARITEEOMOREMER AT L EMIEE
KYVBHNEILRoEBE, HUEEVLIHNULBAERLBVT, BELBIET S
PHRHEEIE R, TL—-3 2R LVT23LD0HBTHS. CHDH=ZD0D
T7YV+HBEEEEH2RET. MPRBVT,. Z20EBR I >V s+ 28X h
TVW3. e dikdr GEEFEMWMERHEERETA2HEL O LDOMEH
NIA=FTHS. 259, R2U=Z20T7 7Y + HAEKEERTSEXAONY
vyTHETH 3. RWE, ThoD=20DH
BRBISFEHBOAEE T 7y c BEH Brake Follow Free
HMAL—NLRZOVWTHHT 3. 1 ---- -

dt = 0.3*v + 1,
dt = v + 40 (1)

0 L ]

Bl EITHE B (Free area) : dt dr [m]
HITEECOHEMEHM de$di LV KETVIFE X2 # oE




(de2drs~WB 77V 4 LR B))HPKXITERL - Y -DOMEEENICLRVWIEE
B, EFEITL-LRZLIIVEERHHALRLITDS. COLEOT 7V FEHHBL—-L
(EEETNL—L) BRRRT.

R1: If dx is in Free area then

LCR 1: if ex is P1, Jdex is P2 then Jukx is Pui

LCR 2: if e« is P1, Jdex is Nz then Aux is Nuz

LCR 3: if ex is N1, Jdex is P2 then Jdux is Pu2 (2)
LCR 4: if ex is N1, Aex is Nz then Aukx is Nui

ZZT, Balkkedu T,

ek = r — Vk , r BEEEE, v HHEEE
dexk = ex — ex-1, e . EERE, lde« EEREO—EESH
dux = ukx — Uk-t uk: ¥ EE, Au . BFEO—RER

#UT, Pi,Pui& Ni, NuiCiz=l, )iz Fh FhPositive, Negative 2T T 7
Vi %BTH3. FUT, BI7V L EGOAINYy TGRS YIER
BT, BAMNIEBETH 2. LBEOP., N. DX NV Yy THEOEDZ
ho t@AETS 5.

iTEBRB HEIK(Follow area) ©

HEEH dDdEdDORIR D 3FE (S deSdr), RITEBRL-ILIZLY
BREITRITS. UPUL, ROBARIEERETL - LRIV EEEITRITD.
i) HEOHEEFENEBEFERBATCVLSEE

) XTEFEPBEEEEERBATVA5E
KTHBERBIL-L B RODEIOICHERITN S.

R2: If d« is in Follow area and edx is Z then

LCR 5: if edk is Pz then AJuk is Pus

LCR 6: if edk is N3 then Aux is Nus

LCR 7: if Adedx is Psa then Adux is Pus

LCR 8: if Adedx is Na then Aux is Nus (3)
LCR 9: if MAeax is Ps then Jux is Pus

LCR 10: if M edc is Ns then Aux is Nus

R3: If d« is in Follow area and eax is Z then seecoecs

LCR 11 ~ LCR 16: [ LCRS~LCRIORZBEB (T 7V 1 EAGOAPBRRDB) ]
LEU, BRI KWL T,

edk = mdk — dxk-1 Z . approximately Zero



dedk = edk — edk-1 Z:.nmot Zero
Fedxc = Aedk — Jedk-t edv - MR E
mdk = Vk /2 + | mdx : B & 2 R IR

dedc : FHRZDO 1BES

Few : HRREO2BEH
THY, 77V 1 BEZOAIINYYTHBRIVELTHS. £UT, EFEIT
L—=NLBQDOAEBUTH 5.

% Bk [0] 8% 4 3k (Brake and deceleration area) :

HMEEdcBdE VNIV BEAE(dcSdt), BREIBL-LRZLXOEELITD.
2%y, RITECOEMEBEBRLTI3L,DRAQY MINLTREADEIHMHILH
BHERLITS. COROEFEL—-LBERDODEICHKT N 3.

R4: If dx is in Brake area then

LCR 11: if Adx is Ps, fdx is Pr then Adux is Nus

LCR 12: if Adx is Ps, fdk is N7 then Auk is Nu7

LCR 13: if Adx is Ne, AMdx is Pr then Aux is Nus (4)
LCR 14: if Adx is Ns, Afdx is N7 then Aduk is Nus

dk-1 — d«, Addc - HBRZEZO—KBES
Ad« =  Adk-1, Fd« FRREO _BESRL

k’.k’:l/; Adk
£ dx

TH3. CCTRONBIBEE(AUDIINRTATS 3.
DE, Zo0HAHEABE=Z20HPBL—-LIZODVTHERBALUR. ROBMTIHE
B (uk) B7 7Y+ HRRLE>TRD 3.

3. 2 IV HRBRIIBNFEEOHA

CZTW], Z2o0MKB{ltxhh#EREZDLVTENS. FHT 3L — L IELCRI
~LCRATH 3. 9, BB OHETIELCRI~LCRAD L —JLIZ "ex is ex” 7,
 dexv is fJext "TORB(ET 7V 1 FH) BEIOhREE, BFEE AU
KA > THR/EIH 3.

4 4
dwe = 2 gi ¥ puiti(gi)/ T ogi (5)
gt = min { ur1(ex’), wr2( gek’)} ,
: : . (6)
gs = min { uniCex*), un2( ek’ )}

ZZT, XUREEMmininumEEDOE)THS. COHAFERNL—-LVORREZHLE
EZ20hhIET 7V HRBREDODIVFIITODEEBRKETLEIKREVEEEZLL
WHTAEARAMWOBRIERBBAEXIRIEVSISEFZRZESVEBODEEDNS. LE



B-oT, MHOEBEBLEROEHELEULSTEZIETOGBIABEHTH S,
R, ATHD OMEEE, LCRI~LCRYE OHEB/MDODT 7Y + A (Pui, Nui)

EXRT 7V + G (ET 7V 18 a1~qe) TERERMARL—-LE, KBELM

BLEITI7V 1 tERBEZAONEBE, REFBI(MATHINS.

4
du = 2 gi ¥ ai / ?1 gi (D

RERE->T, Z20#fRENRIhE. R, EELPHTS28FEOHE
WUTOFEIHE-> TiThh 3. |
1). ZBREBUBOif~then... b — L (LCRI~LCR1D) %, F9,(5)X THB/EITS.
2). A7V T TH L BERE—BREQRI~RDOEROET 7Y 1 BEULT
(DATHIEELHBT 3.
3). VTRDEIIE Jub uk-1" R E>THHAKBEOHE Hu 2 XA THS.

uk® =  uk-1" + AJux® (8)

ChETHERTERAER I T, EEENHARBREY T LEBRES
LANES (FK, EMEERE) 2R, 77./4’$Jﬂ|)l«~—)l«c«_76‘9'l'?ﬁ-’“’2
TV, HRERTH> 2 REELHNT 3.

4. BRIy I2L—vay

COHTHE, S.THRHAIh A EEHIEBOE DA TEELRI T S
HDRAITEHEREERBOY IaLb—varyeiTs>. #HEdgE UTHEHRT SE
HEOBAECTFTLORBEHRRIXRAXDEBY TS 5.

ve + ust
avi + bvza + cur (9)

1

e e

2

REU, a=-0.034, b=-0.638, ¢ =1.223, usr:7 L-tMIEE

usr =0, utT=u (u=20), uti A0y hhER{EE
ust=0.157u, ur=0 (u<0) : (10)

22T, DAVBRFBLEHEABOHIUELE _XELEBRVLEATSS. R
Oy P LBREBETL - REBOBMHRIEBICEIRRS. LML, FHELEE
KT 3EDR, AORGFERTL—SMEELER (WOXSB) 752K
STTL—%BEREFALELL TV S,
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A Scaling Method Using AHP

mEER. Hbhkk, HREH
H. Ichihashi, H.Tanaka and S.G.Hwang

AL KRFLFE

University of Osaka Prefecture

Abstract
Conventionally the scaling constants of the multilinear utility function are
obtained by solving the set of equations generated from certainty

considerations and probabilistic considerations.

The operational problems of

this approach is that the independence and the consistency of the equations are
not necessarily guaranteed. This paper proposes anassessing method using Saaty’s
eigen vector method and the method of least squares.
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A General Formulation of the Confluence Rule of
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Abstract

In the fuzzy optimum planning of aseismic architectural struc-
tures. it is necessary to use many kinds and steps of the confluence
rules between fuzzy goals and constraints.

In this report. a general formulation of fuzzy relations is
proposed by using some parameters which interpolate four fundamental

confluence rules. i.e..

algebraic sum.

Furthermore,

intersection, union, algebraic product and
such non-numerical maximization

methods as back track inferences by Prolog and as graphical expres-

sions are presented.
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Abstract
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In this paper, a unified approach to the fuzzy mathematical programmihg

is proposed. Instead of
preference relations are

fuzzy goals
adopted. The modalities, e.g. the possibility and

and fuzzy constraints, the fuzzy

the necessity, are induced from the fuzzy coefficients. The fuzzy preference

relations are extended
of fuzzy sets which is

using the modal concept. Zadeh’s inclusion relation
two valued relation

are also extended to fuzzy

relation. Using these extended fuzzy relations, the mathematical programming

are formulated
chance constrained programming

problems
While

in the analogy of

chance constrained programming.

is based on the probability, fuzzy

mathematical programming in this paper is based on the modalities.
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Approximation System of Fuzzy Graph and its Application

W T, BRERET, am %™
H.Yamashita Y.Katsumata E.Tsuda

* A KY, ~HEEH,» BFREK
Waseda U. MeguroHS., Kokugakuin HS,

Abstract
Uucertain phenomena concerning human behavior, mental process and
cognition are often represented by fuzzy graphs. In order to clarify
its main feature, we analyze the global structure of a fuzzy graph and
express it as an approximate ternary graph.
In this paper, we discuss the approximation system of a fuzzy graph

and present an application method to the instructional analysis in education.
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Identification of [11-defined Systems by Means of
Convexly Combined Fuzzy Relational Equations
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Abstract

The identification probrem for ill-defined system is considered from the
standpoint of fuzzy relational system modelling. The fuzzy system model of‘
il1-defined system with finite input and output sets is formalized by means
of the convexly combined fuzzy relational equation, A+(XAQ)* 7A+(xOR)
=y . The method of identification using the observed fuzzy input-output data
is proposed with an algorithm for selecting the optimal combination of input
items. Numerical example shows that the method proposed is effective for the

identification of a fuzzy system which has multidimensional input and output.

1. QU

VWHE50EORMEM (ill-defined problem) V. TRbb. ABEXRFEUER
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(R, Q) €D ((R, Q) ;C, A°)
3. 3 AMEHORRE EFLRE
P, IrVAHANE2KERBL. ChEB#EF—YA, BART 3,
BHF—FA: (OGN, ya¥), k=1, 2, +++, K
BHF—9B: O, ys), k=1, 2, +++, K
ZhaORAREVR. ANBHORROLDO L —=2 YT F—EFr ok Uy
F=HEUTHVS, UTRETANEBORRE#E, (C) 28T 3 ANEH
DHAC ERDZZEWEST. BV EVRYAFTLASOBRBRANEE 2 2R U
ChOREVMBEAE T 7V A VYAFLEFAR BRHIZED 5.

ANBHEHOBRBR®EP (C) ¢ p (C) =p,a (C) +pp (C) (9)
pa (C) = Sy =y Hl, (10)
Kn k=1
1 K ~
ps (C) = SNya® —yapl, (11)
Kn k=1

Yoo X THMF~YAR K o THRESHEBAEFAM, (C) &3
M- YBRBIZT YV LAy OFME
Yas O L HMF—YBR A > THRESNRBAEFAM, (C) &3
BT —YARBFET 7 V4 HA Yy OFHE
FTROB. p (C) . ANEHOHAE CRHTZ200BAEFAR & BHS



FUMRZELFEI 2 2DORBER->TW S,
ANEHORIRMA: Min o (C) (12)
cCeB (X)

BERNREFLNORER. o0 (C) 2RI IEBERANEHEOHAE C I U
TEESZ2O0OWAEFNAMy (C*) EM (C*) DB, UTRRTEFNALERR
HOPOEBPEVFHTRBIRU TEREBRET %,

#pa=F¢" (Ra", Qa*) +pa (C*) (13)

¢ps=F¢" (Rs", Qs*) +ps (C*) (14)
REU. LXGIOEI1HIE. J7YV M1 HARNTIBREFLVOHTERE. B2H
UBAEFLNR LB T 7V A HNOFHMBRELRLTL 5,

4. ¥iEpi
ZZTCR. UTREDZ I 7V AV AFANFSERMY AFLERKEL T, AEE®
RPEATICERELY. ANBHOBREBREAESh ROBEE I 7V AV AT A
ETFNREBT7VAHNOFMHERRIET 5.

KEEhETIT?7YVAVYAFALANFS: y=§f (X) (15)
EEU. XEF (X) WANEAX= {x1, X2, X3} RHT BT 7Y LA,

yEF (Y) ‘iﬂjﬁiéY= {Y1, Vo, V3 Vas Vs, YG} “:ﬁj—%t]?f)
AHNARRUTV S, £ BAIBFRXARI>TERTINL TV S,

¥y (y1)= 0.6 (x;)+0.3x(x2)+0.1x(x3) (186)
y (v2)= {0.63(x1)+0.3%(x2)+0.13¢(x5)+0.2} N1 (17)
¥y (y3)= x(x1 V2 (x2)Vx(x3) (18)
¥y (va)= 0DV (x2)Vx(x3)+0.2} Al (19)
¥y (ys)= 2x(x1 IAX(x2)A\x(x3) (20)
¥y (ve)= {X(xIAX(x2IAX(x3)—0.2} V 0 (21)

TROE, COT7VAVATFLARANEBAX 1, X2, X3DBRREK>TT 7V AHA
BREIhTVWS, 22T ZOT7VAVATLAOEDANEB X1, X2, X38B4&K
U (18) ~(21) ABKMEFEL. UTRRT I 7V L AHNT— 5 2807
—PEUVTHAEEOERARITR D,
BHXhRI7 VL ARDTF—=Y . (X0, y) k=1, 2,+++, 10
REU. XVWX= {x1, X2, X3, X4, X5, X6} ETCHUEIhRTI7V 1
ANEL. ABECL>TUTO LS RED.



XK= [0 (xg) O (x2) X (x3) X (xg) X (xs) X (xs)]
X (X)), X (x2)y, X (x)DER (168) ~ (17) RRKAUTESH
a2l ET 7Y HAOy VEULTW S,

REDF—YR2BVT. AAEEEBAUVLER. B8R ANHBOHAT R
C = {x1, X2, X3} ERVEOANEHEBXZRRI B EWTEL, . @AE

ENROBEET 7 VAV AT AETFNL (BREFIMy (C*) ) &> THRHMDT
7VAHNEFHUURLER. ANV Y THEHOEYFMBEZEN 0, (C*) =0.075& /N
L. RERBRFHBENES h iz,

5. Bbyh
SVEVRVATLADOEEXREUTIWE. R I 7Y 1HRIELZLEIZ T 7V LETFY
U NH B, KEFEBISHTEEE VWSHTIS VR I»IVALETFY YT e Y
DESRXHBLEIOPERPESIHRTIZELDSEDIDOFHEEE L 3,

BEXW

1) FH: VAFLAIEAM 300 REAENOBE - , 337 HK(1985).

2) KH, O &I h2Supsmin-InfemaxAKkFuzzyBI e Ok, tHEH
HHEXWXE, £19%, B35, pp.212-219 (1983).

3) XE, MO HEEEEMFuzzyBiRAOME, SHHEBRWELRNE,
£20%, £7%5, pp.627-634 (1984).

S 4) KB, BO: M AHEFuzzyBRROSA - B/, HNEBHEESAE,
¥21%, £5%5, pp.423-428 (1985).

5) KH, O MEEEFuzzy ANV AFLDEE, F10HY AFLY YKRY Y
bR CE(SICE), pp.189-194 (1984).

6) KHE, B0 EYULMESEFuzzyBIRROZBRBEE ZOBARSVT,
BAET 7 VAV ATFAYV IERY I LR ARLE, pp.191-196 (1986).

7) A.Ohsato and T.Sekiguchi: Convexly Combined Fuzzy Relational Equations
and Several Aspects of Their Application to Fuzzy Information Processing,
Information Sciences (1987). (to be published)

8) T.Takagi and M.Sugeno: Fuzzy ldentification of Systems and Its Applica-
tions to Modeling and Control, IEEE Trans. on Systems, Man,and
Cybernetics, Vol.SMC-15, No.1, pp.116-132 (1985)



BIET 7Y+ VAFL YYHRYY L (198156H1H-3H)
3rd Fuzzy System Symposium (June 1-3, 1987)
7 > r EIESTTFEIREO
2= i@ BE S5~ O & FH
An Application of Fuzzy Structural Modeling
Method to the Analysis of Conurbation
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Yasunori |ida, Takamasa Akiyama, Kazuyuki Sinomiya
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Department of Transportation Engineering
Kyoto University

Abstract:

It is necessary to describe fuzziness in transportation interaction as a
structure. The objective of the study is the structure in Tayama-Takaoka con-
urbation is described as the interaction among cities and towns. The data
were gathered from Person Trip Survey. The results of the calculation was re-
ported and extended analysis was also done. It concluded that Fuzzy Stractu-
ral Modeling Method is very useful to investigate the conurbation precisely.
Keywords: Fuzzy Structural Modeling, Conurbation, Person Trip
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A fuzzy set and a membership function
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NAKAJIMA, Nobuyuki
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Wakayama Medical College

Abstract
A single fuzzy set is often characterized by two or more distinct
membership functions. But they are equivalent to each other for some
problems. It is shown that a family of fuzzy sets on X, defined as an
algebraic system which contains P(X), the power set of X, and satisfies
some natural axioms, becomes a family of L-fuzzy sets. A fuzzy set does
not depend on the form of membership function.
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Introduction of Mode-Type Operators On Fuzzy Sets
R PN 38 J'C
Kiyomitsu Horiuchi
HMEREREREBANFHARHE

The Graduate School of Science and Technology,
Kobe University, Rokkodai Nada, Kobe 657, Japan.

[Abstract]

There are many (aggregation) operators already in existence and
some of these were selected and used for fuzzy decision-making, fuzzy logic
and so on. We introduced some new type operators. The purpose of these
operators is to characterize the class of operators which are pointwise,
commutative, associative, compatible and averaging. This class of operators
coincides with the class of mode-type operators.

(]

T7V 1 EBGOBEOFTHAEANTEERDOD— D& LT (M) WHOM
MhBH 2. (AF) BEERVWL2DOT 7V 1 EEGDOHDT 7Y 1 BAEH
THREDOZIETH B, CCTRBR_HREREZ LS. FEOESRLBU 3 (&
%) B W, pointwise HERIRETHhILI6BY U R, TokafEtt2Rod
DWSEY ULEFEELURV. ZUTEHL SIE. union & complement (Z hiX. —
HRE) TEEh B, £238. JT7YV EA0REE. EHER. —EroS
BREEDHL>RLDTHEDOFSIURORBL. dotd AN [0,1IXFEE
BELT 2377V 1 EAOREUBUROIERBOIERBEAFEETSDOTH 3. &
STHEYWLREAKELECYE» 3. COREEESHOVBELRY. 53
VWild - ¢HEAT. BEIVLVREOBADOHREHELRZEAET E VS ZEbE
UBDTH %, —H. THRRFIhB3NHOUB»P D, REOHRLS L
HEOBBELBABKERFBLRIOTH B, 2Ol YATFLRERS
LTCOHHENEIZETHY., J7V 1 @mDRD—DEVR S,

SE. BEOPTHRHNRABIZH 3 averaging RELBIT 2 EAXNLDERE
HWET B,
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X2BEOEAEUL. [* 2XLODIT 7V REGO2UKET S, T7V 1 KE
ODZIHEE © (2FVIX¥x 1% > %) DOVWT. A,B,C,D € I *& UT,
commutative <=> A ® B=8B & A
(monotone)
associative <=> (A ® B) ® C=A ® (B & C)
compatible <=> A 2 C,B2D0D&XAS®B=2CO®D
averaging <=> AV B2A®B=2AAEB
EE®’YT %, HU.
AV B& (AV B (x)
AANBER (AAB) (X
TH b,
X. HEONBBE I XI>]IBEELUT.
(A®B) (x) = A(x)*B(x)
ECWIFBEE pointvise EMRZET B,
CORUPDILEI I LOREERBASLEFITEIVI LR S,
SR pointwise BIREFE U LKL RB5DT, a,be 11T 3 axb 2FX 3
k¥ s,
ZZTC. LOHEBIE¥NRZLBAOEKRERODCLUHIMTH S S,
commutative T associative B3I, HABANOMWFR LS RBRVY A FARF
FT&%. compatible(monotone) k. MAIL. WHELHFENWMAULUTDH. WEFL
BEOEAGLUBTRVWVIESGLRBTE S, pointwise 3. BAORTOREROE
BN, MOBERLOBAEBRVEVIZHTH 5.
XT. BRWEHI XX, averaging TH 5. KB ALBORASGHDERESE
A30TCTHhE. ARBIR” 558 &0” DO, AVB & AAB OHRIRETE
TEOREBRBRRETHS 5.
3¢, LD5ODOHHY (commutative, associative, compatible, averaging,
pointwise) BIARCTHMET 3HHEIWL, PRV I<ShERBEUTHIET > TRV,

max (A(x),B(x))
min (A(x),B(x))

FIT. XO&S RMEBEHRAREU k.
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BHohiZ. avb, aAb 3. LOS2DOMEEIXRTHELAULTWVL S, X. ROY A
TOREDHBIHhSOHEEHLEUTLAZEBH DN TWE,
te T REIFEULT
axb = median(a,b,t)
HU. median i&. PROEEELIIELREKT 3,
. median(0,'/,,'/3) = /s
ST t=00D&EN aAb T, t=1 D&LEYW aVb TH %,
T COFATUARARDBSIFELVLRVDTEHSI»?
S % T, associative 72 averaging BB D SIFEHXEULRVWERB DO T XL,

(- FRI®WHE]
HllROEIREEY., 5 OOMHEAELHMETSIDOEUTHKTZ L,
Bg fiI>1I 0. ROZHRHET ET S,
(MR 3XMla,b]JCcTRMUTD f(x) . mKIER DD,
FTOJRAEENEB VT,
Q)f(x) =M &R 3XM[a,b]OHFD x OBRKEBEET %,
Zh® axcb &8,
ZO *; W1 LO2HEHET. LOSODOHHEELHMETSDDTH %,
22O f ORXBHBEODSRALY., EEHB LRI IRTZIORHLERLLTY
3 (EBEHEOLERRY) . TR—RbDPIYIRLKESITHEEIBXROHE RhiLH
SMTH 3D
B 1
f(x) = "/psin2uxt'/, &EUT
TR 7RBLLEHEDLIRR S,
CZT. BIAE 01/, W&
571 %8HBT. /s TH 3B,

i) 1t

NI =

Nl p-=- - - -
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ax.b & b ORREY ST 2R B, O :
L‘- o |
1 y :
i !
o 1 b

79572
CORHEIWEL median K E>TO2K o LMD Y A THEERIRTET,
2%Y. axb = median(a,b,t) . f(x) = 1-(x-t)2 &BL&
a*xb = ax,b &%,

LEREMFESCHLRVT. ¥ 1> LEALVTLLABOIEREZRXSC
EBTES, COLTROTHEHBB SN B,

[RREM]
LS ->ORULHLETHEL,. IRXTZOHMOFELETREETIN S,

COZERFTENRZLEOS DOMHER2HRTHRHEE. CZTEHEXARRDODODOH
THHZEREHKT S,

[#]

aVb = adb LRAFH (HEH) ©. aAb 2 adb ¢RI FEHE (FuEY) &
Yager ¥ Weber WK > THESOMEBINLTWVS, UM U. averaging iR¥
OV TR. BARHOh TR, DA BNV RL >R, SHEVH
VRBREABSBRLELHBINBIERBHIULVE T,

BRE. SHOWEOOELRZHERBA LTV R EL L AREEA KSR
BHRCEFIBRBEHELLET T,

[2EXK]

K.Horiuchi, Mode-Type Operators On Fuzzy Sets, Fuzzy Sets and Systems,

to apear.
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On human cognition and operation of subjective fuzzy quantities

thitfns

Kazuo Nakamura

R SRR

Industrial Products Research Institute

Abstract

In human information processing for understanding and judgment, subjective quantities are

frequently to be operated,

Even though the situation of the problem is moderately

complicated, we can derive appropreate results by employing somewhat vague quantity concepts

and thier approximate operations,

This article examines first the sources generating

vagueness in the process operating subjective quantities. Then, more specifically, through

some brief experiments the nature of vagueness introdued in quantitative perception and

round calculation wos investigatied in the framework of fuzzy sets theory,

Keywords :
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Fuzzy Auto—Tuning Controller
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Kohei Nomoto, Michimasa Kondo
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INFORMATION SYSTEMS AND ELECTRONICS DEVELOPMENT LABORATORY
MITSUBISHI ELECTRIC CORPORATION

Abstract
An auto-tuning controller which tunes its PID parameters using fuzzy
reasoning is presented. Actually, a skilled human operator tunes PID
parameters using his experimental rules. The fuzzy reasoning plays the role
of intermediator between qualitative linguestic rule and quantitative PID
tuning. The scheme and the algorithm of the fuzzy auto-tuning controller

are described and results of computer simulation are shown,
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Fuzzy Adaptlve Control of Wet Pump Operation
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Abstract
Wet pump at pumping station is used to prevent inundation from stormwater runoff in
a combined pumped sewered area, and its operation rely largely upon skilled opera-
tors' perception and experiences because of existing of rapid inflow change and
many control aim according to rainfall condition, For the purpose of automatic
control of wet pump, we have studied a fuzzy adaptive control using computer simu-
lation, After describing the outline of simulation model and a fuzzy adaptive cont-
rol method, we show its effectiveness of wet pump operation by means of simulation

results in case of various rainfall and other control method.
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Recognition of Crops by Fuzzy Logic

ERKRE FHFE HWHEL AFE— LBt
Hosei University T. Terano S. Masui S. Kono K. Yamamoto
Abstract

As a method of pattern recognition, the comparison of the object with the
standard pattern is most popular.However, in this paper,we study the recognition
of crops which have no exact standard pattern. First, the local properties of
the contour are detected, and then claddified into some categories by fuzzy
logic. Next, the general character of the object is obtained from the
combination of local characters. All these characters correspond to the
linguistical representation, then the fuzzy identification is performed.
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Fuzzy Self-Organizing Recognition of Freehand Drawings
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Abstract
Line drawing understanding system is proposed based
on Black-Boad model with fuzzy inference. Fuzzy based
semantic net is used for the knowledge representation. Self-
organizing recognition system for freehand drawings is

discussed using the knowledge representation.
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Abstract

This paper presents a perspective on the problems of measure-
ment recently recognized in the field, emphasizing the importance of
the study of fuzziness. The theory of measurement will meet an epock
by taking in some of the newly developing ideas and concepts of the
study of fuzziness. For one thing, the author sketches the fuzziness
of pairwise comparison and its measurement-theoretic significance
which have been studied by his research group.

1. Introduction

A few conspicuous features of modern measurement motivate our study of
theoretical foundation or rather philosophy, of measurement. Never in the
history of measurement we have had so many resources of measured data,
thanks mainly to the advancement of semi-conductor devices, amplifiers,
transmitters, data-loggers, computers, recorders and so on. However, these
hordes of data must somehow be cooked up to the need of us that have been
left out with inborn capacities of memorizing and understanding un-changed.
"Trash-in trash-out" was once a popular joke for the use of computers. Now
with a large-scale measurement we have so much trash hiding genuine infor-
mation that a careful valuation is required at each end of the measuring
system. The valuation is typically a function of human being. As shown
later there are many ways of evaluating things all of which are not neces-
sarily congruous with a numerical scale.

A sensory measurement is another area where human beings and mechanical
measuring devices are not easily interchangeable. The sense of taste e.g.,
may be thoroughly studied and some mechanical, chemical or spectroscopic
analyser may tell which noodle tastes best when cooked and eaten in such
and such a way. However, do we not know the best taste by just eating, at
appropriate time intervals, several bowls of noodles?

All seem to point out the necessity of studying the human being and
its relationship to outside world when it performs various acts of life.
Some functions are mechanical, others, however, are less so and more fuzzy.
The study of subjectivity, evaluation, and decision is very much relevant to
the general theory of measurement, which tries to encompass all the impor-
tant issues of measurement and evaluation.

2. Fuzziness in Nominal Scale and Partitioning

The most common style of evaluation or measurement is to map the set ()
of evaluated objects %q, by ... into Ko real numbers. One kind of
units, dimensions or denominations is attached to a real number to specify
the attribute, and more significantly, to enable us to perform algebraic
operations in the range of K¢ . Fig. 1 shows the four traditional scales:
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nominal, ordinal, interval and linear scales.

Fig. 1 Measurement Mapping Using Numbers

The interval and linear scales have been well studied. All the theories of
linear systems take it for granted that the physical world is explainable
somehow by the linearity. The traditional measure theory is really a theory
of linear quantities!. However, many objects of measurement are so compli-
cated, multiphasic and not easily linearizable as human sensory organs are.
If a human being can tell good noodle from bad noodle without bothering
numerals, he should seek for a simple measure scale congruous to his taste
being measured and studied.

The nominal and ordinal scales are more flexible than the linear scale.
They can be applied to all the objects measurable by a linear or interval
scale plus great many more objects.

The nominal scale is the crudest, it will differentiate ‘;i from i@j
(i:#zj), but not say very much more as long as we stick to the traditional
interpretation where no algebraic operation can be performed. Probably we
stretch the meaning of the nominal scale a little bit. The number may
signify an equivalence without magnitude. Thus the domain may be mapped
into Ke as §: Q—> Ke to give a partition Ay of (Q induced by f . Fig.

2 shows various types of crisp and fuzzy partions. A fuzzy partition is
really making some subsets fuzzy but it needs not be the traditional member-
ship fuzziness, which is too naive to be mentioned here. Later an adimen-
sional case will be shown to have an epimorphic mapping from () to AC L .
If the purpose of measurement is to distinguish the elements of

-’
-
-+

- s N
a4 RPN . :";
PO TR MEEN Lo
{- Y (R 1Y ‘é ~ v}
\'; Y .\\\:A : i
S e ENYNRIAG Fig. 2 Various Types of
2 W ot Fuzzy Partitions
<o ..-.:“”:g— —-7::’
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the set (1 , which is better to have few crisp partitions or many fuzzy par-
titions? This is a fundamental question of precision of measurement. The
author once tried to analyse this question from an information theoretic

s o2
view“.

Another interesting idea is the linkage When by means of nominal
scales { and %, we have two equlvalence relations Ry and R}l on a set q
which induce two natural mappings T H =5 /ﬁy and Ty : ‘ —9 /ﬁ?

given (A ) in the quotient set 5 / R¢ cons1der the set of f?q_—classes
which 1ntersects (A )y + i.e., consider the set T%’ ¢ (A){ We shall say
that: ) o

1) q,is totally linked to + at(A)g if the above set consists of single

Rs -class. .

2) % is partially linked to + at CA)f'if this set: consists of more than
one Rz-class but is not all of 5'/Rs.

3) ¢ is un-linked to { at (.4 ) if this set is all of,J//£¢ .

We shall further say that %Y is totally (un)linked to 4- if it is totally

(un)linked at each (4)f .

The idea of linkage is fundamental to classification, identification
and recognition. An expert is probably one who can refine la by a totally
linked nominal scalef . By totally un-linked ¥ the quotlent set /“/’pf
is subdivided to a maximum degree. Fig. 3 depicts the linkage.

“ Ry

‘\

Fig. 3 The Linkage

Fuzziness may be brought into the linkage as is in Fig. 2. Also in one-
dimensional scaling, a totally unlinked 2 to § means a totally linked 3
to £ . ' )

3. Fuzziness in Ordinal Scale and Preference

The ordinal scale has its simplest form in pairwise comparison. "Ei-
ther this or that" seems to be a basic act of measurement or evaluation.

A set of tall men is a fuzzy set. So is a set of beautiful women. It is
said because the adjectives "tall" and "beautiful" are fuzzy the both sets
are fuzzy. But can the both be fuzzy on equal terms? 1Is it not too much
to say that we can adjust the membership so as to make the second set
fuzzier than the first?

Take any pair of women, one can be asked to decide with resonable
certainty which is more beautiful.’ The same decision can be done with the
heights of men, where the same method can be applied probably with a lot
easier feeling, irrelevant of course to the present discussion. In this
crude form of measurement, the set of women is given a relational structure.
This structure identifies the set in relation to "beauty", a fuzzy term.
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In other words, the set of beautiful women is mapped to a structured set,
whose structure is broad enough to include a total order, a linear scale
and the real numbers.

The authors once called this structure a fuzzy scale” induced by an
intransitive ordering. Since the pairwise comparison is one of the most
powerful means to measure fuzzy entities, the authors feel it important to
study its theoretical foundations, its position relative to giving member-
ship, and its own ways to represent fuzziness.

The authors' structure given in the following is a tournament in the
terminology of Roubens and Vincke, who have published an excellent note on
preference modellings. Many other researchers as well have shown concern on
the same sort of problems (e.g. 6). However, it is felt by the authors
that they ought rather explore the less tight structures to bring about new
concepts and methods than merely sort out various structures on different
degrees of orderliness.

The above-given example of comparing one woman with another is typical
of the pairwise comparison. If the number of elements (the size) of the
set is n, there will be pCz = n(n-1)/2 pairs in the measurement. For sim-
plicity, let us exclude equivalence in the following argument. We shall
have something like Fig. 4 i.e. "pair-
wise-comparison (p.c.) table" "p.c.
matrix" "tournament", etc. It is a
graph with finite nodes’. Fig. 4

X11%2 1%31%4|%5 |%5 represents a subjective comparison of
X, 11 1= 6 elements. Each 1 or -1 signifies
|1 o I PR local judgement which cannot be other-

wise. If the set of the n elements
is X, we are introducing a pairwise
comparison (p.c.) structure (X,£).
xg|=1[ 1] 1[-1 \\ 1 The axiomatic approach to the p.c.
= will be presented in the coming IFSA
1878, However, some new ideas about
the p.c. are introduced here.

By p.c. we introduce a degree of

Fig. 4 Pairwise Comparison quality which is described by an ad-

jective such as tall, beautiful, loud,

sour, etc. The paired objects are

assumed to be identifiable, or in
other words, measurable by a nominal scale. The p.c. adds yet another qual-
ity by which we can introduce a relational structure as examined in the fol-
lowing. ' '

Now let us take s&€ X, s classifies X-{s} into two (crisp) subsets {x;

s < x} and {x; x<s}. It is a partition induced by < and s that is created
by a mapping fg. Let us burther take a subset SDg of X and map each element
of S in a similar manner. The totality of mapping may be written as fg.
The mapping may be regarded as an equivalence mapping for X - S..

The nominal scale assumed to identify each element of X evolves toward
an ordinal scale by p.c. but not necessarily toward the traditional ordinal
sale of real number. The qualifier "tall" or "beautiful" etc. under con-
sideration may be given to each element of X - S by using fg. We call S
a "standard set". If the purpose of measurement is to distinguish all the
elements with respect to the quality under consideration, there will be two
fundamental questions. 1) What is the smallest S? 2) What is the dif-
ference between the results obtained by using different S; and S2? The
latter question is more difficult to answer, but the former question may

x3[-1]-1 -]

-

X6 -1(-1
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need some explanation about the meanings of the question and its answer.
Perhaps the best way of explanation is by an example.

A balance is used to measure which objects are light and which are
heavy. The fundamental technique is the p.c. Suppose that we have a set of
objects and a balance and that we have to select some objects from among
the set and use them as the standard subset (weights). We are to tell the
unknown weights of the rest of the objects by using the balance and the
standard weights, so that each object may be identified with respect to its
weight.

Assuming that the balance is so sensitive that no two weights can bring
it in equilibrium, we have a situation of our Fig. 4 except that the situ-
ation is much simpler because the physics of gravity assures us that the
objects' weights will be linearly ordered. The following propositions are
readily proved.

Proposition 1. If a set X of n linearly ordered elements is to be measured
by paired comparison, the standard set S defined above will have at least
(n-1)/2 elements when n is odd, at least n/2 elements when n is even, in
order that each element of X-S is to be identified.

Proposition 2. For the identification of Proposition 1, exactly one S is
necessary and sufficient when n is odd, there are (n/2)+1 subsets (S's) when
n is even.

In genral, no linear order can to assemed in the pairwise comparison.
Nor is the identification required for all X-S. The standard set S may be
a small set and so is the identified subest. There comes the effectiveness
of S, or in order words, a good or bad chioce of S in X in terms of identi-
fication may become significant. The maximum number of identifiable ele-
ments by means of S having p elements is 2P and it is a theoretical upper
limit. Looking at the Propositions, the linearly ordered elements seem to
require a relatively large standard subset S in order to identify X-S.

Now when a metaphysical quality of X is pairwisely measured, the in-
strument is a human being. The sensory measurement with respect to color,
smell, tone, feeling, taste, etc. is a big application field for pairwise
comparison.

Next we define the distance between two elements x and y both in X-S
where S is a standard set. The distance d(x, y) is defined:

n
V x, y€EX-S, d(x,y) = E 23 = vi|
i=1

where the following maps are restricted on X-S,
fS(X) = (Zl,...., Zi,...., Zn)
fs(y) = (Vl""" Vireeoor vn).

The idea of this distance is a natural extension of the identification
of the elements of X-S by the standard set S. The elements of fg(x) and

fg(y) take on the value of either 1 or -1. So the distance d(x, y) satis-
fies the inequality:

0<£d(x, y)<2n.

The distance signifies the difference between x and y as seen from the
standard set S. If z, =V, for any i, d(x, y) = 0, or we cannot distin-
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guish x, y by the standard set S.

- d a
Yy X
c b
d a d a
y N v x Fig. 5
(a) Linearly Ordered Pair-
wise Comparison
c b c b (b) Intransitive Structure
of Pairwise Comparison
al x| bl c| y| d|DN al x| bfl c] y] d|DN
a T[] 1] 1[5 a T[T 1]=1] 3
x|-1 11111111 3 x {-1 1]-1]-1] 1|1
bl=1]-1 111 b[-1[-1 T=1]=1]-3
c[-1]=1]-1 111 c-1] 1[-1 T 1
S S I SN E = yla[ [ 1] 7
a1 =11 ]-1[=1 -5 d 1] 1] 1

(a) (b)

Fig. 5 is an example of p.c. among the elements of a set X = {a,b,c,d,
x,y}. The standard set S is {a,b,c,d} and the distance between x and y is
questioned. 1If the elements are lining up as they are in Fig. 5(a), the
distance is d(x, y) = 4. If we compare the dominance number DN (outdegrees),
the difference of x and y is 6. There is no way to regard the two elements
x and y being close to each other.

Turning to Fig. 5(b), we see the graph is no longer a transitive string.
It has what we call an intransitive structure. There the distance d(x,y)=0,
that is, x and y are quite close when measured by p.c. with the standard set
{a,b,c,d}. The difference in DN of x and y is 2.

4., The Main Path Diagram and the Standard Set

The analysis of a set by using p.c. over a quality has revealed many
interesting points of fuzzy-theoretic argument. One powerful method of the
analysis is the main path diagram (m.p.d.)g. With Def. 1 and the following
definitions, the characteristics of m.p.d. may roughly be conjectured.

Def. 1 In (X,<), a sequence X< X,< ..., L Xy Where each element is
distinct, is called a path of length n-1.

Def. 2 If xj(i=1,2,...,n) is not coincident with xj(i#j;i,j=1,2...,n)
the path being cyclic is called a cycle of size n.

Def. 3 A subset Y((X) consisting of all the points of cycle in (XK)
is called to be cycle representatible and the cycle the representative cycle.

Def. 4 A subset Y((X) being cycle representatible in (XK) is called
a loop and the number of points constituting the representative cycle is
defined as the size of the loop.
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Fig. 6(a) is a repre-

-"~~KCK\ sentative cycle and Fig. 6
Xi ., (b) is a m.p.d of the repre-
\ sentative cycle. The figure

is self-explanatory, however,
the m.p.d. is constructed by
laying a representative path
on a line and writing an ar-
%, X, L LS , Ly row for< . All the inverse-
x4 S S, ly ordered arrows (defined
as arcs) against the repre-
sentative path as in Fig. 6
(a) (b) (b).
On a m.p.d. we may have
a psuedo-interval order”®.

Fig. 6 This is illustrated as S,
(a) Representative Cycle and S in Fig. 6(b).
(b) Main Path Diagram (m.p.d.) Now the m.p.d. is a way

to represent p.c. and in Fig.
6(b), if we apply the idea of distance to x, Y&S, with S, as the standard
set, we see d(x,y) = 0. It is noteworthy also that the m.p.d. is not
unique. We may assign an order to a m.p.d. , and we see that the higher
the order is, the more informatively the whole set is arranged with respect
to the quality in question in the original p.c. We tentatively suggest
that given a table of p.c. we construct the highest order m.p.d. and trans-
late it to the membership. This is the meeting point of the classical fuzzy
theory and the theory of pairwise comparison.

The pairwise comparison tableau is a collection of crisp preferences.
There is no fuzziness of the relation within a pair. As a whole, however,
the tableau reflects the fuzziness of its writer and therefore lays a basis
of fuzzy classification (grading) using membership functions.

The pseudo interval order is not one-dimensional, nor is of any dimen-
sion. It is just a fuzzy order seen in a tournament. That is why back in
Fig. 2 the author pointed out that a fuzzy partition could be adimensional.

5. Concluding Remark

The author has tried to draw the attention of the readers of this
paper to some possible research areas of the fundamental theory of measure-
ment. The interval and linear scales using numbers are probably too narrow
to measure sensory, psycological, social and metaphysical variables. The
nominal and ordinal scales are more adaptable to such fuzzy objects of
measurement. In studying pairwise comparison, the authors' group has come
across with some new concepts and ideas in the measurement theory.
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Fuzzy Reasoning by Ordinal Structure Model of Control Rules
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Abstract- The inference method “If x is A, then y is B” 1is effective
in description of operator’s control rules, but it is not necessarily
practical when its input variables and fuzzy variables become numerous.
Here a structure model of priority ranking among control rules has
been prepared. From some case studies, it is concluded that this method
is practical and useful in simplifying the description of control rules
as well as in reducing the number of control rules.
Key Words: Fuzzy reasoning, Ordinal structure, Preference function

1. IFTUDHIC

95 2 EMI=HIF S “If x is A,then y is B” HROMEFFiEZ. TRV —YOHOZR
B EIHA AR T 35 A CTHR LS HMLR ik EAO6ND. V¥ —H. TOHERANE
HEZDT 7S A EHOENELBBE . SIHAOENEKRIZRS. HDWE. BIFROEMAFD
PEN FEDVEMTH D, REDOHAIZIN LT UDHERBRFETIEIRW,

AT, ARV — DRI HIHMAR O BRIERI O D R\ % ML 5 HEHROIERF
BEETFLAERLT. ShEAWTEREFRRIIS 2 2 OHHMNOERDESG WL Hiff
HESEOMEMEREXEITLD . EED “If ~,then ~”" EXOHRINELHET 57HE
ERUTE. ZOHER. BitFHH OS2I LD | HEHMOK A KET 55 X THEMD
YEZOND, LT, ZOHERIEE Y —Z - AFT 4 LK 2BEIEREZENT Do

B, ZOHERET AT S Y FOBREEHIND 2B LEZANDSHNRDT 79 4
HEIZEAFTSH S,

2. [HEA

“If x is A,then y is B” ®BADEHR 7O X%, #BE . DHENOGIGFIESEDHE
DERAUOHRIE DHREROMFROESEII L 2EANEFRIE O3 207 0LR
IZEDERD . Che 3R FiETOLAEMICERTH D, >

ZORROHERFEHFEOBRL FbN B —Fle LT, ##ER:G=1,2,--0)%

Ri ; IfFC A (X1),A:2(X2),*,Ain(Xa) ), then ( Bi(y) ) ceevevesenancncinincins ¢))
EEL. x5,y AN, BEU HAER (G=1,2,-,m)
Ais,By; AN, RUHDOT7 7 ¥ 48 (i=1,2,++,n)
TEDbL. BIFROBEEL 1 %
B1=min(As 1(X1), o+, Ain(Rm))  rereesreserssmmsmnenniiiit s )
LT, Wh y2XRAUCEDEFETE2HEVD S,

— 147 —-



_ S yerBax(Bi1 - Bi(y), =+, Bn - Ba(y))ydy
T § yermax(B1-Bi(y), -, Ba-Ba(y))dy

COHEOHEESIZ. ANEROBLZDT 7Y 4 BHOENZL 2L, ZhboDil
HBEDEEVERIIRIER. ANTEOFEOMEHFHERICRD . HHENOKIEL R
AEICH D,

¥ hy P& OHHABIFRESEDEATEFHE LTHEEINRLLHIZONWT
. CHIZEHHADG L AEREEETHRDRTWA I LIZfE SRV, LENS T,
ARV —YDEROICHEANOMICBERIEF2F 2L 5L2BEICIZ. FEITIMRELGIH
bhBLE ARLV—YOBERTBZHEAL Y FOU—TSOHBEENER ZBAVEDLR
T 3%, ZOHI% fig.1 IZRL %,

TrY4HEE. FETIREAHEDRTHLEMITITEHNANT Y ADEREY
OB zohaFHEF-O>N, 2hid QO)RXDEEHEICEIHETHD . FIcHED
MICEREFEL D 2BED0FR L —YORB2EEOERICH#EL L 26T LIzh 3,
CDEIBFEEORHEIZIZ. ANETHOZEZX 61 LTRESIIRDhEFE
EORSTILENS B, ThRIESLARNICHBANOKOBAA L ELTIIchD, &
DEHBBRIE. BEFDLDRTWAMMOHE. FIRAITANZEHORSEMTHEEZALD
M2 RHTHIE., BIbEHFRE

V£ (X1, Xz, vor, Xm)  soeseesesesssnsesusttsotsosssstnssansssansossrnassasssnsnss (4)
ELTCERBT3HERYTH, 2<ARTH .

y

=
i N
I3 3
= ye:ordinary fuzzy
:; reasoning
= ¥Y1,¥2,Ys;0perator’s
@ selection
2 Y1:R; more important
= ¥z2:R:,R; equivalent
= ic Y3:R; more important
0 3 A 7
}h Y2 Ya —
y output

fig.l Difference between ordinary fuzzy reasoning
and operator’s selection

3. HENOEFEEEETL

mEARL—Yiz., DR TEDINIBLZRALTHTCOREICI D BEABTLZRE
T2EDH. CLALBVWKTOANZHTHEC N 2HELRHBAULKELFEL. Thob
DHANOH B ESEOHMNLEKE X LEBN CEOBROEF L ICE D RIFNE %
RET B DB, BIRIE. TAHBHFOEETIE. FROBBELNEINP>TWS
RIRFTIR . EREHLETE2OONENELZR ., ST AOBRPTHONEELZEE
BB T 5200 HMIE—FMITERIRS, UT. COLIRBERETOLR%
MU T HHEED—-E%RTT,

— 148 —



W EWICFETIREALLOMMEMR,, RyOMIz, AL -2 TR, DA
BOBESEPKEWES. R; EDBR: IZEICEHELZEINDERMNICERT S 20D
ZEBRAAZHLHODDELT B, COKMEER> (Ry, R;) % RiZR; T#EHT.

KIZ. Ry, RyDAIHHESGEL:, B:OKNMEFZRT AKOZHEEIZEIND EET B,

Tijéﬁj/(ﬁj"’ﬁj) ...................................................... (5)
KhBRT;€ (0, 1) 1F, BAIRIHHUWORHFHESEVHEMMIZKZIVWILO
L HEIhIWEE LIZET L,

WIZEBRMBZER:ZR,OBEEDEI 22X HIERMALD, (T715) ZRAUCENERY
5. NTA—=3pid. BRIEFHMEOEIZELITERTEH) . ThADPKEVWILES
BRDELS 2 B, .

D, (T1y) = (Ty3) ", (P20 ) cerverecnsrniennncnnnieetiiiiiin (6)
ERBAK D, X, £2FTLY GOORDOETHAILEITRL .
QHFE (P1Sp 2002 Ps2) ,
QHEFEM (112720, (71) £0, (T72) ),
@xm (0LP,<1)
OMEA#HH . fig.2 KWRTEIIZEOMBTHRIT LI W,

HEHMOESIT. BEXABERERIZBEW TR, RATAY, HBOKEEREZEAL. £EF

EBLLTHRITEDTED, BEMERIZRICEINDHEIN-BEEL %

.)‘:BJ'(Dp(TiJ) ............................................................ (7)
93, BB B0 ZKNEFRE. Ry, RyOEBEAMEBROEIIZEIDHE
SNEBEEEE L 5,

2T, —DOOHIHABR; I U THREECERANL S 256121, HxIcKkdoh
58" MERAERTA, F2. Ry EDDBTHOREAIZHL TE. BiFHREEE 4%
Bs*/ BifEELUTHEL . ARDEEZ2{TZOIIDET D, Z2O&LHcLT(EsREL
TOBy % VADB;ORDNICERATEIINDET S,

ol
N p=0
< R: 2Ry
s
e " p= 0 :equivalent
© N p=1/2:wore or less
3 ] p= 1 :ordinary
> Q,,\ | p= 2 :strong
= A
b ]
Q
G
[«%)
b
[=%

0

0 Ty |

fig.2 Graphic representation of preference
function

— 149 —



4., FtEH
HENOBEREFEBET TV AAWAERO-FE LT, fig.3 IZRT—KELE LY
HRZ2EO7 0 A TOMIHER 25T, #W#AIZtab. 1 ISRT L DI, HEELORE
FRIZZOTMEEIIOWTOMERZ —RITTANERTERLZ, ThoDHEANZ.
TREN+TNELBWEARZFOERILEEICHFRRBELABT IEELERIE. X
. RENFINEL B L6ZDELEEARETIHMELBERLT. BER. Db
BEOFENHEEEAE5) CAHHBEEL LT, figd LRTIEFHEEET VAR O
DT 5,

e-L:
uj 1+Ts
e
I
! ,i; Auy Fuzzy
| K+ Reasoning
: L_ Us-y

fig.3 Process model (T=10 sec, L= 2 sec)

(high)«— level —(low)

Ordinal structure of

figé.
control rules (tab.l)

tab.2 Control rules by ordinary
fuzzy reasoning (Au)

tab.1 Control rules of ordinal
structure model

— 150 —

R 1; If Ay is PB,then Au is NB Ay
R 2; P N NB N Z P PB
"R 3; P YA NB| PB PB PB P Z
R 4; N P N PB PB P Z N
R 5; NB PB Ay | Z PB P YA N NB
R 6; If Ay is PB,then Au is NB P P Z N NB NB
R 7; P N PB | Z N NB NB NB
R 8; Z Z note;membership functions are
R 9; N P shown in tab.l
R10; NB PB
membership function
NBNZPPB ) NB N ZPPB
. } 3
== 0ot
Ay, Au Ay 1/s




fig.d RLUEABEET VOEKRNZFEFIEZ. XKDLHItn 3,
(D) ERIEFEFRICID BRI N IHHABOXNBEE T, 2 GO)RKIZEDEFE;
W'J/‘?ijRxo OWTWER., R, ROEERZXINZIDSE, B5= Lo,
Bi=max{ B, B2, B4l L LTEHY 3.
) ORI KEREZIHFROXLEELWET D (L,"DFHE) .
LEDFTE%. Re, R7, Rs, Re, Rioc IZDWTEREFNITR D KIZ.
(3) HNTTRDHIE; Bi=pax{Bs , B+ ,Bs ,,315 }.Bs=Ba s TEE L.
Bs'=Bs- Bs*/Bs, LT, (V,QQ) LAULFIETHHRAZELMET S,
(4) BKJTR:, Rz, Ry, RslZDOWTIZ Bi"=8x (k=1,2,4,5) 29 5.
UEDESIZLTRODEBT(k=1,2,,10% . DR BOKDDIZKALT. Hhy %
BT 5,

Ot AOEE[fAZATy THRIZE{LZI B AL EO, @fFEE{ig.5 27T, BB,
BO~®., tab.2 CRTHIHAMNEZ I ODOBED Ty Y4 PIay -0 HE (i
L7~

ordinal structure
rules by tab.l
(p=1)

a 50 “(se)

ordinal structure
rules by tab.1
(p=2)

R VZ 50 se0)

fuzzy P-1
rules by tab.2

- d

0 50 time (sec)

fig.5 Calculation results of dynamics

AEHERICEDE. BRAIEFEEE T VZAVWAESEFEIHEAFHOEERD | KF
MEEBLR I LB BELABRDINEL DD, tab.1,tab.2 O2HHOHHIDLEEN S
HE2E 2, EAFHEET L ARAWARHN T 1 XeZMOgElickDiEdhEhs7=0.
ANBEEOENPZL 2> TH, HHNOBPBEDHELID LEMCL 2L TEDHNASR
YD, LEX-H T, BRLAHMBHET. IRV —YORABOIMEOREIZEN ST,
il i A EC it O LR HH B OEBICEHNTHZZ 2 5,

— 151 —



WEHIEO T 7o 4TI, ZREP. NOx, O ER L #HEHH ITWD 5 72D D
HAOMT. FORRA B U AEYHHATEE T e 2BV, LEDX D 2ER
MEFEHEEETNVICLPEERFEZFAL TV S,

S. FLdD

HHADIEFEHEEET LABRWT., HHNMOFMEFTEGEOHEMMNE K& X LEEIE
FREGEOmXLIcEN  HH%#RTHIHELBRLE, JOHEE. G#HNOMIZES
EFEOEEEF L AEAL. BRIEFMZRICHSHEA (RiZR,) 12U . B Hlm
BIR A EHROEEMVEES N 3154, HEXMHEY R, OBEEL, LEXMFROM
Xplckn RyOMEZRFBL., Hiz B hIne X2k, Z0FF R, 2EPTI L%
BERTZ2HDTHD. CHHOFEIZ. “If x is A, then y is B” FEROMRDH#Rz
SioHAMUTEREINS, 77 VA EREROBEGET 2K TONY -V THEIBN, £
REE—DOEREF OV T 7Y 4HHTEINEZH—DOKME (HH) ELLTRET S
DLENHD . CZTRULAFTERBESBERO-DOHELRETLHIIDTH S,

ERULEFERABHFHTRLELIICAR V=Y DG HAMICEEIDIEF2F 054G
DBRIENBA2ERTIFFHELLTEMDEEZONS, 2. HIHMEHFEHE DB WRITO
ANZTHETEZZEDNTE, BITANEZEDT 7Y A BHOBNZWHEITE . HIHAIEC
H DL HHNBOBEROFAPEFTE S,

HEHOJEFEEEE TV OERICIZ. BEMRICHT B5FR L —F ORILFB & BIFA
BOFHPL. 70t A0BAMEICHT 2EMMNMEILETH)Y . L. a2 bu—7
DEBIIEFHEETNOZLEIILP2TWS, ThHoDEIIBEDTZ vy 4 -2V b
U—7 L 2<{BULTH 3,

REFERENCES

1) Laesen,P.M. “Industrial application of fuzzy logic control”
Int.J.Man-Machine Studies 12 pp3/10 (1980)

2) EERE, NEER AT OEHVATLOMR” ZEEIRE
Vol.22 No.6 pp926/930 (1985)

3) HEER “TryPAHET F2MIry M- VATL-YIE Y 4 i SR
ppl/8 (1986)

8) KT F, NFEE, FEHZ T 7Y HENC L B ET I AREFO
BRAE D — 227 5529 [E E B 58 & 358 £35S0 3083 pp545/546 (1986)

—152 —



BIMMT 7YV ¢+ VAFAL VY VRYI A (19875E6H1H-3H)
3rd Fuzzy System Symposium (June 1-3, 1987)

7 7 I BRI S Ak TE R

Improvement

of

Fuzzy Controls

K K H OB
Masaharu MIZUMOTO
ABREREEKE

Osaka Electro-Communication University

A fuzzy logic controller consists of linguistic control rules tied together by means

of two concepts of fuzzy implications and compositional rule of inference.

Most of the

existing fuzzy controllers are based on the approximate reasoning method by Mamdani.

This paper introduces other fuzzy implications such as arithmetic rule and maximin
rule as the fuzzy implications for linguistic control rules, and compares control results
for a plant model with first order delay under various approximate reasoning methods.
Control results are compared when the widths of fuzzy sets of linguistic control rules are

changed.

Moreover, two improvement methods of fuzzy controls are proposed:

the one uses

new definitions of fuzzy intersections when obtaining a fuzzy set of control action, and the
other introduces the concept of linguistic hedges acting on a fuzzy set of control action.
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HRDBBON. xA y REAUREBALVLRAL
f&%b‘?%éh'(b‘%ltb‘bb’%o Th. 77—
WEDREAN a—=>b = (1-a) v b RESVWEE
Ejbm@4w6ﬁ@6$5mﬁﬂﬁhﬂW%%
BRTORVLN, R xy 2HV S MR
DUEBRZTONE (F9) . UMU. BRRHK
DIZETEDPZ > THRERELIRHS>TWV S,

max , x+ty-xy

| L

v\

40

TA(x+y)

B 10 50 VDFiE&Ec Lk 2
#i% Re 0iE4

Tl RUADD K ST (V) BV SHE
ReDBBIEE S THE S U g >

Paup® = Hy@) v pp(u)

DX v=max BHVZH. {CBFD xty-
@RW}AUW)EHD%Z&%W%%&%f%
CORSBIER AV TERIhRFUU LR
(UIEA U T Mamdani OAiE Re OF TELT
sg%t@mw&5&ﬁ@%%ﬁ@6n%ozn
géggéiggggécmgéuﬁvumiﬁ
EREZ Wi R IIar e 2
hdi-L 3y WHREEELRVWIE

6. 77V HlONEE (2)

#EE (1) T RADDRBIBRHHND
HERER L ZBETH o, LT T, max,
min BAVTE>hEA (1D,U5DT 7V 1%
& C RHUT” SRIEME" 2REURBEDT
7IABIHEEXTH S, 3

—fRe. T 7V L EAANT B EEIEHE
(linguistic hedges) & UTIRUTODHOHBHIS
TWw3[9,10].

pCON(A)(U) = Wyery A = uA(u)2
PDIL(A)(U) = Prather A(u) = //PA(U)
P =a EELE.

) 9 a2 0= as 0.5

(u ={

PINT(A) 1-2(1_3)2 e 0.5 S a5 |
Aa-a2) - 0= as 0.5

Pwmu)={

2a-0.5)%40.5 -+ 0.5% as 1

9SWEL(A)(U) = 0.5 pA(u) + 0.5

Z ZC. CON (concentration), DIL (dilation),
INT (contrast intensification), WEAK (cont-
rast weakining), SLND (slenderizing), SWEL
(swelling) TH Y. BllIO &SRS,

if 1f
DIL(A)

WEAK(R) /..
&’/:.' b
'/ .

7 /TINT(A)
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40

(a) Mamdani MOAE Re
(f1 Ww=g6)

40

(b) Mamdani MKk Re
(1 ¥ = 10)

40

200

(c) Zadeh DKk Ra
(1 W=86)

Bl 12 SEEHER X ¥ RGaORIEER

ZhoOEBEMBERRAD,05) © C WKhE
FTIERL>THHERLELOBRI2TH S,
GRI(a) &Y MamdaniDFjik Re T CON, INT
2RURGACUEBRO NS, $h. T7V4
HLAEOMWEI0ZU RI5E (BI(b)) T SIND 28

7. LIYV

BRADT 7V AHmEOTTOT 7V (4 HfHIL
DNTIHERTERLWM, I, HERECE SV
ik Rc, Rp, Rbp, Rdp 2SRAFQRBIHER LR
232EMBBonk. —H. BEARKESWREE
DOHOHERIE TRV RVERESBOINGEM -2
Dy HEUEEELET & T RRIIHRABEO N
22 ok, . 77V 4 HIRAIEHE
ETET 7V HEGUBECERAHOEH>TVS

DEBH B EDPMI NI,

#

Km X eER T 3%k, BELDaYEa
=YY Iab—-vayRiToTTE > LAFEEHY
HOBEIKRE] G NTTYIMILY) B&U
BIEM (B HABERLOVZ7Y YY) OF
BREIKHET 3,

2 % X W

LEBRR S0 R” BX 2RFOTI7VA -
avEa—%  Hu#Vesr, ELEM%RKIHE
ERELT 7V A HPOmAIL, BR#avka
—%, 48-65, 9H16HT, 19854F.

2.%15 + BA « HE, FHFuzzy HIWARI X S

3.5ugeno,M.(ed.), Industrial Applications of
Fuzzy Controls, North-Holland, 1985.

4.Mamdani,E.H., Applications of fuzzy algo-
rithms for control of a simple dynamic
plant, Proc.of |EEE, 121,1585-1588,1974.

5.1 « E, Ty V4RI, YAFAERH,
28, 7, 442-446, 1984.

6.Mizumoto,M.,Zimmermann,H. )., Comparison of
fuzzy reasoning methods, Fuzzy Sets § Sys.
8, 253-284, 1982.
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approximate reasoning methods, 2nd IFSA
Congress, Tokyo, July 20-25, 1987.

8. KK, 77V AHERE T 7Y A MM, H5EM
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9.Zadeh,L.A., A fuzzy-set-theoretic inter-
pretation of linguistic hedges, J.of Cyber-
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HROEREHFE TS, —77. Zadeh DF5ik Ra 10.Mizumoto,M., Fuzzy inferences with various
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DIFEREROVPEREF TR ENIRY
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WBIMT 7V 1 YAF L Y UKRII L (198746H1H-30)
3rd Fuzzy System Symposium (June 1-3, 1987)

=z > oA S oomleetE - &2 ME
FODT = T 4y 27 FFEH]
Possibilities and Necessities of Fuzzy Sets and Their Graphical Representations

g HR* Hrh k= TH K
H. ICHIHASHI H. TANAKA T. SHIMOMURA
* KERHF LA Univ. of Osaka Prefecture

B KIRESHBIE AT 0Osaka Electro-Communication Univ.

Three forms of integrals for fuzzy measures in the sence

of Sugeno are compared.

Zadeh’s possibility and necessity

measures of fuzzy sets a recovered in two cases. Graphical

representations are shown.

1. i@3LHic

77 VAHMEVRHAEOMEEDOERAEW
2D LNT, THENE?  LAEHE,
t-normiCEFL 77 A PECDLLXBAD
LOBRERINTWS, 27, Dempsterk
ShaferD X "L 7277 A1 HETHB L
PRHILATWSE®, 77y VA HMECHATIH
HRIBEBHICIZ 77 ARV UKW 2P
DLOPRBEINTWVT® 713 HwnFwn
TEBRNLFERIBEL L CZSDIBANRS
hf~\614—17)°
REPEP. V5 2oL 2hEEXDE N
K AANDHBREASADEBEERRx A ZHANWT
P.(A)=§ x adP, (1.1)
ERTIEHTEL, (L.DADOFEIRALX
— 7B ThHhB., DI EPbHLadehid
AR T:-42L T X4

P.(A)=§ u adP. (1.2)
EEBLTWVS , R Lud77V1%4E
ADAYNRY vy 7HRETHE. (1.2)A»S
P.(Aiz AV Ny vy 7TRROMBFHEL LTE
HEINTWBEWVZ 3,

CNEZFIBRHECRZT, 7794
BEVEEZLATWEHAICLEERT S

ENTES, 727 VABEROVWTORSE,

ZEZLDXB TV 2POBARADLOHBRES
NTWaH, FRXTE, 320BRADOLD
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P—BRALINTHFELLTHOEEEXH-Z
EE 7RV, 20, REL I 7VAMETHS
THEAED L L RABENEDOHAII, h
LOBABILEINVERENEZ V77 AKEDT
HELLAEFBRLATRZN, 22008
ROBAEWL ZadehdRBICL B 77 V1 &%&E
DAL LPRBLEI—-RTBEIILERT. &
NHRAYNYy7TRBOBREK, v 4bbHR
EETHD, a2 —% - TF5T7 497
Z2ERAWT, TOBREAREVICHL P ICT
3%,

2. BRI VAR EEVWEH A
REPFECIIANR-JBSIPHEHELE
FTEO5L, 774 BERIEBIFPVAES
LRDO—BILSIh-FHEL L TOEELZH
»TWb,
(EH 2.1] FREAX ={x1,X2, """, Xa}
PORE0.IINDODABREf(x), xe XE LR
L &
M1. mip f(x)sSh(f(x1),f(x2), -,
f(xa))=max f(x)
M2. hiJERZHEMEEATHS.
DEFLZTHLITHEENE FHERE L&,
THEABRBM1IOEE»LSL, NEEFRICH
%95,




VYx€ X,f(x)=K =h(f(x1), - -,f(xa))
=K (2.1)
DEELEH B, 22/FL, Kiz Ke[0,1]TH
ZHBEOERTHE. XNDEXIF 2B L %,
ERIBI7PAHATEAT L LT Dmean???
DEBPLTRBERWLLOTH S,
[ER 2.2] Xtk o774 BE g i3XD
BREREZELCTEARAE: : 2%-(0,1] & -
TERSINS.
1) g(4)=0
2) g(X)=1
3) YA,YBe 2X, ACB =>g(A)=<g(B)
RBf(xX)D7 7 A BAV I
(s)§ f(x) - g
=“Sul,1.l:)(a/\8({x|f(x)§a})) (2.2)
LREERINTWSE, XL, AlX niniRA
FTHbd.
(®B2.1] 774 MM (s)§ f(x)+ gizF
HEARTHS.
(ﬁ“ﬂ) f(xl)=alt L‘(. a1SazSs S a,
ThdrLIdLE,
(S)Suf(X)' g
='\=/l[a‘/\g({x,|j2i})] (2.3)
t&&o a.ﬁ‘a:gazé--'ga.ﬁiﬁfc'ftg
gl{x;1jzi}) & HEEDaSEMLTL—%
Thd. VEAREBLHMEETH 20T
QBRI ERYMMTH S, ajSas -+ <
aFWLEINTWEEL, BEEZHILZ
PltRE-oT—mEidkbhZLw, LK
2T, M2HRYIT 3,
EBKe[0,11ic20WwWT,(s)f ke g=k T
»H3d, LT, M2k
min f(x)= (s)§ (min f(x)) - g

S(s)ff(x)e g (2.4)
t%s. ARICLT
max f(x)z (s)§ f(x) e g (2.5)

EXBNDT, REMLIHBFEL S, O
[E#& 2.3] FHB med. 122V

b; asb=aq
med.(a,b) = {a;aéaéb (2.6)
‘ a;esasb .

LEBRINATWS,

med, {JMBEHFL L, mean?’TH 3,
[ 2.2] X% {x1.x2 )02 2200EED S
LT53HRAEL, 774 BEgH, g(ix))
=g({xz2})=14a, (g({x1,x2})=1)TH B L &,
77V AWM (s)f f(x)s gl mede TH 3,
(EH) f(x1)=a, f(xa)=b L ¥ 3 & (2.3)
AED, as bk x

(s)§ f(x) s g =(anl)V (bAa)
=aV (bAa)
b; asb=g
={t;‘a§a§b
a; asasb
=med.(a,b) (2.7)
(R 2.4) THENEDT L 2RENE>
NiZER 2.2 D77 1 METHH®,
i) I(X)=1, MN(s)=0
i) YA,YB, '
N(AUB)=IN(A)VII(B)
i) N(X)=1, N(¢)=0
v) YA YB,
N(ANB)=N(A)AN(B)
EEEINSD.
MENI, "AlZ2oWT
N(A)=1-TI(A) (2.8)
DRFRMBRILT S,
(R 2.3] TTHEME QBT & HXRMEMEN

CLaEHOT P ARSI ENER,
(s)Sf(x)°H=|y‘[a./\r:] (2.9)

()5 () N=A[aiV (1=r1))]
(2.10)
ERENBE, L, ri=0{UxDTE(xy)
=aiThs, '
(EBH) arSaz<----Sa, L HETH L.,
2.3)&h, .
(s)Sf(x)-H'—“\:/l[a;AH({xJIjzi})]

i

V(A (V)

MANREY )
Yi>ilZ2oWT aiArsSa;Ar; THBEDT,
= )[al/\rl.] (2.11)
Y%,
(MSNH°N=&MMNHmUzHH

I

<=

1<

l[ai/\ (-1 {xs1i<iP)])]

,\_n/l[al/\ (1-Vry)]
= i<t

<=

= V[ A (A (1=r))] (2.12)

1

X

<=7

[mAgQu—rnn=5jmv(ka]
(2.13)
ERBIEERT, QIR ELOERK
LT3E, arSazs - 2a,ThHDH, hai
2o2WTr=1ThHdDTkSa k% b, 72,

i

1
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HRI*HEHELT i*sikdilcownwTa 2k
ThD, i<i*ZwdilcownwTit ai<kThH 5.
Fha,<kDktE1-ri2kTH5b., LIH-

T
ar ALA(I=r)]2K (2.14)
L%
VlaiA (A (=r)]Z A laV (1= r)]
(2.15)
E%%. 3R, QBIROELNBEEKEL
aiA (A (1=r,))=k (2.16)
L%%i Ritk¥Thla 2k THD
Adl=r))zk (2.17)

ThHhd, Lo Tizi*h dilconTa 2
a,*2kT, i<i*%Z3ilkc2WTl-ri2k: %
D FENiIlEDOWT

aiV(l—r,)=k (2.18)
BRILTSE., LhH-T
Alaiva=r)lzVlaA (A (1=r))]

(2.19)

D, 2.15)R L 2.1DA L D (2.13)K M
r3Ih, O

fX)EXNy TRHRBRETHRIE(s) S £(x)
e Mit Zadeh* DBHKT DI 7 A EADT
HETHD, (s)§f(x)e N itDuboisk
Prade®’ DBEKRTHOI7 7 VA1 GO RET
bsd., &%

I (AUB)=T1 (A)V II (B) (2.20)
N (ANB)= N (A)A N (B) (2.21)
HRILT 222,

(8 24) X LD 22D THHERED
Hlt Hzfﬁ, ﬁ#
1) H3x022o0nTI({x,))=1,
({xs})=1Th5.
2) i# JTHLHEBINTH i lc2o2wWTIl,
({xiHz2TWUxHNTH B
r#EcTEE,
min f(x)=(s)§ f(x) s M1=(s)§ f(x)+ 1,
Sf(x;)=(s)§ f(x)e N2=(s)§ f(x) N,
< may f(x)
BRI B,
(GEB) @wRE2.3L0D, (s)§ f(x)IMiXI,
UxiNEOWTHFAEMTHD, (s)§ f(x)-
NBIO. ({xiD)icoWwWT BHBITHE &
PLBRALLTHE., O

3. t-norm, t-conormicE I 77 A HEH
FHWwWaHS
t-norm, t-conorm?2'{ZHE I 774 E

EI.S)@%%U)'?Ty’,fﬁﬁ.O.lO.ll.lS.lB)
K2O2WTEET S,
[£3%& 3.1] t-conorm?*®’ LR RDOKHE:2H
TEBRORREI,1JBI22HKBBETHD .,
fF£E&®D a,b,c,d€ [0,1]i22WVT,

T1l1. 11L1=1, alLl0=0La=a

T2. asc, bsd = albscld

T3. alb=bla

T4. al(blc)=(alb)Llc
PRYT B,

t-conorm {X t-norm2??’ x k
a*b=1—(1—a)l (1—b) (3.1)
DEFBEHH L.

[E£#%3.2] t-conormicE S 77y L PHEL S
2 XOBRE*WILTEEAH” e : 2~ [0,1]
E-TERSEIND,

1) g(é)=0

2) g(X)=1

3) ANB=¢ = g(AUB)=g(A)Lg(B)

#HHE3)INZD g BER2.2D3) W2 L
7rYV4BETHE., EHIE

3)" AUB=X = g(ANB)=2g(A) * g(B)
EL2LDH, t-normicEFL 7L HEY
ThHhd., THENEITIZt-conormicEF<H
ETHY, PREPENIZt-normicEF<L B
ATHB.

KICERZ t-conormk  t-norm¥ AWT &Sy
*ERTB.

[£#%3.3] & f(x);X—[0.1]D t-conormL
CEILS 77 A RMECII®EN %

(L)S £+ g =L [f(xi)*glixi})]

(3.2)

t-norm*x CE S 77 A HELCIIHEN %,
x ) OHWEEE(xITRL

()5 £(x)« g =3 [£(x:) Lg({xi )]

(3.3)
EERTE. LKL, Ii—lalz (axlaz)las)
_1_...-)_La,'('éla,=(a,*az)*a3)* cees)

*a, Thd, 272, Lr*+xPBXROBEINL
TEBPEH#HLTLDOET S,
Ya€ [0,1], DiNDs;=¢ TH B “D;,D;CX
C2WTB.2) AL E xid
a* (g(D:) L g(Dy))=(axg(D))
1 (a* g(D,)) (3.4)
3.3)RD Lk *xid
al (g(D,)*g(D,))=(al g(D:))
* (aLg(Dy)) (3.5)
B.HNAECS)ADERHR, BHro@EFSE
BDDRO KL L LT —FL L BLONDFRT
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RUERBFETHS.
ZHFGCB.A)ZETHLTERYL t-conormiz Vv

(max) & EHB R 4ERHEK % #F DOnilpotent t-
conormNATH 5, 7, RHEGB.5)EHL
FEEZt-normi A (min)k EHERAEMEK
* #Fonilpotent t-norm*’DATH 3.

[wE3.1] 274 BB (L)ff(x) g8k
(x)§f(x)e g ITPFHEABTHS.

(EH) M2 & ZToat-conorm t-
norm PEETHdZ L, XHET2X9H
LhThHd. HFHFEGBHEY , EHBK e [0,1]
Z2o2nT

(L) § ke g= L (ke g({xi))]

=k* [LatixiD]l=kx1=k  (3.6)
ThHd., LIzH-T,

min f(x)= (L) k- &< max f(x) (3.7)
EHYOMIBPRELT S, (x)ff(x)eg DB
ELEF BB LARICEINS ., U
%P (3.4)% %7 ¥ nilpotent t-conormic &
F< 771 ME g i HEIZ nilpotent
t-normiCX¥F< 77/ HMETHD, (3.2)
ADBAZB3N)RANES5Ic BEHFEZLBZ L
BTER'®, 2, O EB.2D)XOESL
itnilpotent t-conormilD &= RBEAKZtL L T

(L)§ f(x)eg=t [ t(f(x:))

- Pr({x:})] (3.8)
Lt#/#IFS., L, t@U{xi)=Pr({x:})
THD, EP.(xi)=1ThB,

27754 KBDA YNy 7HEEL
TEH3IZDB.2)RIKI>»TI77V1&EED
7rYA0E g(A) 2EHET DL, R 3.2
DEEGAB 277 VAHKRBELILLDOHRYL
T3, T4bb
ANB=¢ = g(AUB)=g(A) Lg(B) (3.9)
ThHd., L, NRUBI77VI1EENHE
RELAMEATHY, ThEh XN 9T
ABOALVIZE-TERSINS,

2, E&3.30B.3)AEHWBE L &

. AUB=X = g(AnB)=g(A) *g(B) (3.10)
BRILT S,

D &2, t-conorm¥ V, t-norm ¥* Ak ¥ 3
BAICOWTERT L., Tk EHHG.4)
EBSRKRILTWT, EH3.2EEHR2.4
Diki)kh g=NMrk¥E,

(L)§ £(x) o M=V [f(x)AT{xi})]

=i\u{l[a./\r.] (3.11)
%, L, TUxiD=r& Lf(x)=
akLTwWa, G.IDNKEHE 2.3 0 (2.9)

ReFLou.
T, ER3.203) L ER2.40i )L iv)
XDg=N k¥,
(%) 5 £(x) e N=A [£(x:)V N (xi )]
= AlE(x)V (1= TH{xi )]

=Ala.V(1-r))] (3.12)
Y3, Chid@E2.30 (2. 10)RICFL W,
fF 27754 %8DAUNY vy TRBET S
.3.11)RiikZadeh? 2k B3 77 VA1 EEQD
TEEMETHY, G.12)RBEhEHT S
77y VAKEGOBREMEITH S, (3.11)
REGIDRAF £2Q2.9DREL 2.10R %
LWwWoOT, B2 A0HBEHFRILTWVS.

4. WR-7 - ZAFNVF 2 ABHLZTHWL B
P

Dempster®’ | FBRREHP* L TREREP.|z
LEMBEEAR - - 2F NV F 2 ABHIC
E->TERLTWS, ZHhii Sugeno and
Murofushi'!® {2 X > THRXR LA TWB LS iz
Choquet?’ DRy 2 MAALTRIT oL HT:
5. THENECSELP P2 AEANE IS
WLP.HBHEETENDT, IRNICLIRNIE
Dempsterd FETRE 32, 252, HED
774 BELOVWTYL, 2o uBEEE
WTHRIP2ERTES,

[EF/A 1] FOEBRESPBERE T 2L 5,
774 MEOR AR
F(a)=g({x|f(x)<a}) (4.1)
ELT, WMR=7 - 2FNF 2 ABHEHW
577 A Bh%

(L) §f(x) « g= § adF(a) (4.2)
ERERBTE., LZL,.QWDRDETIZ4.1)
AESBRBELETEIAR-F - 2F )1 F 2 2
Boy''Ths,

(8 4.1] 77 Y4BH(L)S £(x) g iF

FHEABTH S,

(%IHE) f(xl)=a|t LT. aySazs -
THBETBL,
(L)§£(x) > g= 32 [8(ixs1jsi})

—g({xsli=i—1})]-a: (4.3)
E%BNT, M2I3MLHTHL., EF ke
[0,1]Jic/ L T

(L) §keg=k 2 [g({xs1isi})
—g(ix;lisi—1})]

= k-g({x;1i=n}))=k-1=k (4.4)
REM2L 4.DRXRED REMLIBEL SR
3,0

<
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[ 4.2]) X=1{x1,x2}, f(x1)=a, f(xz)

=b, a=bTH Y, gl{ixal)=a, (g({x\,
x2})=1)& 93 &
(L)fkeg=a-a+b(l—a) (4.5)
D, gl{xit)=g({x2})=1 D& % Ya,b
€ [0,1]icon<T
(L)Sfkeg=aAb (4.6)

glix1})=g({xa})=0, (g({x1,x2})=1) D&
&

(L)fkeg=aVb (4.7)
ThHbd,
() 4.5Ri3 W3Rk BWLyT,

4.6) A U.NRIZUSYRIVEHINZ, O

WE, BRIBEBI)HY xieXicHBLT
a1Tazs - S, THE LI FRENER
EB5LDLTE, ZDL &B i =({xIf(x)sa,}
¥ B, ¢ =BeCBi1CB2----CBak % 3,
(4.3 ] WHEMENED L 2REMEN I
L3774 (L)If(x)egid®Fh®Fh

(L)S£6) e =2 [(ri=ri-a)min £(x)]
] .8
(L) f(x) - N=.§l[(ri—r‘-x)mg)f f(x)]
4.9
EXRINB., L, ridN(IxNDDE 24
T ro=0THH, rnsSr2=--- - Sr.ThHhdt
T35, LeH>T, #FLLITUx})=rT
3w, 22 A ={xIT{x:})=ri} TH B
() X% nlDEEX, X2, -, %Xa P b
Z3EMEATHD, f(xi)=a;, a1Saz=
----éa.'(‘?)ét?‘é. Bx={x|f({x})§a|}
E95L$=BoCBiCBz----CB. k%D,
i=1,--,ni7o2WnT
I (B.)=max I ({x})

°

%ﬁu}l,alx_ll'l({x})=l'I(B.—x) (4.10)
THd, DUxDbri,ra, -, r.DABED
R ] MErz2Sr3s - Sr,ThH3d . 4

HRBF(a)=T ((xIf(x)Sa)) EHWT, 1
R=7 - 2FN+z AR EAMT B &
(L)S§ f(x)II
=2 (M (B,) =TT (Bi)]-a,

=‘é[r‘n‘a5)‘< H({x})—gugf_‘ﬂ({x})]-a-
=I>;".1[n:§‘x H({x.})—mlgx IT ({x:})] a,

=éﬁn—nﬂﬂy3fun (4.11)
E% b, D&, HHEEF(a)=N ({x|f(x)
Sal) ELT, WR—7 - 2F NV F 2 XBH

AMTSE. N(A)=1-TI(A) k1,
N(B‘)=1—n:?ux‘ H({x})él—ﬂgﬁﬂ({x})
=N(Bi-1) (4.12)
THY,
(L)S§ f(x)+ N
=‘§-:I[N(Bi)_N(Bl—l)]'al

= 101 maxIT (1x)) = (1— maxTL ({x})] 2,
= 3 [max 1I ({x})— max IT ({x})]-a;
i=1 x¢Bi x4Bj-1

=2.) (max IT ({x,})—ma

=1 12 1>

i( I ({x.1}))-a:

=.§l(r|—r.-1)(mg>‘( f(x)) (4.13)
&% s, 0
I ({x})
f(x)
a4
re
F R B
rs
az
ra
a
g
X1 Xa X3 Xa X1 Xa X2 X3
By¢— A
By— Az
By — A
Be — AL

M1.X= ‘xl.XZ.XLXA}a)‘%%a)Hﬁﬁmﬁ
fDETREEMENL (Ix)DH

B1iEX={x1,x2,X3,Xe} DB EDf(x)€
{ar,a2,a3,acE TTHEMEBMBE IT ({x}) € {r.,ra2,
rs,rdd DERLTNS, X1aokERIZ
f(x)DKEZoMIZ, ERHEBT U }))DKE
SOMIZERTWVWE, CDE &

(L)S§ f(x)eII
= £ (max JI ({xi})—max I ({x:))) a
=::r1+az(rs—r1)+a3(r.—rs)+a‘(r‘—r4)

=alr1+az(rz_I"x)+az(l"3_l"z)+as(l’4_l"3)

=L (ri=rio) (min £(x)) (4.14)
E->TWT,
(L4)S f(x) N
= Z (max II ({x-})—n.lgx I ({x1}))-a;
:as(l"t—l"z)‘f‘atl"z .
=as(ra—r3)tas(ra—rz)+ac(ra—r,)
+ aqr:
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=3 (ri=ri-2) (max £(x)) (4.15)
Lo TVnB,
[&B44XED2o0 THRERE O
Hltnziﬁﬁﬁ:

1) 55xi2WTH({xs})=MT2({xs})

=1Ths.

2) i#=) THBIINRTH i lconwT I,

UxiP)=2MMa2({xi}) TH 3.
PWTLE
min f(x)s(L)S§ f(x)1II,
S(L)§ f(x)e M2=f(xy)
Ss(L)§f(x)e Na=(L)S§ f(x)+ N,
< max f(x) (4.16)
HRIAIT 5.

(EHH) HodxsiconT OD{xs))=17T,
i) THBITNXTD i i220WTHUxi})=
0THhd L E@mla.3h5

(L)Sf(x)eI=(L)S§ f(x)e+ N=1f(xy)

(4.17)
%D, ¥XTO i 20T MI({x:i})=1
ThHhdLE

(L)§ f(x)» M=min f(x) (4.18)
(L)Sf(x)-N=n:§)>(( f(x) (4.19)

43, I, MaconwTn4.1) R, *
h¥h
Fi(a)=1I,({x|f(x)=a}) (4.20)
Fz(a)=1I 2({x|f(x) = a}) (4.21)
THBINT, Fa(a)2Fz(a)e & 3. (4.2)R
X W=7 - XFNF 2 XBRPTHENT
A1) ARDEMD3I DDA ESHRILT S,
LRENEDOHER
N ({x|f(x)=a})=1—1 ({x| f(x)>a})
(4.22)
NEGREAWVWTRHRRIZLT, QW 16)XDEMN
DIDDAFESHERLT S, O
Sugeno and Murofushi!?’{Z X % Choquet®
BV ZHWL 297 AW B(C) I f(x)eg
X
(C)§ f(x)-g = 1§ g({x|f(x)=a})da
. (4.23)
EERBINTWS, DempsterDiitr %
Choquet D\ TRIT L HTEBNTY,
THE, SRAMEDHEL Choquetd B H THK
¢35,
[RE4.5] WTHENET L XAEHENII
277 4ARB(L)S f(x)+ g i3 Choquet

Dy (C)§ f(x) s gEANVWTHEX
(L)§f(x)eI=(C)S f(x)+ N (4.24)
(L)§Sf(x) s N=(C)§f(x)e I (4.25)
LRENB.

(8 ) a,,Bs,i=1, - -, n2 @HE4.3L AR
IZEDB L,

(C)§ f(x)* N
= § [1- I ({xIf(x)<a})]da

=1—‘;‘;.l(aun—a|)'11 (By)

=Z [T (B))— T (Bi-1)] a

=(L)§ f(x)II (4.26)
LEL, aar=1THH, NBI=1TH53.

(C)Sf(x)+ Il

= §,[1- T ({x|f(x) 2 a})]da

=‘§=Zl(a|—a.-;) o II (E:_—_l)
=|§‘(al_al—l)(l_N (Bi-1))

=Z[N(B))— N (Bi-1)] a
=(L)§ f(x)* N (4.27)
727 L, N(Bo)=N(¢)=0 T N(Bx)=
N(X)=1THhs. 0O
H20#BEHO@mHKHS §, 1 ({xIf(x)<a
Hda n@EERLTWS.

Il

T .
7

U

3 Aa 1 f(x)

0

M2 ®&%S§I{UxlIf(x)<a})da DHEA

H3WCEHFD IV 7 AR DI T 72077 .
B3T3 2NDER {x1),{x2},{xs) L%
22WkEAXEFL, THREFBIRIUx))
ELTRLTWS, f(x1) & f(xz2) PRE
[0,1] ATLREICHBLIERTOENEM
CRINTWSE, fOE)NDEIBIELTWS,
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() § £x) « N >
I ({x)=0.3 il
M ({x21)=0.5
M(xsH=1.0
f(x3)=0.2
f(xz) f(X\)
AR E
(s) § f(x) N
H“Xl})=0.9
I ({x2})=0.5
M({xs)=1.0
f(X3)=02

4R WK

M({x:})=0.9
M{{x2})=0.5
M{{xs})=1.0

f(x3)=0.8

M{{x:})=0.3
M ({x2})=0.5
M({xs})=1.0

f(x3)=0.8

LR WK

B3 BHOZ77IABN -

t-norm CE TS 7 7 VA BHrnBAR H3
NI 7kRLLE—BLTWSE, M4BAR
VR —7 - XFNF xR ERAWLET 7 P4
BAD797ThH5.
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Fuzzy Set Manipulation System in Lisp

BBy 35
Motohide Umano

KBEKF RRGHARE> Y —

Computation Center, Osaka University

Abstract
We developed a fuzzy set manipulation system in Lisp, where we can
write a program in a fuzzy-set oriented Lisp.  We can write various kinds
of fuzzy sets and relations such as ordinary, type-n, level-m, L- and
generalized ones. A lot of buit-in functions are available, which are
classified into 11 groups, namely, assignment operator, fuzzy set operators,
fuzzy relational operators, grade operators, element operators, extension

of Lisp functions, functions to define new fuzzy-set operator,

predicates,

type conversion functions, /0 functions and miscellaneous functions. All
operators and functions are applicable to any kinds of fuzzy sets.

The system is implemented in three Lisps (Franz Lisp,

UTi-Lisp and

muLisp-86) on super mini, mainframe and personal computers.

1.0k
ABOF>HVF VI RERRFT 5D,
T2V 4 EEOBE[11H L. A, Zadeh W &
Y 1965 FIRE XN TLR. 1970 FHH
5 1980 FRZHTT. WAV ARHHIE
BEhTEE, UbU. 77V 1B~
AR U RREBICEET 3ICHY A7 A8 D
hitdlDld. T<RERB>THOTH %,
T7Y 4 EERESVREHAY AT LR
RUED>ETRE. 9. T7Y 1 EGRE
By 38 2YERU. ThDSICHAY AT A
DOYERRICE U DPHBIEWR B, CDEE,
BAOYAFLATHESTWHOT 7V + &L
DEERZANRBRVDT. ThEOY AT A
OYERCFIET 3 Z & WUV,
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22T BHEQW T 7V +BEREH A
HWe3Z&% BWWEUT. Fortran IZ&Y
FSTDS(Fuzzy-Set-Theoretic Data Structure)
VAFARPERU 2] UL, ATXIGE
REOFTHAAT BIIE. MEEB+H TR
ok,

FTC. HRlZ Lisp RV T 7YV 1+ %E
BB AF hRVERU R, BICRBFHEEU
T Lisp BBAEOILL. WEBEHNCED S
T7Y + EBEREHT SIZUE. Lisp DY R
FEEBBUTVSES 2. ATHEY AT
LEDHMED L VDOTH S,

PUT. 28T 7V 1+ EGUHY AT A
OBELUT. AV AFLTRRATESD >
VA HEHTE AR OV THENR, &
BETAYTIAY PROWTHBRANS,



2. 77V MERBY AT LAOEE
AYAF AT, SETREEIhRIEFE
AEDRBIED T 7V + AR THL. AEY
BIENTES, B, Lisp DIFEAL
OBMERLEFDFTIHSIEMTE, Lisp i
T7V %68 (Quple)0WHRIEENh S
W AWMU TREMU R TRETX 2,

2.1. RBTEZ I 7V 1 %4
AVAFLTR. EBHROKE. Bk, 77
V+%E. T7V1BREGF TR ¥4
TnI7Y +%&. LXLm7T 7Y 1 %8.
L-77V 1B BIUCha2HAEGDHER
—RIT 7V 1 EARRBIU. AT I
T&3,

EVAFALATE. ThaRD &SR
T 5

WHEO%S : {a, b, ¢}

W OB : {<a,b>, <c,d>}
727V %4 .{0.3/a, 0.8/b, 1/c}
7 7Y ¢ Btk : {0.8/<a,b>, 0.5/<c,d>}
YL4T27 7Y 1+ %E

{{0.9/0,0.6/0.1}/a, {0.7/1,0.8/0.9}/b}

LRL2T 7V 1 %G

{0.8/{0.9/a,0.6/b}, 0.9/{0.7/a,0.8/c}}
L-7 7Y %4 . {<0.3,0.5>/a, <0.7,1>/b}
—RI7V 1 %4

{{0.9/0,0.6/0.1}/{0.9/a,0.6/b},
{0.7/1,0.8/0.9}/{0.7/a,0.8/c}}

M. Y147, LRNLOFEXL. EBTH 3,
KO—BENCE. T7YV 1 EADORTIE
{gl/el’ 82/€z, °**, gn/en} (l)

ZEZXT. ThiZHUTRORAG)-(e) %

EROEE. BHURZBDTH>TdLV.

@7 L—F®B 1 OBEE. FL—F &
&/ REBUTDHLV,. — %G
(D)ER ey IH <ey,, €12, 012> TH
> Th&be. — Bk
@ZL—F g M <811, 812, " 810>
TH>2Td&VWe > L-T7V 1
(DER e, BI7YV1%E {en1, €12,
ein} TH>TDLVe = LN ]
@7L—F & BT 7Y +%E {811, &12,
s 81a} TH>TDLW,
> 4T +1

RREU. BRI TL—F & WGERL0,1]
OB ER e LIS OHRIBERED Lisp
DF—FRRBEDBDET S,

2.2. 77V 1 EORET
EYATFARIE. 77V 1 BEHDELD
RETEEOBHAATN TV 3. 2haid.
@RARETF.(D)T 7Y 1 EEGHETF. (©)
T 7Y 4 BIRRET. () L — F RT3
B (VBRI ZHET. (HLisp B
OHR. QORETFLTRT M. (NHEF
BEN. (i)RVZEMBIE. () AHIRIR. (k)%
ORI T B E BT X B(RFRE
OEFOVTI. KHI11.[2122H).

@RABET | LA, Lisp ORCABI¥
setq 2ZDFFHWV3,

(F11] KVAFALT. T7V %6 F1 &
F2 877V +EE&R2KAT B2,

-->

{0.1/a, 0.2/b, 0.3/¢}

-->

{0.7/b, 0.2/c, 0.4/d}
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ETHhEE Ve ST -> BYATFLDS
DTV T T THRESIVRBABL—W
DANTH%B. TUT. FORXRDITHL—Y
DANEZYVAFLADHELU RERTH 5.
RAEHVWR L, ¥4 T n¥LNILmMDT
7V %A%, HR. EEIZILDTES,
[(F12] £9'. T7Y +%4A high. middle.
low %

--> (setq high
10.4/0.8, 0,8/0.9: /1

-->
{1/0.5, 0.5/0.6, 0.5/0.4})

{0.5/0.4, 1/0.5, 0.5/0.6}

--> (setq low {1/0, 0.8/0.1, 0.4/0.2})

{1/0. 0.8/0.1, 0.4/0.2}

EEJ/UTBL, T JL4T2T7V ¢
£S X 2.

-->

{middle/a, low/b, low/c}

EERTAENTES, high & middle
DEFCBVT. ANMVERI 7V 1 %6E &
setqg DERDT 7V + B TIX EROIEF
BRE-TVS, Thil. ROUEDRDIT.
VYATFLAPBENBA DS TH5, B

727V EEGRET | CORETI.FU
EROVL— U THRADOHERITRD
WECTH 3, Thicld. union(FIEE ; /'L
— F OFEIE max). intersection(IiEES;
min). product(FR4ES ; ). asum({fU¥FO%E
& FIETEOE). adif(EHEES ; Z0O%
XHE). bsum(FRFEFIES ; F1& 1 D min).

bdif((REZES , Z& 0 D max) BH 3,

3 (YO L 5 ()5 (5 ARG N K 3P JAN

(B3] Bl CEBLLT 7V 1A F1 &

F2 233U C. LOEHERITRS &,

{0.1/a, 0.7/b, 0.3/c, 0.4/d}

--> (infersection F1 F2)

{0.2/b, 0.2/c}

--> (product F1 F2)

{0.14/b, 0.06/c}
(asum F1 F2)

-->
{0.1/a, 0.76/b, 0.44/c, 0.4/d}

--> (adif F1 F2)
{0.1/a, 0.5/b, 0.1/c, 0.4/d}
(bsum F1 F2)

-->
{0.1/a, 0.9/b, 0.5/c, 0.4/d}

--> (bdif F1 F2)
{0.1/a, .0.1/c}

-->

{0.5/b, 0.4/d}

&ki%, m
glﬁ‘i\ mm?&‘?fﬁ&h\o
(f4a] 77V «BAtR Rl & R2 %

--> (setq Rl
.3/< > .9/< > .1/<¢c.3>
{0.3/<a,1>, 0.9/<b,2>, 0.1/<c,3>}
--> (setq R2
.5/<b.2> 8/<c.3> <d.4>

{0.5/<b,2>, 0.8/<c,3>, 1/<d,4>}

EEET B. EUT. Rl & R2 OFIESRE
HERERRD B

{0.3/<a,1>, 0.9/<b,2>,0.8/<c,3>,
1/<d,4>}

--> (int tion RL R2)

{0.5/<b,2>, 0.1/<c,3>}

EThlidL. =

IO ¥ATnT 7V 2%8E. LN)m
T7V %G L-O7V %8, B>V
LERWEOVTDH, AKILEETE S,

()27 +RBEE . 77y «BRD E
FTHHHH U THRERITRD . Thicld.
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compose(& k) converseGERIR) . image(8).
cimage(i® converse image). domain(GEK
1)< range({Ei). project(§3%2). join(iE
A)-cp(BEFK Cartesian product). restrict
(BRE) 853, HiX. #65. 5. BREWR
T7V 4« F—=IN—AHOEEFTHY.
MRI3ITREL <ilixTze 22T BBYOD
BUFLOVWTOHIEHFEZ &ILT S,
[(fIB6] 77V 4Bk R. S &ET 7Y 1 %A
.Y %

-=>> ssetg B i“|2z<a.|>l “.5z<a,3>,

0.9/<b,1>, 0.3/<c,2>})

{0.2/<a,1>, 0.5/<a,3>, 0.9/<hb,1>,
0.3/<c,2>}
-->

{0.4/<1,u>, 0.7/<2,w>, 0.1/<3,u>})
{0.4/<1,u>, 0.7/<2,w>, 0.1/<3,u>}
--> . . .
{0.1/a, 0.3/b, 0.5/c}
--> (setq Y {0.2/1, 0.4/2, 0.6/3})
{0.2/1, 0.4/2, 0.6/3}

CEBU. O FBIR. . H@. TESR.
EROERERITIRS &

--> (compose R S)
{0.2/<a,u>, 0.4/<b,u>, 0.3/<c,w>}

> e

{0.2/<1,a>, 0.9/<1,b>, 0.3/<2,c>,
0.5/<3,a>}

-=> simagg x RZ

{0.3/1, 0.3/2, 0.1/3}

==> (cim

{0.5/a, 0.2/b, 0.3/c}

-->

(domain R)
{0.5/a, 0.9/b, 0.3/c}

-->

{0.9/1, 0.3/2, 0.5/3}
&7k%. W

(DZL—FBEF . 2hiclt. getgrade(5
AOhREREXNTS JL—FOfE). cut
(aLNNVHw F). maxgrade(m AT L —F).

cardinal(J'L — F ©OFf1). norm(IERIL) BB
‘60 ;(’*“;K0)§Bé?1?\ ﬁm‘i%smg?rjso

(EXRIMHT IHHET : 2hitld.nelement
(ERY). sfuzzify(T7 7V 11b). separate
HEHED. flatten(RHEIBHS. <
hd, AN—AOHET. HlIEKT 5.

(f)Lisp BIOIIE : BEHD Lisp BT
7Vt EAGRHUTHHEAS LI WUV,
2T, Lisp BABORIZ & BF 3L
&Y. ZhEufBiclk,

[(fI6] 77V +%& small %,

--> (setq small {1/0, 1/1, 0.8/2,
- 0.6/3, 0.4/4, 0.2/5})
{170, 1/1, 0.8/2, 0.6/3, 0.4/4, 0.2/5}

&9 %, EUT. Lisp OBIEEUT. 51¥
% 2 I SE¥ square .

--> (defun square (u) (expt u 2))
square

CEET B, T Tuexpt T Lisp ONEFR
RAETIBKTHS. COE X,

-->

(&square small)
{1/0, 1/1, 0.8/4, 0.6/9, 0.4/16,
0.2/25}

EFBZ WL small OEFED 2 it
HTx%. =m
CDIFEDFHEI TI R TOERICH
R2HEAU. EROVL—-FIDHEDERDY
L—FREHTI1EVS | EBOHRERE
A1V TV 3,
[$17] Lisp OMILBIFE plusTHY. F
EBIEL times TH B WE. M3 < BV
M <aVEWST77Y 8%
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{0.3/2, 0.9/3, 0.5/4})
{0.3/2, 0.9/3, 0.5/4}
--> (setq 4-kurai

{0.4/3, 0.8/4, 0.6/5})
{0.4/3, 0.8/4, 0.6/5}

D&IWEHEU. 3-kurai & 4-kurai &
UT ImEERERITROL. #ERE T-kurai
& 12-kurai RRKAULV LD ET B E.

--> (setq 7-kurai
( ) _— .
{0.3/5, 0.4/6, 0.8/7, 0.6/8, 0.5/9}

-->

(3t 3-} i 4-} i)
{0.3/6, 0.3/8, 0.4/9, 0.3/10, 0.8/12,
0.6/15, 0.5/16, 0.5/20}

EThidi,. =

CDBAIL. 20077V + KA 2 X
B EEHT3HETHY. X,
B 7YVt EADERD IXTOHAED
VB EBEAL. ROV —-FUIBESR
OTLV—F®O min &3, RkEU. RO
ERXTRVHONEHRBEH 5L 2. JL—
FOD max &9, 1212F&EHBIEVD 2
EHEROISREEEHV 3, —ADBERT
HI—FPWT 7V + EEGDIFAWKE. BER a
2 {l/a} E0I3T 7V EEGTHS LEZ
T COWREEEBHTHIIL V.

B MIZHUT. ThoDRETEE
A9 21581l o 3ERICEKE
BAT %,

()EETLFHT LMK : Zhicld.sapply.
fapply. gapply ®32oWdH %,

BI¥k sapply &, FIEERIEES R KD
ZHEDLIZ. AUEROT L —FIZXU
TRADHERITRIEVDI YA TORET

BEETEDIES,
[f18] BE¥X sapply 24> T. union &[d
Ui 2T 1Kid.

--> (sapply ’max
’({0.3/a, 0.4/b, 0.5/c}
{0.2/b, 0.8/¢c}))
{0.3/a, 0.4/b, 0.8/c}

EThiILb, =

AV AFLOHES. MEAREWIHE
HOTEEBELUTHS. ThRAVSE., 21—
PHADORE T LA ERT HIENTE
3, BB, 77V +EAOHNBPRIATERE
INSWVIEZBHIE B THEDIE. ZORIEE
B RITT 5D TH %,

S5 1 DOBE fapply . ERIHUT
FEEINTVIMKET 7Y + BEWLHIRT
ZHIREHARAT Z2DOT. 58T 7Y
+EE5DHDBETh TORWERIWZE. Lisp
DORI%K apply EEUBX RT3, SBI% WX
fapply OERELEX B LB TR S,

[619] &plus . BI%K fapply RfE->T.

-=> ’

>({0.3/2, 0.9/3, 0.5/4}
{0.4/3, 0.8/4, 0.6/5})
{003/49 004/6’ 0-8/7’ 0~6/8’ 005/9}

DEH>XERALUTHS. RITUTVWS, B

Z OB sapply OFDY L —F DOFHE
RHFEHOhTHWEDT. MIESRILEESR
EOREE. ¥4 TnI7V1%8. L-T7
Vi%E. BRI 7V +EARXHUTHEH
T&3%,

RE%L gapply . BEEV L —FIGBAT
2HDT. I7V 1 EBGETL—FiERBIH
ET %0 AN—ADEET. FIIEHET B,
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()R EEBA¥Y  fsetp(T 7 « & D). tuplep
). ftypep(BI¥ DY) subset(SPHES
M) disjoint(GLBERA LRFRRVD). K
Bi¥k(eql. ne. 1t. le. gt. ge)REMH 3,

GiRIIFHEAE © tolist(T 7YV + EADH R
YA PR tofset(V AP T 7Y + EEW).
totuple(Y R P 2HOREWH 5,

(DAHLABE : 7 7Y + EPHEE ABN
T 5BV LoD B S,

(KFDMOBE : parameter (¥ AT LEH
OEBI)REND S,

3. 4TYX b
77V + ARMIE. PEBTINRTY R

FEEBUTWS, Lisp DP9 TLNILD

read & print &Y AFLHEOBOR AL

BABILWEY. AN {} D/ %

<> 2Fx vy UTHIET SERRICEE

Us. HIIRRZ {} R/ ® <> 2HEVTY

7Vt EEORBEREMT S LI Uk, &

DER. Lisp DIFEAEITRTORAER Z

DEFFHESIEMBTE. Lisp KTV %

BFLHEVSREEh S IBIT ARETRIE

MURKETAYTIA P TEE,

BTE. AV AT ARKROIOORRSFHE

RLETEHUTWS,

(1) FYJFIIR : VAX-11/780 @ Eunice
(VAX/WMS £@ Unix 4.1 BSD .32 L
—%)LE® Franz Lisp.

(2) BHERR : ACOS ¥ A5 A 1000 @ AC0S-6
/MVX E@ UTI-Lispo

(3) HETY 7 AR . PC-9800 O MS-DOS
+® muLisp-86,

4. Bbyic
PE. Lisp R&BT 7Y+ EGREY X
FRRZDOVT. KBPTXE T 7V 1 EALE
TX3HET LB >VWTHIR AV TR
N, AYTYRXY pOVWTHBRRZ M2,
AYAFLARHOVT. $CR. I7V 1 ¢
Jayyvay s VAFALBIE TV %
BCEI< FS-Prologl6] RYERUL T 5.
EIT7V 1 AU AT L. T7YV 4
EQRESCEFEAEIRTOY AT LD
RERATE. LVWISHERERF-> T3,
BRI, EYAFLORBOA VT RAY
M. AKETIBGE. R KX 3/
RKTH5. RXMBT 35,

[#%3%]
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FUOUOZZY PROIL.OG [ Zetiuse [ Vi e &

On Fuzzy Prolog

Mo B FH+. KX H B FHe+x L H R+ T H He
- M. Mukaidono, A. Takeda, Z.Shen and L.Ding
* (HEBRKRE - THEH) **x (WYIKET)
* Faculty of Engineering, Meiji University
* &« SOFTPIA CO,LTD.
Abstract

A fuzzy prolog which is based on fuzzy resolution principle is
proposed. At first, we discuss some difficulties concerning
on assigning a fuzzy truth value of the closed interval (0,1)
to each statement of prolog. Next, we introduced a new inter-
pretation on values of (0,1), by which we propose fuzzy negative
logic and fuzzy positive logic. Although the fuzzy logic inference
by resolution principle was significant only when the truth values
of all variables are in the half closed interval (0.5,1). we can
infer a significant conclusion in the sense of the proposed
interpretation even if the truth values of all variables are
in the closed interval (0,1). Lastly, a new method for caluclating
a truth value of the conclusion from values of the rule and
the promise is proposed.

1 BUdi

—RBREBIEOWESOISIVIEE L UTProl o g MEELLHBH
B RPAECHERAEh3EI ko7, Prol o g BRHBE W THLFAL
EANEAL L, TOETR—RBAFREOPLRTHSHo rnfiicHT 3
MHERZL UL THBIZILATES, $E. HEDEREBSTEILAODIDRVWEYE:
Lo TEY, ATHENE. MBREBR LI DICHEIIEZ ISR, 20X %
BRMOARETIE. AHOFYHBIIABEIHLTWVWE, HDVWEFWIE2HFHBT I
TORBLUTFuzz y RER2EXT, ~BRARProl oglilBADLIDET
MAT 2z ik AaE. 2FY, ERO2MHARBICETLProl ogkdsh,. BIC
PrologHD&ZEIOMS 1 EFTOREBELNMUEFuzzy Prolog¥
ZX. TN EBELRRERELVELTZLOTEBZHREICOVWTORS,
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Fuzzy&@ﬁﬁmUﬁkéPrologKﬁ‘HTEﬁﬁbiﬁﬂ.2?@
REBEAIEZLLD,

(A) ZHEHEEERLLELOTH->T. Prol o gDEN—IERUVEX

CEHEELLT [0, 1] 0FBEOEX5XZ3HRNDODD.
(Fuzzy Prolog—MVL)

(B) Fuzzy%23*ERLLEDBOTH-T. FAK. RUKHAHEI

EAmiciE, SATFuzzy#EE8L33H0.
(Fuzzy Prolog—FS)

(C) ZadehMERULTWAFuzzyREYXEMRLLEDBOTH-T.
4468, RUSEHENFuz z yE8THH LI, E/HAED
FuzzyRERSLERATZLHD. ,

(Fuzzy Prolog—FL)

(A) KKOWTIHEOHDERLEROVATANBEZIRTHS(D.(2),
(B) oW THZIIGEVWY AT AN, W=UR—AKLBPBEZRE -9 FVT
EWTREXZhTWA®), LML, RELLTORL2HE. RUEESOMEN
BXhTws. (C) IKDVWTH., RANYAFARMMYEILRILEDOLS.
Bz, TOFuzzyREAIEXNERL LTBRBELARVWRY, TuTd5307
SH/YUTOHOFuzzy prologkBlRIZ2ZLEERBLEDID.
DEDEdhRMEEXZ L. YEE (A) OXDFuzzy Prologk
C RHUTHES*MEUEARRABTEOERARREMDTHMS. (B) . (C)
ABLOARYrEbhE, SHERMICETS{Fuzzy PrologiiliHD
QHBRBI BT AProl o g EWMLULTEFOTERHVWAZILHATE, HiL, UTOD
KIRHEIEALNS,
(1) REEMNZOEBRIESHS.
(2) HEBEEOEAWVIJELTHMURAARITIZ LY. HEICHR
TELEEHENDH 5. .
(3) ZIHxAN-REVEBOhEN-VOREBEL., HBLELTEYTES
AR A D 3.
BrThd. BRXTR, £F. Fuzz y BEFHIIODWTRA, KiK., FERE
it SWEFuzzy ProloghkoWwTRgRHd 5.

2 Fuzzy#@R#MrFuz:zy®&H¥E

FuzzyRHEOWECIR., KELHPITZH0FKIhAHS. VLD, E@ED
EMESEEE (0. 1] ofixry. REREL LT, AND, OR. NOT#
PEAVWELEREO—9FL LTOWMETHY. H5—DEL. A. Zadehil
Ty ohrErboT. EE{ELXLTI[O0. 1] EOFuzzy#EA%kLy. ER
HEEEYHEVWAH0TH 5. AHETRTFuzzy Prologld. ZOHIED
AhIcB-TW3. 2d, 2OEIRFuzz y RBICESKELFRILENT, D
RHENBETH LM N. 2HEBHI BT 2L ABREKRT. RN D2 E=DDORHE
WKHOWTIRBICH L MR- TWS,

::fﬁﬁﬁ%ﬁﬁﬂ?étwiﬁgﬁﬂﬁmcf.Fuzzyﬁﬂ&ﬁ%?éﬁ.
RBRMICHLARICHEATES. b, ZOBE. BRI AVA-Vy THEI RS,
EAEOMEE. 10823 4<E. 00HE4RL<HB. 0. 50BARLLFHENWD
BRICAHELTWS (KT, @EOREEXEAEMLULTED) .
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FF. Fuzzy#BREPILDIEDDFuz zy REXERUATICERT S,

[E#% 1]

(1) 0. 1RU'GEXi (i=1, -+, n) BRAXNTH 5.
(2) A, BARHARKLSHIE. AvB, AAB, ~A HHBAATH 3.
(3) LETEHEALIBDODHAHREXTH 5.

HAMRINEIAPhB L. BHEBEICHLUT, £icdAE [0, 1] LoD BHEMN
HEEBELr LTHoh, ZOEEMUTF. T (X1i) T zeicdd. ZOK, 55
BRIICBII2RBROMER., >EDLDCULTREHEZ LS.

[E#%2]

(1) T (AvB) max (T (A) , T (B))
(2) T (AAB) min (T (A) , T (B))
(3) T (~A) 1 - T (a)

HEORBRYNEXShELE, HEMRICHLT. YOHEREET (V) .
EH2IV—BMICRED. EFFuzzy RETIE. 2HRBETHRAULTIELALALED
X, PIT ORI, NEEH RS SRBSEIRLT LN, HEE

A v ~A =1

A A ~A = 0
Bl ULEw, 2. LFO-DDFuzzyR#EX

(4) A , T (A)

(5) B , T (B)
AHo-T. ADBOEHMEERDZICE., & (BR) OEHEILETVWTVL2HD
HEHEAEIOhD. ERDHBOIKLKRD-OHH BN, THhUACHBELRREH
TW3,

(6) T (A-B) =T (~AvB) =max (1-T (A), T (B))

(7) T (A-B) =min (1, 1-T (A) +T (B))

(6) DR Kleene. (7) DRBEukasiewiczilKdERTHS.
WHEETIE (6) OBENVEHVWShTWS, BHEFKEATHOWLATWIHETFIL KD
@, —BMCRDE DB S,

(XivLy), (~XivLp) —/> (L1, L2)
sl (L vLo) it #itg (XivLt) & (~XivL2) &5
x—TJ—KXi®FAWTHRALE-RAENBRETHS. ZOHRKIE. 2%Kleene
DEHKLTEL. BEOmodus ponensPEZRABEO—BLILL->TWVS,

FuzzyRBEoEd. LOBHELXFDITIHVWEDTII2HAL LTEKDORWE
BNHB. AN,

%1(4).(5)

FTARTOMBOEBENREICO. SXUDKREITHE. 20D

WL, BICERODIRERTH .

ZrHbhoTWnb,

HxiE. ADBLA:X»SB% ~Av B, A, ~B
WHRII2HE. HOXOREH 0.9 0.8 0.1
Mibhd.

4. T (A»B) =w=0.9 *-7-KB™ ~A

T (A) =a=0. 8 L{E 0.2

THL. MEYT (B) =b & -

E<t O *%-7-FKA
T (A-»B) =max (1—a, b) =w :

o
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YUT (B) =b=w=0. 9 #»85h3. UL, LOABRIBIMAIFET S
LUBLEW, AT, oS 1 - a0BACEBIEFEELRVWL. X 0o=1—-ad

EL1E. bE [0. 0] OEEDHELRS. 22T, H—0MESE. T (A-B) =
w. BUT (A) =ad5XbhER, FOLIICLT—EMCT (B) =b k#lH
WO I ET 5.

wic. BilRoHE#EE T ( (A-B) AND A) XY HREAKROEEHE

T (B) oA FBIcAkELRFhiERSRVWE VD BEOBKTELAEIRKDD 5
EDIRBLICRAEE S I, ZWlROEBEE T (A-B) . T (A) BO0. 5&V
pAREFhIEEV., ULAHL. EHXrOMR. Thbb, bunFnEiEbItEdind

HTik. T (A-B) . T (A) oficrrbsd. BEBIEILEKOHLZ LN
HBhTW3(), B_OMESELLT. —BMICT (B) 2BHETAHEARLEH
FLrUT. HRREBETHIEHEEN. FRHUTYDIIREBKRTHEILRKDD S

BRICHRo>TWAOD, LWOREIET S, RET. LOZH>OMBESIEZXS—D
OEREIERT 3.

3 HHEM. V-IVOEHR, RUHEROREE

PrologitiAmicit,. w—iv (A-BIcHNT3) . FE (AKHET )
RUEM (2 B=~BIcHiY4T3) O=ZDOHEEDATF - b AV DB RH->T WS,
H¥OEAE. AoB rALYB%2#M{modus ponensThb.

YoT. B—0REEL. T (A-2B) =0T (A) =aAE5XHhEREDEIR
HEWETT (B) =b:2RDEIMLWVWIZLTHS. LRUEHABXEMSHFETR
MHARESBRVBEPAEROEENDY. BDLEAIFE-ELLTH., a0, 5.
w20, 5ubiEBIcb=0 R YRAKSIHERKER LIRSV,

&3#. AR, BHFOCNE

b = min (a, )

YBEALTWS, ZOHERDOEN. aXBeodbE5h—HLTLEW, AED
AVIUIRHFIELERZRTVERY,

ARTYTRRO=-SD>OBELBATSE. —DRFI—IVA-SBIIHULTEDNV—IVD
A (weight) 233, ThiCuLEZ, WiiRALERBLOKADHE.
RiFZONV-VOBBEER VA RIBEEEXSZLILT S, CuE (-1, 1) L.

Cu = 1 - ALBlik. EOBWHRBEKRDY
Ce = 0 - ALBlit. AEBHERL
Ce = -1 - ArBrik. A0RVWERERKRD Y
LT B, Cuk
_ Cut1
W=

K&, 0o€ [0, 1] KEBRLTHWHILDTE S,
Ho—oDHEITESBET (A) =a€ [0, 1] THDH. Zhik
Ca = 2a - 1
LT I[-1. 1] OB ULT,. Cak2ADRBELEIZLILT S,
h)F -

Ca = 1 (a=1) o BWHEREHD Y
Ca = 0 (a=}) - WEERU
Ca = -1 (a=0) o BWEORERFEH Y

rERXh?., —BIcFuzzy®BTECaR0. 5. T (A)X 0. 5 TRHA
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Xhah, 22Tk, Ca£0. 15, T (A)S0. S5HEHT. ZOBAKREE
~AERBHRUTWALEERTS. T (A)X 0. 5ORY*ER®E (positive
logic). . T (A)KO0. 5L AWM (negative logic) &
A2 2T 5, 22T, W—igCu20. SO, a20. 52 bIfA-B%:,
a0, 5ARBE~A-S~BERBKLTEY. CuSO0ODK, a0. 545
A-~B¥%, a0. 5uBi~A-SBERBKULUTWALMRITZZLATES,
XT. CukCalbAeExbhlELE
Chbi¥RDIHBEB/TH M. »&< C

Ca

Q

“ b
L, +1L—-1D2{HDOEFIITEE 1 1 1 *®
D2ERAYL —HITI2LENAHB. (£l 1 0 0
O«H) R1D+*AOBFKER-T 1 -1 -1 *
oo, AL 0 | 0
Cb=Cuw X Ca CD 0 0 0]
_ Cu . 0 -1 0
Cb— Ca @ -1 1 -1 *
-1 0 0
_ Ca -1 -1 1 ®
Cb= = o @
Abb. # 1

Fic. LRI, +1. 0. —103H0BAORHRLI—HTS. (BL. QX T
[Cul>1Ca |l ORTIRICuWI<|Ca |l DEICEERBTERVDBOLT D)
ERiE. CatCuw SUCHhAHRITIHEERBORBHE L RVEIS. XK.
OR:¢BHLTHAED., ZO®AE. a. b, Cw (a, b, w) TEERELTHBL,

1 Cu
b=aCut - <X - @
(b = 2awe — a — o)

B, ZCw DEKHLT. a F5EXOHERKOD OERE 1 XYRDLLS.

E=BHOMEIHROREETHS. BEBLELDI. ¥-7-F2 L THEA
YAVWEBAIE. | Ca | #0T. zoRRORBEERERET 21T 5. (H2)

\:: TN lca le [O, 1] Tbéo Al, "ty An?}:#‘—'?—l:klh gﬁbf
WHEYENEBEORBOBEBER
min (|Ca1l, =, |Canl)
tj-éu @.l/~ -"- (AI) =ai?§§o
1 & Cuszl 1
T Cw= 0.5
b % Cws0  |Cq]
Tcw=-0.5
F 22N
o Cw=-1
Ya 1 o Y2 1
a T =a
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[#1g] A-B : (Ce=) 0. 8 :
A : (a =) 0. 8 DEf, BOEHEED 2R 3.

QRDEHICIVRDTHB L,
b=0.6X0. 8+0. 5-0.4=0.58

s, MEFBEYAVWTBE2ERT AL, ¥—J—-Kr LT, ABL%k
AWTWa0D T, #tROREBE R

min (|Cal, |ICb]) =min (0. 2, 0.16) =0. 186
i3, B, ORDEHOBAIKIE. 20X I Cb | LEWK—BT 3.

4 Hrhx

2HEHBEICEIFEPrologicLUT. W—IVDEHA, HHEf (XIEEE) . RV
HRORBEBELVWS., ZHO0HHELBATIZ LY, BREENZOHREBS.
—DDHEERRBLE. ZVAFATE, KHAEANO. 5SUATOBATIR. ADKRHA
LVWIBXHREATRZLICEY., WHARAHEBEIIHULTHAKOD 2HRL
BoTWAEIILERZITWS. FIROEBHEZV-IVOEL LIS, RO
HEAIHET 88T, THSFCIVRLSEDORAVALERADHZESS.
ZTOZYUEIEROLA*ELUTRAShILEND . ZRILOEIH I, EX
WFuzzy ProloghEEXhTnWa), AR ITRELEEZEIHICE S
2Prolog — Fuzzy Prolog — it. RE&RLLTEFLEST
W528DPrologil. Fuzzy#HReLTO—DOOMREEXEZLICHY
LTwb.
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7 5> 20 s BRI S OO 2 25 2 F OmhlE
& e O FHESE
Corrections of Cumulants and Maximum Likelihood Estimation
from Fuzzy Observations

HBH  #R
Okuda, Tetsuji

KERTEKY
Osaka Institute of Technology

ABSTRACT: In this paper, we consider fuzzy observations on a probability
space. When statistics are calculated from fuzzy data obtained by fuzzy obser-
vations, the corrections for the effect of fuzziness are given in order to
estimate actual cumulants and parameters of a population transforming the effect
of fuzziness contained in fuzzy observations into correction terms. Furthermore,
maximum likelihood estimates from fuzzy data and the loss of the amount of
information due to fuzziness are discussed. From this discussion, the importance
of the application of fuzzy data to estimation problems will become clear.

1. FxAPE

AHETUE. BiECEBNRZSV IV IRHESBEOEHNRT — Y REIZOVWTE
BUTWS. 22 Clt. Zadeh[1] OEZEULT 7V + TZOMEEIZE Sheppard DHh
Iﬂﬂiﬂ%ﬁﬁi%géw%iﬁ&&gﬁ&bfh%oiﬁbﬁ\&hihmﬁééo
TENXhE T 7Y BIEOHLOEEERBE U T, COEREFOHRAHFERLS
TUHDTHET 2. PEEFEONIBEER ANV Y THBEESREUTEELUT
W3, T—AY MBHTZHER 2V TEEHBEUTYSHI4]. 22 TERa2 A
S5y PHEROVTOHBES SUBAHEEIC VT 3FWELODWTERT %, k. @
@ Sheppard DHIEWHT 2% 2 L5 P BT IBRPHAHEEWCET 5HRE
[5],[6]17E BEEW RS, &2 TDEERWL. Sheppard OMIED T 7Y « Bl OIIRT
HBHEEZEIONS.

2. IV s BElF—YHESLXa AT} OHIE

CZTOBINEE. 345 xi0Eh VDB BXME 1= (xi-h/2, xith/2) K EBHIZR
BLITVIXIBRESTVIE T 7Y+ BEZxiEUTBMEIhE358%Ex %, T7V %%
XiDAIYNYTEEE x i (X)(x € 1) TRU. xi(xi)71 &9 %, xi(x) (Li=>
0, DI x DT 7V 4 EZ X "\DREELERU TV 5. BEFOERZEERKR
f(x)& UT. Zadeh OFEFEDS. 77V +F% x i OHBIRERL '

xi+h/2
PJ=J.XJ(X)f(X)dX q))
xj-h/2
YEXh3, COWERT 7Y Bl x; ORKIE xi OHBIERERRU. KFE{x 2
HOTHABHRERIT D DET S, BRE. xi+12x+h/2 T ZPi=l BT LOR
EGMBRAIINY Y TEER2Z I THRYES.
REHRDHOELUT. ROSEHORERU THL,
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(ZAERD) [ x(vV)=21vi/htl, (2)
(2 KEEERY) ; x (V)=(8/h2)(Ivi-h/2)2[2(IvI+h/4)/h]
+(1-8v2/h2){1-[2(IvI+h/4)/h]}, 3
(&R ; x (v)=max{0, 1AC-1vI/(2e)+h/(8e)+1/2)}. 0))
ZZTC[ATE A OBKEBLEEKU. v B&LU e OFBHIE -h/2=v=h/2, 0=e=h/4
TdHb. ChoZRRTSE. Fig.] OLDH RS,
T RKFKE{x 1 oFE Ih 3AEFERKN
00 rh/2
¢ (s)=Eexp(sxi) | x (W)f(xi+v)dv (5)
j=-00 J -h/2
TdHY. Euler-Maclaurin OFIDARBIBFT YKL LH RV EU T
roo (h/2
@ (s)=(2/h) exp{s(u-v)} x (v)f(u)dudv (6)
J -o00J -h/2

»H¥F S, FIC.
rh/2
» (s)=(2/h) | exp(-sv) x (v)dv M
J -h/2
EUT. ¢(s) OX¥EE-T.

00 o0
Iog{¢(s)}=|og{¢(s)}+log]'exp(su)f(u)duEZCks"/(k!) €))

. -00 k=1
ERVUE. ckld T 7YV 1 BHlBORKREDPSFHEINEZ3EDF 2 15 Y b (raw cumulant)
EWVWSZERRE, 2FY. BREBERE f(x) WHIBAEHERYX2AS Y METSE.
Yoksk/(kD=log{ep (s)}+L Brsk/(k!) €))
BRABBPBEITEZ RS, URB5T. log{p(s)} ORNFEHERDIIE. %2

AT POHRMIEDETFELZIERIRS,
& Z AT, Bernoulli ZBIHA
z/(exp(2)-1)=EB;izi /(j1) (10)
J=0

2/(exp(z)-1)-2/z+1:2;Bjzj“1/(J!) (11)
EEFUT. COMmR 0 ?)H;-z ¥ TCHRT S L.

Iog{(2cosh(z)-2)/22}=2§Bjz”/{(,i!)j} (12)
725, Bild Bernoulliﬁt"?‘ﬂ.f;f Be=1, B1=-1/2, B2=1/6, Ba=-1/30,..., Bs=Bs=...
=0 DEERF->TV 3. . ZAKYNDESE.

¥ (s)={cosh(sh/2)-2)/(sh/2)?} 13)
ERBZDT. (IDADEBEHVWS L.

log{w (s)}=E{Bihi/(j2i"1){si/(j1)} 18)
&Y.
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cr=Brh/(r2r-1)+8: (r>1) (15)
RABEBEHEONS, UkBoT. $2 A5 POBMEAREUT. ‘

B2=c2-h?/24,

B a=ca+h?/960,

Be=cs-h®/8064,

............... (16)
BEMPh B,
AR EiEEHV T, 2RBENOEE.
¥ (s)=sinh(sh/4)(2cosh(sh/4)-2)/(sh/4)3, an
Br=cr-Br (2 +2)hr /(r27) (r>1), (18)
BRERMDIZE.
¥ (s)={sinh(se)/(se)}{sinh(sh/4)/(sh/)}, (19)
Br=cr-Brh /r){1/27+(2q)"} (r>1) (20)

BEPNhSE. 22U, esqgh EEHBU TNV 5.

ZAER. 2RMEY. ESFEMOMIDOHZED. r ROBEDA—FT W WKiR->TW5,
UlB->T. h BEHIFERZLRL M DEOEPEBHTEXSETHIE. F2 4520
DOMET2XDHEDARXDODVWTEEBIT I LW &R S, REZE. N(u, d2) Hod
T 7Y s BH{EODF L. Euler-Maclaurin OFISAROFELEENEHCX T, 0(h) =
0(rz4) OBE&. c1=u, c2c=02+h?/24, cs=ca=...=50 E7RBDT. T 7YV «BlHE
DORFid. FFEH u. D o?+h?/24 ODIERAHEEZEZ THRKREREFREIRGRVLO
TURVODOEFET ZEDHTERLURV. COLIREKRT. E— XY P O#H#HEAR
WHART. 32450 VOBEARUIBABLEORBEUEZ2HOPT LT EEL 5 RHIGH
H5D0TEHRVHIEEDR S,

H 2.1) X—Y 54
dF={x®(1-x)/B(10,2)}dx, 0=x=1 (21)
BEZTHS, h=0.4 L UT. ZAFKRNOT 7V + BHEODHZEZ DOV T, Table 1 O3
EEPHVWTAREITCOXR2ALAT Y P 2HAXRSETable 2 DLHWKERS,
Table 1. Frequencies

k Xk Pk k Xk Px
0.0 0.0000001 E 3 0.6 0.1251655
1 0.2 0.0001396 E 4 0.8 0.5560721
0.4 1.0 0.3098322

0.0087903 : 5

(TOTAL) 0.9999998
Table 2. Corrections of cumulants

k(order) pB«(true) ck(raw) (error) Corrected (error)

1 0.8333333 0.8333332(-0.0000001)
2 0.0106838 0.0177458( 0.0070620) 0.0110791(0.0003953)
3 -0.0010176 -0.0009273( 0.0000903)

4 -0.0000901 -0.0000014( 0.0000887) 0.0000253(0.0001154)

— 181 —



RE. ZZTOMEBIEU LB H»ES P, Euler-maclaurin OFI AR OBWILEDFZ
HHEREIPPHOo TS, 2DZERD2VLTWEUXHAI 2B Ih v, —HFIC. BB
f(x) ODEBBEGRDOB\OPIBEDIEBRH LS. BFHED Sheppard OHFIEIITUT
. CORMUEZLDOXRICAH N EW., [TICEBEHREEND 3. REOFEmEmD S
[31,[81EMEBERLR S, Th. ChotUBERBSRBAOSOHIMIIICREON S,
PhbhDFZEBEAUTHEIP. LT UHBERBOHLITILERVWEEDN S,

3. 77V +BlIF— YR I mANTE .

ST B¥20EUT. BERKE f(x10) TERU. 77V s 8illlx; ORHEEL
Pi(8)=Pr(xil8) &KFo 2T n HOMIRT 7Y +BE{XF1=x1,...,X n=xn}
2REPEUT. LE(x10)=Pr(x118) <+ + «Pr(xnl8) PEAICT SmAHOEE 0F 23K
HDEMEEEZERX S, T, HmEE@HIZTI2D. LEAER

3{&r(8)}/06=0, &r(8)=Llog{Pi(8)} (22)
OREUVUTHEAMECHENEE 2 EER2ELTEL. BohkIT 7Y c8illo n HORE
@ {XRi=x1,...,XRn=xn} BHOVT. 3{Zr(0)}/36=0 ( £r(8)=Elog{f(x;16)})
D% Or(n) &ET5, —FH. QAAOREZO(n) EUT. 0r(n)=0r(nN)+A &FHU
THB<,

Taylor OFHEEZHWVT.

Pi(8)=def(x;! 0)+(d2/2)f 2 (x; 10 )+(da/28)f ¥ (xj 1 8)+..... , (23)

log{P; (8)}=1og{h/2}+10g{f(x; 1 8 )}+(d2/h){f @ (xi 1 8 )/f(xi1 )}
+{(hda-6d22)/(1202)H{F P (xi 1 8)-F 2 (x;i 1 8))/f(xil O )}+..... 21)
BRAEEXBREF/ S, CCTCodr BWIPVA+EEXD r RO “F-E—AVPI T

h/2
dr=J'xr x (x)dx (25)
-h/2
EERRUTVL S, bhbhDiFE. de=h/2 &> TV 3%, Newton-Raphson L& HWT.
Fig.2 DEOWAY—FER01=0r(N). 2BHDER 026U T. ADE 1 &KER
A=-(01-82)=-(d2/h{ECATF 2 (xi 1 @)/ (xi10))/3 6)1}
/{ECE2og{f(xi18)})/8 62)1}+0(h*) (26)
213%. CZ T (8/3 003801 TORMA 2EKLU TV 3,
(H 3.1) [ERAH N(u, 02) OBA. 0=02 EUT.
A=-(d2/h){n(1/02-2(x- n)2/c®)}
/An(1/(204)-(x- )2/ a®)}+0(h*)
=-(2d2)/h+0(h?) ' @n
ERY. POIHIT2KRDF 2 LT P OEMIEEE . MhoROT7 7Y s BilloBegEd—
BT 5., . 0=p&Inll. A=040(h*) &2 35,

4. {EREOEX

Hopiz., MEARZHHIAE. 2 A5V VO RETERELZC EURETHY.
—REAREETEOLBOTRIET ¢+ vV % —1FRED n (F—¥E) BOXFKTHEX
hb, £, “RRAHETEIHIMHCEDERZZEBHMONATVS, UEMP-T.
BHAOHVEVWXDLDHIEUSEREBOEKXL. BEHEO IS SHANZIET v
Vv — B THETELZ IR S,

BEDT Ve —FHEL [v(8). 77V +BHNORFELHV IBEOEHSER
Ir(O) & UT. Euler-Maclaurin QIR AR OZ4HOD &I,
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A IC8)=Tu(0)- Ir(E)

=(dz/2du)J{(82(log{f(xl X783 082X 2 (x18)

+H(@2(f 2 (x18)/f(x18))/ 3 02)Ff(x| 8)}dx+0(h*) (28)

ElBb, UkP-oT. tEHEOEKHE R(O)=A 1(0)/ 1v(8) EFETX3,
28, BHED Sheppard OFWIEEFREE ORRIC OV TRII0IBSE LR S,

(Bl 4.1) [EEA4 NCu, 02) OIFAE. 0(h?) BHETEZEUT.
(1) =AKER; R(u)=(1720)(W a)?, R(a2)=(1/12)(h/ d )?, (29)
(2) 2xehgRR ; R(u)=(1/32)(W/ a)?, R(a2)=(1/16)(h/ c)?, (30)
(3) AR ; RCu)=(173)(1/716+92)(h/ 6 )2, R(a2)=(2/3)(1/16+0>)(h/c)?> (31)
ERDOND, Tholl. BEHECHUT. EF0BAICEXTHEHO VW EFVLXDR
DHDREUST—Y 1 ALY OFHREOBEALELERU TV S,

5. HETOFE KB
SLVIFVXOELEHRREc EDOLTERUEVEEA.

x/ od=u, fCou)ldx/dul=g(u), xi(ouw)=v;(u), Wo=a (32)
RAEHEPHVHII L Ve THhOoDEHMICL > TaldEB/mYTD h OBRBNEREIE
W25, CDIFE. h o B EIARBRWIEBEFT UL,

Fh. 2ZTEVRX2IASY POMEEL. HCEDOHTVSE—X Y} OHIEAR
[41%. KV L>TWVWER a2 LTV P EE—A Y P OEFRA

n1=B1, pe=Brpu1+P2, ..... (33)

Hry r MOE—AV B
WRAUTHEINBZERTIETTDRYL. ULBoT. r ROE—X 2 P OFRIEE
B o (r)=(I/MNEZOR)) HOE— AV FOWEAR KN SHIEELEMT NIIIES
CEBTELZDT. ZhodD m(r) 2R A5V RE—AY P TCERUEBRAKA
UhkaDE C(r) EThiE. r ROF 2 A5 POEIEER - & UT (Br=cr-€r)
rivO%F 2 L350 O REEBEC(r)-er THAONEZEFHOOTH S,

BRI, GOROEHREH VL XDIFHRBEOHEEARRDTHEL &
00
A 1(6):(ozbzla)J{(az(log{g(u)/o})/8 02)(g‘®(u)/a?)
-00
+(32({g® (u)/g(w)}/a?)/3 62)g(u) }dutd(a?) (38)
E12%, 22T D2 WI7 VL BEGVD2RD F-E— AV PTH B, D2’=D2/a*& UT.
GHAD 0(a?t) ZHEBUT. N(u, 02) D4,

RCu)=2D2"(h/ ¢ )?, RCo?2)=4D2"(h/ 0 )? (35)
&%, h/a=0.5 33, MhOBOT 7Y + BENIHUTH. R(O)(O=n or d?)
W 0.02 BEXBRVIEIRS, COBERAKEERYV, 2F Y. HEERBEU T,
Fisher {$RE Cilll > C. 100D 7 7V «+ BlEl{E» > 72 54 2 7T NIk 98D EREZ B
HED ORI TN ERZERRS, 2OZ &, HEMELS VW TRHER L2 HHCRE
FTEFRRRI VT LG TN EEZZEDEEHRMUT. dLFLEIOHRRT 7Y 18
HF—YDFERAE2HXSDTUESIEVHIZ &Y. BEFOHNICEVWEEELE525TH
Z23ZEBRUTV S, COEIRBREKRT. 7 7VBHF—YWHUTERA S DPOIAR
BYIETHIEEZEIONS, COLOIRBEADS. AR T 7YV ¢« Bl 57— 5 O
BEBEORDOH5BOMGH LOFRERSLTHS D,
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[Figures 1 & 2)

membership
probability x,(x) : P

density function J function

(Xj('))=')

£(x)

*——(acr(u)/ao)

(1) Triangle type

3(likelihood) /26

membership
function

membership
function

(Xj(',)=‘) (xj(xj)=1)

Fig.2 Approximation for A

J
h ; hra
(2) Quardratic curve type (3) Trapezoid type
Fig.1 Fuzzy observation
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v b o 7 IR EE O o ¥ DI IEFRER 0 S¥ /dh

Evaluation of the Aptitude Test for Software Engineer

Ir|E| v = = @ BF ™ =]

Lumi Tatsuta Hiroshi Mieno

I tHa oA == = R IR F oS

Dokkyo Univ. Sience univ. of Tokyo
Abstract

We tried to develop the aptitude tests for the programmer. In this paper,
we made examinees select the degree of self-confidence and we evaluated the
test by using Fuzzy integration, by reason of the lack of the completely

additive.

1. HBMECREECHEEFNMERLARS LY 7 2-RHDEA

BRI L A EREBETE. BEXRTATHERRYZEACESRLTERKAS
BANE B, ChESYIALREBLEGEZMAREE, BEATTRIERTHEY
Fac L, BERASAEERCEIBERET 3, VM. BRETIAEMIARIILO
BEEL, BEASZELABARSVEBRETIRTNGVREL D,
BRZNCISHBVBEOERSBTH, ABKERTALLTEEARINEZO®RD
BERBRTE B,

DroBHET, MECEALEEEOHENRANRAOBAORNERLNIILNRT
gL, RBROBHNERTH(RBUS2BERILESHUNTH S,
kﬁ\@%%%%Ehﬁ%ﬁé?%#mxmmﬁéﬁ%wmé\::K77§—ME[
1) #WAT 3. £ THEMEEOBREERTRAY A 2 hOEABY HFEENS
RD2LDET B, TOBRW

5, = (O H O D)/ U+ AR Gy

— 185 —



T i WDOWTOENg OTNIRARERTLOTH 3, Wb, ERGH0 KBRS
Rl KEGENIERFEAHL2AESOBHRSTINEFHZLOBTHOTH S,
Ait-1~oo TO OREMEMNRDIOBETH S,

2. 7ul7IERBRE~OKA
7o/ 2 ENREIMRLBRREEACL(EREN T3, S TRThICRT
ZETORMMEORE ) KOVTEALTS 3, ChREEAKREIS LB
nNaR, SEHNRBERCOBRAINRTEHEONIOTIIKEAT S, tio. &

REOMETH 3B, TORAXHIBHLSVEAT 3,
EfO%@EEOMEREFOERFIZNET AMELS 224, I TRE IKRT L

S, EEEUBOANFNC AR THBMTEN RN HERET2METS D, WE
LRMBEELSATEH—METS 3. ARBBRLASOBRTERABT 2BUTTHETS
BROCYBOBMELRT RN FERT 2. URT 27 7 LERK DX OBENPRIEE
NADT, 7S5 L ERLANROTLXEDENERETELIRENINTS 5,
CITHEIRPEEERPENEE L. ZOHEFIRE

D 208EFrMESCREASY, BERFOANERTHERZ S V—F1EL, FV—78
ORAFHEAEFTHOL D NS VHERD R,

@ IA—THTLROEOBAEEHEDNE, ThRBACMESRLEEEOHEE
MBEE >R 7 S-HHENE, (B FH)

® LEREAOEROEHEALINEINIOT, thOBETELT v Y5 LERED.
BAET ey YRR L TORMBELBEL, BEO537 (v b LR ADE
BRD,

@ ROEDOEMERIZOATITo

& Xk
QEF ; Fuzzy AIE LFuzzy |5, FRIEDBZZWME, 8,2,218 ~226 (1972)
Q=& ; e/ 7 @MRE (RELEE) 4 - L% (Bf60E8 A)
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- X — IR BT B THH I3 KU
AEFROE —HEOFREST
Examination of |tems and Homogeneity of

Groups on Image Surveys

= H ¢ Lt
Mitsuo Yoshida

KBRAZEARRIZEER
Faculty of Human Sciences
Osaka University

Abstruct

Results of image surveys by SD (semantic differential) method were re-
examined concerning fuzziness of items and concepts. and also homegeneity of
groups. The neutral category of ”neither” was taken and checked whether its
ovserved frequency was larger than the expected. obtained by fitting logistic
curve on cumulative frequencies. As to groups, three parameters or moments of
their distributions, variance, skewness and kurtosis, were calculated to compare
response patterns. A foreign group showed a slight difference from the lapanese
ones.

1. &
AA—VERNERNTIHANFETH > T. BAUPYP—BHOZ UV WERELEE
BRIRENETH %, Pl DEOA XA—Y, BROIA—VETONI N, ZLOFA
WAFLAY A TRFH. LB TH->T. LT UHRBBHOHT I O, HEIHTE
SFehhyDTERVL. UL, DEBEOEEICSE > T, ZH U4 X—UN, F2i
BAA—Y. TS5V AA=VEDEROBBELCKZHHS L UT. —KIl. BEEHH
FAEO—DE U TAA—VHAEBBEARZITOA,. REHBOERER L U TEERIL:,

2ZFWHPNTEY. PAHHRKEOCEEMRRZLOHRBMTE. THRAOWEEMMEIZHE
T A3HEN.2.DDO—RELVT. fi. M. BEVOAA—VRITELTE 2, ZOEFI
Badsz-0l. BUTAZHEP MR ARETARCEA. RAXh2FABRRIE
AULEREVWSZETH R, 250, ABMNFRE ST, A X -V ERREIDH, £h R
CAEBUEHIRIGETHAIEL VDD, EVo R EOBRAT+ROFTHABIRINTE
e EWHZETH 3B,

A4 A=YV ABRIEHEHRS~TEREORIEN T T NG RANBHOEAZFN(RE)LH
BLU. #22A0OZE2RDEEVDIBHDTH - (SD, semantic differentialik). 9
3BT EH<BE. concept>EMIEh THLW A A, BIZK > T, BAFE U THELZE
U RWERESHVL O ABAELEL, flA. RAZOHBR<E—-T>D1A—-V %
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HET ADWKHR U E—EB D2V RY. "THRH—EHRH. "KREL—PTVT, -
ARV, PHZL—BLWEBHLOh TV S, "REUR”. "HXH LRI ZOBEE L
TWRFYEIATHZIB. ThRBERTIADLIA—VERBERADS EEUOHRT
X2, UML. PKEWL”, P80, "RV IRV E S TREBRELEETETH S5, 1
A—VEHEBBERRDBDTH SRS, PATECEENRS > THRALRL . BREUE
BUTORDUTFXVEAYAISIZ7varyel., HBRE@FEFEZS)LBMLLEERL
BRPSHEHIIMENPOR DTS, BitEhhFR. REMNLZERESHLIFEH. L—F
SUTERINT. UPDHFAT—MRFPERBEURL. VoI ETHESEDSH
T&he —BI. ETAWFNUTVBETH SO0, LRIEHEZEDBEALSVTH
ZHOUREIR—DORESETH >k, -

FITHEMTE. (DABXRFB(RE)ORHF. QOABWNEEM) 0K . 2BUTH
WRIT53DTH%. BU. F—F¥EUTRBEOFARRZELREAMTIHOTHY. A
EELARLEBI I EREOHNBELOVTOF—Y U h TORL,

2. fiik
TEBEON T T<ilf>. <OV TOA A=V ERDE,
FEFEL P P FEW
BilR +------- S EEEEREE AR EELE s ARLLEEE $------- L EEEEELE + EL
PR Y EB556THRL PRRY

EHRCEBUTURABERIEUTRAT 4t TRAMOAFTIYNS. 1, 2, oo, TOTT A}
PHWE. $h. TOMOERBIIXOBEVTH S, <MBV>OERIODVLVTRARBTILL
KT 3,

<ifg>
1. BER—ED 6. BBoahR—BEZIFLL
2. BLL—BEFALL 7. EALL—ERLL
3. RO -T2 8. BAR—B-TIR
4. 713 —F[ALL 9. BOHB—-BORL
5. B3 L—BL 10. B8 —L ity
<>
1. ELL—ARLL 6. @EHV—D2F SR
2. BRER—EBRR 7. =i
3. Bifiz—i&W 8. BfMy—Lidy
4. BEUWLW—BEFALL 9. BEKDSH 5 —BBORL
5. BEER—BFETRL 10. BOd5—-BoRkb

FERERIRIOTEL X5, A5121162TH5(1~4: BEK. 5. 412 F2V 7. .
A2 F RV 7OBERE<EH>-ORE 10. <f>ORE 8 BRITTVWS), (7. AXEEOD
BRFELUTHEHEONFIYIREHL. 2CAOREHBVESLEHRIEA S BRYT, 5
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— Y OEHHSIEERLVLZVIES RV LR T 5. PHFEKS L TROYRF
vIMERSTDLIORHAVEIEET S, EHMIORNE U TRRIGA DS 11k
~AXOEFHBELHEL.,. FhEIVEE. RERRD THHORROBRFT2ITH(5),

£1 HAENZHK

1. GS (General college students)  —#KZEE(HA) 337

2. MS (Mercantile marine students) FAfAFEE(”) 198

3. CD (Cadets of training ships) SHEMETE(») 467

4. SM (Seamen at work) mE(”) 438

5. IN (Indonesia) EMAE(L PRV 7)) 676
3. FRRUEBER

BERIEEH. #ALtRE®PSFL T4y b, B UHVWEBORF . PhOHF
TY T4. 856 THRVI KEBL. ThHRERELVDKODORZFETIEE Uk, B
5. FEPHFERBAEELZAE LU THERRETEID. 5530VREEVTHIZBHRES
BRWEBLSTHRVWIRKRRETAOTERUHEELh SN, F—Y¥2RERVEILALL
B THab ok, FIAURIEATITVNORICHETH BH. HCITV—TA(HHE)
BHREONFIVREBLREU. BERZBUTRRVOS >R ERBRTSLITHS.
22T BRENCERBILRLEHU. B OELRD R, BELEEI. 7T
YT 3 RIGED S RBEELRD. FhZS/D2FEZLV Y AF v 7 hig

y=1/(1+exp(atbX)) 2B TWHDTHhi. RELEEIOY XF v 7 ik & 2 5 EiRERI

F2 Hhih F YR BG5S (BLR) — GAFHESR)

<ifg> <>
TN—7 R TN—=7 RE
1. GS .004 1. BiEk -.032 1. G5 .013 1. ELWL .030
2. MS .037 2. BLL .002 2. M .021 2. L4 -.037
3. CD .027 3. fRG© .029 3. CD -.001 3. HBiER -.003
4. SE .075 4. h1iE@u .015 4. SE .040 4. ELL .018
5. IN -.015 5. B3 WL .053 5. IN -.033 5. BEER .005
6. BBa» .017 6. MAL .005
7. ERLL 093 7. B .014
8. @K%= .025 8. Bty  .046
9. BOH % .004 9. BKH % -.009
10. BH® .051 10. B0 5 .011
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WH. S TREFHBOREBLOHEUHOATH .. MWHEEA U LI N VR

(y=g'c’'x) dDRABBEDBTF—=Y KA IPBTHEDROVEVDH>TH., BBELTOR
ETOUVAFYIHBOABS THOBRPo k. . AHOEREORRS 2L, IE
MAEDS TEDIEITHRM -2,

DEASFTORR. <H>DOBEE. RE. JL—TRITEHREEENH S h(p<0.001).
<H>DBERB TN —TROACEEENR >N 72(p<0.001), FHELRTER2DTE
{TH3,
TU—THTCRHEEEHRL. 4. HRE)DThBAXLFENHR TH>LELRLTL S,
WMOTN—TIREEDEFEETHY . FRMLBAWEHIBE LU TLEN, RAORELD
>TRRR S DEOKENHBEORETH %, -

EHEHREMZIAR L X, <iff>TW"7T.BEA LW, "5.B 30", ”10. B4R, SOEMK
2L, BillF—Y0EIBAINhTVS, TUT. MEDOHTEZOMIZ”3. RV, "1.713&
W, S BARERAZIVERAOh R, <M>TRE2KE U TRERDRLY. BLDY
L—=THATE. A1 EVV. "6. @AV, "8. BB, HRI10%EVWEBAES N,

RRETN—THIORF B S, MEOHRRIL. BA. BERE—HBRLS31VF2V7
DF—=IBAFU. TOHRREUT. 22D A—VABRDBAETDHOHEMEVDZ
ETHoh, WEELTUDEFEB/N. ABMRZ T+ v P URVERZLHVLTHET S
WohZEBRUTHEN. EVI0BYMHSORMTHoL,. ARBEATIOILED
RIFWFF A &N TEST. ThRFARZIEDOFRIIHAARATHhTORVLU. ki
ABOEREOHBLIMON TRV, 5T S TRBEROFABREROARESVT
REBIZ2BY. FIARA YRV ZORINY =V (BH)BEEDELERHUDED
O BFxvIT32ERE>T. COMBRNTS5—207 70—F & UTHRY,

£ 3 UN—-7 RENEAHE(E)

R 2R (580 3IR(EED) AR (52BE)

B GS MS CA SE |IN GS MS CA SE IN GS MS CA SE |IN
1. 1.51.41.11.31.6 -.3 -.5-1.3-.96 -.75 -.96 -.33 2.61 .64 -.25
2.1.41.61.71.6 1.4 -.27 -.09 -.10 -.03 -1.1 ~-.43 -.71 -.75 -.7 1.07
3.1.01.21.31.31.0 -.64 -.51 -.57 -.19 -1.3 .23 -.01 .13 .27 2.67
4. 0.91.01.11.2 1.3 -.99 -1.1 -1.2 -.04 -1.2 1.02 .42 1.66 -.3 2.38
5.1.21.41.51.31.3 -.18 -.30 -.26 -.28 -.63 -.31 .04 -.31 -.1 .21
6. 0.91.11.11.41.3 -.98 -.90 -1.3 -.83 -.40 .24 -.12 1.67 .34 -.19
7. 1.11.41.21.21.7 -.11 -.28 .05 .16 -.09 ~-.61 -1.3 -.95 -.5 -.69
g. 1.11.01.11.31.0 -.98 -1.0 -1.3 -.85 -1.4 .66 -.05 1.32 .32 2.70
9. 1.11.11.71.71.5 -.90 -1.1 -.88 -.40 -.77 .60 1.17 -.15 -.4 1.17

10. 1.41.71.71.3 - -.50 -1.1 -.55 -.51 - 10 .25 -.49 -.1
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THEEERAon T TEFROERRVEATLIVTHS S5, HAMK DL TIETN
TREEEDHONTN,. CHhIIREA/FBRUODETHY. W OHONY -V IZHHETE
B5ZERBRUTVS, HIRLRANWREAHBEE. EENIA T ATREOAXZWIERL. N
BV, "6.BBoOR”, "B.EKXKR”. "I.BDHBE". LV B—DDIN—T(IS5A¥
=) BRHRZ/PTEELRATRRTEE2. LUV, "5. 30", "T.E4 LWL”. "10.8
R, SO BHNOBDEUTHITELLDITH B, SBAMICA Y F 2V 7HBODER
A0 RTIHEALS ABWAEIEB2,6,7). HEADBEEGELLL RHEEVLSETIRVL,

<>OBFFRZOVTHE. BROXRTEREET 20, REOERIIFICHAM&L VDL
—TRRELLBEENAONR, BREELREZBALUT. 1V FRY7HthoBRDY
N=TEPTHNTVW S, BB, "3.88H". "10.BO53"2RHRELTOHEETRER
S2THEY. 2. Z2R"CHAU TR 1 ROEIROHFSHFEHRL TS, HETIRMIEITUAS
BREELHTVLADRHU. A VFRVYT7TRELEVDIAIA—VTHB, "1.E LWV,
LUV, V5 BER”. "6.EAV. V8. BHMN”. Y. BKH 3", OFEREDHTKT.
LA ELDORIENTT.IEFBRZIONF IV IZEFLU TV S, Hill. SDETRERODFITY
BRIERHT 32DCHVIh, ZCRUEDFIRRBINBVLEIOATHEN. 1 VF 2
V7DF—=YTRALTUDHES TR D o,

K/MHETI3,0000EX &V RAMRSEXKOBEERT. BERAT D RIHFE
BERLb, KHLVBELEERREFREVTERA V2V 7M. bHBEUEDR
= LOBEFEEREVEI LD <P HU TREIZERBEO N XA -V HELFELRIEN Y —
JHPTV RN, <M>CEAL TN ETEEHE UE ST dh dhBEE. BiEHhHE
DEMZE > TOL ODPOEMKEIIREL PS> B 3 EHNARELDS)PFARLEEL
SETE. PRIM>EVSISTERMNUTEVEMIRIHMOBRBEDLERY. FhB(X—
VREENY—-YOHER DO ULEODDB ULHRL,

AHEROEESNEFOHELT T DOTURLN,. MAL TR LAY F RV 7REXR
DATN—=TEIDRBROEBESENY = TH o

4. F&B

SDiEZHVT. #i. O XV RHUELU LY. ZOEERCESE,. HE(RE)»IE
BT, BEOFENTUIHBERDODORFRHAA 2, L
RIGAHOERBERBROV AF v 7MEL2S CTlDLEEX, FUOAFITIMNLEBST
HRVIZOVWT., Bl LEENIHSLELIRVEEFHLSDHOR,. AEXFRVEDSDHOD
ERBUTIhEEY EIFRFU L,

FRRIGAFRORBRFEUT. 1 R~AROBELRYD . PR-EE - RERRIH/HD
&L, AZNSHEAMOLEBERIRITo 2,

ZOHZ. A VF RV T7OEMAKFEEDLRILATVEY. BAOAEMNZ L KT S L
X, BROVLWTIEHEL. MOV TWRHET S, EVLRERTE- R, .
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Minimization of Database using Fuzzy theory

xR ME S ORK

Satoru Oikawa Tsuguo Kodera

vy —THASHE WMRYATFLAHRH

Information Systems Laboratories , SHARP Corporation

Abstract

One of the main tasks of information processing is decrease memory space
of a computer operating a input information to the data which has already
been,

It is usual to categorize data into sets to decrease memory space, so
that to make a data model. It adoopt input data to mapping and data, which
has already been, to sets. Many ideas and theoriecs are proposed to
maintain consistency to avoid redundant data caused of redundant mapping.

We propose a new idea 1in this paper which adopts fuzzy theory to
evaluate standard to minimize the data space, and shows the availability
by means of generalizing the procedure of minimizing data space and its

good operability because of set theory.

1. 3UHIC
VAFLULMUTHERT—INRANZHhBL, T—3 774 IVBHY AF AL,
AR —RHETTCRBALATWETF =R, FLLWTF— AL NBT 2 TS 14
BT 2. ADF—2ORBILE->-TR. YVAFARIZ7 A VHROTF—RIZHELWT
— 2% Ex i L. HSIL. EFVEETRIZILAERS,
BMXhTWL3TF—30HEENANZILSTERT. MBFEHEXINZRAEY —H
MEBO L Rhb, A2 3N RBEITEZLONNILSTELZLRD., Y AF L
BRERZICHLT, BEVARYALBEICEM I ETF -3 RELRTEELT 2,
$H. JL—yaFrWVTF—IR—ZA:2#H(OLLTEL DTS EFTIVHRREh
TwW5 [3,6,9,10,14]). £/, EREFIERRRBLIZEAT I ETTFTIAZER
EEMALEMNLE UTHRRBXhTWVWS [2.5]. ATV 7 hEWMoEL2E. 200
HEF—RAEFIUIDS. BATF—REFIVOVLOTHHLELXLNS,
ULAL, BELAYODBMSOBMBREMVWADELEHR IS L TOF - 2SR E
HM LTHY., REBEOHCRRBICIHKBYENAMF I ST W W, 41k, v
AFLNETOREBELERFTZEO%. BERBEITIF—AAR—AY AF AL
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SDNWTRAD. EQEDORMEAL LTI, BEORLEANLBRTHIEAR
rI27 VA MEREAVWS,

bhbhODBMSIE. AREAAOFVHLERSTHIL. HELONE L
H., AT 3. Bak. PRVATY—LARVWRTEUEABICERT Lo L %
Bty $2. kRXTR. TFART I EBIABTF - R-ALHODVWTHEX.
TOETATY—EREBROTEDORBLFRELOVWTRAL. B2RTH.
KERIETSLF—AEFNROVWTRAS, B3BTH. 77V BRICETL
A2 —FHKOB/NMECODVWTRAR S,

2. K&€57FW[11,13]

F—REFNVOIELALIE, LGOS EHMHALTVWE, By ATTIVIE.
EALWOIEXFEITT -2 ,2FK->TWL.

F—AR—ANDLTF— 352 BRLIIEEGLLUEALT L. 2KEANSH
NELSEBRIETVWLLILEN, FoAIR—AUBBLLRABETRDO> LR S,
HALBRTIR., TORASDEBERIHLTOERENLETHL. ZOEHNN
CADE#ERA VWD LTS, 2EL. 22T, ALBBRETF — a2~ — 103t
LTORKRERICBRETZ2Z2LLT S,

XEF—AROVWTEXDE, I—FLEREREXTIIH LT, 20 XFEF
Y AUXEBEOLVWIRBILEY., F LA H UL THYLELELI LA TE
. HUXEFN2IVOEROD R VWHOTERTZZLT. T30 BEOR
LPERBRTES,

HLLOKRAEL., —BHIABHEAEZHEEAIERINOEATHDZ. 20 -
DICFLDhEEEZINBTHY. TR BEHEEA L LT, BHE/ R F— R
—ZADBERTRLRL., T—IR—AKLBEULTOEREESNVERTHL. EHEALC
SVEFXhE %43, THESYFAL. EENOLALERET L HATE 5.

LAEICHLTHE., — BB, 2B, TR, BAAFARV LD, RO
MBEEEIAERFILHLTR., ERILETADh TV RVWEWAbEICH LT,
BEOHBIYBARICHAL. REOHELEEZEDIL. ZhDbOHAE: Y A F
LA S TWBZLHLETH B,

—ODF—RIHLUTHBI., LA —DETHEATELEBOSHELINER
TR232LAHD. XBF—ATEADL, XFHNHFEEULEEEACATH S, =
OB, VAT AR, RALIPORBICIVEROTEREOD DS D2 BIRT 2 =
rARFHhIE, HHEOMME., T30 —BHOMERE | ER-FTZLLrh 3,
AVAFATH. BROFHBELLT. BROEWMBEL 22X i, BB NES
WKEXB2LLT 3. TOEEREBHAKENEXDIEDIC. 77V BRALXHMAL
EF— S BEEROBHELITS .
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I3V HROEALRZDODE 77 VA EERTH2. ARXLZ0EXLH
WTW3, DI, 2UEEORTOBHRALBERLIIRALELD, TR
BULESTEREZAIBHLEAE. RTZODERADERTHS, DTV, BH&Ls
YERLTI2EEGL 77 V4 EKEALL. TOER(BH/EE AV AR -V vy Sl
513, FLTAYR=—Yy THOREVELPERENERLLTTF -2 2 FEX
H53%LT23. A=Y THEHIODLER, BHLEAOEELRZVWZ L 21T,
EA1OBIBHIKAOENNLEELTRTOT. 246K40M 35X vk
KT 3. DDORBILEVWTELEARILLLEELRVED., FOHEBRTOTH
3. BREADERLBRAICIYVBLKAENERZOERE., A X—v .y FHEIK
NEAEEXIPNMDE, BHOKSILHULTEORABIBIEANERE BT,
BIZEI Y MAOIASE., ZOZLhBAVYNR—Yy FHIBEHESILX-TEZXS
CLATETHIL VWIS,

BHEEAOBEHOHBML LTI, BERITOXTEI L BEMRBO L5, BRXhiX
TOME. TOBXLLI2EHEEGOEHRIDZ. HHOYERI LR VIFXY AL
PWOBRELY, BRWOXFEIIEVEY., BREZZWEIYAW, BRI T
ZHORXY. BRZIADZ2XFENNORIIT. BEEAYX5X2Z20ENH 2. BRI
XEFHFBERBOXFEF LA »ELAALOE. BRITAbhhvw, BRED X
FHE-BILTEZILKEY., COBBERBAENCRES. BREZAZ2XTHOR
BEEAKE. BRI XFIORICKEAMLUEBMELTSEAANS. Zhid,
HREOBIDOWVWS>TUHROETH D, £/, BHOKAICHLT., ZONEICLHS
BMANERZhELE, DLOBYEKAR AV A—Vy FHEEEMEES., Zhit.
NEHICHERREN R -2 O NEA KM XELZZLIZh D,

AUNBEHEBOBAIR. MEASDABRKIY, DLOKAILODIELETIE
ROPEBHRICBIL. DLOEASVEETIBRRAIALDZIZ LA H 2., 2hik. X+
FoBRBERABI LS. BELOBRBESCHELEMETHL. BULEIKERTAT
WARHAEESDA YNV y THEAOUTILR-EBAR. THREA LM CER L.
ThAABAZAIEHOMIILELTELLEND S,

AVAFLDTF—2AEBAETR. XTHHIABIELGL -8 - HEEHE -2,
MABAEDFEODA YN =Vy TR LFEINOESDA N —V y FEARE S,
TIAD, FAR—AHDLET A HTIHEEXFTIABLI AL KL, F
K. BOEAMORER . BLRAMOMBLARTIEATNETHI LS. 22
MOXEIEXFHLENRERXBIILATEL, ZOBMFEYAVWTXTEIBOM
FREEEXMTZIET. YVATLAR, RIUXFEEAT L0 THL. BEMO
BEYATdY —(EATREL s, TONMBAFABALT., A7 4011802 F—
AEEXHLVWKRETF - A FHOBRMAEEXDZZ LR D,
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A Fuzzy Retrieval System Based on Citations

BA BAY. Hil XK. HE T, Bk WRE

Kohei Nomoto, Shigeo Wakayama, Tetsuo Kirimoto, Michimasa Kondo

EREBKRASHE WHETHRF
INFORMATION SYSTEMS AND ELECTRONICS DEVELOPMENT LABORATORY
MITSUBISHI ELECTRIC CORPORATION

Abstract
A fuzzy retrieval system based on citations is proposed. The network of
citations is the key concept in this paper. The network will imply the stream
of researches. We apply fuzzy graph theory to evaluation of relations among
documents. Finally, a fuzzy subset of background or descendant researches of
a cue document is obtained.
We have implemented this fuzzy retrieval system on a personal computer. An

example of the proposed retrieval is presented.

1. FXHE

REEEIEAREZTEDODAIEIIR I 7 VA RBYV AT LOMEIMTDHTWS. £
LT. 2DBLE. 7794t —9—KRREIWEHEQ)THS. ZOBE. 77V
LEF—T—FKicik. BEOBICXRICHIT2b0L. REODBICHAEI BRI DD
D2BENDEIH. ZOILHERAMOER TR, TOXMOKEE:RDOIEMIC
Yo TEDDhBRETHAD. ULABIK. TOHBLREBIIEREATRVWEV. B
ARV —FAERBEL LT, BROMIEDEORARERABIL Iy Vs {LOEME
ROEFHEYBRUTVWAN, EH5%H. 77V BIEFAERICEDh X ICR3ED
ik, EBRRENICHET R4, ZENREMSLERBELEEVWRITEHRET
HBILEIXTWS.

TETRRTZ I VIREBEVAT AR, SIHBRKEDO Iy V4 {LOEEERD =D
DTH3. XMO LB 1AEIHED1a<TTH2ERDLTVWER LT HhIX, XKL ED5IH
BHYBEBRELTVLZLILEIVER LS5 HBEROBIX. T0SFICET 2R
DRNERTEBTHILEALIS, SIHBREMNEBRT-UTZVTHEIHN, B4R
T4 TSTHEREAVT., Thi2 77V XMBRBICHATIHEEZERLE. &
hit, MAZIERUESR (TXRMLES) OFRARELIVIREKRRERL Iy Y
A BELLTRATDHETH 5.

2. Sl HBEROBLEIHE
BIRABEGOBME TS 7L UTRRT 2L, H40XRMIIZHEACHE L, 5IHMKRILN
THDOLDLEKLARTILATES. ABTR]. 77V« - JS7HREAVWT, £80
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2HDTROMIC. OAB1OEELBEIHELVWIREERT S,

2.1 BIAE |

TR x AR, KBAZATVWAEAE, ChERLIGRT IS ITROT LT
3, RAIOWZ., BIROBRhDOSHMERLTWVWS.

O—O
M1, 51HE

SRR x w B RR x - BRI, R xw- AR xw-KEAEH, - - - X
X I XM WBIHEZATVWEHE., XMxwEXMx W MBTHHAZATVS LW

S ricd B,

M2. MBOSIHE
— B, R AR MBI TEAEhTWEESLWIDDOEREX, Zhij
AELEV, pw (x;.x;) LBLZLKT S,
2.2 1Bt05IHE
BIRBEOEAL RS IBOFIAEEATOLIERT 5.
(1) XXMRx i AXWMx, KFIHSHhTVWRVWES.
py (x4, xy) = 0 (1)

(0) Sx Bz KKBIAXhTWAH, EDintroductionic kB bhiVWHE,
CO2ODXMOMICEBVRNIEET2LHEALND.
g (x4, x3) = a (2)

(n) XXWx XM xWKEIHZHTEY., MO EDintroductionlicbHEDHLIIEAE.
ZO2ODXROMCHBMVWBhIFETZLEALBN S,

ﬂl'(XI.XJ) = b (3)
ZZT. a, bit. THRODOLIEEHRTHY. RAOEFRERD.
0 < a < b < 1 (1)

() ScERx, . MOROBIACIRE UTBEXhEN, RRICBRVEDICIOIR
DNEIBMOLOXMESIALTVWAMFETHS. ZOBER. 5IAME LN
BAYREMLTHZ. 5IHERKRROL DI CEHET M. bh- R THIHBER
YEMTBEO1KT 5.

pr (x¢.x3) = 0 (for all i) (5)
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B3Im¥d &I, Xikx, X x, WEIHZHh, EO5IHER R, (x,.x;) T
HY., THIKXMx , AXMxICHIHEZHhTEY, EF05(HEE R, (x5, xx) TH
ZB/BA. BEICISIABFRORWIRx L x  DMOFIHER*EETZ. ZODKDR
EIFOSIHOBE . 2605/ ETAELOFIANARICEI LR THhIERVWAS,
REBOBBEYBRAT A ZLILT 3,

po (xy,.xx) =p (x4, xy) = py (x5, xk) (6)
@m(xi,xj) @ #i(Xj, Xk) @
2 (X, Xp)

B 3. Eio5 MGG
2.4 i35 FBEGR
BAIRT LI, XMx i BP2O0BBERTXMx ,IKFIHEOTWEHEEER
2, 2DODRBICEBFIAERXEMEhp, (x 1 92xa2x;), #2 (x;2x—
x;) 3BL. 205 AER: (x,, x3) B, ThHOVWThIHELRF->TW
hEOTHRWELBAZLATXS, F2CREMOBERXRATIZZLICT B,

po (xi, X3) =p, (xXi2xa2x;) Op:, (x;2x32x;) (1)
=ELU.
a®b=a+b—a-*b, (8)

H2 (Xi> Xa > X))

\\\\#2 (Xi~>Xp » Xj) 7

S~ —_— — -

a2 (Xj, Xj) B4 . siFo5| GGk
2.5 —ROFIHEDIHE ‘
DEDE#BEFATHE, —RIBIHOBOTICETIFEBD2ODXHROGIHE % 3
BI22ehTE3, EELU. 5IAERLT EXRMISGEVWAIPSBICHE LU RITHAIER S
V. Bi, SBRULOFIHEIODWTI., HBOARERHLEMIT 2010, Rick
H2WEYVILHTTHLZLILT S XM  OmBOBERPFAMO 77 V4 KBS
{xi) RD2B4.

N

pe® (xi,.x¢) = k®=lu| (xy,xx) * #a-1® (xk.xc) (9)
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XM  OmBOMAFHRN (x,) 2RDE2BE.
N

ﬂnn (xc.xl) = kezlﬂu—ln(xc.xk) '/-Ll(xk.xj) (10)

ZZTNIE, BEXhTVWAXROHBTHD.

SO RHEoAAEICET AR, B0 HEGK. HIOFHBEROMELL
T, FAEFRRKM - RBMEBALVEZLKERLTWS, ZOHERIE. 1BTHS3
f (0, a, b) Uh:oRwBIAEY., BEAETICUENS THVWEEEICHE &Y
YRET, L2AN, FOBRBAMHEEBRKRUTAZ LHBUMNBRMZLTWaEWZ L AD
Nd. TOZLH3BULEOFIBEOHEILEWT., HEOHBICLVEOR—HEAT
XHIDTH5. TIC, ifOHEOHAEICET IR EBAL, Ho—EHkE R
FTHZLIEY, CORBYATLAEFERSERHEHETW S,

2.6 RANLTIRAE

XTZZT. 1BHIASMBETOFIHEOMEARX LY., RANARSIAEL UTERET

5. Zhit., BRMICE., BOALHEBE - SEBERROTHEIZ LIRS, XX,

MOETIMx c AOMBETORAMRBIMELYY (x.x.) . BKV, mXM=xec

POXMx , AOMBITORASHRTIAE Y (x..x,) 2, ThEFLRIXDEKD
WEHET 5.

Bw® (xy, x.) ig ra® (xy, x¢) (11)

P (xe.x3) = © mad (xe. %)) (12)

ThoORAENRSIAEICE> T, ThEAERARN. BATFRBORAKRO I 7V
1 MIRELEERT S,

3. ZERoEAH
BRROIZ7VARBUATFLE, "=V FI: a1 —F LICERL, EROIRE
BHUT. MBERAR TR 2. T, ERVATFLOHLERT.

K1, BHVAFLOH#T

H/W : MULTI-16 (169 k- NX—=VYF)-ava—4)
S/W :  FORTRAN

BEXMOSE; HBEILILAE

BE OB ;606 4

BR#HFE/RNS A—%; a=0.5, b=0.8, M=3

RiC. REOFERNT 2., XML UEOE., BSIKRTXMTHS. ZDOXMMIEH
WY s T4 R DBRBRBENEXRTHY ., ChPBE IS NVADHBFICEYDED LER
¥5X M. RROT 7 VARBYATARLLIYVPARNTHE. BBIKRLEKIKAT

— 202 —



L. UA—y + 2—%WLE. RHEOVBII D> EHHIK. 653 BWTH- . BMF
ﬁ%tbrﬁwuﬂm%nﬁﬁénammm,Esuﬁtbmfbanwd57ml$1’
ABPETRIHE L. OB, RABBOAVA—Yy FHERDLTWS, ZOH
CRLBVWESTRAZIATVWAXREE 77T . SOXRTR., BEHRAORBHRI
BB LT I4 VA Y Y TORBRBORTEEELEEDZ LW HRMAVZTY - T4
WA —PBREXATHEY. ATV TLIVE—BRITAIVE— DI THAK. RRS
HEPRL UTRMHBTE2b0THS. SHIK. BHEIRXZ L. ZOXMES
. EEICHESOXMESIALTWRVWEWS ZETHS.

AUTH : KALMAN, R.E.

TITL : A NEWAPPROACH TO LINEAR FILTERING AND
PREDICTION PROBLEMS

JOUR : JBAEAI; TRANS. ASME SER. D
YEAR : 1960

Vol. : B2
No. : 0
BM5. juXMR
a
=i
g8 3
)
[63]
g g
i o
=
S
o
He. Avn_—vy P
AUTIH| BAR-SHALOM, Y. IGRADI 9558

. VARIABLE DIMENSION FILTER FOR MANEUVERING
TITL | TARGET TRACKING

JOUR| IEARAX; IEEE T. AES
Vol. | 18 | No.l 5 | YEARl 198£J

B 7. BB ORA TSN E D3O
Biic. RAMLIELINT MOBARKBBMIOVWTRIT 5. ZOMOIH
BFREWEY. AVA—yy TORBERBE Y. 0TRVIIAEOXMOMbS <%
5T B, UL L—F. REROAMOERIC LY. BREMOBBIKE I BATES
EKRoTLBDT, REMBMBHO =D IE. BVBBICHALY. H8ik., Litk
ARORHAEMEZEA T bOTH B, MO, MickY. 0TRVIIAEEHEOX
ROBAY DX cZEbBMERUEE, F10k, MKk RABMOELTS S,
PEOERRERN S, HYLBARKBKOME. M=3THY. TABERILT
b, HRIMALTUEDS 2L Hbh b,

— 203 —



(4]

0.40 1.9

4M=1 50t

I 40

HENBERSHIP
0.40

30

. 990 "% o500

2 20

T —

0

HEMBERSHIP
0. 10

s A e A LM
i 2 3 4 B
B9 . BARMBEM LB

T —

1200}

| M=4 000t
-

600

, 0:.40 1-8

HENBERSHIP
, 040

0. ,0 I-.l

—_

MEMBERSHIP
, O10

0. 90

M=5 400

, 9.0 l-‘l

MEMBERSHIP
ML L

200

0. 00

M

O3 7 35

H8. BAREBRBMEL AV A—y oy S B10. BARKEKM: R
4. 3V
BIRABRICE IS 77 VA RBY AT LR RRLUE, A=Y PV 2V 2 -2 L TH
B4 —DXMO06HEFHNVTHI —AARTFT 4 21700 KR, SIHE L 2FH
DRBENVAETHH 2L hbho =,
2% ik
(1) Radecki,T. : Outline of a fuzzy logic approach to information retrieval ;
Int.J.Man-Mach.Stud., Vol.14, pp.169-178 (1981)
(2) Miyamoto,S.,Miyake,T.,Nakayama,K. : Generation of a pseudothesaurus for
Information retrieval based on cooccurrences and fuzzy set operations ;
IEEE Trans.Syst.,Man & Cybern., Vol.SMC-13,no.1 pp.62-70 (1983) _
(3) A, #Hw. WA, E¥: FIHBERCESSI7 VA RBY AT L BEAE

B A RMS. 3031, pp.417-420 (1986)

— 204 —



WIMET 7Y+ YVAFL Y VKRYIL (198756H1H-30)

3rd Fuzzy System Symposium (June 1-3, 1987)

T4 e UI—F AL ZBEFBRAELHVE
WERT 7V « BRREFE
An inferactive Fuzzy Decision Making Method
with the Japanese Language Processing by Fuzzy Thesaurus
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H.Maeda M.Kobavashi S.Murakami

AMIERY T¥#8

Faculty of Engineering. kyushu Institute of Technology

Abstract

we develop an interactive fuzzy decision-making method for
multiobjective decision problems on a personal computer system.
The main target of this system is to construct the following
interactive functions by fuzzy set approach, that is fuzzy
thesaurus and fuzzy inference: a) the system can understand
various expressions of objectives described by the Japanese
Language, b) the system can retrieve and display the basic
data to be related to each objective from data base. The
interactive process is demonstrated on the company choice
problem for getting a job.
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Fuzzy Frame Based Knowledge Representation and Frame Based Fuzzy Inference
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Abstract
Knowledge representation based on fuzzy production rules has been studied
in a lot of applicational fields. However, fuzzy frame based knowledge
representation has not been studied enough.

In this paper,

from a view point of membership and vagueness,
Matching of two

method.
resolution method and multistage

fuzzy inference

8§81 ELoHic

IX¥ 28— AT LTHWE W FREER
SFELLT7 PV 1 #REDE. 7784
#mnE <13, FRE WAL SEBRHA
Thbbray 7y a YREBAERWTT-
TWa, ShieHL 7LV -8 772 1 Higk
LRSI TWwa? 2, 7L — ABIFRHIL,
HEFORBETHY . H5HBRLRIRE
Bl EENHERSFER SR LE—DT -
SHEICRBITE 5, iR TERIEREL
TWEWDT . SR E T 2FROERE
DEMNZE - T, BYISEIRTE 5, 3CH)
Tix. =¥ - R¥y - VAFLELTIL—

LB 7 ¥ 4 {ERHSBRSNT WS, L L,

7L - 28T 7Y 4 it BRRERREEIC

Vi3 ciz. FERBOSH L L DEED

RAVLETHS,
AWLTIE. 7 7 ¥ 4 BEEDOmembershiph

— 211 —

we analyze the fuzzy frame based knowledge representation

and propose a new frame based

fuzzy sets, sequential conflict

inference method are described.
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Fig. 2 Relation between maximum
ggg ggtlve entropy and number of

Table. 1 Correspondence of numerical

}ruth value t and its
1nguistic expression T

membership = t
Unknown VK| 0
More or Less True :ML | 0.25
True TR | 0.5
Very True VT | 0.75
Completely True T | 1

vagueness T t
Clearly :C 0
Roughly :R 0.5
Vague v 1
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B2ER (RENKRR) ZondHEa 2R
B (PEAER) ohr ol T 5. 2612,

BAMEO o ZBRERLITD .

3.1 77V 1RADRAE

27V 4 BEDR Yy F TR, 7784
BA5ALBOILE7Z r V4 RECH. 77Y
1 EEALETINRBDD, HEWIT 7T
KABREINHDNP. TOWELIHE T
WLLREL LT REE 2EHKTL, 77
Y 1%EA, B, CORAYN—L v 7 BEBOE
ﬁ’&%h%‘h Sa, Se, S¢ k& L (Fig. 4)®BE
Emap .

mg8=sc/sn'12‘Sc/SB @
%5 [0,1] EBTERTS.

malx) wma(x) wmelx)

Fig. 4 [Intersection of two fuzzy sets

3.3 FERBEMY

BAMEIL . A—RERICH 3 5 FHEER
Bl s . RERELERERTHS, BB
BAMINET 2 HMEEOB) & SEEDLBIE

FErERL . ZXNREBEEITI. I2T
X, FHEfE OB ICBEL T, SicBin
3 LDITE ZOFHBBEDEBES SV L ER
L7z, —JRICEHIEE D NED & & DBaRaE

ACBIT BRIl £ W3, M EDEEYS

N-{ED L E DB FHBME v ZHHEL L |
Z DBAGHEE f v- 1 & NEHOFHEEm &
NE. RUBSBNOEE g L AL ->T
PEINBEEZ:, Thbb,
folm,m, - m)="=y1 (m,me, - Bn-1)
{ + g (my—fn-1, M) )

fo=0 (6)
BT, T e nEBRAELLT. U
TOBHELEZIDHILIZTS.

[ABI] gid ) icovg i, B
[AFI] giINIZDOWCHEHFRS

(B lNli_m> g (£, N) =0 N
(my%, g 611—1‘, N)=0 ®)
(A®N] g(@f,1)=m—f ©9)

g (m-f,2) =%(m-— f) (10)

NH 1 DEBHEIEELREL LTOEH
THY . BFENIMEIHEEDOENSKEWI
YRRFHEENEAL S LARES LB ILER
BkLTWa, F/oABOIZ. REBNIKE
WiY . BROFEEMD. ThETOF
B £ n-1 (ST 2REPPLNWT L2
LTwa, AEND()RIE. SEBHER
ZRE L. BthoOFHEGEIZITNETD
FEEICHEE 52 W e R, @R
BAOFEES TN 2 TOFEME L F—7% 5
. BRBELRILICT 5 2 L 2BI0KT A,
NEND ORI, =10k & | F0FHEER
B BREEETHL L ®.

f,(m)=m; 11
(10)ig. ¥=2 Dk E BT Z 2 ONF
ffi > F344E

m; +m;
2

folm,m)= (12)



THEZBZELEEKRT S,

D4 -0EHicb L SEBB s k2 FE
L& 5. BlkEHEEDN A f L FHEDHY
AmDHIL.

Af  fy—fy

Am—mu—fn-1
TH 2605, ZHUIRABNICEAET 55
wrEZzond, zoELoBEIZ. NED
OB BERDSAE W, OHEPRREMRE
LTNREERS 2 BATHE . NITAX-FK
, PERANWT
o Af
>N am) =P
LRBTES, (WAZRL

Af k

Am log p
L7%ch, BAERCIIABI(NRLY

c=0 (16)
LR35, /B NLLE,PNS (R, (1
ORXZHNWTINTGXA—Fp, kERDDL.

p=2, k=-2log 2 (17
T4bb

Aaf 1

Am 2N
&%

fa(my,m, - my)="1fy-;(m,m, e By-1)

(13)

(14)

pMc (15)

(18)

+ (my=fn-q (my, M2, -, m-q)) X (19)

%5,

2N—1

3. 4 REMHDFE

72L—L87 7Y s HEwE. TV XY ME
DBAREHE L 20y MREIDBRANHD 2180
mEaRHER D,

IV XY FRIDBRERRET. X0y hoOR
EENRE S, TL XA MIxay bOBK
W F—2THd, 12020y MIHLE
Bl LTANZINABERBROIL XV M3, —
ETERRBTELVWERLRBE TOTREX
LRI TS, £ZT. ZL XV ED

— 215 —

HEELTRABEL THELNE X0y R
EEE . AREHL RICKRT, 20y bOFR
REHIZ. ROLN 20y hORSELE
IL XY POREELOFRIBEELTS.

2y FEDBRARIET, 7L —LDRE
&L ZDARESELSRDONS, A2y hD
REEIZ. PREEL EIZROHLNTWAD
TP N 2FE->TW5, £Z TR0y hOR
LB, WD OTR. IEBD D LERD3DIC
SWT FhEFNJIR ICHRARIBEETD . B
hz32o0Mi. 7V —LDREE. 71—
LDOTRORAE. £ LT EROREETH
3, 7L —LNWEEDIPEEEL. 7L —
LOBEEL LR, TRE2 DREELDR
RoEERD. Chi#L T35, BRiERE
i, 7L - LOREEL ZDTREETR
7.

3.6 ZRRH#R

1 EO#ERTHI L LHER W KERIRL
haLigBeew, SHO7L—LBI7Y ¢4
HATIE. REMEOTHBEDMFIHAFL
THRERPEDL>TL 5, £ THREMWHE
D|EREZ THERE 1T . BRRENGH
OFEEDEFICOVWTIE. BIICHENS L
DI L FHEEDERESEV L ERLL, Z
CTRERT 27V -LBY 7V s HRTIE
IL XAV MEDBREREL X0y NEDRE
D 2EDBREREETTS .

IL Ay MIRT Yy bR T8 T
»b, TLAVNOREEIZ. BRLLTA
HENBIL X hDvaguenessHENDH A (
MENL D) LDy F U/ TRLNWIRE
B3 . ZOHEOEFBESEV, TLXY
N OB ARIEMEFIL. TL X NOvaguenes
sH/NEWLDMETITS . Thbb. SERH
RTIEFREIC LWz kicL 7z,

ZER#ERIL. 20y MEDORAREEEF
22T . maMEEFOfsEd. 2 —
FIZANZIEZZEHEZ LW, X0y M.



7L —LDBHETHD . ATRE. KU
NEDEABB>TL BPLTHS. 2.
2 —FEHFTLHENF THAERZ TET S
ZEPTE | HERREROBRPESS.

§5 BbLYHIC

FER % & DnenbershipBbd:, vaguenessh
BDNIHPE . 77 Y 1 7L — LABHEERH
PHRERLEL. A3 NS L RENEIRLE R
S>TEBRICRBL ;. W%%E 7 - HhED
—BL AL L7V 0BT 7 U o HERTI.
77V 1 READBEEGFEEHIIREL .
3 LICEXNBRARIECZ BB HmEIREL
AN

SHBOMRFEL LT, 2BREHERICOW
TELIZERL. 77¥ 1 7L — LBHERR
Btk % 2 Tn5,

L2 F XM
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ZEHERNNC KT B HERBIRAEL OV T

On the Homomorphism Criteria of Fuzzy Multiple Inference Rules

LE &

Yoshinori Ezawa

BIFERE TFAR

Faculty of Engineering, Kansai University

Abstract

The problem-solving power of an expert system based on approximate
reasoning primarily depends upon the function of the inference method it
employs. The homomorphism criteria of fuzzy inference rules are introduced
and discussed by several reaserchers. In this paper, the concepts of homo-
morphic negative fuzzy modus ponens as the extensions of ordinary negative
modus ponens. Then the condition for the reasonable “multiple fuzzy
inference” with respect to the homomorphism criteria is derived.

1. BUd

TO¥ Y ayYAFARBOTEIBHRRERICHT 2HBE T 7V + LG TRAT S
ZEWREH-T, EREALPBEEREOERNAETEKE 2RI VAT ATRIERL
U LAELERIN TV RS OHRIBEICHU T, RGN HFOYETEERS.

Ty Yy aryY AT LEOBREFWHREREFAU TV AR AN- Y ATLLES
VT, BHXhEERORBENY A7 LREHEh T 3 AROXHBIE T 2FE
ORBEEEMU T 3154, HRBEFOERD I RHBEARICY X5 LR
Th TV AARORBEBBI 3 FRORBE L ABRHHLL TS Z EpMFEh 5.
2T, ¥y ayRARBI 3EAORXHBTRATI N AMRBE—TH BIHEL
20, EFAMOBRTAENRT 7V « HREITOV AT LAOR MR RREE U L.

ARG T, Fik KREROAEF BT 2EMRIGEBLETH 2155 (IF~
THEN~ELSE~ %2 2@ LB EHRIER) WU THRBROEH TRENIERITS> T 7Y
1 HERY AT LOME RS MILT 5.

2. 77V s HR
AT T 7YV + AT ZERBLWELTHBL. ZITRT 7V + ERAORERE
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WngESD o BAXE [0, 1] OENOBBRTHIEERXS.

[k 1] BT 7V + MR T 7V 1 BiRP S T 7V + e BBITH Y,
DUToRCENLE N S.
Ahite: dUDXBATHBRSEYyWEBTHY,
HiEE: xHBCTHBEROU, (D
W  ydDTH%.
ZZT, xEYyUHNBETHVA, B, C, DIELELNEESRU, V,
U, VOLTE‘REN 2T 7V 1 BETHS.

[ 2] 77V + E£QARUR T 7Y 1 EEBRAVTRRATh T 7V + @il
rHUHXBATHEROEYWEBTHS) 2ERNEESUXVOLD
T7YsBRRTFRIB2ERT 3. 2OLE, ROBEEIAORERE
CBORBELOBETHY, KN TEDS.

. _ 9
uR(u, v) £( uA(u), uB(v)). (2)

[E#& 3] Bk (DRBVWTT 7Y+ RETHIKHRENMIRP SBERERSE T 7V 1
SRR, KHREFRHT ST 7V 1BIRROMIIROT 7V + %G
CEDOMAX-MIN ARRITI L&Y, T7V 1 EADERDBILRRE
¥5.

i, BR (DOMNBEBR 5. TRbS, MIRSKIROFEBOTELLET 57
7V 4 BBERS>TVWBRETH 3.

[ 4] ¥R T 7Y +HERRR T 7V 4 RiRD S T 7V « R E B BETSH Y,
UTORRT2%.
KiitR: dUDxBATHS3RSEyWEBTHY,
Gk LDy B~BROEXE~ATSHY)
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INEIES 3D T ol (3

#Hwm  xW3CTH5%.

3. T 7V ¢ HEROHERRIEEE

KIBRIRY AF AR B SHRBEL T 7V + R TRRT 5 & ¥, KuifRRHERO7
7V 1 A EMIHRO T 7V + EAVELRNCE U WIS IERO T 7Y « £ETKAT
ROBEROT 7V + EAEEPICZE VL EBIFENS. Ubd, ThoDELE
BLLAIEETHEIEKRBESS.

(% 5] A—ONEEHMEOT 7V + EEAL T 7V + REBEDBYIEFERERTH S
LR TOERIINU TADREEODNERF & BORREOIEF & B—HUTHL
B3CETHS. $RDB, ueu,

My (x) =% (g (x)). )

A=y (B) L&t d 5.

[E#& 6] B8 (DOPMRIRICBLTI 7V 1 BECHBT 7V 1 £GP (A) EFELWE
X, BROT7VEEGDB T 7V +%EY (B) EEUL RS & 2R
Bt (p—7 7Y tmodus ponens, ¥ —fmp ) BT BEWVS.
AR, BN (DONGIRICBVTD =9 (~B) RBEEHRBVTHC
=3 (~A) ERBROINBERMRE (P—T 7Y tmodus tollens ,
p—fmt ) BRLTBHELS.

[E® 1] B (DRBVWTHEOIHFERRIER LU T -fapBKLT 5 2DD
PEARML, EED vev, vev WHLT
Hy (W=t (V) R3E W (w29 (g (),
Hy (W2 (V) 2230 M (w0 v) b, (W) 2 h (), (5)

DRI EIETHS.

[EHE 2] B3\ RBVWTHEDOIEFERRZES YU TY-fmtBKLT 3 2HO
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DEBE+HRHE, FBD veu, vev KHUT
UA(U)=UB(V) RO UR(urV) 2 W(UﬂA(u))

My W () B () (9)) < B, (@) (6)
PR TBZETH 5.

—lE, B IRENETH ZRAR, TORGENETS S EUMSRVOOTSH
3. 2%, FHEROBRIIKRL (“unknown”) WIS BRBRV. T7V 1 B8 TE
BRI 3RSUINEEMBEBIEEIhIFTRIARIRTTHS. 22T, BR Q)orE
A%. $abs, NMIRBKIRORXUBOTEINSTE T 7V 1 GBER->TVW 3515
BTH5. o2, KFRELSKRY T 3BT UTOFEERRENBE N S.

e 7] B8 (DOPFHRICBVTT 7V 1 EACHT 7YV 1 £GP (~A) EELL
R, HmOT 7V 1 RGDBT 7V 1 KREY (V) EHEUIRBEETE
REFREE (P —FET 7 1modus ponens, P —nfmp) BT 3.
[A#ec, B\ (DOPMHRRCBVTD =9 (B) R3 & 2FRBLBVTC=
P (U) &5 %ol EERHAERNEE (p —FET 7Y tmodus tollen
% —nfmt) BRKILT 5.

UTOBEIRATEBEh 3.
Kijlg: DU xBATHERSIyWEBTHY,
AR xBY (~A) THERsUT, (D

@ L yldy (V) t55%.

DR 3] BX (MXB» THEEOMEFERIBIER I U TP —nfmpBKILT 3 72HD
DEFREE, HEDO v e vIHUT v e U BFEEU

Wy (u¥) =0 HD p(ur, v) 2 (1) (8

BT BZETHS.
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U 4] 7 7Y + H@RBA R BV THEROIEFHEREIER 123 U Ty —nfmt BSAKL

T3 ROOLETHFHLT 7YV + BRRBXARWRIZETH 3.

FED vevdHUT v» e v BEEU
]JB(V*) =1 D uR(u, v*) 2 (1),

K2, EREORIREES U LERRAZE X 5.

&)

[E#& 8] nET 7Y+ HERBEAEEUTOL S nfHOKRARESTCHRBEATSH Y,

DTS,
ABite 1D dUdxHBAL THSRoEyWdBl THY,
Kuitd 2: dUdxBA2 THSRoEyldB2 THY,

ABitRE n: dUDxHBAn THSRoEylEBn THY,

/\#H:XSC“ f’ Py

fom . yUDTH3.

(10)

[E# 9] B3\ (10) O/MARICBVTIT 7V 1 RECHBT 7V 1 &GP (Ak) EFU
WERR, BRDT7V+EEDMT 7V 1 EGY (Bk ) FULIRBLRE

HEFREAE (P—fmp ) BRLTHEVS.

[E&10] 7 7Y +@iPl & P2 PHANTSH S, FwdORKUROT 7Y + %G
BEVHBN TS BBV S, Tk, ESHORERBEVICHHIITS

2L &Pl &P2 URHMHBHRICBZEWVS.

[E® 5] nE7 7Y« HARRUORZB VW THEEROFHEREES XU T —fup 8
R 3 3 +5%0E, B2V Ty —fmp BEU P —nfmpBEEZU, HD

EEOwEN PG THSETHS.
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EH 6] nE7 7V ¢ HEARBER(OR BV TEROFHEFNER LN Ty —fmt H
BT 3 +2%48E, EREOV Ty —fat BLU» —nfmtBHLL, »D
EEOGHENDIHEHITHEILTHS.

4. Bhy

L= R=ADTOY I Y aY Y AFAREXBOTT 7Y + EEGRICHT 31551CU
BEREOSEL AT A ENERINS. FOLIRELE, HFEAN—AOHEHER E
D&HRBETIDURMTH > k. FHETRULERREELRE T 5 +05%HUE,
—H, Y THHRO rE-o01 OIRRX %, If~then~else~fi DI U TEK
EERNTHIZ NP3,

25X
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Min, MaxW¥licr3d3 727 42y 7r7ay 7rmaRnER
Fuzzy Flip Flop Implementation using Min Max Operations

BHE &, MR g
Kaoru HIROTA and Kazuhiro OZAWA

* EBRARIEHRER T ER G BHEER
Dept. of Instrument & Control Eng. College of HOSEI Univ.

 EBRARFEAZRIFZEMANBRIFEER
Dept. of Electric Eng., Eng. Division, Grad. School of HOSEI Univ.

Abstract

Two types of characteristic equations, that are set type and reset type, of
fuzzy flip flop have already been proposed as an extension form of that of binary J
-K flip flop using concepts of fuzzy negation, t-norm, and s-norm operations. The
characteristic equations of fuzzy flip flop are unified in the case of 1--, Min,
and Max system. Based on this definition, real hardware implementation of a
fundamental part of fuzzy flip flop 1is performed. Good agreement is obtained
between the results of computer simulation and the results of real hardware imple-

mentation.

1. 3L

WE, 77942 Ca—F0KRIZMTT, 77 1R L EDERBREEZEEN—FKY
LT LNV TEATRELZ 7O vy BV OO REEIN, BRE—KTI7 7Y+ BE21TI1
CRV, FAYINERUZED 77V 1 HREFTOVLSIN I TRER I TWS2, Ll &
DARBNGEWERR UV NHEBEZFOARNL 77 1 A Ea—8D7 X577 Fx—%F
25k, HRADPO—BEERTFLLT. 77 V1 BBOTEEEL KRR L LThiE 572w,
Friz, el _#EEROZEETFL LTRLESNZ JK 7Y vy 770y Z7EIEIZOWN
T. FOERERPLEBOLNIEEFEAXZ t-norm, s-norm, 77V 1 BEZHWT R
Hpb7 7Y 1 RENOHIRETW. 27947V w770y TDERETHIDY . 5612,
BB HERYAWSHBAD Iy P47y 70y 7OBELHLMIZLES .

FHETIE. COEHRICETETIr V47V w770y TERBRDOEEREFDN—FI 2TV
N LDERERA, TORHEEHLPIZLL.

2. 729¥ 472Uy T 70y TDER
HEHI-KZ Y vy 7okt e (2- )27 7Y 1 BE. t-norm, s—norm 2 L HWT2
HEREPL 77V ANDOEHREFTS L. RQ-2D)HB/LHNS,

Q(t+1)=Ja+KQ (2-1)
Qt+1)=(J © 8 ® (K ® Q) (2-2)

T IREBEREZAWVTELN ISR EMEML LREA Q-6 FRIC. 77
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ANDYFRZFTIE. R Q- ERD..

Q(t+1)=(J+Q) (K+Q) (2-3)
W+)=U o0 ® (0 @®) (2-4)

R BWTE, X Q-DEKXQ-3) A%l Z Z LIZERBICBWTIR LT 5 £ EREAA
PAATEILRE>TRPODZILPTES, LL, 77 1 WREBIZBWTIL, HWH#RY
R LTWiewesh, R(2-2) X Q) DW|BRRIEIFL W, Zhid, 77Y 1 ®RETII.
HARICRBTI2HRAPROQD)DEI CFESTEHFILNRTWS I LRHEBRL —RICIIK
MLTWiWwWZLiZBEALTWS,

ADACZ) , AQ A=1 (2-5)

2L, ROBEIZRILTWS,
(®@82.1] 77 1+ /SE. t-norm, s-norm |

AODBECO2UA®B EGAD®O) (2-6)
Ll ATAC (X

e 00 e®=20wE e KOV (2-7)
s ATA IR

[3E8A2.1] U@ O ® 0@ ®)
2(J® (KEW)E Q® (K ®)
2(JOPEAUOP®E® QO E QO®
={(O0WE KOV} e (OK)E® O®))}
2{J®WE OV} G0
={J®®E K ®Q} (g.e.d.)
Xz, MMRELORBEHZ 212D, JEKBERERA, DBEDAIZOWTA(2-2) &
RO-DDEZFHELLRERERL HCRT, 22T, X QD)0 RERIZ. J=0,K=1Dreset

£ 2.1 resetfsetiBL 2N L DOFIG

J K “fi J—K | reset type set type
FF X (2-2) X (2-4)

0 0] Q Q Q

4] 1 0 0 Q® Qo

1 0] 1 Qe® Q 1

1 1 Q Qe Qo

ANCHL THAEIPERZ R, R (2-4) DRERIZI=1, K=0Dset ABicx L THNEIH RS
EhTWBZedbhrd, 22T, RQ-DTHRINEZLDEresetiBI7ry 47V w770y
Z. RQ)TREINZLDEsetBI 7Y 417V 770 9 TR LTS,
3. Min, MaxBE*RBAWe77Y42Yy7roayy

77V 4 RBTHRLELRN t-normk LTMin(A) | s-normk L TMaxW) . 77 V1 BEEL L
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e

TIHSDEZAWCHENT? 7 ¥4 7Y v 772y 7IZO2WTHENRSE, X(Q2-DEeAC-)%
ChOoDWBEEMAWTEESEYE,

Qr (t+1) = {IA(1-Q) ML (1-ENQ} (3-1)
Qs (t+1) = (MO (1-E)V(1-Q) } (3-2)

HELRE, 22T, RGB-1)DresetiB. R (3-2)MsetiBTH5. CNLDFHREEGTT S L.
Q(t)=0, Q(t)=1Dk EsetBidresetBE RA—NfEiX L 3L Hbhr s, T/, 0KQQA)IDHE
T3> DsetbD L 4z, RGB-1) TR LzresetiBONBELI LI > TwWa, Zhid, X

2-60)2#7L (LPLZ0BEEEIT L OLLNERPRILILTWS ) Gl IFRILTEIL
PoLENPTHE, 5. JKDLE setiH. resetBOGFRARRS—BHLTWE I LHD

5, Zid. BITERIICLIBATTHETH 5.

FIT. M7V v 77y TORBEREL T 7 7 VA NDERIRR T 2. JIZKDHIR
EBWTIIR B-) TRLzsetiB2 T2, ISKOFRICBWTIIR 3-1) TR L ZzresetiB2 H
VB LizT 2L, setASCH T B hd#1Z. 272, reset ANICHT S HNEIZRET S
ZEHREL LB, Thbb,

(MO (1-K)V(1-0) } (J=K)

Q(M)'{ {IA1-Q) VL (1-K)AQ) usp O
Th. ARG 2742V 97720y 70BBREEZ S LIZT S, ZOHNFHEEQ
(t) DEHQ(L)=0, Q(t)=0.25, Q(t)=0.5, Q(t)=0.75, Q(t)=10 {ZDOWVWTRRLALDHERS3

(@)~ (@) ZxRT,
@ (g(tf;r Qt+1) Qt+1)

K K
r’/,
r/ .!(_‘,
(a) Q(t)=0 (b) Q(t)=0.25 (c) Q(t)=0.5
Q(t+l) ;Q(t+1)
|
A K K
e 2
(d) Q(t)=0.75 (e) Q(t)=1.0

B 3.1 Min, MaxigBE 2 W/ o »P 4 2y 7r2ay 70OE 4k
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4. 727¥ 142wy r7ay 7oL

Z27¥ 47y r7ay ol —BIZ. 77 4 BES—MEKE. t-normF— . s
-nora¥— b EZShUE. BRICEBTEILNETE S, setB7 7Y 17U w 770y 7,
BlUresetB7 7Y 4 72V v 770y 7O0KEK%2BE4. 1(a), (b)I25RT,

(a) seti (b) resetj
4.1 2742720y 7r7ay 7O

1-+, Min, MaxBBE X2 FVWWILKDKNMCEDBZERTET 777247y T7709 7D
EAWNLHARL L TERLARGBB)DEEXEHATAER L L T B4, 1DsetiB, resetiB
WCIEKDANTEONEZ 2T EBBLI-2MICEABEEZRELIW. L2L IROER
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A Hardware Using Many-Inputs Fuzzy Membership Function

HH #— fkx K <F % X% #LE ®E
Yuji Shirai Mamoru Sasaki Fumio Ueno Takahiro Inoue
(A =) ( A K% I %8 )

.Yatsushiro National Faculty of Engineering, Kumamoto University

College of Technology

Abstract
A many-inputs membership function is shown by groups of one-input membership
functions. And this many-inputs membership function is described from the
bounded difference equations.
The circuit of many-inputs membership function which is described for
difference equations, is constructed using current mirror circuits.
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Abstract. In this paper an expert system using linguistic variables
is proposed to interactively support a user for obtaining a knowledge.
The stress . should be placed on the following points : (1) A user can
elicit the reguired range and depth of knowledge from the system
according to the linguistic variables. (2) A global search is effi-
ciently performed over the knowledge base through fuzzy relation
and historical data on users.
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Application of Fuzzy Set Theory to Customer Problem
Analysis Procedures Manual Development Expert System

Takashi Inui and Atsushi Kumaki
RAS Design No.l, Yamato Laboratory, IBM Japan
1623-14, Shimotsuruma, Yamato-shi, Kanagawa-ken 242, Japan

Abstract

In case a computer terminal has a trouble, a manual which helps the user to resolve the problem is
provided. In IBM, the manual is named Customer Problem Analysis and Resolution (CPAR) guide.
Procedures in the CPAR guide must be simple and highly usable for all users. However, the criteria of
simplicity and usability are hard to determine. Because of this reason, expert’'s knowledge to develop the
ideal CPAR guide is very important, though it has many vague factors. In this paper, we introduce
CPAR Development Support System (CDSS) as the application example of the fuzzy set theory. The
CDSS produces and evaluates an ideal CPAR guide based on the expert’'s knowledge represented by
fuzzy sets in Prolog.

1. Introduction

We have been working on the development of some expert systems to improve productivity and
quality of our tasks. In one of these tasks, we have a mission to develop a source information of
Customer Problem Analysis and Resolution (CPAR) guide. The CPAR guide is a manual which
helps the user to resolve a problem on the using computer terminal. Procedures in the CPAR guide
must be simple and highly effective for all users, even if the user has no experience for the computer.
So, quality and productivity of the development of the CPAR guide deeply depends on the engineer’s
experience and knowledge. Because of this reason, we started the development of the expert system
named CPAR Development Support System (CDSS). The expert’s knowledge and user’s requirements
for the system inputs and outputs have vague, imprecise, and uncertain factors in themselves. In the
CDSS, to represent and control these vague factors, fuzzy sets are used.

In the following sections, we introduce the structure of the CDSS firstly. Then the implementation of
the fuzzy sets on the expert’s knowledge and user’s requirements are described. Finally, the output of
the CDSS is shown as an example.

2. Structure of the CDSS

The CDSS mainly consists of three subsystems, i.e. Membership Function Entry System, Fault
Machine Model Generation System, and CPAR Generation and Evaluation System. Following is the
function of each subsystem. See Figure I in Appendix A for overall system configuration.

e  Membership Function Entry System:
— Reads hand written fuzzy set data via digitizer.
— Regulates the data.
—  Sets the name of the membership function and converts the data to the Prolog rule.
See Figure 2 in Appendix B for examples of membership functions in Prolog.
e  Fault Machine Model (FMM) Generation Systemn:
— Acquires the machine charactenistics from the user.
— Makes structured syndrome lists" from the machine characteristics using the resident
syndrome data base and the resident procedure data base. . '
— Provides the special editor for the user to edit the structured syndrome lists.

! Structured syndrome lists are the lists which have all failure symptoms of the machine with their recovery

procedures, some related factors like occurrence probability, and their relations with one another.
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— Generates the FMM? from structured syndrome lists using the modeling rules.
e  CPAR Generation and Evaluation System:

— Generates the preliminary level of the CPAR from the FMM.

— Evaluates the CPAR and calculates its fitness grade for user’s requirements.

— Improves the CPAR according to the fitness grade.

— Repeats the evaluation and the improvement cycle until the fitness grade reaches to a
sufficient level.

— Formats and outputs the source information of the CPAR which reached to the sufficient
level.

3. Expert’s Knowledge and User’s Requirements in the CDSS

In this section, we describe the expert’s knowledge and user’s requirements option used in the CPAR
Generation and Evaluation System. Each of the rules are written by hand as fuzzy sets and converted to
Prolog rules by Membership Function Entry System. For simplicity, we use some abbreviations in the
following, see Appendix D. Definitions and Terms for detail.

® CPAR Development Basic Rules:
— Classify the syndromes into big categories.
— The syndrome which has high OP should appear formerly in the CPAR.
— The syndrome which has high CL should appear formerly in the CPAR.
e  Evaluation Rules:
— A_UL: the higher, the better.
— A_PDT: the shorter, the better.
— A_PDS: the less, the better.
— T _SYND: the less, the better in the range of user’s requirement.
— EFF: the higher, the better in the range of user’s requirement.
— Trade-off of these five rules.
e  Improvement Rules:
— Gathers up the syndromes which have inclusive relations based on their CL and OP.
— Discards the syndromes of which CL, OP, and UL are low.
— Eliminates the steps which have very low UL in the procedures.
e  User's Requirements Option:
— CPAR Type: One sheet CPAR (Type 1), Average CPAR (Type 2), Extreme CPAR (Type
3).
— Effectiveness of the CPAR: about 80%, about 90%, about 95%, over 80%, over 90%, or
over 95%.

4. Fuzzy Set Theory Implementation in the CDSS

Following shows the samples of implementation of the fuzzy sets theory on the Improvement Rules
and Evaluation Rules. Prolog rules are used for the calculation of the fuzzy sets, e.g. fuzzy sets union,
fuzzy sets intersection, and center of gravity of fuzzy set. See Figure 3 in Appendix C for an example.

a. Improvement Rules - Discards Syndromes

oP uL cL Adaption
1.0 1.0
0.0 \ 1 o.0l—1
1.0 1.0 1.0
0.0 L 1 0.0 1 0.0 N
Lw MO LL G = 0.39: Adaption Level (AL)

Discard Level = 1 - AL

2 FMM is a software model which is written by Prolog.
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b. Evaluation Rules - User’'s Requirement: Type 1 CPAR, EFF is about 80%.

.ot \‘-”‘" APDS AU TSV FITNESS
IBININ Yl
A O 1/
/ | \ -_\ | | °-°- o.o. f

74% 203sec 3.5step 6o% 34synd Fltness Grade:
G = 0.72

-0
:
X

-0
LX)

- 0
. o

[- -]

- Q
[~
-
(=]

5. Output Example of the CDSS

= Your Request: Type 1 CPAR, A80
® Fitness Grade = 0.79
= EFF=736% A_PDT=184sec A_PDS=4.0steps A_UL=64.6% T_SYND=22

® KEYBOARD ERROR

- Press RESET key Does "KEYBOARD ERROR” reappear?
Y The problem is in either the logic element
or keyboard. Go to "Analysis Procedures”
N No problem exists;resume work.

¢ NO KEYBOARD / PROBLEM IN KEYBOARD

1. Check that the keyboard is attached to the logic element.
the keyboard attached ?
Y Go to step 2. .
N If your application program does not require.........

6. Results of Comparison Test

To evaluate the CDSS, we applied the CDSS to an announced products and compared the
development workload, EFF, PDT, and T_SYND of each CPAR. Following is the results:

‘Source Dev. Test&Update EFF PDT T_SYND
Ann’d CPAR(spec) 3 days 40 days 95% < 15 minutes 33 syndromes
CDSS CPAR 2 days (15 days) 95.8%  Av.4.8 minutes 27 syndromes

Notes:
a. Workload of CDSS CPAR for Test&Update is estimation.
b. PDT of CDSS CPAR is A_PDT.

7. Consideration and Further Remarks

An application of fuzzy set theory for handling vague factors in a small expert system is presented.
The focal point of this system is the method of fuzzy set representation and calculation by Prolog.
Although this method seems to be basic and low performance, comparing with the method which has
the grades of inference in Prolog itself [10] [11] [12], this method has the following merits:

e Easy to convert membership function into Prolog (in the sequel: Prolog list). A simple
conversion program provides the function that anyone, even if the person who doesn’t know
Prolog at all, can change, add, and delete membership functions.
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¢ Easy to handle the membership function in Prolog. Since all membership function has unique
name as a variable of the predicate “mfdef”, the rules can be used for any membership
function.
The hand written graph of fuzzy set seems to be able to express human feeling very well.
Performance is acceptable. The CPAR Generation and Evaluation process is not a
conversational mode, so the expected low performance is negligible. For your information,
average running time is less than 2 minutes.
In addition, through the development of this system, we found that the software model which is
written by Prolog, e.g. FMM , is useful for many applications like Software Generation System,
Specifications Documentation System, Maintenance Strategy Planning System, etc.

Currently, this system is not a completed system, however, the results of comparison test suggested
us the accuracy and the usefulness of this system. We will continue the enhancement of this system to
apply it to a new product. Following is the enhancement plan of this system.
e Regulate the rules for the evaluation and the generation.
¢ Enhance the knowledge representation laws, i.e. currently use Union, Intersection, and Center of
Gravity only.
Upgrade the usability of FMM Generation System.
In addition to the documentation outputs, generates the expert system for problem
determination as an output.
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Appendix A. Structure of the CPAR Development Support System (CDSS)
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Figure 1. CDSS Structure

Appendix B. Fuzzy Sets in the CDSS

Membership Function “Very Low” in VM/Prolog

mfdef(’VL’,(0.96 .0.97 .0.98 .0.99 .0.99 .1 .0.99 .0.99 .0.97 .0.96 .0.96 .0.92 .0.90 .0.87 .0.81 .0.77 .0.70
.0.67 .0.59 .0.54 .0.46 .0.39 .0.35 .0.28 .0.26 .0.21 .0.18 .0.15 .0.13 .0.09 .0.07 .0.06 .0.05 .0.04
.0.02.001.00100000.000000.00000.0.0.0.00.0.0.0.0.0.0.0.0.0

0000000000000000000000000000000000ml))
Membership Function “About 95%” in VM/Prolog
rmfdef(’A95’ (O0000000000000000.0.0.0.0.0.0.0.0.0.0.0.0000000
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Figure 2. Fuzzy Sets in the CDSS
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Appendix C. Fuzzy Set Calculation Rules - Example

Union of Two Fuzzy Sets
funion(nil,nil,nil).
funion(Car1.Cdr1, Car2.Cdr2, UniCar.UnvCdr)
<- UniCar := max(Carl, Car2)
& funion(Cdr1, Cdr2, UniCdr).
Intersection of Two Fuzgy Sets
fintersection(nil,nil,nil).
fintersection(Car1.Cdr1, Car2.Cdr2, IntCar.IntCdr)
<- IntCar := min(Carl, Car2)
. & fintersection(Cdr1, Cdr2, IntCdr).
Center of Gravity of Fuzzy Set
g(List, CenterOfGravity) < - xsumlist(List, Xsum)
& sumlist(List,Sum)
& CenterOfGravity : = Xsum / Sum.
sumlist(nil,0).
sumlist(Car.Cdr, Sum) < - sumlist(Cdr, Temp) & Sum := Temp + Car.
xsumlist(List, XSum) < - xsumlist(List, 0, XSum).
* xsumlist(nil,X,0).
xsumlist(Car.Cdr, X, XSum) <- XX := X + 0.01
& xsumlist(Cdr, XX, Temp)
& XSum := Temp + Car * X.

Figure 3. Fuzzy Sets in the CDSS

Appendix D. Definitions and Terms Used in the CDSS

Occurrence Probability (OP)
The occurrence rate of a syndrome. In the Fault Machine Model (FMM), these values are represented as
fuzzy terms, i.e. Very High(VH), High(HI), Little High(LH), Medium(MD), Little Low(LL), Low(LW),
Very Low(VL), however, in the CPAR Generation and Evaluation process, they are translated to numbers,
i.e. 0.98, 0.82, 0.66, 0.50, 0.34, 0.18, 0.02 respectively.

Occurrence Probability - Percentage of Item (OPPi)

Let OPi be a OP of a syndrome and n = total number of syndromes in FMM.
n

OPPi = OPi x100 | ZOPi
i=1
Conspicuousness Level (CL)
The attraction rate of a syndrome, i.e. how much does the syndrome arrest user’s attention. These values
are represented as fuzzy terms defined in OP.
Understanding Level (UL )
The grade of recognition applied on the wording of syndrome name and procedures, e.g. the syndrome
name which is easy to understand has high UL and the procedures which includes vague wording has low
UL. These values are represented as fuzzy terms defined in OP.
Average Understanding Level (A_UL)
Weighted average of the UL by the OPPi in the CPAR.
Problem Determination Time (PDT)
The necessary time to complete the recovery procedures. PDT is calculated by the summation of the time
(seconds) assigned to each step used in the procedures.
Average Problem Determination Time (A_PDT)
Weighted average of the PDT by the OPPi in the CPAR.
Problem Determination Steps (PDS)
The number of the necessary steps to complete the recovery procedures.
Average Problem Determination Steps (A_PDS)
Weighted average of the PDS by the OPPi in the CPAR.
Total Number of Syndromes (T_SYND)
Total number of syndromes in the CPAR.
Effectiveness (EFF)
The ability of the CPAR to identify the failed element.
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Application of Fuzzy Sets Theory to Seepage Analysis through Soil
Structures
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Abstract: An attempt is made to appply the fuzzy sets theory to the
seepage problem through soil structures. By expressing the coefficient
of permeability as the fuzzy sets, it is possible to take the
undetermined <coeffficient of permeability in the seepage analysis.
that is a more reasonable manner than using the determined coefficient
of permeability, because the undetermined feature of the <coefficient
of peameability is known.
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Reliability Assessment of Indeterminate Structure Using Fuzzy Set Theory

BHHaak Asx. B ¥ /N LITERR
Naruhito Shiraishi, Hitoshi Furuta, Tokunari Koyama
KERAR T8

Faculty of Engineering, Kyouto University
*HE74 - E— - AW

International Business Machine Japan Ltd.

Abstract
In this paper, an attempt is made to apply the concept of fuzzy set theory to the reliabili-
ty analysis of damaged structure. Damage states are represented in terms of fuzzy sets which
define several linguistic variables such as "severely damaged”, "moderately damaged”, "slight-
ly damaged”, etc. Information regarding the damage states can be introduced in the formulation
of reliability analysis of damaged structure, by coupling with the PNET method proposed by Ang
and Ma. Several numerical examples are presented to illustrate the method proposed herein.
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HyFEVHER ~~ DO IR MEAY R

A Normative Approach to Fuzzy Reasoning

A FR A BB

Yahachiro Tsukamoto

2R FEREL

Junior College, Meijo University

1. HVFVRFRDABEAVERRICOVWTOREDOWL DIDHEDKEH D —
2. ¥A% Implication & Modus Ponens OFIEHE X T RVWOHAL WD S5 BITT
FAHDOHEW., UAML. ThICRWL O DHEBND 3.
—2IZ. T-Norm DREITHH 3. IHhIIHYSCBVRELROT. R<ELLhIED
BLAYDDDRBAESIERICLATES, HFLLTREFATIWY, KHKS
WTR YA E2BELRLLTERSR Y., ZHI. oTHTAMEND FL{PIFIER
WEWIEXFFHS. ULHIL, REAHTRIZ-ZYULTRVWLHRBILADRVE
BEHLC2BHD. HI3—OK. ¥YIab—-vavilidaWElrds. EROKA
Bhhd, ~BELHBTIZLATEZL WO HBRDEIN. ELAEHEZIEFIVT
B T2L. FOEFNILAIHROMIR-TH. ThULO—BR{EIZEL W,
BVWEFVWZEEIRABIMLEWVWIET. WAWARVENHAIN. UL, B
WEWHRICDZADEBTAERBMOEORDBDEERXIRELBEDASE. ZZT
B, WEOPDOBRBEREL. WAWSRLHVWEVWHBOREZASICRSUTHAE
UTHEW,

26 HBVEVHRIFEETAEHBONL -V E UTROAFTELDVWTE XS,
(N1) [HIROBVWEVZORRADARLBIT]
KROHHEEIIHBOEBEE X VHMATRY,

(#) (x is tall)=(y is heavy) (WO HBODH L T. v (x is tall) is true
Dr %, v(y is heavy) & fairly true FIWE R YBTH. very true I
RYIBVLVWHIERETH S, |

(N2) [BitE]
MROHBEAIAGVEY. KROHHEEDLH V. (n.p.)
AMROHAEFNMEVIZY. HROKERDHEW. (n.t.)

(N3) [HEX]
Implication I B 2HiH (BRE)DEBEAETE(HE)WD L Z n.p.(m.t.)I
ETKRGERMBmL RS,
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#) (P2, P1 - Q1) / Q2 (m.p.) KKEWT. P2 ONEN P1 L ITEHLTY
3L % v(Ql) is unknown L RRBRETCHALWOHEETH 5.
(N4) [XBRE]
(N5) [E&Zx]
BREGROEEINABZ DA THRORARIIEMHHL 2 5.
(N6) [HLERE]
“HRABER G RBALLTRYL., FERBRAERALRTES.

3. BULEELADIhS b\(O.fJ‘(D Implication DE# L Modus Ponens
WKoOWT., ERUERBHIV-VALORML., ZHKETFOMBLEORH%.
RBRIITRVEW,

530

(1) AR : THEOERISBRERAATTOSVEVAROLH)
EMRAS 22 B¥H. HM6IERBIERXE pp16-17
(2) K&l : Tt-norm KEITLK 77V BREDI7IVAEL BB I 7 I A
YAF LAY VIRY T LARMK ppl31-136, 1986
(3) K& : M&DI77 VA HREDTTD Fuzzy HH) - YAC S A
YAFAYYRI D LRIXHK ppl31-136, 1986
(4) I®A& : THVE VW) P L WH. Vol.22, No.1, ppl39-145, 1983
(5) L.A. Zadeh : "Fuzzy Logic and Approximate Reasoning” Synthese,
Vol.30, pp407-428, 1975
(6) J.F. Baldvwin and B.V. Pilsworth : »Axoimatic Approach to Implication
for Approximate Reasoning with Fuzzy Logic” Fuzzy Sets and systems,
3-2, ppl193-219, 1980
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Processing Uncertain Information in Expert Systems
= B¥ B %tf
Takao TERANO
(M) BhBRBARH

Central Research Institute of Electric Power Industry
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The Subject for a Future Study in Fuzzy Expert Systems

AE e F 4
Kaoru HIROTA

EBKELFEHR
College of Eng., HOSEI Univ.
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SCALAR FUZZY INFORMATION IN MIN-MAX FUZZY INFERENCE

TAKESHI YAMAKAWA

DEPARTMENT oF EECS, KumaMOTO UNIVERSITY

Some fuzzy linguistic informations, e.g. "tall", "slow'", can be
characterized by membership functions. The membership function is
sampled and transformed to a train of grades such as (0, O, ..., 0.1,
0.2, 0.5, 0.8, 0.9, 1, 1, 1, ... ) (Fig.1). It is called fuzzy word)’2)
while 1101 0101 is called binary word of 8 bits. This type of fuzzy

linguistic information is regarded as a vector fuzzy information, because
it consists of some elements.

On the other hand, fuzzy linguistic informations, e.g. "beautiful",
"important", can not be characterized by membership functions, but by
singular values. For instance, '"she is beautiful at the grade of
0.8". This type of fuzzy linguistic information does not consists
of plural elements, so that it is regarded as a scalar fuzzy information.

We have to discriminate the behavior of scalar fuzzy information
from that of vector fuzzy information. Consider the following fuzzy
inference.

If x is/A , then y is B

x is A"
y is B'
[Case 1] A, A', B,B' : vector fuzzy informations (Fig.2 (a))
[Case 2] A, A' : vector fuzzy informations
B, B' : scalar fuzzy informations (Fig.2 (b))
[Case 3] A, A' : scalar fuzzy informations
B, B' : vector fuzzy informations (Fig.2 (c))
[Case 4] A, A', B, B' : scalar fuzzy informations (Fig.2 (d))

A scalar fuzzy information is given as a conclusion of fuzzy
inference [Case 2] very often. Therefore, a two-stage fuzzy inference
[Case 2] followed by [Case 3] can be merged to a single-stage fuzzy
inference as shown in Fig.3.

1) Takeshi Yamakawa, "An Approach to a Fuzzy Computer Hardware System,"
Proc. 2nd Int. Conf. Artificial Intelligence, Marseille, France,
Annex Volume, pp.1-22 (December 1986).

2) Takeshi Yamakawa, "A Simple Fuzzy Computer Hardware System Employing
MIN & MAX Operations,”" Proc. 2nd IFSA Congress, Special Demonstration
Session (to be published in July 1987).
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W, 11=(0.0,..,0.1, 0.2,..,0.9,1,1,1,..)

"tall"
1.0 e e 1.0)ec e ce oL,
0L 0 II, 11 |
150 160 170 180 190 150 160 170 180 190
HIGHT (cm) HIGHT (cm)
(a) (b)

Fig.1  (a)Membership function of "tall" and (b) its sampled grades

producing fuzzy word wtall'

A' A A' B A A A'
J4 : T U o
C-MIN N C-MIN
U ; S U E
E-MAC E E-MAX
I TRUNCATION| . i.o....-l..__._.f
GATE ' \
B' B'
A—wB A—B f A—B A—B
A A" ® ' A
B' B’ B! B’
(a) (b) (c) (d)

Fig.2 Architecture of fuzzy inference engine. (a) Case 1,
(b) Case 2, (c) Case 3 and (d) Case 4.

A' A
' : A—B
Fist Stage. C-MIN . B—» ¢
[Case 2] : J\'"/[ : A
; E c'
. . ‘ E-MAX
Fig.3 A two-stage fuzzy inference

[Case 2] followed by [Case 3] b e

is equivalent to a single-

stage fuzzy inference [Case 1]. second stage
[Case 3]

Note) C-MIN, E-MAX and Truncation gate blocks are described in 1) and
2) in detail.
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