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6th Fuzzy System Symposium (Tokyo, Sep. 6~8, 1990)
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IMPROVEMENT OF FUZZY CONTROLS (v ) - CASE BY PRODUCT-SUM-GRAVITY METHOD -

K & ¥ B
Masaharu MIZUMOTO

KR ESBEKRF

Osaka Electro-Communication University

As the continuation of the works [1,2,3] on the improvements of fuzzy controls, this
paper proposes new method for fuzzy control called product-sum-gravity method and

compares with Mamdani's method known as min-max—gravity method.

It is shown that the

product-sum—gravity method is intuitive in nature and can get bettr control results

than min-max-gravity method.
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Fuzzy Control for High Frequency Tube Welding System
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Meidensha Corporation

Abstract : Recently ERW(Electric Registance Welding) tube is getting used in many

purposes and required good quality. To improve ERW tube's quality, many welding

techniques and forming techniques are developed.
control systetm of ERVW tube which is one of the most improved welding systenm.

Now we developed a fuzzy heat
The

fuzzy control system is composed by autmatic fuzzy rule genmerator for feedfoward

control and fuzzy adapted feedback control logic,
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Application of Fuzzy Control to Real-Time Reservoir Operation

INFFITE BHEHE"

Toshiharu KOJIRI , Tadanao FUJII
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¥:Faculty of Engineering.GIFU University
¥%:Postgraduate Course, Faculty of Engineering, GIFU University

Abstract : The real-time operation of reservoir is carried out based on the adi-
ministrator’'s experience and the fixed operation rules. But it seems not to eff-
ectively use the information on hydrological and meteorological forecasts:amout
of rainfall, inflow discharge and so on.

This paper proposes an expert system for reservoir operation based on inflow
prediction and the weather forecast. The knowledge base on inflow hydrograph is
extracted from the past flood records by pattern recognition techneques. For each
combination of the sub-spaces, the release in the rule base is optimized through
the dynamic progaramming. The actual release as the output of the expert system
is decided through the fuzzy inference theory.Fuzzy parameters in member-ship fu

nctions are optimized through the steepest descent method.
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FUZZY CONTROL TO COHESION ADDITION PROCESS OF WATER PURIFICATION PLANT
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Abstract:

eaning bed and realized the automation of operation

We applied Fuzzy control to the process of cohesion chemicals injection in the cl-

The developed system finds the rate ate

of cohesion medicine injection by an empirical formula and revises it by Fuzzy theory.
We tested it's usefulness by stimulation and field test and put it into practice.

As a result, the following effects were found

The reduction of operator load/ The realization of safety control according to how water is
turlid/ The realization of stability control against outer change/The reduction of chemicals
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PROCESS CONTROL BASED ON FUZZY PREDICTIVE MODEL

gEAR—hn(*)
Kazuyuki Suzuki

PEREM(+)

Yoshiteru Nakamori

e &z
Takeshi Yamanaka

* EBR7 7 V4 TENRRT
Laboratory for International Fuzzy Engineering Research
**) PRA%¥ BFER

Faculty of Science , Konan University

Abstruct : This paper proposes a process control method based on a fuzzy predictive model which is constructed by

using time-series data collected from a real working process. In the part of fuzzy modelling , a fuzzy ARX model

is identified by an interactive algorithm using a modelling support system. In the part of designing controller, a control

strategy is determined by a model predictive control algorithm . Finally , an application study is discussed on a real

process control problem about stable incineration of the rotary-kiln of sewage sluge.

1, #8

77488, 77 TV4 AT ABKORCHOPTH
BOEALGETHLH, RELTTOT 77 1 HEAOEHI,
KBZIMRZEEEFDEATE AN LHBARELED TS EN)
2ANIHARKEHTI26DTH), MEHEAMNRE
FoZeb DB %V, Thiz, ARIPMTTE LU LM
YEUEAHDRERL AMIF ) LT VE ) ) I,
BAANMESPY) R T VWSO RAEFVELBEETEIRGH
Loy, URDT 7 VA HBEDLPICIDOTOLRAET N
CESCHERRE O LD OFERMTFTLero i L
L3,

—h. LRZIELYOT O AEESFIIBWTR, £&
BOREERR, RROURLEOBRARICEREERT 2
ODTVR YTV ORE L EEAH ORELIRDOONT
BN, ChyBRTH200, LNEALHBY A7 4%EH
DHRARVEDON TS, EENTOF/ETORGIEH
ShHHEHRNBEFNVFUMB)TH 2, 7O AH
ANBRBTOLa—VARAF4 v 7 BRRYETLIMELT
OEAEFNPO 7O ADRRKBE FH L, BEOHE
BYEHLL)I ET2RO THEN LHBFETH D, X
&N, 7O ARBROKRMEHTFHUTENEL, LH L

APEATEDHI LR, R<ALGKLETHTHEH, £F
VFHHHTHAVWONRTWE 7O REFNNAL Y ANVRE
EETN, A7y TREEFNEVIRL ISP DR TNE
FVTHEIENEHSNDBIRELEHRD 1 2% oTWVS

EEx LY.

Z#ETIR, ToEAHBIRDBLATVWEIERD=-X
L7 7 VA HHBRDPEOERO Y- X IZEbETIEAST
EXENIK, 77V4FMEFNMCELD 7O AFIEHOHL
WHERRRL, 70 R EF VORI EELSLEHR SO
A THLHTABROBDEERKAE (-5 ) —F1 V)
AR LTRIT 2,

2, 70 A7 74TV T

WA, BEFRICLNERE N, 36, KI-TREE
NITT7TIVAFFV VIR, F=1N=F 9 TeKLIBO»
DBFT—5 €y PEAVTES N BEETVEEL, £
PI—Ty THRBEXAVWTHESL, Bo>LBRYA T
Ty M ERATHALTEbDOTH S, £hid, Y0¥ s ¥
av M=V OREPLLRDIIFAN— VAT A EHKEE,
HIOMATH 5 VIRRFIMITE OME L W) BIRT, ¥
S [RBRY] Tthot,



FVIFNVEFETR, P=5% 220075y bH
WL, MEBRBEANII—NVELTTVTIYRI VIR
EFNVEAREToTVE, B, 77J4FFY VIRBW
TR, =507 77480, 25—y 7TRBOFAE.
BOBREETZVOMELE ) THEIFEL, ThodE
WIRBMC(EELEAoT, =S NVEFNELTDTI7V4 %
TVORBEYRD D, RTNEROMAEDEDORI SR
LEFNVEREEREVFELLZVWI L2, [YofilE%
MRE»] LT LE [YITRETZ2] W) Zon
METEELLZTNERZ6%2W, STRTVTIYVXADTR
THdH 5,

(7794 BREBROBEAL] @EVI, TV XAD
PREOFANRLZTNIE, 77 T4EFY VT 3KEHR
HO—DTHIEPRETHTHBILLRLEZL, 7794 %
FIVZIDTNI) X AR RBERY VIR ALTE
VI, TT7TVIOFEBVIREEREMRBRE A TR
26w, Btz hid, F— s LHABOAEINT
B2, F-oREFNVE [H2] FREVERSNTVE
Fhidzs2wv,

ZRETR, 7Y Yy 7ARBCBH I AMOER (BRY
AR) *ERTHVGD 6, HBEHEF) Y /B AT A
[Slc&h, ThEfTLeH, MEHET) VI/XBRVATA
DTNTY XARBRDED) TH S[6)(EILH),

AFv 7l F-s0OBR
DK S NABRERF T — 7 LR RRBEMG | &, MM)%

7 -8 D%

A7 v 74

BRI 7 — & DU

7 — 9 DRILE

| ExmstRoBH EXLORR

(CERE)

BB N —ARZ P VOEE
FLYFBRE ’
S9N B AMEK

[ToTHY TV 7MMERA B E L b I, AEORE
(BTAHBNE). H{BEORE(ERIDH). BEKIFTCS
T—ARZ FVEERK. PV FRE /A4 LR, B
HUREL LOBURHE 21T,

AFv 72 LRBBHETIVOEE

ATy 7I1DERL b LIS, ABHER. Y7V /M
MYREL, ARXEFVERRT 5. RF—I XI55 A
ANREBYIalb—2arviffroT, EFNVOEYLF
x92% 5,

AF9 73 F=s077IJ45H

C TR, RBEMREGBERE L TWadBE 2 YD 5
AV VY ITFEERAVTTI =9 %27 7V4 50T 5, WYL
MELTHR, MR TIERODRLELRE LTERET S
A, =5 OBAREELMBL L OSMIHEAT LR
(HHETHoTHRW) DEHLYRD S,
774 ARXEFVORE

P EBBRLLEVO, SREROERE LIEKDA Y
K=y THMBEPIERET 5. 2 V3= y Tlid'h 2HELUE
DHEADT— sk AVT, ERIZMEBEBEETVERE
T3,

AF9T5S A=Yy THMBOFa—=vS
EF—INBIVvIFAADREBYIalb—Yavifio
T, EFNVOEREARD, CORFICA Y-y TR
FELLBI;OERIEERL TTFMRELRPTTH LI I,
NGRA=9%Fa—=VVTh, Fa—=VI/FREELTR

27A8) T

'

e MEErY vy |

ETNVEROEE

EFNVBEOEER

’%?WKﬁi—ﬁwﬁ% Hvslv—vayl

> (RIFERAEE 0iR) .
Y

Bef B AE 0 BR

A= g |

B EE

75 DEE

wresry v

Y
Yial—vav
RAvN=2y THBF 2 —=7)

A& l
M#

W= R—ZBEFN (7794 ARMAE 7 V)

R MARMAE Y 1)

&1 7rIV4EF) Y IDOFME




RBICLIDZF VT LARRC LB, MOFETNEAVTYS
Bvi, HERMFR+FTHhIL, A7 9 FIXBAF v 71K
R, 7—s0BSHE -3 MEBI 2o TRAT v 74,
58 DET,

COMRBONDI 77 V1ARXETF VIR, DEOERNE
FTHbD,

JV—JVR!:
F o y(tl)isA and (y,(t-l) y (t-1)) is Aytand ...
THEN YWFESWQHEWWH) o))
BL. ALALR7 7 T 48E] YO = [y,(), y,0, .y, (01

RHDEERS PV, U = [u,0), u,@), .o O R ADEEAN

s hbvTHY, C\D/ BEET M) 2 ATHD, V=D

BRI L BYODFHIMEI.

¥
YO =Za0Y'0/Ea0 @)
THEXO6NB, TTIK, pRV—IVORK, Y()I V=R

OHANTHY, HEoMIRA ¥ /i— v 7, ANy @-1),

Ay, (t1p), y, (1)), .. DT TEH X 5,

3. HIEROME

TITHR, WRTRAZENLT7 7 V14 EF VTR IHE
REEtO—FEERET 5,

7T I74ETNDODHBFROBETHEE LTIREL().
HPLBIDOFEMRREN TV, Sh b BREEF2M
BARSNBEOM/ET V2O BEHBER > TR
WML¥al-—srEHL, $HSRARHE L BI2EH
Kt LTSS THES R TWAIRESEICL 2BEATHTEY
KEoT, @4l T 26ERLBHT 2 H5ETH 5,
BAZEMTOREHE RO BELT FHILELZMTORE
HERTHBRIER 2V,

FHETR, EFVFHURBOZ X KO GAL. BT
DTFVI)Xa%523,
A7v 71

FRENAT 7 V4 ARXEFVNEF VAL Y VA LEE
FVCERT D, Chid, YATFADEHLHLIZFPD L
TWEBOMFBIERBAL BT ETH ), HEOMENR
HBREFNVIIERIBABIIROTWVE,

W).QRTEON 7 7 V1 ARXEF L OBRERITG)R

D7 TI4 - AVNRVAGEEPVIIETREINS,

%

Jo—VR': THEN  Y'(t+) = ZH'U(t+j-K) 3)
k=\

BU. qRA YV AGEHBEBRBL TRET 5, H} 123
VAEERBATIITH B, ThEAVWRIEE, 774 FllE

FVOHARRRN TS 2615,
%
Y, () = Z‘H"‘i U(t+j-k) 4)
k=
halhal NN
§ f o4
H*=Zo@+)H'/ El o (t+)) (5)
e i
THh5b,
BEZttE L. AXDOAD LBRALBEORRDO AT &
¥R T@ORERBLLEBT L
e Ui » B U
Y, (t+)) = ZH* U(t+j-k) + ZH* U(t+j-k) (6)
k=t ks g+
LEED,

BEFEE L, 4ETTO0LARRADE LT, [UL1),
Ut-2),.. ]9 o n, X6 RABHAPOMAT v 7RI
b7zo T [UQ), UE+1), ..., Ut+M-)]D AT RFI 2 7 0+ 2
Kz ohz et s, BAMD» 6 LB ADEEXEEL %
v, COR, RAGLY» GPAT Yy 7 b 5O % R0,
EHIL@RT=0E BV -ABRLIOEFVHDE S LI,

Y, ()Y, (0% RD 5 & BENICRXIERONE,

Y=Y +HU, +HU, M
T,
Y, = [Y, L), o Y, TLAP-DIT, Y, = [Y, (1), .Y, TO)

U, =[U"®, ....UTt+M-1)]7, U, = [UT(t-1) , ...... UT(t-q)I”

_ L-M~)
H,=[H *, H ", ... JH k}:\H,;*L
L-M+P
L Hl»-l“w-l'HunM‘l""l":»-M"M.l\lz l\-{kMM’.l
H,=[H_, *-H H *"HY oo JH W--H
] Hl,.r"un’H:' , HVMMJ_H; . H _.“""’"-Hq‘




ATFv T2
NRRXLA2TFRBIIEFNVEERLHE OO0
ERELETRIOT, ShEBET 2T

ELTRAEEX 2,

Y, (1) =Y, 4 + ( YO - Y,,(0) ) ®)
TITT. YR, YORMETI2EMEONRS b

VThHs,

Yp(i+1)
Y@+1)
Yo

AR

=

4. BRI B 2 RAMEYORBAELT

t o+l

el 4Pl
2]

RREMERICED C BREOBMBEY,+) % 52 TH

(o THid, B —RIBRBHICE> T DTIRE (.
HEEOPLREIH>TLAF vy 7 THEE LI LTS
bOT, TOREYLRUELE), BRILEL LT—XE
NHB L RS E ORI, BERELHART /95 4 —
ks,

A7 v 73

YRR L LT, LA v 7ROERRME 7
OEADEFNEFE>TFHL, FRMEIEE
HIEC %5 &) CHATORERLE AR
Shkwz, BIb,

BIEAEAGEER

2 EFVFHNNOEENS

LN VAR AR AP ANIEY. § )
DECRRAEFEERETSV FFP— 7 ZonTRHE L7,
MBRET7 ik, TRERKABBOALE /O AN0H
ETIRMERL NPV ET 2 QRESRRDFE (0—5 ) —
v, @3) thd,

s RIS IR

——— RIS RE IR

- BB IREE

Bk — 2t
MY J=1Y,-Y,? ->min.
ETaHUHR L LY
() ERE,

U= B7HY HYY,Y-HD) )

EMYCIY Y ADEREERHE, KEMISLITE . 02D
BRBORELRRLL NG, () REFOREOEL —SES LT,
RIESERAONR Y TR NTRBLES €AW,

TRkHoNnDb, T,

Y, =[Y,7(t+L) , oo, Y,T(t+L4P-1) 7

THN. Y, RY,HET28H0ETH 2,
H RUH, OB H 2o T, WBBOBSESLEE %

A2, ChiCik, BEUETEXONZRBRICL W EHET
%o RO NUOMBOBRERTIOAN, BEEHOU ()D&

¥ 70X 5E20ERER),

ATv 74

BRI BT, BUHDY+)X 803 2, Bl
EFNDAZLE CHED -0 RGBT 5 FHME £ it
RE>TWVS 720, BAIEHCHBEL L L, BiE
Y1) 8- %0608 LTERMEEYSXEL, X7y 728
RRERNETE20EH), COTNMT) ILTH., BH%
BRMAEIEP ORMICboT—HER®LIILL, T80
O, BEERMODATIM ATy NERDB L% T
VB LERFMELTWS, P MELTIBLENMEND,

=3 TR E WA RS EIF

QECRBAF OB IR 2AOFHOREY —E L
TH5L), HBRESRELAH T2 HETITELATET
Wb, EMEELEY (Bks —%) oREimTE
WD AT v AOERBLEOBDIRARL—4
. FRORBIRIRETVE X SICL D HICER L 205,
BRTAESNUEIEELEHEICH 2 & 5 HEBREMLE.
Biks —* AR, RUALAMEREL AN T 5 ELELIT
2T&ETWA,

CSO777 Mk, FRORRKBLRAT2HAKRKET NV
AR W) R, BEMTFHIKRE CBAKT —F ok
FUEREC L TRELEHOKIELEE L RBL(SNELEH
HTERELBEOTS VM TH S,



41 F—5 oIk L RiNnE
FHEEL T Lo TWVAEFELNF S5 4 v 7P— s 2L
(B4 41) | HETOORAT E L7 — & 2R L 72,

4 O t4 ] . .
MAX : 287.2 Aan, .A/\ _ A//\/\ A /\""\
-"Y

I : 87.17 A MJ AVAR

MEAN: '179.4
SHIFT: 0 — —+
m 1 50 00
1. (0) t5- 1
MAX @ 344.3
MIN : 305.4
MEAN: 320.2
SHIFT: O
2. (0) gas
MAX : 48.67
MIN : 5.640

wOPY
\AﬁHAAA/\A 7

AL

MEAN: 24.34
SHIFT: 0 q

. NN
ik V13t P, Mot

4. (0) odei ’
\ g

MEAN: 1.730

M/‘/\IWM
MIN = 1659, N k
HEAN: 1810.
SHIFT: 0 ;
RS o

MiX = -2:412
[ VRPN

MIN : 1.559
SHIFT: 0 . +
™ 1 50 - .. 100

X4 Pk S N 7-BERYI 7 — 5 DB

T DIER.

WMBFRFIF—F DARS P VBITER LD, EEHROXR
BEBRERMMCH L DEFMERT -5 D% 7Y
YIMBiR1I0gET S,

QYT ADNB L RIFT 2REMBDO 220113, R
BROBE (0) RUFTNDRELAR (m) *EFBTHT L

FEETHII LMoz, ThERRTIHFLVWA

ERIRCBEA L,

3) ERSSH. BCRUBEXF BB L L OSTR >
b EFVVIOMBETIRE LT, 3AT (HEIRE
ftie ik, MmARSOtER. Bks — S 4tRR) 3WHH
(4 (EEHBFEE) 0m) RXBEL,

42 77TV 4ETFNMNOIREK
BEINLT7V4AARXEF VOB EBSITRT, TD7
7TIAARXEFNVICT Y AANEMA 2 Iab—Vay
DMERO—BEE6ITRT .

5. £
1) BRINF— A7 7 V1ARXEFVOMEEL £
FPVIRS LT TFUMHEOERN LEL LRE L.

2) RELAFEOEARICOVWT, £/ broEL
1P = RDOWT 77 V4 ARXEFVERIEL, B L7,
EFNFUFIHROFIELOEDIREATH 3,

R IF t0_1 is Small and tm_1 is Small

R%: <B&> &5

R': IF t0_1 is Big THEN t4 = -7.7741D+02 +2.7765D-02 t4_2 +4.6545D-011t4_1 +1.9541D+02 tm_2 + 3.7564D+01 tm_1
- 1.6527D-01t0_2 + 7.7875D-01 t0_1 - 1.6050D+00 gas_2 + 1.0973D+00 gas_1
-1.4979D-02 air_2 + 5.2506D-02 air_1 + 2.3030D+01 odei_2 + 1.0003D+02 odei_
tm =+4.9753D-01 + 3.1992D-04 t4_2 - 6.0570D-06 t4_1 + 9.4086D-04 tm_2 + 5.8331D-01 tm_1
- 2.8706D-04 t0_2 -2.6611D-04 t0_1 -3.9370D-04 gas_2 + 5.6094D-04 gas_1
+6.3457D-05 air_2 + 7.1850D-05 air_1 +4.9711D-02 odei_2 -8.0139D-02 odei_1
t0 =+5.1121D+02 + 2.0805D-01 t4_2 -2.4823D-02 t4_1 -1.8003D+02 tm_2 -2.1067D+01 tm_1
+8.2636D-02 t0_2 +5.1993D-01 t0_1 -2.8680D-01 gas_2 + 8.3027D-01 gas_1
+6.0450D-03 air_2 -2.0309D-03 air_1 -2.8956D+01 odei_2 -4.6551D+01 odei_1

THEN t4 = -6.4090D+03 +9.6383D-01 t4_2 -1.4058D+00 t4_1 -2.7644D+02 tm_2 1.3819D+02 tm_1
-3.0511D-01 t0_2 + 7.7654D +00 t0_1 - 6.0519D-01 gas_2 -2.9756D+00 gas_1
-4.2572D-02 air_2 +1.0341D+00 air_1 -1.4091D+02 odei_2 +4.4904D+02 odei_1
tm = +1.0650D+01 + 1.4359D-03 t4_2 +3.8552D-03 t4_1 -1.9548D-01 tm_2 +1.9447D-01 tm_1
-1.0857D-02 t0_2 -3.1220D-03 t0_1 +2.5718D-03 gas_2 +8.3117D-03 gas_1
-1.1201D-03 air_2 -2.3848D-04 air_1 +4.1694D-02 odei_2 +5.8482D-02 odei_1
t0 = -2.0717D+03 + 6.0697D-01 t4_2 -8.3974D-01 t4_1 -1.5070D+02 tm_2 +7.8853D+01 tm_1
-2.5091D-01 t0_2 +3.5472D+00 t0_1 +1.0818D+00 gas_2 +4.8536D-02 gas_1
-9.8211D-02 air_2 +3.5351D-01 air_1 4.8328D+01 odei_2 +2.1400D+02 odei_1

FRBENI:7 7 V4 ARXEF N OFI




X6 Iab—=a VRO

caseAld t0-1 ¥ R BB EVICAEL., 55 A

IBIRL -84, ALERBHOSSE (X -2
v 7B %RL. ETEM Ialb—2a vERY
Rt

caseBi3t0-1 ¥ P /N E(EEL. EHKXm-1 2%

RKECERBL, 827 Y FAADELLBET, 5%

NIDEIREILTE, HEERIZ, BHDOTEELDA.
AETHEER, 100BDF v ¥ AADICEBYIab—Y
avVERERT, M. HMoFEBIZ. m+3o

variable input range

t4.2 e,

t4_1 el t4 a
tn2 et tm el
tm_1 setfiifine... to

to-2 =

to_1 el

98s_2 st

9as_1 Py T

air.2 — variable simulation result
air_1 S t4 mell ma
odei_2 olbe. tm = ol
odei_1 ol to ot

caseA

variable input range

t4_2 -

t4_1 —enlliin

im_2 - t4 -y -
tm_1 - tm T
to-2 . to il

to_1 -

93s_2 el

gas_1 el

air_2 . variable simulation result
air_1 i, t4 .
odei_2 . tm =B
odei_1 alin. to <A _

caseB
6. T

7746807 FvR MHE~NORBEXE#ELT, 7
TIV4FHEF VR LD S0 AMBO—FEXERL, &
BEFER T 0t ATH B TAEROOGERFEHF IOV
TRANCKRE L,

HOFDFELDTO LAV AT Mid, BRIBMT ETH
RROEFNVOERDEHEL T EHF L, FARRERTE
ELTY, MM E THEREIERPETOR ) R HHE S
THHI LN LIELERT 2, &) 2Fec, BEOM
BRROI-DOEANLFELE LT, AHOMOBRAMED &
S LUBERINF - CETWTT O AV AT ADEF Vi
BL. COEFNIETOTHERLBET 2FEIHERK
BN LoTI L), A, TOMBEKKH L—oDFME%
RENIETFENTH 5,
<HE>

FRREEDDICH ), KRKFFRTFHEGEL—B)
¥R, SRAERK S A7 ATERBG—BHFI. A
IR, CEREVALLEVEHERBNALLET, T/,
FHROWE 52TV E, RETHEVLZVTWVD

BIBR7 7 V4« TR FHHMFARICERH A LET,
(BFXH)
(1) BF, €7 VTG OIH, 50 & #/#. 28, (11),1989
[2] Takagi,T. and Sugeno,M. : Fuzzy Identification of Systems
and Its Applications to Modeling and Control, IEEE Trans.on
Sys. Man and Cybernetics, SMC-15, (1), pp.116/132, 1985
(3] Sugeno, M. and Kang, G.T. : Structure Identification of
Fuzzy Model, Fuzzy Sets and Systems, 28, pp. 15/33, 1986
[4) HE, 77 VA BROBR—-HFCBY > ETRHOOH,
¥4 > A4, 1989
5] 9%, FRB, 7794 v3ab—YaVEXORETFH
DI, X 7 A HBERELRLE 2 (5).pp.166/174,
1989
(6] %%, [7 7V 4OR] WBEKT7*A+ BE7 7V 1%K
F 14, 1990,7,13
[7] Kang, G. T. and Sugeno, M. : Fuzzy Modelling and Control
of Multilayer Incinerator, Fuzzy Sets and Systems, 18,
PP. 329/346, 1986
(8) Bh, ®E, 7 7 V4 HIEHRORE EMITICHT 5 —E R,
$gSM77V4 VAT LAYV HRY Y A, PP.127/132,1989
(9] Ki§, €7V FRHE, {LEITEZRES Y —X%s@ [ 7o
+ A HEHAT1989]) b5 TF &M CERR, 1989.11
<EiE >
T251 HURMHPRXILTHERY-1 ¥ A XNV~ F— KN4
BB 7 7 ¥ 4« TR EIFRE
$EAR—u0

TEL FAX  045-212-8255

045-212-8221



6th Fuzzy System Symposium (Tokyo, Sep. 6~8, 1990)

7774 HBL BT -hoky bERVE2RRABAFENEORE

Grasping 2-D Random Moving Object Using Fuzzy Controlled Arm Robot

TA3-1
®H X
Kaoru Hirota
*EBRKFELFR
¥College of Engineering, Hosei Univ
abstract

A fuzzy controlled robot system,

Hidenori

o®a FHAI"

Watanabe

* ok BB KR FERFE R

It consists of a scalar type arm robot,
The moving position of the spherical object is

¥*Graduate School of Hosei Univ

which can grasp a 2-D randomly movig spherical

an image processing

predicted by a fuzzy inference method based on a trajectry pattern matching

object, is presented.
system, and a fuzzy controller.
procedure.
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Intelligent Fuzzy Control of Mobile Robot
Based on Adaptive Path-Planning from Iincompletely Observed Information

OlAHER, &, HHUN, FHA—
Tetsuo SAWARAGI, Osamu KATAI, Sosuke IWAI, Koich ITOH
REBRFILFE
Faculty of Eng., Kyoto University

As for the control of a mobile robot in a world where the complete map is not obtained, the reasoning
and planning capabities by monitoring spatio-temporally restricted information of the world are
required. Wherein, since detailed plans cannot be built in advance, the robot has to be able to build or
change its plans in response to the shifting situations at execution time. This paper at first presents a
way for global path-planning based on the topological relationships existing in the interactions
between the robot and the environment by a qualitative-spatial reasoning. Second, an architecture of
an intelligent fuzzy controller is presented for avoiding the surrounding obstacles locally as well as
for secking for the attainment of the global plans that are produced in the former module.

Key words: intelligent control, fuzzy control, mobile robot, adaptive/reactive planning, spatial

reasoning.
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Abstract
This paper describes
The fuzzy control is applied to

control system architecture is a hie

a visual sensor subsystem, a motor drive
which manages these subsystem. As an app
the driving experiments of the autonomou

and the one with corner are implemented.
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A Neural Expert System Using Fuzzy Teaching Input
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Abstract: We have proposed a Fuzzy Neural Expert System (FNES) and described a
method to extract automatically fuzzy If-Then rules from a trained neural network.
This paper extends the previous work and proposes a neural expert system using "fuzzy
teaching input”. The expert system has the following two functions:

1. Generalization of the information derived from the training data with fuzzy teaching
input and embodies knowledge as a neural network. Here, the fuzzy teaching input
is subjectively given by domain experts.

2. Extraction of fuzzy If-Then rules with linguistic relative importance of each
proposition in an antecedent (I £-part) from a trained neural network.

This paper also shows a method to extract automatically the fuzzy If-Then rules
from a neural network generated by training data with fuzzy teaching input. To prove
the effectiveness and validity of the proposed neural expert system, results of numerical

experiments are given.
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Composition Methods of Fuzzy Neural Networks and Their Performance Evaluation

#I E— L Y KAE % SPURe -]
Shin-ichi HORIKAWA Takeshi FURUHASHI Shigeru OKUMA Yoshiki UCHIKAWA
BHEKRFE TH#H

Fuculty of Engineering, Nagoya University

Abstract : A fuzzy neural network (FNN) is a system which applies the neural network (NN) to the fuzzy reasoning.
Although the fuzzy reasoning can quantitatively deal with such fuzzy algorithms as human’s judgements, it is very difficult
to identify the rules of the judgements and tune the parameters of the membership functions. So several reserches have been
done on the FNN, expecting automatic identification/tuning. There has been no FNN which can identify the fuzzy rules and
tune the membership functions simultaneously.

This paper presents three new composition methods of FNNs. The new FNNs can automatically identify fuzzy rules
and tune the membership functions. Their performances on fuzzy modeling are evaluated using simple numerical data. The
results show that the FNNs can identify nonlinear systems to the same extent of precision as the conventional fuzzy modeling
methods do.

=y I, TR TOUATIOREMB L CRIEZREZE L. {0f

1 wive BEH> (D) EOZ=y M eBOTR. TOAT T CHF BH
77Y42a2—3N%y b7 —2 (Fuzzy Neural Network : 71 f(z) BRAD ¥ 7 €4 FRIBTERS L %o

FNN) id. 77 v @ MDic=a—5 0% 5 b 7—2 (Neural f(z) = )

Network : NN)D 2GR LA 6D TH B0 7 7 ¥4 BRI A 1+e™*

OO L S VEVWEEEUTLVITY X 4% FERINICE LEoRwa=, M3, BicANEHACSEL TV S,

DI/S EDBTE, HEORFIBWIICHABED L TWS
By Lidl. 77 V4B 77 P4 V=D RNy,
THMED/ 5 A -9 ERETELIBOTHETHD, &
KBHEHELBLTEIEBBV, D, NN OFZRiE
KEh 72794 w—zw)ra]',ip; YNy jmﬁogg%gm
HiciT> & DTE % FNN OBRELSRE & h=(O6XO) s
774 N—NVDREIEE X Ny THBORABEERICITA
B350 CNETHESN TV,

FETIH. 77 P4 V—NLVOETEE A vy oy TRROTE
> EHBIIC LD bEIERICITS & MTRENR 3 DDy 4 FDFNN
OHRESREST 5. £ LT, BHUKEREHVWLT 7 V1
) v rMDick p HEFHE LTV, RO7 74 EFY ¥
JERIEOHEERFD /L EETT,

2 BKRE

21 FIHER

T2 FNN R, 77 VA HRICBVTRET <& /5 A —
4% NN OEARETRRL, Ny s 7oy —vav7ad
Y LDEHVTENSXETE - FBTH6DTH 5, KI_T
2135054 7DFNN OBRELRET S, 77 P4V —
VOFEROBKIILETH B,
@Ti‘2AﬁuLQNﬁ#%xyN977%&®ﬁéw (A) (B) (C) (D) (E) (F)
#1324 FNN 0ofirRoBRA 2R HboAHIZ2 =

b, 2=y FRIOIEB ws,we,wg LU 1,-1 JEEAREERL. »

ws,we,wg I3FF Ik » TEALT %0 & 72 IRINOEE =2 2 E el 1 FifE O RS




TP, (A) BCMASNIAT 2;(j=1,2) X, ESHE ws i
Lo THRIBLEN B, CORGLEhi AT e L, (C)Fiick
WTNA T ATHIESHE we XX Sh, £hic wg 283
fbDB(D)BDO v 7E4 FEBROANER 2, TRbb, £
GRE we,wg iR, ThEhEigbtshcE88 Lz
A FEBODLONBES L CHEEXEDE D TH S, ch
S OESHELZHEACBLIECRET S &tk (E)@o
AR 2 KR &S BRI A v /vy o TR Ai;(i=1,2,3)
B, L, BUBHER A vy TRIM Agiiz. KI3 D
IICHEBTRENS2HODDFEDRNL B v /£ 4 FRAKOM
THREN 2, we DIHICE > Tid Ag(2;) <0 EBBI L b
DB H. TDBAITIE Agy(z;)=0 ¥ 5, (F) BicBW\WTit.
RIEBANCHT 2HET A vovy y TRBRTO 7 L—FO
BERHOoNE, Chid, BRTBLIIET7 7 P4 V—1D
BB EEENR B, BB, (F)BOoa1= D nrit. Fil
WA vy, THBOMRLEDEES L (LB D, —ARICH
B8 * vy, TRBROEEYE m . ZFNN O A% nin
T 5&Enp=mmnl (M10BEI2=9@) TH53,

A FNN Tid, $A0HE ws,we,wg i & DRI A vovy T
BIMERI2 D& Sichoh LHBEYICER L. ws,we,wg %X
TEAIRBCERL > TEDOHEBEIT I,

2.2 Typel (4% : %)

Typel Tid. 77 Y4 L—NOREREEHTRE® L. #i
HRBSEERE T, HREZITGBEASE LRERERLD
RFOTRO ML L7 7 Do HERTRAV S, C OB,
2 AT (21,22)1 77 (v) DBECRRO LS itk&sh B,

RUIf z; is A,y and 75 is Ay then y=f;  (i=1,2,--,n) (2)

V=D mifi, mi=An(z1)An(zs) (3)
=1
CCTRRBIBEDOT 7y Sav—n, A Al 7 7 ¥ 4 B8
SiREH n B — ¥, v RERE. 43 RO\TGERESE
Th 3o
4 RV2ANTHAIEHRA vy THBOBED
Type I OHERPI%ERT, Kb wi iz R EMEYK f; 2E%S 3
HANETH 2, (F)Boz=y rOHAIR. BIROTECR
BBEANHT BHIHER A v vy TRHBEORTHD. (3) R
Pobh3idic. ChRET7 7> V4 V— VORISR EAE L
LR3%, (F)BO2=y F LEAHE wiOHIIS L m™H
(R4 Ti32=9@) ©. 0K (2)RicH i 2 Typel OF
RNV — V¥ n 2 KT, B> T, BIEMESE & BED
EH fieBW%YT 5wl EORFVHRBE Yy & LT(G)BrSH
ANENB3Eickn, (2),B)RBSC 77 P+ HBHER X
N3,
Typel Tk, FAME W 24T RTOELTIr ¥4 —n
BELFELBVRE» SEP2sn., witL{baa o &ic
LD ZDEEZIT o

1 A1 A2] A3;

0 L )

=1/ws 0 1/ws
R 2 giER A vy o THAE

1r

=

_1 L \\~,__

Al 4 &R

*® % 5B
X 4 Type I O#kHI



2.3 Type II (%#8 : —K=R)

Type I TAHWAHREICBWTIH, 77 Y1 L —LO%KE
BUBANERDO—RATREN., FiEPEASE L BER—KRR
EoRIC L D HRIESRDON L, COBER.2ANTH
NOBERDE > icRE B,

R:If z; is A,; and z; is A;z then y=fi(z1,z2) (i=1,2,--,n)
(4)

n
v'=Y wifi(z1,22), mi=Aa(z1)Aiz(z2) (5)

1=1

CCT.
a;(j=0,1,2) : ¥ (6)

TH 3, (4) ROEMHEIZ. Type ] D% HEMic BT 3EHHBA
HEBICL > THIESNILbDEBEADLENTED, 10,
&7 7 V4 V- VOB ESE L Typel LEHRTHD. F
EaREE v — ¥ n bmrrlEil 5,

5. M4 EEBE2 AN HD 3 AR vy 7B
MBStk id 5 Type Il OWMEKAIERT. RbOEEHE
wa;(7=0,1,2) 2. (6) ROHM o; % &Y 5o K5 D (A)~(F)
BicsWwTid, Type I LA UL AiErBEASEmBHE SN S
B, HEB—KR fi(z1,72) Ol (G)~(]) BD & 3 ITHERK
KL DRHDBIEHTE B, R-T, (K)@oHNER, &7 7
S 4 N—VOHRE TS Buifi(z1,72) £1ED. T SOMTE
Ehzd77 o4 —n2EoMREyBS(L)ELoHNEN S,
L. (F),()(K)Boz=y Oz, L—A¥n EHFLL
CEMSmrnETH B, LLEDHERIC L » T, (4)~(6) RicHE
S 7y Vo HRBEREIN S,

Type Il OthER. BERBANERO—KRATRENS
1o, ¥FHickn B I 77 P4 V—VOREBEIX Type I ®

fi(z1,z2)=a0 + a1 71 + a2z,

(6) (1) (1)

% t &

5 Type II DOHER%H

BREO7 7 P+ §HBFICBIZ2bDLDHBbLMD T VWD,
77 V4 HRORBENOERTRAZEATLEO),

Type Il Tt EETE wa, DYNHE.X T XTOWKHEL. ¥
Bickh 7704 V—LVOREIEXT D0

24 TypeIll (E®W: 77 ¥+ EH)

Type Il TAHVWONZHREDO—MBRIR. ROLHickE
N,

R*:If z, is A; and z3 is A,z then y=ri;Bj )

(i=1y2)' : 1n1.]=112)

2 n
y'=3 wiB7Nw)), =) rim, mi=Aa(zi)An(zz) (8)
1=1 =1
FRE2ANIHAOBEDOSD T, Bjiz 77 V4 B, it
[0,1] DEH. B;'id B; OWBAM. ujid B, D (M) BEET
H50 (1) RO ri;id B0 REBMHERTFO—HBTHBLELD
CENTE, PIAE ;=03 DA [P B, ). r,;=0.9 D
BaciR MBEAEB;] LW EKERT, (8) A% ME
Gy k. BEDOANIML B2 H T ~EEEEZRT HDOT
B, kL. Bjid2 BRI h TRy, WAL LTEAM
B OB MBI & %ic it Negative & Positive . [EDfEDA T
& izt Small & Big #FhZFhfW 3,
6z, 4,5 EEUL2 AN HNIAIHERA vy, 7Y
MBS D Type 111 OHSRHIZ RS Hho wr 3EHERE T
ri; BT AEAHETH . ws',we',wg’ i3 ws,we,wg & [ElHR
CHRERA vy THREEDZ D TH S, £c, (H) B
DgDRRBER 2=y M. TOARNBESRACTERE
. i
9(z) =In - (9)
)Rk, Q) R0 v 71 FBRM f(z) OHBIKTH %, K6 D
(G) Bo N3, BHEHET ri; LATHRASE LORIITR
snai&#%ﬁém; PR BN C@u;i»'(H) B g(z) it AN
&nb, BERD (H),(1),(K),(L) EiaiEaRo (D),(C),(B),(A)
BEMBRTIE>TED, - T (1) Fd S RBuj LT 5 %N
WA vy, 7THB B OBRBLENALERES LICH Y 2 ENSH
HaEhzal &iciisd, (J) EG«:b‘L\‘Clt%@ﬁﬁ&u;oﬂbiﬂtb S
h, Ch SOOI BRAMFBLERE BT 2R SHE ws’ T
b0 (L) BOHATH S y L7 5b, Kbtk b, (7),(8)
RiEIC 77 Vo HRBERE O B,

i # 28
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Type III offiaiEid. BERE—BHR 7 7 P 1B
STy P4 BB TERENBOT, Typel, Il kb bEHMNIC
OPOVRTVT VY V=L ERBIETEIENTE S,

Type III T, G EERRICEERD 2 vy TH¥KED
S LHBHBIEEB L LTEF LB, EAHE ws’,we',wg’
KEDZTOMBEEITIo T, wr OPHER. ) RN
€4 FREAM OB 9(z) OERFEEERL TTRTO5 & L.
ZMENC 7 7 P4 V=LV ERLBWKRELSEBicLbr—n
*EIET %0

3 #EE

AMETRXIESic, AFNN TR, BFEOBKEFORE
BREEFETICL-TEERBIEIRED, 77 P4 0—0
DOEEBL T2 vy y THBOMAREIT 50 TOEF TV
TY XA ROL S5y s Tany—y g7y X
LEFHWS,

¢EE:¢” f@“bzphﬂ)uﬂ)

CITOBMAFE(n),jRENFhE B, iz = PEZEKL.
tIRHEEOHEHEE. ioB3B2=y FOANBLTHA.
2=y b OB ONBK. v B BE 2=
POoEn+1BRE k2= PADORSHETH 2, F L. B
438 (E) B £ U Type 11 OFi#E (F) B. #4R ) Bics
WTi, ROBTEESTOLOEIENS

(10)
(11)

6(") f (z(n))zb-(n-ﬂ) (n+l)(n (n+1) (n) (12)
1#)
D& CHET Bo LRI KB (Fn+1E) DAL
i£n+l) - H w£?+1)05n) (]3)

ERINBCERARBLT, (1) RAE Rk 2BBEEEHKICLT
WHTE Do 270, Type [l ORAH (G) Bos™ ik, (11),(12)
ROMTRD SN B, WH. §iIER (D) BH L U Type I11 0%
HMH)BUAD2 =, PITRTEF2=, +TH B
i fEM)=1 L1 5,
HEFER. (10)~(12) A0EREAVT

WM (m + 1) —w“kmy+w“)“”’ (14)

LEHT S, ST m REFEM. nRFEBRTH 3, 1272
L. HiEED ws ico W\ T3,

(15)

KLDEHEITIe iz, ANEMICE-> T, BilER(A) B
D2z, b olA (") L2 OBBILER TS B ws(w) 25
K%(E&é;tb&b\m@EﬁkUﬂK%mhaé%@
Eﬁﬁm—ﬁkmb?%gx%@%k&ﬁ?5%¥mibét
BHTH50 (15) X7k, o" Vit Vi & » L LTS
o\§P@£m$%f*“bxv@?@ﬁu¢b¢—ﬁuvg
50T, FHRORELMWMBILTE 3, 7, Type lIl © wr
K2WTi}, MIHEE T XTOS5 ICHET 27

wPm + 1) = w(m)(1 - 8+ 16 uP(m)0" ) (16)

wiP(m + 1) = 0P (m)(1+ 06w (m)ol" )

DEICEHFT S, CCTAREFETHD. CHIL R
BR7 7 V4= A2EFEMICIG L THBESREENBTE
%, (15),(16) Riz. HAHEL T OFESERES B L1(
EHAETH D EVISHERERE

4 HHEFE

# FNN oFREERT oo, XHK (4) EREBRC. Xk (7) @
77 Y4 Y VTR SN MBIEBER I X 0 ARG
%ﬁ')to

B DI DDEFY Y IVOHRE LTHVWEDIR., KRR
TREND 3 AT (21,22,23)1 B (y) OB v 27 4 TH B,

e (17)

F1}, (AN RLVFEMLE O BEOARNT — 2 £2FTW, 12
72L. No.1~20 BREIEAF— 2. No.21~40 B FWMEF— s T
S0 ANER 22 1) R EWBAFRR S I —EHTH 3, &
FNN it B3 2582, 200 BOREHF— 2 2IER % » b7 —
JRANT B EIRL>THW, F—7D0—1K% b » CH¥Y[ME
BIEE L, $1o. RESHEICH T 2¥BE - BERI.
A7~ 5 DIEB L OERED * v 5w THBOE(LD 5.
EFHhENDIA TICBVWTER2DEIICHEF L. AFNN i

y=01+23°+23

R1AHBHF—%

No. | z; | z3 | z3 | 4 v No. |z |22 | 23 | z4 v
1 1 3 1 1 | 11.110 21 1 1 5 1 9.545
2 1 5 2 1 6.521 22 1 3 4 1 6.043
3 1 1 3 5 | 10.190 23 1 5 3 5 5.724
4 1 3 4 5 6.043 24 1 1 2 5 11.250
5 1 5 5 1 5.242 25 1 3 1 1 11.110
6 5 1 4 1 19.020 26 5 5 2 1 14.360
7 5 3 3 5 14.150 27 5 1 3 5 19.610
8 5 5 2 5 | 14.360 28 5 3 4 5 13.650
9 5 1 1 1 | 27.420 29 5 5 5 1 12.430
10 5 3 2 1 15.390 30 5 1 4 1 19.020
11 1 5 3 5 5.724 31 1 3 3 5 6.380
12 1 1 4 5 9.766 32 1 5 2 5 6.521
13 1 3 5 1 5.870 33 1 1 1 1 16.000
14 1 5 4 1 5.406 34 1 3 2 1 7.219
15 1 1 3 5 10.190 35 1 5 3 5 5.724
16 5 3 2 5 15.390 36 5 1 4 5 19.020
17 5 5 1 1 19.680 37 5 3 5 1 13.390
18 5 1 2 1 | 21.060 38 5 5 4 1 12.680
19 5 3 3 5 | 14.150 39 5 1 3 5 19.610
20 5 5 4 5 | 12.680 40 5 3 2 5 | 15.390

R2FHE - BERBOKTE
Type I Type 11 Type III

RAWE | ¥R || KANE | FER | £AHE | $ER
ws 2x1075 ws 2x107° ws 2x107°
wc 1x10™ wc 1x107° wc 5%106
wg 5%x1073 wg 5x1073 wg 5x1073
wi 1x10~ wag 1x1071 wI 1x1073
wa;(j#0) | 5x10™* ws’ 5x10™*
wc’ 2x1076
wg’ 5x10~7
HEUE | BER
wr 1x10~*




LOEELRT 7 ¥4 TFVORKER. 2000 FFEFHKITKRAT

FHE L 720
202:'“; 100 (%) (18)

CCT.yiRKR1DHEAF— 5. y" 3K FNN o RETH 3,
HHEF MBI LU T OFIETIT » 720
(1) B EEEDORE

BANCT BHiER # vy o THROBEKERET %0
& FNN O® 4 AN 1 HATHIGEE A v vy TRIRDS
2,3,4,5 BRHOB &I >WT, BIEHF—5 D11 ~ z4% FNN
DA y% FNN OHEHES & LTHEFET-> 120 TDOERSE
&3 IKRT,

Type I, 11 Tk, FiFR 2 vvy ) TP 2EHOL &
ExBoKERBEERLD, BRFEERA vy THBORE
HEOMME EBITKELKE->TWVWS, EFY Y IZBWVWTIR,
BohtAHAF—shouWhicFD vy 27 o0BiEEERT T
FNERIETILBEETH S, ->T. COBEICIR. ¥F
KRAWKRRIERF— 2 ixdd 2BE E1 2t Tiad| FHEA7—
st AHE EbERS W, BRERHIGRA vy 7TH
HOBEMRI2 THELYMTE 3, —4. Type IIl Tit. 3
BHEOLEIC ;BB OGNSR ->TEY, B bBH/NEI
ETHEDTCDBRENBBETHEEEDLN S, LoL. Type
I, IMIok>c@BEMBICLBERKRE L, UTOFIETIE.
Type Il ic BT bFIHIR A v vy THKE 2 BHE LT,

& 3 AIAREEE DRIR

Type 1 Type I1 Type III
EEM | E E;, | By E, | By E;
0.95 | 19.59 | 0.48 | 21.36 | 3.31 | 37.16
0.00 | 29.73 | 0.00 | 31.29 | 1.05 | 30.74
0.00 | 52.44 | 0.00 | 53.26 | 3.25 | 41.10
0.00 | 55.76 | 0.00 | 55.74 | 0.88 | 46.66

o W N

(2) AHZEE DRI

FIFEQ) TR R1ICBFB3LANEHER VRN, —MRiC
ok F— B ZANERBIXTENTH S LR
510 £ T ANERORIRETS>1cd. ZFNN 23 A
1HA2RIER2 vy 7RAROBRE L 2, ~ 240 END ]
SEMOBVIRETER LT 1o FORBEERLITRT,
SANEHOBEICR, EDs 4T IRBVWTH 2R TRV
L& ELEDBBRONELH-TWS, £, EicoW\WTid 4
ANEHOBE LD bR B3P I/PNEBESBSATVWE, Y
BANZEBIZ 21 ~ 23 T3 RETH L EDHETE %0

K4 ANEHROER

Type I Type 11 Type II1
ANER E, E, E, E; E, E;
z1,22,23,T4 095 (1959 | 048 |21.36 | 3.31 ] 37.16
T9,73,74 || 20.44 | 52.38 | 19.54 | 52.53 | 19.52 | 52.01
21,73,74 || 11.72 | 27.63 | 11.21 | 28.39 | 12.18 | 26.04
1,274 8.76 | 29.44 | 8.36 | 24.65 | 8.45 | 26.65

z1,22,Z3 0.82 184 | 0.60 | 1.80 1.38 | 2.00

(3) EF VDL

FZETIR. FE2) KL BonBRE W (4),(7) ikBW
TEREENLEFNVENBST B LT XD EREFMEEIT - 0
BFEEILBEFVORELRES IR,

A FNN OFEL 72 &7 VIEXXHK (4),(T) KB 2 EF A LR
BEOHELRLTED, AFNN o774 v 2574 &
EIEDHEXFLHE 2 I LB8bh 3,

A& FNN 0¥ Hpigo » v vy, 7EAMER 7 ic. & FNN
DEELIZr Vav—nER6ILETELTEORT, KAFNN T
2. BEEHESBEDRKEER ~TWA 1Y, HELFE T »
VAHRERT CENTE S, K7 OWBRIBELF . EELFE
BEDA vy TRABERLTWS, B A /vy 7R
H3s 4 7o FRIIRIBLARSLENATVS, 77 Yy
V=NVIZDOWTIR, B4 T ERBENILE V- LEEES L
TW3,

£5 EFILOHK

Fik E, | By

FNN Type I 0.82 | 1.84

Type I 0.60 | 1.80

Type IIT |f 1.38 | 2.00

EF7 o070 w22l [15 |21
#0111 |36

NN B®% 7 » v 1 HH/® 0.47 | 4.79

5 % ¢&»

AT, RUBHREICE S 3BHED FNN oiRiE%:
BEL. T0FAl*HREKERERAVW 77 V4 EFY v
FickDRLTe AFNN iZBWTIE, 77 P4 V—LODREE
ExA vy THROBEBEL., BRCH O EBNNICITI &
T& 3, '

S%iE. CHODOBIKEISDWTESIREEMA., H#HA~
DIEHAERIT LTV FETH 30



(a) Type I

4 6 X2

Bi

! 0
0 2 4 6 X1 0 2

4 6xX2

(b) Type II
1 Small B 1 Smal} Bi

. 0
0 2 4 6 X1 0 2 4 6 X2

0 J
0 2 4 6 X3

(c) Type III
R77724FNickid 529y, 7B (FNN)

KE6EEEHT7 7 ¥4 L—n (FNN)

Hil {438 R
z T2 z3 Type I Type II Type III
Small | Small | Small || 18.32 | 16.90 + 0.087z; + 0.186z; + 0.149z3 | 0.201Small 0.624Big
Small | Small | Big 8.76 9.03 +0.047z; + 0.021z, — 0.030z3 | 0.121Small 0.413Big
Small [ Big | Small || 10.06 | 10.42 + 0.054z; — 0.153z5 — 0.080z3 | 0.057Small 0.503Big
Small | Big Big 4.62 3.83 +0.020z; + 0.195z2 — 0.010z3 | 0.240Small 0.048Big
Big | Small [ Small || 30.82 | 27.07+ 0.659z; + 0.097z; + 0.202z3 | 0.471Small 0.955Big
Big | Small | Big 18.92 | 16.09 + 0.395z; + 0.103z2 + 0.174z3 | 0.071Small 0.828Big
Big Big | Small || 22.24 | 17.14 + 0.419z; + 0.575z, — 0.046z3 | 0.016Small 0.955Big
Big | Big | Big || 12.57 | 9.66+0.238z; +0.141z; + 0.247z; | 0.161Small 0.582Big
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B, SERRE v 5 —HARER. 1989
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#. 23-6, 106/108 , 1987

(8) Wi#§. Hp : [PID £ FUZZYDNA4 T Y » ba v po—
LN BAET r V4 v RF LAY yET Y A 97/102, 1988
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Cnstruction of Self-Organizing Fuzzy Controllers by Neural Networks

RRH=" A= 3T AN hFE R \BR"
Keizo UNEHARA, Toshiyuki TAKAGI, Yasuyuki GOTOH and Shohachiro NAKANISHI

* WHKE THH
Faculty of Engineering, TOKAI University
*x ZHBRRFE TR
Faculty of Engineering, NAGOYA University

Abstract

The authors propose a system integrating the fuzzy controller which is automatically formed by
means of two neural networks. One of these neural networks acts as a classifier of the output of a
controlled object, and the other one is used as knovledge for the dynamic response of the object
system. The fuzzy control rules in the controller are automatically integrated from the informa-
tion based on the neural networks. Moreover, a self-tuning mechanism by fuzzy inference is used in
the system to adequately control the object system. Finaly, the system is applied to a frequency
control of the power systems, and the effectuality of the system is shown by this application

1. RLdHic
BHEOI¥BWRET E 27 aIKHME - HELOHER

2E2LTEY, ECTHVSHhBHHOBHILLTETW 3,

BhThb, TOHIRHVEIVWIEARAEG LTV THENEF L
TIERTACEBHBER X F L0, BEEIC L - THRIES
NTOVWTRREYLPRBETH > YR > 257 L DH I
WAL EDDTEHC L >TETVS, COEIRYR
FARLT 7 » P4V OFERELDTEYTH B C
EHBUTEATEY, FFEI S FOICHBMLTEE:E
UTW3, 77 V4 HHBEBKT 2 5ED—>2& LT &
PFIRH 2 VI BBEOHBCPERICE SWTHERT 3 HEN
HHEB. CNEHEFTARPHHEREERLZTHITES
e L L. RERKR Y ZFADEBHBABIOGE LR
(T ZOHEHICHT 2BEEL TR TEEBTER WG
P, AMOARRBRB ER LD HPIRERKT A LNBTENR
WBANKENSH B, COLIRRATCREPIRPHAED
HMBPEREAVWSLENTER VL, LELAEMNS, CDX
I AFLRPHRIEH LTS 77y P+ HHEAVIERI
. FRLBESELTV S,

—H. Za—35NFy b7—223EEOK., BESR
BROBELSIERLEOBIEECREBICEAL, HILVWIEN
EHNE 276 THb0 CD=a—~5NVFy b7 —21A
MoBUEEEL LLYZ2FL4THD, TOFEFRBEYMELT
FEREEEL TV S, AR ID=a2-50Fy b7 =7
OFPHRIECHHL., Y27 aRHNBOBMEREE =2
— SRy b —JICEBERE, FLT. FO¥THEE
EEREHPANABE AT WEIRAKRTOEBICHE TS
527 LT ANENABIESVWT 7 7 ¥ 1 S8R %
HEMICHKT 227458 KRT 2, 0. KXY RFALT
B7 7 48HMBRAIODD 7 » D4 BHEEREST A v IN—V y
TRIICET AHRILERE 7 7 VAR E-TFa—=
YILTWS, &SI, Av 2 F L2 BIMOBHREDA K
BEECISAL, F0FWEERT.

2. HCHEN 7 7 ¢ « 51808 O
27 LoOBBEER L IKRT, £, CCTHEATS Y
7 ¥ 4 SIHBOHIEBAIZ
If E is Ai1 and AE is Aj2 then U is B; (1)
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EVLSBRMNBHY, LVERLSZARRDTERIL &L VEDHKRR
THHOYD. COBERTHEEHZBRIELNUTHEIEL
S, BREBE Y T X « EFNWX BT S ROHHRMEE DR
VR T

Al D EHRU

A2 E#HE VweW,dw’ €W, wRw’

A3a: X4 YVweW, wRw
DT %« BFNRIDRBLEDBBERKOETILTH 3.

2.2 BEMEXH
UFTWRIVT %« EFIM=<W,R, v>R{EF&EIL—D
EET 3. FOLTRHFEWORNETFEHROEAWIZT 7
VollERS X, SEOBMIIE, k2B ELEEL,
BEREREL2 RT3,
T7V 1t NELRAT S EDICIEIW.# ¢ TRIThIE RS R
W,
U={wIW.,#¢}, V=W-U
EBLEE, UDTEWIZDVWTOA T 7Y c HIE
m. : PW.)-[0,1]
NEATES. 22T, BPBWHRW.ONZXESTHS. B
HORVEBOmMOFEFELEKRT 3.
FAVNXTHELU 2BENSROERLBL ©
[E&2] weUlcXU
(1) v(OuP,w)=1 & m(WpnNW,)=1,
(2) v(ChP,w)=1 & m(WenNW,)>0. R
T7VtHETERBULEETH 32 L 2RT LOKIERY
FREFmEFUE. UKBTIHAWTIE, A2IIEE2
DOHOIHDIETHS .
(E2]
weU =2 v(0.P>CuP,w)=1. R
(GE) VoW U T EFROTELERT 3 ¢
v(O.P,w)=v(@OP,w) (=1) ,
Vv(OuP,W)=v(OP,w) (=0) .
VBT A HRATIIEHEMSR TS, A2ATH3. U
DU, DRABA 1EHIMCETHS. B
DT, E&1 L3 FBFOREL2EKRIE, THE2OKE
300l i Ped 2N

3. AERYDDORM

AETIE2. 1 DA0~A3a, AbMY T A RHERFANS.
Y ICBEET 3T 7Y c HIEOHEE U TROZERESL.
(%3]

(1) m: 2688 © VACWy (m(A)=1->A=Wy) ,
(2) m: T8 & VACWy (m(A)=0->A=¢) ,
(3) m: B & m: KB ATERLE. B
[F&4][5]

m:HEW © VACWy, m(A)+m(A®)=1. B

9, mBENEASHE BT 3R MHEENS (2015
B R REEOBAL RS RY) .
(FHE1)
(1) m: 248 © O0,P<0P,
(2) m: EEHg & O PoOP,
(3) m: Bl & miFE . BABEHEE -
(GEEA] (1),(2)FhEh
m(WeNW,)=1 & WeNW,=W,
m(WeNW,)>0 © WeNW, % ¢
TH5ho, M1, TE2LVKVID.
() (D, (2)»>H>NTHS. B
—RCT 7V PEMIBEHTROOT, miE & EARRE
DORIIRDOEBERROAMILT S :
(FHE2]
(1) 0P - O.P,
(2) OuP = OP.
[FE8H] #h¥h
WeNW,=W, = m(WenNW,)=1
m(WeNW,)>0 = WeNW,# ¢
i2&3. B
R, HEEERTEMA O, HEAEA 1DRHEEFLTE
hEE3, 4 TiEN3.
(EE3]
m: B VESIN = mE I EETEE.
[(FEBA] BHiTH 2L 2 liH > ». HENHND & %L
V(~On~P,w)=1 & v(Cu~P,w)=0
© m(W.pNW,)=0 & m(WeNW,)=0
& m(WenW)=1 & v(O.P,w)=1
KV[0P © ~Op~PPW X 3.
OuP © ~O0.~P3[EK%. N
(FHE4]
m:2FEHVESH = mElE A1 2ERT.
[FEHH] 2 EEO L 2 lHs». HEWHD L =
v(O.(P-Q),w)=1, v(O.P,w)=1,
TRHB, mM(Wesa NW)=1, m(WeNW,)=1,3 3¢
1=m(WeN'W,)
=m(((Wpan)U(Wpﬂch))ﬂW\,))
=m(WpﬂWaﬂW-)+m(WpﬂWe°ﬂWv)
=m(WpNWaNW,)+ 1 —m(Wpae NW.)
sSm(WanNW,)
#->T, v(O.P,w)=1. N
A2UBE2L 0 UDTUDVTHY YD, #>T, W=
UTHhUEIBHRZT 7Y +JIENERTE, mEHIZA2
Rifkd
(FHE5)
W=U & mit: A2%2i#ER27. B
ZDEE, KO VT H « EFIVMIIDBRTH 5.
RHKIZ, A3a, ABbDRURENS.



(E®E6]
EAREENA3 (> T, A RHLT & X,
(1) m: 2FBH = miktE . A3aziEh 9 »,A3blde
FTUbFRLIRL,
(2) m: =B = mEkE  A3be i 928, A3blied
Uik X2,

[FEFA] (1) 2B OW.NW.=W. TH Y, EARHE
MA@ B IEW eW.=WpN W, CWe. —RIZ2EES
DOLTHEELMT T, Wen W, Am(WeNW)=0,7R
ABEBHY, wWeWeNW R2BIEP A~OPMEERS.

(2) E@x%. 1
EXENERRT TH-Td, BEHTRLV I 7Y s BB K
ZmiEtE T, BSOHAMBO.P BLUOC.P DERAIES
URVWIBENH Y, ThFhA3a, ASbHRIZURL.

4. BT 7Y + WECHIST S840

AETE, WL 2hORFNRT 7V + BIEWIET 56648
OMHEE2/US. 22 THSOI
(1) R
(2) Dempster-ShaferDillEE
(Belief function&Plausibility)
TH5.

4.1 WBRECHIET 584
WETHEZERERT ELDIZmORHYIPrELd.
(E#%5)
(1) v, P,w)=1 © Pr(WenNW,)=1
(2) v(Op, Pow)=1 & Pr(WenW,)>0. l
EES LV —BRROESEMROAKY YD !
[#®RE3]
(]) OP — e, P,
(2) Ce,P - OP. 1
UDU, Prit BT RO TRHIETE2,340, OpryOs:
DOHEEHRITETH Y, FRABA 1 bR
(&iEdd)
(1) Op: P & ~Op,~P,
(2) Op, P © ~[p.~P. N
[&#5]

Dpr(p_’Q>"‘(DpxP"DPrQ)u |
A2RHETE I LVKRYVIDODT, Prigfid i &bk
ZD(FEFARME)ICHYTS. UL, A3a, A3BILTUD
R U2V, ., BEXxXtE» S

Pr:2tkB#t & Pr: S8
EREMSROGENPKYILD :
(@@6)

Pr: kil VB = Prifsl | XABMEE . B

4.2 Dempster-ShaferDFEEIC XIS B #64H
Dempster-ShaferDMMEIZIRD 2 DH % ©
(a) Belief function (FRHEE, Bel TEXT) .
(b) Plausibility (ER#ER, PITKT) .

4.2.1 Belief functiondDif&

(E#%6)

(1) v(@ee: P,w)=1 & Bel(WpNW,)=1
(2) v(Cse1Po,w)=1 & Bel(WenW,)>0. R

Be I BfHHD —ARICEABMEE 3 —HE S EBROAK Y LD !
(& 7)
(1) 3P - Oz, P,
(2) CparP - OP. R
I B

VACWy, Bel(A)+Bel(A®)=1
K0, HEEERUEMOLMIE T, ROEGEMFROAKY L
Dl
(@8]
(1) Oser P = ~Opei~P,
(2) Ope: P = ~Os:~P. N
Al, A3a, A3bdDREVURV. BEMICEHU T

Bel : Z=Hifl = Bel : fkBifh
TH5RDROGEMNKY LD
(@B 9])

Bel : Z=Hiffi = Beltf#l : EARMEE—X. B

4.2.2 Plausibility D&
(E&7)
(1) v(Oe:P,w)=1 & PI(WenNW,)=1
(2) v(OpmP,w)=1 & PI(WenNW,)>0. W
PItHLEABAH E SERMRICH 5 :
(#@A10]
(1) dP - 0OsP ’
(2) OpP - OP. N
— AR
VACWy, PICA)Y+PI(AC)Z 1
ERBDT, HETHRITEMHDRILE T, Bel B & LT
DEEABKYIULD:
€57::08))
(1) ""<>P1"'P - O P,
(2) ~0p,~P - CpP. B
PIOHEEDHA L, A3a, ASbAA Y 272\, BEMEICEHL
T
Pl : 21KB% = Pl ZSHH
TH3ROROHEENKYILD:
(&RA12)
Pl : KB = PIEsHE  HAEE -3 B

4.3 FxitEt

BIEATIL, BelBfAH, PIBRAER ThERMIICE&R L 2. U
U, Bel,PUIEWVICHIITH Y, —ABEX shhidters
WEZETES .

VACWw, Bel(A)+PI(AS)=1.

%> T, Bel#§4H, PIBEOEKIC—A DS VEERTX,
BRI ZEFELBHERY, EEABHEE Sh T =S ER
BT 5. TOMED SIROGEBKY D .
[43RB13)
(1) O P © "'Oeel"'P,
(2) Op P © ~Ope1~P.
[EEA]
(1) v(~Csei~P,w)=1 & v(Oper~P,w)=0

& Bel(Wp NWy)=0 & Bel(WeSNWy)=0

e PIWenWy=1 & v(Os P,w)=1
(2) Etk. B
BelKEAHL VISV MR TR/ T Z L AR S BHEBDEEAD
538, BLUPIEMHLVBOBHLERT AL AR LGH



HOEBFXDLEAL, RETEThFThIGIRPIFE, Bel BT
B ERMBIARYT. B8, 11 eHBISTHREMR T,
RE1F3 !

(éwid14)

(1) Os, P —» Os P,

(2) Cpe1P > OpP. N

RAIAUCA 2, BEABMEE A 2 8BBRE2ROBIRYT :

OP - Os., P —» O P
i i
Ope1 P = Opy P - OP

—#R
Ope, P=>Op P
KO LDOH
Op: P>Osa P
245 AvAca S
O PA~Osa P
PBEERHSERNHS. ol
VACWy, Bel(A)SPr(A)sSPI(A)
R T HREHEPrNFEL, ThENBEETRT 2LH
ARCHEHRELE O, XOBERFEMNKY T :

OP - Ose: P = Op,P = 0O P
i { V
Opet P = Op, P = Op P — OP

RHZ, ProsBifli T HhIIEARAEIC—H U

O P & OP - O P
V) V V
Opet P > OP © Op P

215%. Bel IRELLEICHE, PIEIMROAX I IHEHE
YT SRETHEEExhIL, ThoORIIRIEHERY
RUAURBAHOBIRERT ERIRTX 5. Bel B6#E, PIKEHE
TXELEN

~Osc: P A~Opei~P,

O PAOR~P
RECTHIHRNELIENBRIITH Y, THRMELED
THEVWZ[AETSH 5. Tho 2R T RLITHEORS IR~
UTRIRThIL

~se: P Ale P,

Ori P A~Ope P
&7z,

5. HEMX

SaxohRl)T% - EFLEIHU, T7Y c BB L3S
BIERE FOTREHLIUAL 2. BAN 2 ABSI IR
TAMEEUT, (120, (2)%8, (3)¥M,(4)8
CHRANEBEIHERANE. ZOBREIXORCIEDOH
3 (O, XWETHY, AGEABHKET SR
Y .

A0 A1l A2 A3a A3b
KB E X O O A X
pad: kot )4 X X @) X A
bt )4 O O O A A
B S B O O O x X

Fh, KRT 7Y 1 BIEE U THSRMES L Udempster-
ShaferFEE (Belief functionB X UPlausibility) 2EY
LFAROMELERU B SNIET 3BELFANE. 20
BRBROKXTHS (O, XWHTRELEH) .

AO Al A2 A3a A3b
THESE il 2 O O O X X
Belief function X X O X X
Plausibility X X O X X

T 7Y BB X BB 2 I ORS I EAEE —
HIU, 5 TRINILERYT LOSEREERICSY
3. BRUED SRS Bcoh, HEEHETHEEA O D
&, PEAEA 1 ORI EEAERIRRAERED &K v
22EBhhS. BT 7Y c HIEOKEIIMICHEHRD Y
[5), ThEFh L RIMBLFEONIIXHEXRIPTHS.

AT URSERHEIAROREZEU 2YMTETFL
ANDICHANEX > NS, BREGEASHE BT 28R
7YVt HIETHEGELYMNT 3 LORENTHORYS,
Al > HORATUHENRODODEERE) TRBEH TRV
7YV ¢ QIETYHMT T 220N RBZE VS EFIH
W TE3. ZhIdRRHIE B X UDempster-Shaferd il g7
ETUHRABRBOUYTREXZ L TEBHTMETH 3. H
AT, BEOEETORAENHEERL,

~ (@OP-P), ¥#2Hs, OPA~P
BEERSRD, ARIIATS 30(FENI)LATS
LY A& VS RRBEEACRL S.

e, KWMTEIVT %« FI, BCHETEEMFRE £
BT 7Y+ QIEOERBETED . BT 7Y « EH
EXRBHEC-HT 32 ehobh B LD, PhETsEriwe
RELY, THEHADES, BLIURHRLLEX hRT 7
YV HEOEA(BHHIELET), BERa T RV AHEON
ED>HEU TESEREORALBHTZZEDHTES.

PDEZRUBURESRDTHUSFETHS.

e, ATHFRO—ERIIFRTTERE LRI B BRI
(A) 01780059) & & U ERK R CEBARI LI 7o B (S5
WH7E(1) 02255010)DIBBIR R I TIT>LdDTH 3.
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Linear Resolution for Fuzzy Logic Program
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Hiroaki KIKUCHI
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1(Bk) ELEBBFFERT
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I AR BTN

Meiji university , School of Science and Technology

Abstract:

Fuzzy Prolog is the system based on the theoretical foundation of Fuzzy Logic

Programming, for the purpose of treating with uncertain knowledge. In this paper , introduc-

ing two concepts ; Fuzzy Definite clauses which represent uncertain assertions and a logical

consequence which characterizes an approximately inference, the SLD-resolution for a fuzzy

logic program is defined. The main result concern the soundness and completeness of SLD-

resolution.

1. @&

Prolog i, —BRFEBEBRBICE S ARABSETD
3. Co2oRERER 7 7 V1 RBICHETSC L
T, ADXS5BDnEnA#ERETAS Tw oIy
SEPHELYS L w5EAH, Fuzzy Prolog iz
TH3 EEK, thETicwlohd Fuzzy Prolog
VAFABEEEh TS, LALAEDL, ThERT
BonhTw iR ¥Ec, widcE—N%
bORMELL T Thick, RoREIERLT
w3,

ARk /B'/=0.8

HHl JA—B/=06

kEam  [A) =7
TZT, [A/,/B/ %k, HETHRIETH I EDbE
2, [0,1] ofiz e 3EHLT 3. pifReHAlcko X
5 CEBEEXEIY HTohich, ShhoEEH/A'/
DT EALREREESLTHS 50 ?

CCCEELAZDH, B8 (— )DEETHS. B
CHIbN 2 {ERRETOER,;

/A~ B]==/B/V [A] =max(1~/B/,[A[)
Ik, RIROEIEE 0.5 RFIC A - ke, (1) Hdw
EROBEMADR, AROETNIVIFKECADTL
BREEI A, (2) BHE D Prolog THY K S w— v
HEO@WHEHYBATLES, o kfEEZLELSC L
BEBINLTVwE. 20T, W{OhDTZXTALTH,

o EIFE(EY 0.5 LLEICHBRT 3. (Prolog-ELF) [l
o HRFERCTFHOESEMLS. (i, T) 2

o kedfiRE L oY, BREOERCEANTIC,

o MRRKTHEEROKS THY, HBEHENEA
DRE~DOFBREL T 5. (FPROLOG) Pl

o AIREMEERICE T E, RUBRHTBEESHYET VD
t#%#%%. (FS-Prolog) (4

LRI/ L OEKREE Y LT 3.

Z2C0C, &2, LYVHARRZEEOERLLT, »b
w3, EREENSEOEEYEATS. chkck),
WBTe S IVvIONBEIOLOMBARIEEBC A
Vv, FREEIEYEFE Fuzzy Prolog KHARERBFNERE S
%5,

ATk, RUDCEEORE v I Asic>nThl
h, th%77 1R\ e’SacikETac e,
DREnAMEEET S ZLT 77V HRHETn
77 L ORBOFRE L ED, HRERYEBNT3. K
I, REOREO WL 22OEBEXHLIC LS &
T, ThoZ BB, $HRIIKDBAHD, SLD-
EH LI RIS Y EAT 2. SLD- BHicXk -
THRINITRTOHERMGRIEL L (RLH), »
DT RTOIE L iR SLD- BHic X » CEHE &
h3(5eeH). Co2008HPRIAT L, 77
YViHERICH T 5 SLD- BHoBFRETH 5. T bk
HRERLELTO 2L 353D LHZHBNICEHET
edHic, thi, ERdEo B~ LIKET 3.



2. REBoSS4L

RESersivy Bl rp, AEEEIHONE,
b, MBCX>TTATYIXLFERLLS tT5RH
TH3. BUDK, BET v aDnLOhERN
rifatEET 5.

2.1 WXEH (definite clause)

ER AB,... B, #BFRXe T3 7ad5LH
Lk, REAVA — By,...,B,ThY, AXES,
Bi,...,B, G&FKEMFENS. L, n =0T, JFHH
DHPORET BT LM A — R BHENS. Tn
77 LHiOBRESYREBE/ AT S LL WS, d—ILE
¢k, — By,...,B, twHEOHiTH B, i, Atk
¥Rk, Thbb, BROTHZX5ET—1EE
DL B, ¢ TEF Tl S AL BEE -0
£ % FEZE# & P55

BV g A~ ()

— By,...,By ()

TuZI48f A—B,...,B, RESvrsa
i vai)
= — A

EHEHOEHA»OLZ2E, RE w7750 25%
HIWMOAETHY, 2TOHRIEETH 3 LIRKEXLT
wi. LaL, xDDnE i EEHT 3T,
EEXE 2 ) e R+5Cd 3.

0,1] DiEET 3. 774 BEHE 1,

(A« By,...,Bp) « A

DEE LB TH 3. Dk, BMHiEMFR CC
T, AREDT 7V HERHOVREIIBEL 5.

ABZEBBTH - T, BRICKEL AT L CEERD
BEHTthbd A =0ThsX5h7rVsHEEHR £
BEOBRICOWCiEE LAY, BEREAEHETHS. —
H, A=1Th3EE BEOEEHCEL W

2.2 #R (interpretation)

RERICER/ Y542, Thbb, E¥PSLECL
PHERT LS.

EE [2BR A2ERHXLT . 77 Y1 HHE
CHd5, 1:ACONTORER o OEEIE /of &
i, KDX5CLTEES 0,1 OfETH 3.

1) BFK p(ty,...,ta) €KDOWNT,
T ARESWAEHEIN Y 3T ho i BREFX
Pty ... 1) 2 [0,1] b 3 HICHIEX & 3.

#iE 6 (¥5R)

2) R a,B KONV,

[~ef =-[af =1~ /af
faV B/ =max(/a/, [B])
/e A B/ =min(/a/,/B/)

_ )y iffe/>/B/;
fo =Bl = { /B/, otherwise
FTRTCOEHEPBRE I T IHARBERO2 %2 ELD
i, REXOHEABEAERZIMNICKELEY. #-o
T, DRI 275 vildotory ¥4 88
TH51 5.

2.3 HREMEE (logical consequence)
PREICIEL { ErN 2R EKD X 5 IKHFEA T 3.

EE S EHRE {C1,...,Ch} T3 HIBRIC
BN,
/S/=[CiA--ANCaf =1

THEH, RS KBTI, SRERTEET
H5, tniH. tk, TONEBRIEELAVWEE,
S BRBABEEWS.

EE SEEHEALL, o *HRERLT3. £2ToR
RIcont, IRS*ERTIALDEDRRT S
B, o ik S ORBARETHZ L v\, S| aTHET

(P EERE S = {g — 0.7,(p « ¢) — 0.8} kL
T, #i G =p — 0.7 RRBHRETHS. ThabDB,
SkEG. —F, i G = p — 08 RHRENAECEA
. ¥R LE, BRI={/p/=07/¢/=07} 1,
SERRETIH, G BERLAEW

MBS GEYRT. XL, p(z),pq
TR A7 b BRUEEEEE T 3.

%% 1 (substitution)

{Vzp(z) < A} = p(a) — A

# %8 2 (modus ponens)

{(p—=9¢) = Age—r1}Epemin()7)

#&8 3 (syllogism)

{(P=9) =A(g=r)—1}E (p—r) —min(},7)

i 4 (BS)

{p=Xg—=1}E(PAg) — min(A 1)

i 5 (7iE)

{PAg=2A}Ep—2A
{PAg—=AtEqg—2
A Z T 1'@65:‘\%:

{p=AEper



3. SLD-#EH

HithE S oRBEAFRE R, BROGE 1~ 6 ZHEYIIC
HAwacc#Eirns. SLD-EH ¢, REEHORER
BEfuc X 2B A BT 2 IAFRE TR Y, RA
WG B BB E R X CBRMIKTTRS.

FREOKNE I AMNE, HHTIREIOTE (=
Af) Y, oK LERE D> LR CRENRR
(BHE) 2BvwTnE, FROCFELYELS (RE)
C e CEOXRMHBEEORBOFMETH 3 C L 2itHT
3, twn5H0ThH3.

EE RER (A1,...,4n) — A CHEFTIT—AHL
ik, Kodhkb% Ll td3.

(— A1,...,An) < A

3.1 MHH (resolvent)
HHRE S ho AN C % BY, ROREALED 5.

EE T—AHE G = («— Ay,...,An) «— A, ADE
#2C=(A« By,...,Bp) —TtT5 O A
L ADRHBE—LT 0, ThbL, Af =A0LhD
RAGHEDY, 7>ATdsE, H_REXRG,C)

R(G,C) = (~ (B1,..-yBm,A2,...,An))0 — A

¥, VTS9N Akdk—T—Fe520—IHE G DAD
BiC I sMER LS.

ROTEREZ, BHRELEEROD 2HRL ZoTwEL
LERLTRnS.

FE1 TG OANEC 3 2EHE R(G,C)
i, Hi8E {G,C} ORENFRRETH 5.
3.2 K& (refutation)

P RIAHO DI, T—r it OBEHE» L, %
DROBHF % FFHCE TN L.

X HGoHHRE S={C,...,C} cxT 8%
4 R(G,S) ik G LBHTFRER S OLTOMiicow
TOBHETH 5.

R(G,S) = {R(G,C)|C € S}

fiG LGRS S = {C1,...,Ch} 2D n RUHES
RY(G,S) tit, KRTEDOLNIHWETHE.

R(G,S) = S,
RG, ) =, R(R*1(G, S),Ci) U R*1(G, S)

TH LG OEEA S I 5 n KEHERE R°(G, )

K, (¢ — N HBEEh3ZLE ZoOBCRY, S
CKGHroEBEBZ LV, n2EBOEILWS.

THE RERX o lcHIET 37— 1 HbEHRE S KK
Bad o, RUEZTORICRY, o difBHzH L
W, Ska&hl.

THLT, 77 VilEEicEsd 3 SLD- EHoRER
Bic X 2EAFR E AR I N

(Bl) EitgE S, =—1fiGL ¥ZhEh

p(a) — 0.5,p(b) < 0.6,p(c) — 1.0,

5= { (a(2) — p(=)) — 08, }
(r(z) — q(z)) —09

Gr=(—1r(z)) 056

¢33 G b S ~ROBFHRGH/ OIS,

R! = SU{(+ ¢(z)) < 0.6}
R? = R* U{(+~ p(z)) < 0.6}
R3 = R?U {¢{z := b} « 0.6,¢{z := c} — 0.6}
R4:R5='~~=R3
IEX Y, #ir(d) — 0.6 &&ir(c) — 0625, SoOimE
RRRETD 5 T & BE 7.

3.3 @oH, ee M (soundness, completeness)

B2, BHER o BXE2OAHFHEECEI N L
LEBTEROD ZHRER, ThbL, HHE S O
HREC A>TV T L RIFEET 38 Edh Y,

Sta=>SEa

etk oM, Thbb, SOTRTORBNREREIC

2WnTC, SLD-EBHICX3EHABED S C L ERT.
SFa<SkEa
BE1 T-AfiEG=(—A4) ) HBEESOD

M C =A —1TLT3 BEFRRGC)H Sk
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Extension of Classical Prcdicate Logic Calculus LK and
Its Application to Fuzzy Systems

fn % L =
Koji Izumi

R A K % 8 BR

Faculty of Commerce, Hannan University

Abstract: This paper formulates

extended classical predicate logic

calculus, which corresponds to the four arithmetic operations of sets. The
intuitionistic and dually intuitionistic logic calculi are induced from the
above one, indicating applicability to the inverse and identification problems

of fuzzy systems.
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Evaluations of Fuzzy Inferences
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Masao Mukaidono
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School of Science and Technology Meiji University

Abstract

In this paper, we will discuss standard fuzzy

inferences which were extended from modus ponens.

First, we will give an inequality, which is obtained by extending the logical property of modus ponens,

to evaluate the fuzzy inferences. Secondary,

it. And lastly,
wvith our implication always satisfy the inequality.
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Av—s .y TR uax), ua (), us(y), us (Y)TRT.

A—BEA' EHilE, BicA—BEAL—L LY, B EEEREMES.

CCTAEA' , BEB

M—IVA—Bit, 77 P4 GEBALBOOSDEE 7 7 ¥ 4 8[9]
TH5.%T,R, R 20—1D77 S+ RBET S . XWHET S
R, R'EZXXYLED7 74 BEEL, FhEFNDA Y= T
BEEETr(x.y), r (xy) TET.HICR=[A—B] &T5.

4, UTEBETES 7 7 P+ BAROTCERTH LT 5.

4 . HERoaHERI
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+, V—VA-BE 77V 4mBREL, HETBAXXYDT7 7V«
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B4 v T r—v s vEBICHERT . £LT, £07 7 Y 4Bk

RE—D7 7 2+ BTHBLEIZE,

ve prove that standard fuzzy inferences do not always satisfy
we give a new type of the implication and it is shown that the standard fuzzy inferences

RE A EDnaxwinBERETOICEIRE > TR B " 2RD3 . &
NHEROEERI LS A 55T, KA TSI on5s.

Ly (y)=\){ { ga ) NAr(xy)} 4.1)
r(xy)=uga(x)—=usly) 4.2)

(2. 1]

LukasiewiczD 4 ¥ 7Y r— v 3 YOFERIR, TR TH3 .

a—»b 1Al-a+b (4.3)

S, WDREBVWTA' =A,r(xy)=1Nl-za)+us(y) T3

&, BiRB 04 /I\—//mua iz, RoBEHTHB(3].
up (y)= \){ { zalx) A\ (mza(x)+us(y) } = (+us(y)) 2
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72T, ROKYELH RIS EERN IR HEEHER & &1t
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[E#]S. 1]
BorEthEas & i3, ROFRBEMIT HDTHS .
(1) f:[0,1]—[0,1]
(2) f(1)=1
(3) xsy = f(x)=f(y) ()
(4) Vi £ (F1#1;
= Wx £ (x)Sf(x) or fo(x)<fy(x)) (HHBRTIEE)

= (/-l vouns(x)) 2

BHEEINTVS very ® more or less FO—ROZE~ ¥V
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r(x,y)=g(r{xy) ) (5.2)
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X
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u
T, FETREXOVARUERFICOWTROBIRES X 5 .
(E#s6. 3]

774 BREMBT 7 V4 BE NESULARKOESE, ’RATHX 3.

Nec N(M) = inf { (1-zn(uw) V zum(u)} (6. 3)
eu

u
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RIEDENec A (A) 2525 LT3,

7.7 77+ HEROMIc T ~R&EEH
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HI5, Nec R (R)=0 DIR&, Nec B (B)=0or 1 TH%.
PExzenTRMby e, oAicii s,
Nec_ R (R) /\ Nec_ A’ (A) £ Nec B (B) (7.1)
(1. DR, (2. 1)OBHRIHHIELTWS .
COBEE7 7 V4 it 2 DE EUERST 5. (AL, R=[A—B] &
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(Z3#7. 1]
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8. AVTYr—vayr
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(1) T(x, D)=x, T(0, x)=0 BRE&H
(2) xSy = T(x,2) <T(y, 2) B
(3) T(x,y)=T(y.x) pog:dud
(4) T(x, T(y,2)=T(T(x.y).2) &&H

E7, t-conorm S i t-norm T ICL DIRATEREINS .
S(x. y) =1-T(1-x, 1-y) (8.1)
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a Bb = max {x|T(a,x)Sb}  R-implication
aSb=-s(na, b) S-implication
a%b=5(na), T(ab) ) QL-implication

{BL, nizn(0)=1%#7-900, 11 5[0, | ] ~ORLBITH b ’
strong nagation &MEIEN S .
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R-implication T T(x,y)=x/\y &9 3 &, GdelDA T Y r—o
a ViZi85 ., 7z, R-implication T T(xy)=xCy, &L i3S
implicationT S(x,y) =x@yt 43 &, LukasiewiczdA v 7Y 4 —
vav&iis,

Dubois & Prade[13)ic KUINEBROBIED S v T Y r—va v
KOWTRD XS BERHHS . [(a,b) 24T Yr—varvdlT,

1. a<a’ = I(a,b)=21(a",b)

I12. b=2b" = I(a,b)=1(a,b’)

13. 10, b)=1(falsity implies anything)

14. I(1, b)=b(tautology cannot justify anything)



15. I(a,b) 2b(a numerical counterpart of q—(p—>q))

16. I(a, a)=1(identity principle)

17. I(a, I(b,c))=1(b, I(a, c)) (exchange principle)

18. I(a,b)=1 < a<b(implication defines an ordering)
19. I1(a,b)=1(n(b). n(a))for some strong negation n
110 I is continuous.
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(3ERA)
ashb O t-normDERFLEL DIHSHIT
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a>b Dbf
max {z|T4(a, z) =b} K 9.1
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LB, CCTHLL ERETBE
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Hic(9.2)X&bD Ta(@l) b (9.4)
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s€(0, 1]

= - s s

SG{B.fl] [ {1-fa(s)} Vs
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m:x {fCuax) )} A g(usly))

= 1 A g usly))

= g( usly))
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&-T, NeeB (B) = Inf [ {l-ze (N} V usly) ]

y
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r(x.y)

= Nec_R (R)
.. Nec_R" (R) = Nec_B' (B)

A

b)Nec_R' (R) =Nec_A’ (A) DiBE&

C DB, Nec_A" (A) = Nec_B' (B)Z/REIT&L\,

[[EF9.2] &b, f2g THB3DPS up (y) 2 £ usly) )
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Nec_A’ (A)
. Nec_A" (A) = Nec_B’ (B)
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[EF9. 4]
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& Nec_R' (R) A\ Nec_A' (A) = Nec_B' (B)

(R EBE) 1

[EER9. 5]
S-implication, QL-implicationZH\\= 7 7 ¥ ¢ HEiRid , —ARIC
Nec_R" (R) \Nec_A" (A) =Nec_B' (B) %BG7-&7awy,
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S-implicationDiS
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X

QL-implication D&
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re (Y)28(us()THS. £-7T,
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(EE9.2] &b, 1<gTHBELS(9.8)RED up (y)=g(usly))
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An atteopt to methods for approximate reasoning based on fuzzy entropy's theory(1I)

7% 7k HR e
AKIO SHIMIZU
FRRAEWEELEARBFH S X FLE AT LLEB _ I V—-7
Information Systems Development Dept. Corporate Planning Div. UBE INDUSTRIES.LTD.

Abstract : This paper attempts to apply fuzzy entropy theory to the approximate reasoning.
The defuzzifier methods called fuzzy entropy methoed can gets as robust natures as any the
area method and hight methcd. the center of gravity method used usualiy in the approximate
reasonnig.
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FUZZY INFERENCE WITH AN ASSOCIATIVE MEMORY SYSTEM
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Toru YAMAGUCHI, Tomohiro TAKAGI, and Kenji DOYA

BRBtRAS EHE7 r Y1 TEHRHK.
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LIFE: Laboratory for International Fuzzy Engineering Research, TOKYO University

Abstract
a new fuzzy knowledge representation.

: To take Learnnig functions into consideration, this paper proposes
This knowledge representation has connec-

tion rates between each ideal consept and each actual concept. This paper also
proposes a high speed fuzzy inferenc method for that knowledge reprensation
with an associative memory system. This paper discusses that inference method s
characterstics, and showes that inference method isn't useful only for previous
fuzzy knowledge representations but also for some new type representations.
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FIME Eh 3,
¢ is Ai” is Tx(P*Yt)"” =
T x is Ai*" is T©x*(Pi)"”
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HEED/S5 2 -5 ThHB. Frorx* (Pi). 7y*(
Qi) BEnFhxoBHOWKE, yoBHEOMEBICHM
THERAOHREEETRT, ()L, BRCIRKRAT
T & 3,

"y is B =

LUy is Bi” is cTtyi(P*Yt)™)
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NTHHM P YV 7 IMERAOVAREYEic 5K 1E
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X1.
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DREZBRET %0 €. FRD7 7 P4 V— AT
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THb, CCTRMAMERAWT 77 V4 HEBRET
SHEMIEBE 2 FL42R3DELICREST S, K3 T
e A x1. x2, HAByoRTH 3, =2 —
oV RABRDOBAMEGHKRIREFAhEFOD A Ny » T
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-
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(zva—-F4v7)

BEENX1 OBAERIMAMDI —F 4 v 7 EEHK
HB= Y27 2MEB S5, BAEFECxij, Cyi, Cri%
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TR, ADKBEELTAV—LV]I KAKTZHEE
DthenHOEEBHEOREHEBERT,

f

« £ 2 &t g & § = & g=.
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Reduction of Information Systems Based on Rough Sets and Its Application to

Fuzzy Expert Systems
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In this paper, a method of constructing fuzzy if-then rules in an expert system is
described by the proposed approach, where the lower approximations in rough sets are
used to extract if-then rules from the given information systems and fuzzy if-then

rules are constracted from the if-then rules.

1. FA &

5 7 #ES5131982F i Z.Pawlak ick ni@&E & h,
TF2NN— PR IBSBEEF—SICLIEERIC L
S THMBT 2 EHNTES, LAB-TI 7880
BHELT, Z.Pawlak® ROBBE B+ 2 EZOY
MEEEHEORB T - ELOBAHORITXT-TWV
50, ¥1: AMrozek® 35 78BAE0ESEHWT
if-then v — VAR L, V—rict 28EE+ £ ¥
FE VYO T o R REAHALTW 3,

EEORABEF—SDEIINF—% - "—A%EH
YRAFALAERY, F—soBBOKEERILT IH
H L.Pawlak® ik - THHOH TV 3B, CHiRF—
sHEPLORETIFEHRLITCRENE DT,
Z.Pawlak O 5B TRBH OB EBER I B IBEEY T
TRV, ThwZ, FRXTRI+Fz,—+ixk?
SREF— s L oEEREEZERLEFLVWER
OBt FEEZEEL, CoBH{tEOHBEIC»
WTHBL, Chickd if-thenhv— LV OBEET
5, + bbb, if-then V— L OHBHRET 7 & 4
BoRkL, 7rYvr+itthcE BB OERZE =
FR— b yRFLEBELTL S,

2. S7RELELBHRYRXTF A
2.15 78846

CCTit Z.Pawlak® itk 35 7HE50BS %
BHt+ 3. U 224848 L, R %2 UxULoREME
&L, A=(U,R) ZEMEME WS, $4 R BREHIR
BERMFEE 6 FITh, L x,y€U > (x,y)€ER &
S, x &y R A RBVWTHBIINRETHEL EW
5. R ORIMEE:Y A OBEXES L WS, LKL, &
BEARBEAEATHS. £/, A ODEAESOER
BofMBEEE A ODERIUELES L VI,

X %2 U OMAYIELEEL, X 288 A OB/PNOFE
BOEEAR A BIIS X 0ol EW
W, chE A*X)ITERYT. B X caEhs A
ODEBEKOERTUEESE: A KBTS X OTFhoo
HEHEWVWYL, Ch%E AxX)THRYT., 12

B(X)=A*(X)-Ax(X) (2.1)

A KBTS X OBRBELVI., 2L, A-B
HELS A LB toERBEERT.

UtOoERBRERBPT 2D Fig.loflic>WT
MR~ B. Fig.1i2 U ¥ R itk - TI6HOEFTES
Ei,..,Eie KRS bDTHE. DL E,

A*(X)sE1 U --+ UEi=2 (2.2)

Ax(X)=Ee U E+ (2.3)

B(X)=E1 U ---UEsUEaU --- UE:2 (2.4)
ThHbd THbLE (2.2),(23)) ARBROLIICERT
& 5,

A*(X)={E: | ExNX# ¢} (2.5)

A*(X)={El I ExCX'} (2.6)

L ZER A=(UR) B A28ES X 0EloKE
2PRANTERT 3.

a a(X)=Card(Ax(X})/Card(A*(X)) (2.7)

7272 L, Card(X) REA X DBHZOHMTH S, T
2.THRD>PoBELLIK O<aalX)<l THh, L X
B AOEBRBIYERET ST aalX)=1l £, XRE
PZEM A CRR2CKRHATES., aalX) OEMHKE
WRELEUOEEN X W,

Xs 2 U 0B/ESEL, F={X1,....%n} 2 U O
ook ed s L, FiRUoEMNSEE
3. COE%, Fit UofBEEELH, Xi i F
DI 35RAEVS, WE, A IKBiI3 F orhooiR
PETHLoDEREEFNFNROLISIICESR T 5.

A*(F)={A*(X1),...,A%(Xn)} (2.8)
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A RBIZSE F={X1,....Xn} OELOKE*%
2NAELEHBTROLICERT 5.

n

B a(F)=Card{ U Ax(X:))/Card(U) (2.10)

i=1

FTRTD Xt ¥ A ODERFEBESN 5B a(F)=1
Ry, B F BEMUTEMN A TELERKRBATE
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2.2 B yrxF AL EDOENE
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q€Q
Thbh, ¢l Table 1 RREATVWEF—2 » X~

ZATH 5.
Xi & x5 & q BLTEBYTERWIEE S
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BT AIER T » 7412574,

ZF 972 :Q % Q{q:} BEERAS. THD
B QzQ-{q:} &7 5.
2575973 : T RTORBH {:}CQ ¥ Q KBV

THIABSIE, RF v 747K, %
SThithif, x5+ 711kFL.

275974 :8Bo5ht Q REBELLENAbDOTSH
3.

DEo7ra ) st TRABEH®HE 1@
SHMOBLIENTES, LEMN-T, COTATY
Thick -~ THHEIKCHET 2 Q OBEILGBSH, 1§
W27 LAEMNTHILENTE S,

Table 1 OPliIc -~ T LD EEHREAT 2. WV
FTRAWMF &LT

F={X1,X2} ; Xi1={X1,X=2,Xa}, X=={Xa,xs} & L,
P={q=z,q4} &4 5. ¥¢ Q{q1,..,94} TH B DT,

Ax(X1)={x1,x2}, A*(X1)={x1,X=2,X3,Xa},

Ax(X2)={xs}, A*(X2)={xa,Xa,Xs}, (3.8)
£, BaQ)=3/50.6T& 3. —F P={qa,qa} &
T 5% &, Xi,X2 OErSDODERET2SDER IR
(3.8)RE—HT 50T, B(P)=8/520.6 &1 5.
L7:HMo>T BalQ=Ba(P) EHHER]I »»5 Q 1
SHEMLTREBTS 5. ;Ric P'={qa}, P"={qa}
EEELBE, XiXe OFLSOEYPELELSDE
glEir PoedLTB399RXNFEA P ocHLT
(3.10) R ic i 5,



Ax(X1)= ¢, A*(X1)={x1,X=,X3,Xa},
Ax(X=2)={xs}, A*(X=2)={x1,X2,X3,Xa,Xs}. (3.9)
Ax(X1)={x1}, A*(X|)=(XI.X2,X3.X4,X5}.

Ax(X=2)= ¢, A*(X2)={x=,Xa3,X4,xs}. (3.10)
Lﬁiﬁ’g T, -

B a(P')=0.2 < B a(P)

B a(P")=0.2 < B a(P) (3.11)

ER, P RoBcELTEHITHSS. WXL P iR
Q Do BMIcBd 2 EMBg{LTdH B, [BIHkIC, P={q:,qa}
b Q OSFH BT 3 EEEILICE > TV B,

T, 2. TRARAEREL3. OFREOMHEICD
WTRERDI EHBWR B,

i) %S PCQ SERBITISE, P BB LT
HBETH 5.

)5S EES PPCP ¥ P lcbBuwTgHEoif, P
BoBcBELTRASTH 3.

PLED kS, 2. TRREERIEFEOHHE F
KBMLTEDII2 LI IRBRENATVWEDT, 3. OF
BIOOEETHE. 2. KbiTd Q OmEEE{LIL,
BEABAOHERBRDOLEVWEIICHEBE YR T LR
DEAFETWSE, Chic LT3, iR xR KKMET
3 Q offiEg{Liz, M L2 3 2N THEEABEESES LM
HEeT A ELEHTHN, BB 2BTEARES
ESLDEET DB EEHFESRIV, LIthH-T L.
Pawlak it & 2 fBs{biEE L b, 3. TRXLAHBICH
T AHEBILEDHMBLIOWEZPHLTHEDT, &
DINSREBYZRFLAIRT B IENTE S, Fig.2
CaBcET 2t REERST. T, EXE
a2 4a@OEsEO=2BTEAONBEL, &
M F={X:.,X=} 2EZR7 3 &, @U?ﬁx X: oo
BEABAES L ESGTEEEHTDT, LER
i Fig.2 DL KHMBTCRENLEBEITEENEST
£33, COIHIRBEEESGERTILENLVWOT,
BHEOMERLEIBIIENTE S,

4, 77 4HEETN

T3 22— PO¥HBICELE-THEBEESNL
F={X1,...,.Xn} B XA S5Nh B &, 3. TRXIESH
BT AMEILEIRE - THEBY X7 A 2MB{LET
2. Btz h-tHRYZFLARBWVWT, Xi OF
S DIEE Ax(Xs) o d 3 %(kBH Table 2 D& D
Kottt d. ST As(Xs) ZHOWIEHRG,
T3 22— FOYMEBH AT LATHEF— 21
EELOBMEFEBRVWSbDLEFEAWEALDTSH
3. ¢ hbbRLi Xi RBT37F—sHBIEAL
B3EVWHIEKRTH B,

Table 2 DF — ¥ 2 RXDLH>SB V-V ELTERT
5.

IF V((YI=V|JX) N . ()’r.-Fijl)) then y € X:

J (4.1)
727 L, Vidmax%, ARRminZ&RL, yx«» BANF—72
OREMY qu DETH Y, y=(y1,...,ym) TH 3.

— %, BHEREHTEXAONEN, %
Fig.3 o & SicWw>hboXM Vs c4a&L, —»
PR BHELHEBIETWE, BHEESERE
BMTh-Td, ChE2RMicaFITssick-T
BHIHEEE, chick--THEFEE®KLTY
3. Litd-TU.1NRONV—- VIR TRENIH
aTkRBETE 3.

WEANF—-5 y BEHETHBEL, Fig.3 O
B2 V; 277+ KBcBERABEIRELT
7 9 ¥4 if-then V" — A 2 HBK$+ 3. (4.1) XD 7
y V4{LERDEIIITI. 0WFE

ODxi(¥)=V (£ 13" (YDA AL ms'(ym)) (4.2)
J

A2ERTEE, 774 HROEXE NS, ANTF —
s yMHI25Z2 X THhHsESER, (4.2) X0 0x:i(y)
LEZBOENTES. KL, uws' B Fig.da ©
3R 74 RBorvy , THMTH 3.

HEEZER A=(UR)icBIF 2598% F={X1,...,Xn}
EL, BaAaoshtaF—-—2 y oD Xi,....Xn KRBT 3
Eagi2rh®Fhldxxi(y),....Nxnly) &3, COD
LET7 V4 HREFTVIRDEL SN B,

If HOxx(y)=N>xi(y)V---VII xn(y) then y € X«

(4.3)
TRbb, ANF—syid, EGBRKELELBEI5R
BT s¢iEmEh 3. KL, BRKEBW >2»
31T, Yy REMBO /7S 2Bt 3EAmsh
5.
5. FBNODOD7 7 P4 xR —PYRFA

AHECHWAEF -1, IIBEMKETLESH
b0 Thh, RERALHEROFNRBFEORE &
DESPDINV—THhoEKDIL->TWSE, REAHFEE (
BH) B20@sh, EREBEBREZHzICLID WD
hboRBicaitohTWws,

F—s ¥, v—n . R— Z{ERAM468F T,
HEMI00ETH S, 2L, HREFVEEKRT S
CEICAVWAF—9%2Vv—n. . X—2EKAF— 2
EWY, HREFNVEREST A LECAVWE F— %
RHBAF— 7L FLESECIIZHON
D73 R, Xi.s¢Healthy person, X=tHepatoma,
XazAcute hepatitis, Xa44Chronic hepatitis,
XsecLiver cirrhosis & Xi~Xs O I XAV 60
TW53,

W=  xX=—2fBBF-2HWT,
A=(X1) A*(X:), EBOHE a alXi),i=1,...,5% 3t
BHL/ZESR% Table 3 iR, Table 3 57 5 2
X1,X3,Xa KHEZOYEF—sBELOBOFE
BEHELRKW, 735X X2,Xs TRLVULFEIHEET
3. EZEwct-TEHEZR Shi- 498 F={X1,....Xs} K
BT 3R ORER, (2.10)X» 5

B a(F)=463/468=0.989 (5.1)
EHoTW3, Ltz TH—N: x—=2%KHF
— IR RVEHEEIASNS,

(1] 20 OB LBHERER

V=« =2 ERBAF—-ERVT7 7 Y«
if-then » — V2 KL, v— N x—Z2EKATF
— Y2 VWTHBRITELER, T ERRER
465/466=0.998 &7 b, BETL2LERBTOLILT
W3, 2L, 2oL 32 EHRL, TOHR
DENDOHBELVWEARRPBLL, EREOHEDL
SEWTWS, HARF—s2HRSEER LW
R 72/93=0.774 &N -t T+ bL, KA —
s03 b THOHRBERR2DULEDZ 321K
TWwW3., 77 Y4 if-then V= VI Th S OEM
Ax(X:) DO EhTW 34, Table 3 @ Ax«(X:)
DPEEZDLOOPTTCRULIZBUENLSIT S b DH429
THBZDT, 429D 7 7 Y4 V- HEREOTYL
3. FEEMcAgERL V- VRIZKS.1X10'°TH 5.
8.1X10'"* OV —NLHD S BA29H\O Vv — LV E T
PR IVWERKBSHLTWS,

(2] BB T amBgLkic X 2HRER

3. TR BECHMTIBHOBEB{toT LT
yXxa2BHAVWVTREEOHETHEICRLEBST &N
& TEHOBB L IHABRRIV—V « <~



Z fERR A ¥ — 2 ML T ® OIFF 8 R8M U
439/442=0.993 Th b, BIFRTLKKELCHRLT
W3, 2L, 26@O0F — B REBER-TWS, Ex E= Es Ea
HEAF- S LTREFDOEMRBIZ 62/85=0.729 &
Hot, ERBEEL N -1-BEHRIBHEOHEER
XD TH 5.

THEOBHEOBETER, ThoollcsWnwt, R
RE2BEHRDOHMNIBBTH ~»HDT, 77 Y4
if-thenv — V3368 TH 5. 20OBEBHE DB E &
B8+ 2 EL—- L HIBHSOKBIRLLTWVWS, & Eo Eio En Eiz
—VHEHBDRVOTERBRBORK DO LEE LD '
bELN-TWVWE, BBTHOBRMHOBEOAHER
}D—}b&‘i%‘] 2.2 % ].05 Th 5. 20@@,3&@&% Eia Eia Eis Eie
it 8.1x10' Thotros2EXLBE, BREOHK%E
BLagalEicd-THEELELN - VHERBEICH
WEEBEIENTE B,

Es Ee E+ Es X

Bk, AR RBARFHUIRFZFIEFREELFEH

ME AR HEBRE (BENT) cf5EANATH /////
D, cCRMBERT. 4 ///,
£ % Xk % /
[11Z.Pawlak :Rough Sets, Int.J. of Information G4
and Computer Sciences, 11-5, 341/356 (1982). 4
[2]Z.Pawlak : Rough Classification, Int.J. of X /
Man-Machine Studies, 20, 469/485 (1984). 7
[3]A.Mrozek : Rough Sets and Dependency Analysis // X2
among Attributes in Computer Implementations 7 77777y
of Expert's Inference Models, Int. J. of ///////
Man-Machine Studies, 30, 457/4731 (1989). 7/////A7 /7
VA bi: 591 M ESE HEE 4-804 //////
KRMFILRKETLEER —
B}gﬁﬁi’&* T e Fig.2 Illustration of proposed method for reducing
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Table 1 An example of information system
0 1 ------ ) o ™
F|U Qi Q2 Qa3 Qa
X 0 Fig.3 Devision of attribute q;
Xy | X2 0
Xa 1 1 0 1
X2 | Xa 1 1 0 O j = ix
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Fig.4 Fuzzy division of attribute qr

Table 2 Data corresponding to Ax(X:)

Table 3 Analytical result by rough sets
1 2 n
R . v Classes X1 Xe X3 Xa Xs
- \}21‘ __________ ‘.qu' number of persons 115 79 106 79 89
N . i number of elements in A-(Xi) | 115 76 106 79 87
",”: v G o et number of elements in A°(Xi) | 115 81 106 79 92
21 m! accuracy measure aa(Xi) 1.00 0.94 1.00 1.00 0.95
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A Study of Fuzzy Decision Support Expert System
Considering the State Transition of the Object.
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Abstract: This paper proposes
state transition of the object.

a fuzzy expert system
The state transition

T#8&

Hiroshima University

considering the
is reflected in

the inference module. The inference process consists of three steps as

follows: 1) Infer

the passed term state of the object.

2) Infer this

term state based on the relation of the state transition. 3) Infer the

next term state at each decision
decision support information
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Development of Fire Judgement Fuzzy Expert System
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Mayumi Kaneda Shinji Nakanishi Takashi Kurio  Junji Nomura Yoshiteru Nakamori
BTEL (%)) ISt¥s-— R RFEZE

Information System Center Matsushita Electric Works,Ltd

ABSTRACT

Faculty of Science Konan University

Intelligent fire/non fire judgement system is proposed,which has fuzzy rules utilized for
transforming numerical sensor data along with time into qualitative languages,such as
increasing,decreasing etc.However,those rules are difficult to code because antecedent
variables of the rules are intuitively selected by a judgement expert.In this paper,a
clustering process is discussed,which can help him to select suitable fuzzy variables.
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Software Development Tools for the FC110 Digital Fuzzy Processor
Jon Teichrow, Erik Horstkotte and Masaki Togai, Ph. D.
Togai Infral.ogic, Inc.
30 Corporate Park Suite 107
Irvine, CA 92714 USA
Phone: (714) 975-8522
FAX: (714) 975-8524
This paper introduces the FC110 Development System (FC110DS), which is a set of software tools that can be used
to develop fuzzy expert systems for the Togai Infral.ogic FC110 DFP™ [1]. Whether a user is interested in
developing software for custom FC110 based systems or for Togai Infralogic supported hardware platforms, the
FC110DS, which consists primarily of a compiler, a relocatable assembler, and a linker, provides both high and low
level programming support.
Introduction

Figure 1 below is an overview of the FC110 software
development process, from fuzzy knowledge base capture
to final board implementation. This paper is concerned
with the highlighted area of the figure, while information
regarding the remainder of the figure has been previously

described [2]. In short, a user developing software for the
FC110 typically builds and tunes a software-only based
system to determine whether or not fuzzy logic is
appropriate for the application. Once this has been done,
the user recompiles the same fuzzy logic knowledge base
with the FC110DS and integrates the FC110 DFP and
related software into the application.

Fuzzy Knowledge Base Capture
(TILShell or Text Editor)

—

1L Fll‘l!,cc‘.

(FCDS)

Compile and
Link Portable C
Code

3

Verify C
Code Operation

<————— e SOFTWARE oo o

G

Does Knowledge
Base Need 10 Change?

lop t System
(FC110DS)

Dowaload to
FC110-Based
Board Product

Verify Board
Operation

e e HARDWARE o e e

Does Knowledge
Base Need o Change),

Figure 1 — The FC110DS Software
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The FC110 Development System

The FC110DS consists of the FC110 FPL Compiler, the
FC110 Assembler, and the FC110 Linker. The FC110
Compiler and the FC110 Assembler each produce
relocatable object modules that are combined by the
FC110 Linker to produce absolute load images for the
FC110, and C interface code for the host driver software to
link with. Of course, if the developer is creating a
standalone FC110 system and has no need for the C
interface code, the user can disable the emission of the C
code via the FC110 Linker.

A user of the FC110DS can develop software for the
FC110 chip at two levels of coding abstraction. The first
is at a high level of abstraction using the FC110 FPL
Compiler. As input, the FC110 Compiler accepts a
language called the Togai Infral.ogic Fuzzy Programming
Language (FPL™) which allows the user to intuitively

fuzzy knowledge base can be used for the second phase of
development involving the FC110 FPL Compiler.

The second way to program for the FC110 is at the
assembly level; a much lower level of abstraction than
FPL. In FPL, a programmer writes rules (such as what
follows) which are then compiled into FC110 machine
code.

RULE Rulel
IF Theta is Low THEN
Acceleration is High
END

At the assembly level however, the programmer writes
mnemonic instructions that have a one-to-one
correspondence with FC110 machine code. Here's an
example of FC110 Assembly code:

) C=)
i J

FC110
Development System
(FC110DS)

i
( .hex and .exe )

-

N

. A N get derror: load D(Error),rl
write fuzzy logic knowledge bases. FPL uses a simple - load rl, r2
block structured, object-based approach to describe fuzzy sub D(lasterr),rl
rulebases, membership functions, and variables. It is store r2, D(lasterr)
important to note that when the user first develops a add rl, rl
prototype for the software using the Fuzzy-C store rl, D(dError)
Development System, the same FPL file containing the res always, r0.w
TILShell or Text Editor
(Knowledge Base Definition’ Text Editor
FC110 FPL FC110
Compiler Assembler

Board
FC110 Linker Configuration
Script
C shex ) ( . ) ( h )
4 |
C Compiler User Code

1)

Linker

=

Figure 2 — The FC110DS Block Diagram
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The FC110 FPL Compiler

The FC110 Compiler generates optimized machine code
for the FC110 DFP Chip based on an input file (written
in FPL) that describes a fuzzy knowledge base. The
output from the FC110 Compiler is written to an
intermediate relocatable object file (a “.tof” file), such that
other knowledge bascs compiled by the FC110 Compiler
or produced from the FC110 Assembler can be linked
together.

To facilitate the construction of fuzzy knowledge bases,
FPL breaks down the components of the knowledge base
into different objects, each representing a different part of
the knowledge base. For example, all variables used in an
FPL file belong to the class of VAR objects.

The following pseudo code describes the output code that
the FC110 Compiler emits. One piece of code is executed
to initialize the FC110 and the other is the main loop
executed after the FC110 has been initialized.

Q Upon FC110 Power-up or Reset

Set FC110 mode (8051/6800)
Initialize the stack pointer
For each initialized VAR

Load the initial value into SRAM

Main Loop

Repeat
Signal host the FC110 is ready
Halt and wait for host to signal
Clear the ICR
Process fuzzy rules
Load output data into SRAM
Forever

The FC110 Relocatable Assembler

The FC110 Assembler converts a source program written
in FC110 assembly language into a relocatable “.tof” file
that can be processed by the FC110 Linker. An FC110
Assembler source file is made up of a series of lines. An
individual source file line can either be an instruction, a
pseudo operation, or a comment. An example FC110
Assembler source file containing each of the types of lines
is shown in Listing 1.

.mod

demoasm

; Shared SRAM section

.sect shared sram
.pub Error, dError
.in.s Error, dError
.out.s dError

Error: .ds.b 1
dError: .ds.b 1
lasterr: .ds.b 1

; Code section

.sect code kb

.pub get_derror

get_derror:

load D(Error),rl
load rl, r2
sub D(lasterr),rl

store r2, D(lasterr)
add rl, rl
store rl, D(dError)
rts always, rO.w

; Initialization code
.sect
load
store

init kb
$0,r1
rl, D(lasterr)

Listing 1 — FC110 Assembly Code

TILShell or Text Editor

(Knowledge Base Definition} Text Editor
FC110 FPL FC110
Compiler Assembler
Board
FC110 Linker Configuration
Script

! '

J

Figure 3 — Hybrid Automatic/Custom Fuzzy Development
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The FC110 Relocatable Linker

The third major program block in the FC110DS is the
FC110 Linker. The FC110 Linker is responsible for
finding all the various parts a user’s knowledge base code
and bringing them together. The three main inputs to the
program are any automatically generated code from the
FC110 Compiler, any custom code from the FC110
Assembler, and a board configuration file. The board
configuration file contains all the board specific
information required by the FC110 Linker (which FC110-
based board you plan to use, the board setup, and so on,
see Table 1).

The FC110 Linker generates three types of files. The first
file type is a .hex file. The .hex file contains the code
that will eventually be loaded into the target board

knowledge base memory. This code can either be
downloaded directly to the board, if the knowledge base
memory is RAM, manually burned-in if the memory is a
PROM, or permanently programmed into a ROM. The
last two file types are the .c file and its associated header
file, the .h file. The .c and .h files are responsible for
performing both board initialization and variable loading
and fetching before and after knowledge base firing.

With the TILShell graphical editor, the FC110 Compiler
and the FC110 Assembler at your command, a user wields
powerful code generating possibilities, from completely
customized code generation using the FC110 Assembler,
through fully automatic code generation using the FC110
Compiler, to a combination of both (Figure 3).

file Execute a script.
CFILE file

C format

DO flle Execute a script.

ENTRY tag name
HELP { item }
HEX format
HFILE file

KBSIZE size

Emit all C source to the named file [see cfile and file].

Select the specified C file format.

Define an entry point in the current hex file [see entry, tag and name].
Display this text, or the text for the item [see help].
Select the specified hex file format {see hex and format].

Emit all C header source to the named file (see hfile and file].

MAIN name
MAP file
MODE modes
QuUIT

SEARCH flle {file ...}

SECTION name type (base}

SPLIT offset

SRAMSIZE size
SWAP

SYMBOLS file

Limit the size of the emitted hex file to the specified number of words
[see kbsize and size]j.

Specifies a user-defined main procedure.

Emit a map for the current hex file to the named file [see map and file}.
Specifies the MODE instruction for the FC110.

Exit from the linker.

Search the specified files for modules needed to define the entries
defined ([see search and file}.

Control the location and linking order of the named section
[see section, name, type and base].

Emit a hex file that stores the code offset words higher than the
execution address [see split and offset].

Specifies the number of bytes of SRAM that can be used.
Swaps bytes in the emitted hex file.

Emit a debugger symbol table to the named file [see symbols and file].

WRITE file i;irts the actual link process, writing the hex output to the specified
e.
Table 1 — FC110 Linker Script Language
References
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A FUZZIFYING A/D CONVERTER FOR FUZZY LOGIC PROCESSORS

HE 19
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Abstract: A nonlinear A/D converter is proposed, which converts analog inputs into digital outputs

of membership grades according to externally selectable membership functions. The possibilities of

realizing circuitry of such type are considered for flash A/D, successive approximation A/D, and
sigma-delta type A/D converters. A Prototype chip is designed and implemented with 2 4 m CMOS

process. The chip performs 8bit A/D conversion with successive approximations and reference to

membership functions, fuzzification, simultaneously. By using the fuzzifying A/D converter, the

convertion time can be reduced, in principle, by 20 to 40% for fuzzy inference use. Some possible

fuzzy controllers are suggested with the fuzzifying A/D converters.
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of these processors are high
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: This paper describes two types of fuzzy micro-processors. One is an

(Single-Instruction Multi-Data-Stream) type
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TB4-3
IMPLEMENTATION OF A FUZZY INFERENCE PROCESSOR
¥ 2 K=F LEXH HLra%E
Mamoru SASAKI, Fumio UENO, Takahiro INOUE and Yuji SHIRAI
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Fuculty of Enginecering, KUMAMOTO University
abstract
antecedent processor, the other is a consequent processor. Each processor has a
suitable architecture for the process carried out in each part, i.e. the
antecedent processor has a SIMD
parallel architecture and the consequent processor has a functional memory type
parallel architecture. The features
operations and flexibilities of the rule configuration.
maximum inference speed is 7.5 MFLIPS (Mega Fuzzy Logic Inference Per Second),
and the antecedent processor can process 960 rules.
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CEMMEEROMic LY R 2/F T4 754 LB
AEBRLTANV—Ty bEELERTWE, i, &
RS, bTREY PV T AUERBEERALTY
30T, ROLBMEER Y7 bL YR ITS LIV -
sy TAERINAE, NSBIrS Y )V TAF—5ELT
HAh&sh s,

(DAL 57 2—2R

ANEHERRAT DD IBOV 2 sBELSH
RKah, GEATVSOANERERLIZIDOTF
LAEZDEMBFEHATEF -9 2 YDNNY 7T
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from DATA MEMORY

56

SELECTOR
{
REGISTER | <~
CONTROL
REGISTER | <—-mrmr=-mmr==r= from
[ NSTRUCTI ON
MENORY
REGISTER | <=

from RULE MEMORY

MIN
CIRCUIT

MAX
CIRCUIT

OUTPUT
K2 PE (RifE®) oK

laference Resalt
(Membership Function)

| FUNCTI ONAL DEFULZIFIER | o\
NEMORY CIRCUIT
15 §
Taput from T j Tafereace Result
LEVELI (Defuzzificer)
SEQUENCER
K3 ®#WTots
INPUTIS m m
= He)
' '
OUTPUTI OUTPUT?2 OUTPUTI16

R4 HiesE) OHEK

2ZWMY, F—5*A2EVOT FLXAEEKT S, T,
HAEFDPICROERBANT -5 2BETE, ADTF
— I BRTEONLDOETRHDBEMELT L L.

4. HBERE (v =r2) Foks ¥y
R3S STats 407w sRERT. X
B, Do EBLT28iE =Y EXG)DHRAET S
77 4{tEI, BLIUERS:2EMMST I —F v
YhoBkENnNd. R4ackGEBRED DB A
EYVOHEEKERYT. =Y v 7 2R KEBLAPEHROD
1Tl oDy »N—v .y 7THREEXRT. ®PER A v
N—v oy THRBRO 1 2O0BRIXIET 5. PERBEAE
1 Ey FPOAANRTESREESH, 1204 v —v
v THBZ2RIPEBICBE—D Y Y 7TAF— s B2
h3, 1, RERBOPEOH AR 1 oD% ASORER
(e 70K) KEoh, FLVWERICHIET 3PE

BohxRBIMNERETHE S 3.

(1)Processing Element (PE)

R5 icPEOBEBRIERT. ¥F—55» FiciR, HET
Bryvn—v ., 7THABROHNETIERO S/ Lv— F4Y
v b)) BEBMEHE, FL—FidEL I 9ick > TMS
B SMEK 1Yy PF->EAHEN S, MINEERTI,
REAMENAF—EANT— 5 LOMINEE:2E » +
SYTARITI. T, MAX/MINRE 2 E» L) T
NVICHESTE2T7TATY X LAEHET S, C=MAX(A,B) %
Blic%BA4 5 H, A B, CiEdnt » FDsxA F Y F v,

ai,bi,ci = 0,1 (i=0,1,-++,n)id, TH & hA B CODi
BHOVE» PERT. ciBROHILRATRDB &
TE& 5.

ci = ( Qai - ai ) + ( Qbi * bi ) (6)
Qai-1 = Qai - ( ci + ai ) (1)
Qbi-1 = Qbi - ( ci + bi ) (8)
BL, -, + 2 2{ERBMOAND,OREE F, Qai. Qbiid,

MSBh ity PEHEITCOUBRERERBFTIREBELH
ALK (6). (1), (8)% i=n-1 5 0% CHMHQan-1=
Qbn-1=1TH D EF &C=MAX(A,B)XRF 3. MINEHEH D
ARk, K6, (1), (8) MR 3.

ci = (Qai + ai ) + ( Qbi + bi ) (9)
Qai-1 = Qai + ( ci * ai ) (10)
Qbi-1 = Qbi + ( ci - bi ) (11)

({BL, ##{EQan-1 = Qbn-1 = 0)

LTROMA/MINEEOBILRNRBEBCSZANILT & 3.
C=MAX(A1,A2, .-+, Am) % FlicBAT 5. AL, Aj(j=1,
2.-+..m), CitnE v D4 F Y F vy, aji, ci =
0, 1(i=0,1,--+,n)i¥, TN #¥hAj,CoiFHOE 5 +
%Y. cizR» MK,

ci = (Qali-ali)+(Qa2i-a2i)+ -+ +(Qami-ami)

= cli + ¢2i + +++ + cmi (12)
cji = Qaji - aji (13)
Qaji-1 = Qaji + ( ci + aji) (14)

X5 OMINEES T, KX0).(10),()%2e vy 7EH
BE7YVy 77y 7TERLTVWSE, EATTMIEERE
Boir, EHRA), 1DEERLT, AA)D
cjii¥i N+ 3., ChIRPEOHADIK Y, TTIREHL
ftdSic—> L OBEBETERPEO 1 %% A JJ0RE B
THEASLT, RU)EEBRALTWS, T/, MNEES
EEANMMNBEESOMicL YR 9 %8BI TH4754
VIMBA2EBRLTAN—-Ty bEBLEETW S,
(2) Bt ER

BRUEV, Vi HRRHERSERORENRA 21 E
OHBENEREH, BREFOLANSHBETESE. 50,
BUER T oy Y icBEEAEYVIATOT—FF7 F
vi2BALcoT, BREHRREZBCEBATE L.
BRERLEROYMEERHEAT I E, ¥, 7V 7
709, 7TCHAERE-RERT S thiciEH
EHIT, ROKBBEBRECSANMBESLELCE
habe s SHEH:2¥YoicT 3L, HREBEBRIST
Bbd, BRO7rV+HRETRS.
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DATA
INPUT LATCH
4
FEEDBACK
fron OR SELECTOR | <=
CONTROL
"L N P -
i;if”'T CONTROL
TS S P
C‘ff”'T CONTROL
UTPUT

X 5 n(&#%)om&

15
PROCESSER | ¢ | - ey
i i3 LEVEL 2 [Ne.t
LEVEL 1[4 7
........ :
: PROCESSER
. LEVEL 2 |No.2
—— DATA *
. ADDRESSS :
"""" TRIGGER PROCESSER

e o| LEVEL 2 [No.16

5. ¥y 7O0ENLEL 2T LK, B

3, AETHBELANBGER oty Y, BERLS o
vy HEXTHAh®EFN1F - 7TEBRLA 1.2 mCMOST
22X, ZRP - FeANERATCHIHLEL Lt
lERT (E— FRETKER oy YOBKEEL
ABieEHTED)., BHLAS oy 2H VAR Y
27 L OBEEERG6 iK"Y, K6 T, BiGERF v
TH<Ry, RERF v THERLVv—-—TELTHE, ®
BRF > TREERF Yy THhSD Y HESZRY, #
WEMKBTSE BRI Y R1FyTT2oF
TOHNEREMOBJEICENTES, &51IBLOD
HAZYBLBERBER, FiGERF 7TOMRB S~
ZIIBEETTCHRERF » 72 EKETED (R6BH) .
COPE, BERF, TBNOLBOLIE Yy T FL
Z%2EYT, FERFy THhoHMDEh2BERER
TRLVRICED N2 EDF— 5, BLUHRBMED b
YUABERRETE26D00E S b YK T 5.
MiERToes Y, BER STty 43 7—%572
Fr, BLIUTOMBRNENRLY, ThZhBEkT
bEBOGASMGECEE., LA E, Mk ot
vy I3 2ETHELAMX/MINEE IC X 2 MEEER %
HEEBHICEITTE, - vBRBPI7525V 7
BREANCHABYHETES, —4, #ERSTot, v i1}
MAX-MINERXIRBE:HEEicEfTTE, 77 V4 (KEEH
WHEBBEZEHECPERZE R E~OGABHINTE 3.

v B3 vy
W70t 7Y 0080 | WoDE=1

- (&K) 960 — —
ME  (&K) 16 | —
B4E (BK) | 7. SMFLIPS (0y)30MHzg0)

i)k |  — l 2

3R T 15 15

Ar-y 9 TREOERY 64 32 16

6. g

7r VA HROERMBMEA YR FoBBETE, %
o, V=B HOARDONN—FY9XITTVYIalb—FE&
LTobficss 7y V1 HEREA Ty Y 2HR
Lk, TORBERREHR, BLUV-VEBROER
HThsd Aot oHicLkoT77r P+ BROFR
RICASBSMEEINE, BRkicF» 7bicd ey,
HEBEA OO CHBBERWAAHABIITEKRRNESHE R B
B REEHPHEBRZERICECERARL 7.

2E XK
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TC1-1
AUYN—VYYTHBO-BRL I 7 V1 EAETHEBEIELODWTO—RE

A proposal of fuzzy set operators with an interpretation of membership functions

M EHEg
Shigeaki MABUCHI
HMEHEKEAYE WABEH

Transportation Science, Kobe University of Mercantile Marine.

Abstract:Grade of membership is assumed to be determined as the ratio of
evidences supporting a given element's membership to a fuzzy subset to all
the necessary evidence grounds relevant to the judgment of its membership.
This ratio gives an interpretation of membership grade as a conditional
probability conditioned by the element.

Then by assigning dependence relations of the evidences to those of the
fuzzy subset, the set operators are defined as probabilistic operators
with dependence relations.

The properties of the operators is studied and it is found that the
proposed operators satisfy all the basic properties satisfied by the crisp
set operators. Also discussed is an application to a fuzzy inference in
fuzzy controllers.

1. Bureic

77 VA HRBEORAEEBWTHOAEFEZF LWRBE2A R TVWEN, FERNLIVREIANLT L +45
KHEISATWRLRWARWHEL LTERAHBNOBROMEN D 2. 2Fh, BELEET DI 7 V14
GHENOFNPOBAMNROX{/MA AT, YOFELEHNEFES>OMNBYM L WH BEICH LT, REXEE+H
REBEMMABIATWRWEEX 3,

CRRX IV ATEAHEDR ETEANBEHEE IR THET R 77 V1 £AHER., NS A 40T
BWROBFELRBWEWSIEE[1] yMET S, RLAEEML>BZRFE BT CHBLD 22010 . —
RICBREBREORBENDZ2VWENASAIFOBDERA VW 2282V, TORBYOMICHENEZRENAS A S
EEBREEWD L TREL —BHOH3BRGHED->TTI20MLE LY, LeungiRIDBEKTIKRIIZ
BUTHETRENS X ¥ 2 OoHEMLBELOEHELTWS [2],

FROMEBEEIPPDLVOHZIMEL LT, A UYyN—vy 7THE (UMLFTMFLEBLE) OBRETORENS M. =
NIZOVWTH—BRNCBISIIEREAREDEBEIANBI2LE N, BEMFRIBMICEHTLINE
SNRTVEN, B<HEBERXEVWIDTRIF?PIL - EF VRO LT—BHUARISREDTEASR L b2 D a4
HhbH B,

MEDREZBLT, ARMTREAHENLOMFEE2ZHACBWEAMFOEY FOBRB2 L, EANZ DK
B LTEEINS AN FEEHOREEL, ChicHTIRFTEME 2,

2. XA UN—=vy THEOBRZKHERK®
MF2FEBENICEZHB L LTH. ZTORBARMALIPOBHRICDBLTNVWTEDTWBIRTTHD, TDOETHEN
REBEEZHEBLT. KOL>BMFOBEFELXZ X3,
EUREEXLEDERXEEA. XOFOTI 7P V1 BHERASR
{ (x, wua(x) )}, VYxeX
BOEFHDOEEINDLERET S, T Tua: X>[0, 11 RxeX2HRMIO0, 1] KETMFTH 3,
XNALET22EP 2B T 2. 20LDELERSBHEEL+AHICED. TOBEHEDOHNSXE A%
ﬁ%?%&%t&é%@%%ﬁﬁ?%@tﬁi?6o%@&5&E%ﬂ%®ﬁﬁwmmﬁﬁ&%“R8x®AA
ODRBEVKENVEBDZONERTHAS, LEN-TINEKRDEILET,
XEALINMDPDHLZLROSBHEHOESZBUESGaLIFY, EORBVBEHRUEGDIHBXEA (x¢A)
EXRII2RARDERLEE (BE) £$8A (A.) T3, T2bb
A.={u| u spt xeA; ueGa}
B Uspt Esupport®MEiLL $5, ZZTGa. U, AREEEZONEXIENLTEEZDT. 2L < IXG6(X),
U Ae(X)DBICELS REEN, UTTCHREEXNEXONELWIRAHEDTCHRRT IO TSRO ER
BB DEDEET S,
BERBROSEOBEEERCRTERDEHEBEOHTHMTEILEX., CAhTXNEXONELEWIRHED
TTOADRMHMHEEP (Al x) MEBRBTEDZHBDE L. MFua(x) RCOFRHTHRTH I BT T 3,
upa(x)=P(A] x)2m(Ae)/m(G), VxeX }

m(Ae)= 2 m(u)xa.(u), m(Ga)= 2 m(u) (1)
ueGy ueGa

—121—



2ZTm:Ge> [0, 1] BRGeLrOBMOEASMH (EHDH). XreBA-OKHMHMEBTH S:

1, if ueA.
Xﬂa(u)={ (2)

0, if ugA.
1) mMADRLOEBETREHEIFIMMO —BLrzoTW3, Chidbot—BHOHIMMETEELTH LWL,
BHESTE LTRUNEEZEBERTHZCLORERE2XROLDIHERKEOBRMLEXD LB TED, 121
HHo L MBI RERIEROBLETZEX/EH A5, 2FhmA)iXA. DREL TS, HLZODL
EURTEZLRIYETHIRLBRIIZRoOTWRLHEET 3,

2) GaBZIZITREBEARALBEELTWS,

3) ABMMICIEGs PAHUDBI P VYLITHAS5L. mOBEIRENCRRZDICC W, ZOHBAPA]X) O
EXT7 7 V141 BELRREHBECRSZ, Z0BA0BRIFNOEEICOT S,

4) (1) KE?ZXHRBRMFOBANBETH-T. TOEBLOERFRE LTRRFANFERLELYS
Aoh, ChETOWHO>POMFHBRICETZ2AE[2] —[5] kb, HRELZBRUESCODRRL
EZXDREBUEADEXSHICEL ST, I TCOBMEINEBREOERMALBZILHTE D,

5) Hisdalb MF2 R HHRLBRUEZSAEZRELTWEN (6], CORRKEDIZTXINERS,

uldue Achug Ae. i.e.. UEA. TRIDOBARSBD ARVWERELTWS O TRHK D I,

Ga(x) =Ae(x)UA.(x), VxeX (3)
Xae(u)+ xwe(u)=1, VueGa

m(Ae)+ m(Re)=m (Ga)

P(Alx) +P(A|x) =1, VxeX (4)
P(X1x), P(#]x)=0 (5)

RIC2OD T 7 V1 BNESA,BOBEBMAXBCXXX%EX3%, A,BiutLTehehiBRERAG G
L ST UN
ueA. > XE€A , ve€B. = x€&B,
LT3, 4R
(ueA:) and (veBe:) =D (x€A) and (xeB) &> XEANB

AeNBe= {(u,v)| (u,v) spt xe ANB ; (u,v)EGaxGs}

B, ABIcA.NB.., AcNB.., A.NB. b X¥ 3,

X(1) - (4) 2rolikE LT

1, if (U.V)eAexBe
xa.ne.(u,v)={

o, otherwise
m(AeNBe) = 33 m(u,v)xaense(u,v),

[
<

m (GaXGe) = 23 m(u,v)
u v

fHELm(u,v) GaxXGs ETOEHDH (Mm: GaxGs - [0, 1]).

Mans(x)=P (ANBIx) & m (AeNBe) /m (GaxGs), VxeX (6)

GaXGe = (AeNBe) U (AenNB.) U (AcNB.) U (A.NB,)

Xoaense(U,V)+ X aenFe(u,v)+ X Fense(U,v)+ X FonBo(u,v)=1, Y(u,v)EGaXxXGs

P (ANB[x) + P (ANBlx) + P (EnB|x) + P (EnBlx) =1, VxeX (7)

WICEEMTBHE, 2F0H2BUERUEGN XEARXHTIRLHIE, NOBANELSGpDERAVHXEB
EXFETHEWS MFR:

UEA:e=> veBe HBWH xperao(viu)=1 (8)
NEETALEVRUKRIDRAEFIOAEBBMERLVWA S, DL E xaense(U,v)= Xao(u)xBotae(VIWR
YLrEITBET R, Cho:2FATHL

m(AeNBe) +m (AeNBe) = 2 2 m(u,v) (xaense(u,v)+ X aense(u,v) )
u€Ga VEGy

= 2 3 m(u,v)xne(u) [ Xsejne(VIU)+ XTejaslviu)l
u€Gy veGp

= 3 xae(u) 2 m(u,v) = 2 m(u)xee(u) =m(A)
UEGy VEGy ueGa

P (ANB) +P (ANB) =P (A) [P (BlA) +P (B|A) ] =P (A)
&I,
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3. $E6HHENA
CITRI 7V EGHERBRROBEFRBARN K> BDET S

Mans(X)EP (ANBIXx) =7Yas(x)P (Alx) P (B x) (9 a)
Mous(X)=P (AUBIx) =P (Al x) +P (B x) — Yas(x)P (Alx) P (Bl x) (9b)
ux(x)=EP (Klx) =1 =P (A] x) (9 ¢c)

for vV x€ X.
CCTrea(XNRERARTEXLON, KBEEHLETIB LT 3, ‘
Yeas(x)=P ( (AIB)Ix) /P (Alx) =P ( (BlA)|x) /P (B|x) (10)
HEA (9) RN AT v 6 ONIXAVFEAHBEAT., 2. OBRISHBT 3.

X522, ODBRIPOPEMIREIIKLTIF VI BNEBA, BOBKHNBTRIAETI2HRBEASGa. GeDHIT L
DWABREFRIERZ-TWT, HEHAEOMOMBRRIENERUEA.,., vE B ORBMBOFK THEANERDOX
EEDLTWRDLWE D, ELTIHAEOMOMAEMBRLAEKL LTINS A7 HEENLTHENIKSHIE
hTwd, ZBUTTR Y PPOFIBXBBEEOLERWERD ERT 5,

[BH] v >1 (0S7a<1) DLEEXSALBRE (&) #BEBRKRICHD LW,

Yae =1 DL EELEBAALBRMIUTHI LI,
FRBOLE (10) 5P (A|B) >P (A) (P (BlIA) >P (B)) T. Zhik X€B (xe A) 2X#
TARBE BB LEDHN. TS5 TRWELEIDXEA (XEB) THHIILMNIVPHIKRDZI I LEEKT 5,

BEBOLrxikP (A1B) >P (A) (P (B|A) >P (B) ) T. ZOL%E XEB (XEA) K&oTH
itx¢ A (x¢B) vEfbkEhaszorichks,

DORBEEBL Yt DMEFL LTUTOXNNENMI S,

yaf=1+ (1 -v%as) P (B) / P (B). 7vms =14+ (1 —7a) P (A) / P (K)}
yas=1+4+ (vas—1) P (A) P (B) /P (A) P (B) (11)

4. WHEA (9) 0#KHE
(9) TEHLET7 P VA LOHBARUTERT LI RHEERER O,
KDOI), II) BERFHLFENIZIBDOTH S,

I) xae(u)=1 for VYV ueGa. COLEP (A) =1T
P (ANB) =P (B). P (AUB) =P (A) =1, Yas=1
I) xae(u)=0 for VueGa. COLEP (A) =0T

P (ANB) =P (A) =0, P (AUB) =P (B). 7vase=1
CTCHROHAFBEBL2EELTHEL
[E%] HBW,V)EGaXGe IKBWT
veGs spt x€B = u€eGa spt x€A, i.e.. Xaejso (Uu|v) =1 (12)
DLEARBIZORZLIBAXBTH LW, FBO(U,V)EGaXGe KBWT (12) MRHIUDELZFA
HBILEZREBTHD LW,
m) 2HBEOBERMBED LD,
(a) FBES REM. M (vax-ninFEH ) MHIL;
X P (AIB) =1MRIUL., DL E
P (ANB) =P (B). P (ANB) =0, ¥ss=1/P (A).
&l B 62 P (BIR) =1, P (AnB) =P (A).
P(HA)—1ﬁij5ﬁé%ﬁﬁ(LrAaBEQanﬁ;m)
(b) BXE S BRE MK
P (AIB) =1MRIL. D& &
P (ANB) =P (B). P (EnB) =0. vas= [P(A)+P(B)—1] /P(A)P(B).
F7-1EP (BlA) =1 MRILIDL &
P (ANB) =P (A). P (ANB) =0, 7as=0

(c) M3 < KBEE R KL
H6) BREZBOERFHEBUEOWTIRERBEMIM EMREHITER Y,

EF. BWTHhOLRETH, MUTHRWHERNLZBELED. KAHBAUAN A ECHORBORE I
CTHHWICEDS, LEXSTHROLANROKAD 2VWREHENIOREBEMERICS E<EETATVWAKE,
BUDKNTRSAEORRICKH LTI I2HBAMNBONBZ LR B,

V) R #£o@ HRE ~EHH THEH. RRE Hdh@ ErFER _ESEOEMN. FEVY

VOEA R BRI T B,

DI —PICODWTEROMNKILTEIIEETRT,
NEZEE AUA=A., ANA=A
P (AlA) =1RBEIMTHZDOT (9). (10) &b
P (ANA) =P (A) P (AIA) =P (A). P (AUA) =P (A) +P (A) —P (ANA) =P (A)
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mIXER AN
P(ANA)
&S AnEKE=

X
= A)P (K[A) =P (A) [1-P (A|A) ] =P (A) (1-1)=0
$.
5. 77U+ HBEBIIRR[EICETIEZE
FRTRULEMFORBRELEATHENOZEX%2, 20— 20BAME LTI 7 V1 BHICBI27 7 U4
HEBEICHABLTH B,
BIESENMNEREY. 2. BEBwWICHLT
y=A: H»D z=B: = w=C;, i=1, -, n (13)
THEALBRTWBLT B, CZTA:i, Bi, CilR7rV+4%8+73,
SLOBACEHHARA» oo AREwW=C ik

MHeri(W) =xai (WYA wei (WA mci(w), Admin (14)
KWEDED, Cho2HALEERRIXIILBT WS,
C=Cchu-uUCh (15)

HHE. REBOLKBYZ7 7 V1 KAOMFOBBEOMAR (4) TEDINBZEASNGTBLE, v i
EDEROBELEBNT, TOEEHTITRTDI P Y+ EADMFEDAHMN I KRI LD EDBIRETH 5,
N6 THERID (a) DESKERD, FED (b)), (c) BFFLLIBWEWSZ Ltk 3,

R (14) B(ANB:) NCR2LAHBUNETILEAONEN, BEA LB, Xbicchbdl
CHBILHBRINDZIIENSL, POREGRBEBETRETHILE VWS LIRS, EITRWEE, Zhb
SERORBEEAPBEHINIR26 (9a) KESHENZYL WE 3,

! 1
(a) (b) (Ol

1 2 3 4 1 2 3 4 1 2 3 4
M1 MFOBXHM (a)nkdictxET (b). (c) BIFFLLLwHlLELS

(15) KELTHmaxHEMNSLEDLDATWAHN, EC OB O BUNERARNICR LB TCEARBICR
P2TND BDIVHEIRSOTVWBIRETHSD, COZLIOTBLERAMRIAFBILLBIRELRD, 2B
TRWIHEETHBEEBRNHEETEZARE (9b) WL3HENBY L W 2,

CHNODHBRIRTKEABRERNZRFADSGBEER (7] tEDTIKTALTVWAO X EEZF W,

6. TV

T7V1HREEDPETNVEERT 2RE. BRANRORRCIE L TEEANS 29407 7 U 1+ L HEED
& EDOHBAUAANDOBEAERBREBWTIEX LA VYNV Y THEROBMSNEBREORRE - 1=, XZCOHER
ODHHEEZAR, JYRATEAREOB-TEANHELEY, CORBHNCBVWTORIODLEak, ThbD
COFBAR, REAEARECHTREBETHN, CHRRRACIE U THBRNIC S A YN EDLIILIcL S
HOT, ChoHMEEBEE T3 LR BYUDMIINIAYEEZEZADLEVWIDRD FORETHZ W,

—HlELTT7 7V BIBACBIZ TP VAHRNOERELD BT, ABEEOZAHMPS LTHTL X H 3 2
UN—VYTHBOBRLEERIRERL I,

LD LEARRBELDAVUN =Yy THEBOED ATH. Y1471 BOT7 7 V1 E£8T 210, EB LAY
MDD BEBVENYDZLEBE2ARN, LENSTHRESEBBEROA VY N—-vy TRIKE L
THEREEBIEILEND 3,

X Bk

[ 1] R.Bellman and M.Giertz, On the analytic formalism of the theory of fuzzy sets, Information
Sciences, 5 (1973) 149-156

{ 2] Y.Leung, Spatial analysis and planning under imprecision, Elsevier (1988) 8.2.2.
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its empirical implementation, Fuzzy Sets and Systems 18 (1984) 1-25
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Representaions of Fuzzy Concepts by Order Constraints

and Their Identification by Instance Generalization

F3# &, FHE EB, #KExX, B o
Osamu KATAI, Masaaki IDA, Tetsuo SAWARAGI, Sosuke IWAI
REBKEFE THER
Faculty of Engineering, KYOTO University

Abstract:

A way to acquire fuzzy concepts from instance information is introduced based on

the idea that instance information can be generalized to form a region constraint in which

the true fuzzy concept is located when we are informed of a certain regularity on the fuzzy

The resultant region constraints are closely related to type 2 fuzzy sets and are called

2nd order constraint-interval fuzzy sets which are shown to be more general notion than

Also, the set operations and the defuzzification methods on the 2nd order

Key words: instance generalization, interval, 2nd order constraint, deffuzification, set

TC1-2
concept in question.
type 2 fuzzy set.
constraint-interval fuzzy set are introduced.
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Operations of Fuzzy Numbers with Entropy Balance
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Abstract : The usual method of operations of fuzzy numbers is based on the

extension principle, which leads to sup-min composition.

When we take into

account a natural propagation of the uncertainty from the antecedents to the

consequent,

In this paper sup-* composition is considered,

including sup-min composition.

it might result on some of over or under fuzzification.

where * stands for t-norm

We will try to find an appropriate class of

t-norm from the view point of entropy balance in the sense of nonspecificity.
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Abstract : A ranking method for fuzzy numbers using fuzzy max is not included in
four ranking methods in the setting of possibility theory proposed by Dubois and
Prade. The reason is that the inclusion refation of fuz