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T35, LUF0k i o077V 40— R ¥ R.%
Z2 &9,

R; . If xy is A; and...and x, is A;,
then v is B;
R, If x, is A, and..and x, is A,
then y is B,
INLEDT 7 P4 =R LT, WEIBR ALS A,
(i=1,2,..., n) DY L T LEE, 779 40—
RDENTBIZ 7 7 ¥ 4 V—N RDOFMIZAE SN
5, SO LT PV 4N—N RE RO THOUS
Mfra R,CEREKT I LIZT 5. WHBMRAILT B
T 7 VAN =IO TORT RO B RG22 KBLY 572
DIZ, Mg 7 7 V1 HEwmE RO L) LT B

E ¢ (R;,x) b; ,uJ(X)

y= (8)

1\7
E ¢ (R, x);zj(x)

2T, $RIETTFIAN—NRDEATHY,

D7 7V 4 =L EDUERBRICHDTZRD L (2
LTS
¢ (Ryx)= II (1—p.(x)) (9)
R.CR,
HA G (R,x) DAL, 77 V40—V RICUEEND

FRERIE O 1 :‘«‘7?/411/—-1]/ R ANI~R7 R xic
WAL TWBRRHI NS % B, KOt nT
7"Vﬂ’/l/—}l/Rjuﬂ@éﬂé']?y‘{}lx—}lxﬁ{ﬁi
fE L WEiNiE, ¢ (Ryx) =1L EFKT 5.
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120 HART 7 0 g ik

4.2 HIEFEB

TR, 3Tz 3RO BELICHE R Tk %
WL, BRI 7 7 2 1 il & o & i
T 5.

BIRE 1 [ K4 IR TBMD7 7 ¥ 4 L— DI
UEHEBEP A Lo T, ETILICBIT5EA
¢ (Ryx)IIHIZ p(Rx) =12 %5, Lzhi»T, %
Fihe a7z 7 7 ¥ 4 HEmo s KA it 7 7 2 1 4k
MDRR L —KT 5, ZoBE»r L b LI, T
7 ANV DN W E IR A L W T,
PEET LML 7 7 ¥ 4 HEiwIc—5T 5.

B2 . 77V 4 N—N R~ROETIEY o
WRMRIE, RERILTTHE, Lz T, HA
G (Rx) XKD L 51274 B,

1—us (x) for R

1 for R,R, Ry, R, R (10)

¢ (R;,x) = {
Thbb, 779 4 =)L RZWA S B4R &
W7 7Y 4=V R A7 bV x DT B8
T, —RIEDE T 7 2 4 V=)V RaEADTEN) 4l
5.

EETIRIT LS 7 7 D A HERDOMRZ X 8125,
g7 7 ¥ 4 HEROKIL T H LK 6 L ol L 72851y,
1 & 0T R E WEIRTHERH TR S (M - T
Wb s, b7 7 Y 4 HERTIE T 7 U
b=V RiDFG TH b medium & ReDF i TH 5
lavge DRI ZADHEGR S AL T W B A5, LEFILT
EFARED N7 7 P 4 V=V RDFHTH 5 large
AL HEG AR & e - T B,

B8 P& Tk & Bk hG A (BE2)

120

R9  FEETFIRIC X 2GRS (f7)3)
BIES © 77V 4 V—IL Ra~Rc DIz L, ReC Ry
SR V) UHMEAIRNLT D, LEd-T, %77
VAN =NDHEL (R, x)IZKD LI ITh 5.

QS(RA,X):(l_/IB(X))X(l‘ﬂc(x)) (11)
¢ (Rg, x) =1— pe (x) (12)
¢ (Re,x) =1 (13)

ANXRZ BT 7V 40— R RelZEAT 5
e, die b — WM 7% 7 7 ¥ 4 v —)b RaD WAL
LTRSS, 2, 7Y 4 =L RyDE
A, e DEFERIE AT AT 7 P 4 L — I ReD s A2
e L TRID GriLs,
EETILIZLE D7 7 2 1 HRBBORLEIK 9 ITRT,
HHATED A7 7 ¥ 4 =)L ReX RAZA <7 kL
PO B WU TIE, WMEDERKALT 7 ¥ 1 HEROHE
WTH AT LR AHEGHIRE L - T A, 77D
A= Ra~RcZBERIICRBLL 28(7) 214 9 #
T 5 &, WET LW ROMRESEICY &7 7
PUMEREAT L ST WD L b b,

6. W—-IVERFE

2 3BT, PEDT7 7V 4 V=N T 2T
LD AR % TSR T B 7212 E, “don't
cave” & ZREL— MW7 7 P 4 =BT H
B EraL Fh, DS T 4=
YERRIED ST 2 A = AT B L T 7
U4 ETNVACK L TR OB MEE 2 KRBT 220
TE25 77 24tk et e Lz, ROBEEE, JEf
Wy RF Loz AN T 2MHWT 77
FETNEHET L ETH L, ARTIE, BENT
NI ) KL NP7 BRI & D, — et
DT T A NV DREEEREE L7 7 Yo i
LA 2 )k 2 22T 5, 2 s, AURDIGL
ADT, WHENT LT ZAERMGI2 779 4 T
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PHRLOIE DR B 7 7 2 4 V=2 BT SR OBRINE N2 2 ALY 2T LD 5 iliNE T v 7 121

> T DOHMRAT IR, FE RO THNT 5T
ETH 5,

5.1 JL—ILiEIRF*

BTN T) ZL W27 7 2 4 =L DEIR
Fikld, X — B PIEICH L THRESI N TV 5
DOBU T 7Y AN D BRI TILDIEAN 7B 2 )y
3, 77294 BTN EMKT A b7 7040
— N ERRENCER L, FD4hr SR B RO 7 7
CAN=NDEERFNT EC) LDTH D, [ilFkn
2L, 287 — CREAIEIZZ TR L, R
2T LRSI LT OdINTE 5, K3 IR
ST GHEE T AN 1Ty 257 4 %L
FToLEA, 774 N—NDERFE7 7 ¥ 1 BH ol
D3, “don’t care” L EH TG+ L, FHiwi
W23 Ydon’t care” BTG aDT, WHEL T 7 Y 4L
—WVDOHIBRIE N=5XG+D)"Eh b, ZHLHDT 7
VUN=IE R REL, FOMWSIEAE S LT
L, EIET T ZLIZE ) V=B E 4179 72
DIZ, WHEASEL Y PRBUZLY S=g5 - sv&
LY. 22T, 5=UITRHDT7 72 4 =1 R
DEASICEZINLZE 2R, =02 R SIZH
FNAGT EEIRT.,

AFEDBAETER T, NS 27 20 AT IH1R

GEERNT )R CGLE T B E v i s, 7
7 ¥4 BT VDOBBGEMIEE)) &V — VR G A
LTIHWE, wE, 7LD BE 4 B80S R
T o b om RO A )JT-—?(xpyp) p=1.2, ..., m

PEHOLNT B ET L, ZoBy, ,.Sé}ﬁ/\smﬂﬁ i
WIMEE, Y2 6N AR T—212xT 530 L)
BENZEHEINDE 77 V4N —NLDEEIHTKRD &

IZEFRT 5.

F(S)=— 3 |yp—15,| — Wi+ Card (S) (14)
p=1

::f;mu%ﬁ%ﬁ HENLE 774 N—NL%
L\f"f‘éﬁ‘ﬁiﬁﬁ W56;‘7 PUAN—IDEIZIYT B TE
A, Card (S)IZEBEN SITHENE 77V 4 V—
28 ¢t (,ardmallty)’CZ?)é B, RO EAE
KERTIE, We=0.0& i Lz, 72, X(14) TS
BEZTHOT WA Y, 2 REREZIHGTL Lo,
FIRE 1 o K (14) DL BB S ARy 7oL =

DXL, FRE1ICAT 20—Vl - 72,

7, rHﬂJT—-Y&L’C % =0.00, 0.05,

1.008 & U x=0.00, 0.05, ..., 1.00i2 xf )3 5
QRUAD A )T — 2 25 2 S8 L 72, KiZ, K43
WZART ML & “don’t care” % T, 5X62=18011

2000/2

DT FIAN—NERER LT, AFRTIRELL 7 7
UL AR G2 TIE, B2 TRLIET 7Y
4=V Ry~ RHDSEIEMA TV 2 Z 402 X 0@ R
1, MOXEREDIANI0.64TH 72, X5 232540 7
TUAN— I L) EBISIN I NEEINB T H B 2 &
PEZDLE, “don’t care” BHUL—MWNL TP 40N
=W EARPRTIRE L 727 7 ¥ 1 ek 2 T U,
ENDED T 7 4 =TI Y 7 2% 5 Y
WZGRTE B Z &b, b, WO 7
2 M & T TRk D BB 2 41 7 - 72858, 6
W7 7 ¥ 40— RIS, HEXRIED AN
1.93& 7% - 72,

BIRE 2 . W OMINIL 7 7 ¥ 1 i & AP THRE
L7277 ¥ s fimik L Do, M6 birnil
f‘/‘\;'l’)r/“‘—?éﬂ WBAEERZ e o7, B,
X6 2> S WEMICEE L5 7 7 2 4 — V3L sl
W Thsb.

Ry If x, is Sthen y is S
R, . If x, is MS then v is M
Ry If x, is M then y is L
R, . If x, is ML then y is ML
Ry 2 If x, is L then y is M
R¥ If x, is L and x, is L then vy is ML
AR TERE L 727 7 2 1 il &2 v TEfRm 7 o

TN R X BN —IEIRE T - 20T, 2R
DT 7Y 4N USEIRE N, -+ ), i g
b7 7 v 1wz N2 0T, 772 4 V=V RE

3%, KDEI LT 7 P4 = HNRINE LT,

Ry . If x, isL and x, is L then y is L

Febb, [0 & LI KEVHIRTIIIMIHIEA S
WlEWS T Y =L LY, X6 & 3K
LTz,
BIE 3 ki, MTIZRT AR TF—2 2R L,
LT T ) A2 L ) L — L m§u~qt,&
L7 7 U HEwmilE e TG 28 TIE, KD L) %
TP T4 =L hNRIN S LT,

R4y is small

R3 . If x, is small then v is medium small

RE . If x, is small and x, is small

then vy is medium

IRHEDT 7Y A N—IE, RRDIK T B 5 RIS
ffp2tnTE ”ﬁvm&t HLTwb, — 1,
W ORI 7 7 2 4 w2 N 720 T, ko &
VT TV A= iru:,

Ry is small
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122 HWART 7 ¥ g tpixik

Rp o If x is small then y is medium
R¢ . If x is small and x, is small

then y is large

BIRE 4 KD L) IR R T LD AR E
SHMICHERT A LR EZTA LY.
Y= 3 !
2-[1+exp{2(—60xi+55)” (15)

i=1

72720, AJJZERNSHALL R0, 122 L, S A%
BUZH LT3 DEHEME WS Z L1295, F72,
ANERDEDZ DT, @BAOKEDGFIZ IR
ZHWHZ LIZT 5, BT, £3, 14=0.00,
0.05, ..., 1.00(:=1,2,3) (ke L 72t Jufii % 5150
T52ET, 28=9261HD AN 17— % Z7Lk L 7,
KIZ, W= ILERDIER & LT, 5X6°=1080f 7 7
VAN EAER L, RELIT 7 U g MGk i
fERYT L ) Z L% I TV — VB 2 1770 - 72450,
KDEI 7 7V 4 V=ADEEb Tz,

Ra .y is small

Rs . If x is lavge and x, is large and

% 1s lavge then y is medium

Thbb, ANEEFETRECEATIRIE M)
FEEZ (05120 W) TH 1, 2 LA DEATIIN Il
PNBEGZ Ebrd, ZDLHIZ, BIEMIZANR
RIRZWRT 22 L DTEL W3 AN EOYNATY,
SHIIZ IR Y 2T A0 AW IR E ) <
KT ENTES,

5.2 L—ILERFEE

S ToR L 7o — V@I T, @Ikl & 7%
577V 4NV ERINICETER LU R 5%
WOT, EANNBIE S AT L~DEIEHE L, 2
iz, ANEROEORI I E Iz, B — 1 DB
FFHHBIICIM T 272 TH 5, FD1=8, ZiKIG
FHE L AT LDT 724 BT L ITIE, L—ILiE
WTEL V= NVEBIZE ) 7 7 P 4 T NVERERET
5 LTk B, EIEMNTIL ) XL L) V=K
EITL)BATE, 77 P4 =N ERLYHITERBLY
52 Lil%b, B2,
small
medium small
medium
medium large

large

Tt

FE OO A W DN

don’t care

122

D& SR HeE, “If x is small and x is
large then y is medium™ (%, 14530 & 9 7t 54T
KINb,

T 7P A= VDU EIZ T L T XA E Jv
LTS, W= VEA S 2HEICHIESE L Ly
2V [3233]. V= VIEAZEBD 7 7 P 4 V=5
B IN20T, Mern7 7Y 4 v—N 2 LTS
A7 DR E B, FIZIE, HifiopiEi4 T
fEoe v — VN S (E, ##815553 L B, kIS,
n ANIHIEL AT L1208 T B sl 7 72 4 L—L

WOV —=NVEA ST, S s+ )ity TR
INns.

W= Bs BB L EZ DY, EIENTILT ) XL
DN, b — VB X kRIS, w[Rek 7 7
CAN=NDETDIRAE S, n ROCKHIEIZ 6]
LTS il v AT, it 77 2 ¢
V= DEEUE N =5X G+DMATH ), ZDHurtE
DOFEAI2YME 7 B, 2 OFERZERIT, ZRoLnY;
DTEWRL A ZEA D, FPRNLIRE L BT 5
72Zld, WIIIARRED R S AR IR 1S 1R
WTH D,

TV 4= ADRE, MrDT =%
flilthE LTI PJH 22t 0ires 28 T&E3
(32,33]. 2 &9 % Jiikd, SRR O 0y BT
VAT FHLENII T T AT VAT L
(4] XN TS, L= AR L LTIRY )
W TUE, L — VIR & Rk X (14) % e
MBEE LTI ENTELD, MrD772 40
—L 2tk e LTI 380 B33 TIREI L R E o i Y]
eI T, e, V= VIEA RO SR
28N - WIKICHRD LI EDTEL W T2 774
T ATALTIE, V=NV EDwMeE i) 2 L 13N
HTH D,

6. 771 MDEIMEICET SRR

AR TREL 727 7 ¥ 1 HEfwlE, FRktED & v 7
TIAN—N DT s P = L) L
IS S5 & v ) IFRIICCE S N2 — D
BRI bR TH B, £72, B EBRIZE 2%
MO L2 DEIEIC T A E I L w S
BN HARIZHD LD TH D, KB E T LD
ZMER R T A L3 TE T, APPSR THY
WoTWB 77D 4 —N_—=2TlE, WEBMEIK
DD T 7 P 4 =L DEGRI T > T b L9
FIFEIWZ TS, ZOld, 77 94 HEwmo TNt
PRBUIVIGERT A2 L ENETH Y, REFLEOR
MR Rl D B Ze 0K & D3 & BRIk A S HE
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HRRALDIE D WA B 7 7 ¥ 4 A= N2 BT BIFOBREE 2 W22 AL 2T 40,55 NETFY v 7 123

TirbNTwb, RETIE, #ETEORZMEIZON
T, WS OO ZEMZ 52127 5,
7 7 ¥V 4 HEGm T W SR o i BEL & 7

DI, 774N —NRN—ZAZHENDIATETH 5,

{5 2| ’MW%TH:%WWLQQM%R&HQC&#
BOALE, WS RLDRDE I LTV 4=
FIHGWT Wz,
Ra >y is small
Rs  If x, is small then v is medium
Re o If x, is small and x, is small
then v is large

i DR DN T 7 U 4 v — L ReD ST, fhod

77 VAN NNDREBIERNT 20T, 6D 7
FUOAN=ILEN LRI HFEEGEL. T bbb, nE x
#ﬁ:wmﬂf%éi? CANRZ PV, ATH T
UL NIEAT LD, YT 4 =%
mwé# iU%&éwm%iﬁfaﬂé

77 YA =R ZAOWEE T AT, P
FPERT AT o TR VWA L TE S, U

B, B4R T &5 A& Kk 7 7 2 0 iz e b
ibjnfﬁi, [ﬂ_‘@cli“) J’ﬂ"ﬁ (¢ 1‘.L7:f(«‘. de:bt)s

FRALDE AR L W7 7 U 4 V=L E W D50
T, V=IO AKieE 2 580 I, LarL,
2 BT E ST, BROCIE HLTHWU w
WRER 7 7 V4 V=N R— R EWET 25N T
FRRILDIER DR L 77 V4 V=L &\ D %%
WHhH, Fz, GMNEL SSRGS KD T 7
VAN=I Ra~RcTHY, ZDUHEKDLF DI
AT LT AR A B AL B 5 kw9 filERCE

T, FEEPRL T 7 VAN —NAR=ZP5LT7 7Y ¢4
Hmze i) BB DH 5B,

AR TRRE L 727 7 P 4 G D HEM D728, 77
+ — )L MMt (Default Reasoning [35]) ? i THv»
SENBL DL a2 EZTALY.

LSBT =85 &

A2 Dy X R
HIFES Lt X TR ’C})é

B 13— oS CHERTH D, B 2 3RSt
EVCHRRTH B, F, MEES(E v olaE
X EVIIEDOMDUEIREBE T 2T H
5, WE, BLEMADPRCFLTHD E 0D
oz L&y, 28N, BEkl SREE3 2w
nd,m%A,ﬁmrkwvﬁﬁﬁxﬂﬁhﬁLé L
L, HERCI 2 (SRR f ek 2 2 1 1
P A LRIE v & wommm%%%<.~@M#bw
75 L9103, 77— MEGTIE, HEERORERD &

2000/2

0 > X

R0 T LT TIE A 3

11 HELETLDATNTH B9

LAY AN & —B L7280 T, FRRIE D s Jnakass
RO GRS D DR E NS Z
1[25,36,37], AR TRELZ7 7 ¥ 1wl 2
D & O e (specificity preference) # 7 7 ¥
A N—= VD)Ko izpizE MLz b D EE 2 5
ZENTED,

AR TRE L7 7 ¥ 1 HEGd 2 o720 E 7
)2 70, AJIZERIN O LR BT B AR 7 ) R
AF D, ARG RENCT Ry AU 72 TR 2 R
AL AT LDETNMLIZHE L 72D TH L, TD
EE, RN e I RS, RERE D ST
7Y A=A K ) ISR 7 T RBIE S,
L2 L, fRktED a7 7 0 4 v— & AJJ2EINO
JAGHUS T TSR 5700 &9 AT, &
PR e T ) v 7 T TR v, B2,
X102 £ 912, FRE L R T LB R B
WEIK D DERQRGOE TSN TS L) 8 AT
DETNMACIZIFE L T, KPR TREL2ET
)2 ZTUDATNTH B0, KD L 91z, ki

I ANHLI 7 Wh%”%ﬁﬂ%ﬁf%é

1. $HDIC

AT, Z2RICHEIES AT 2D AN MR %E
AW L OIZN T3 2 2 &2 HIE L,
G R R RE T 7 7 VA =L BTV IR TV
fbizowTEkim L7e, 3, il Z Ry el i 7%

7 V4= &R ZROCHIBHZ W T 250 T, 77
U = DBOFTEI BN e R 2 B < 72002, S
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“Knowledge discovery and data mining @ Towards

124 HAT 7 ¥ 4 ik
M0 25 “don’t care” BEFHO>—{f 727 7 ¥ 4 0L
— DR TH D BRI, ~ﬂwﬁmml‘7 v

4»—»@,W#L$¢é>wvﬂm#%u,$W%
W FENDE SNBSS AL T2DIZT7 7V 4 =D
GG HIC e 2 L W Rl LR > T W B, ki, —
WD AT 7 V4 =N BRI D ST e U 4L
—IIRAT AL %7 7 Y 4 BTOLICHT ORIEAL
77 Y MmO T o R Lz, 1L
RIIZE, RIFBICENT 22 THT7 794 L—1LD
RN & DINIHE2HECC T 57 7 2 1 R T, Rk
BTV 4NN F— N7 e =L k) L
SIS &) TR DR ”%u%k%f
WEBETH 5, ZOMW, —EDONGT Y 4L —
W ERFRMED AT 7 U 4 V=T B L e
DT, AW & (3807 B At 5L 5,
:mmwm%wmfé%m:,MM@WM%u EA
L'f AR (| TR 7oy S O 7> B s I A N /| 57
20k, 2aRocdl /JJI//XTL\V)}\ IR %
”mm SR 5 & TS SR
T 7Y 4 — L DR ) ﬁé@ :/Ji Lizz&&, Al
DRI KT DL L T77V 4 Tf[iiﬁi):ﬂ“réé L72Z
ETH B, RBFRTIE, 5608, EENTL T XA
PG Z2EAEEER IS &), BN AN T — 5 5
LD RT T P4 L —AHRELN A LR

ek

AiL7s Lo L, EFAALOKIG X 72 5 2 25

ZHDANNEEE SO T, BRI K
LA R, AIRITEERE L L — VA RS
WHEIZZe B, 2D &) BB THENIZT7 79 4 —

NDOMRZ 417 ) 7212HE, BET7T L T ) LDk
o7 e RS TH B, ozl T, &
OB E L, FEmoH TR Lz,
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Linguistic Modeling of Multi-Input Systems Using Implicit Hierarchies
of Fuzzy If-Then Rules with Different Specificity Levels

by
Hisao ISHIBUCHI and Tomoharu NAKASHIMA

Abstract :

The main difficulty in applying a fuzzy modeling method based on fuzzy if-then rules to a nonlinear system with
many input variables is the exponential increase in the number of fuzzy if-then rules with the number of the input
variables. For avoiding the exponential increase without losing a clear linguistic interpretation of each fuzzy if-then
rule, we need to utilize general fuzzy if-then rules with only a few antecedent conditions. Such a general fuzzy if-then
rule, which has many “don’t care” conditions in the antecedent part, covers a large area of the multi-dimensional
input space of the nonlinear system. Thus the entire input space can be covered by a small number of general fuzzy
if-then rules. Since there may exist some complicated parts of the nonlinear system that can not be captured by the
general fuzzy if-then rules, specific fuzzy if-then rules with many linguistic conditions may be required in the fuzzy
modeling of the nonlinear system. As a result, our fuzzy model is a mixture of general and special fuzzy if-then rules.
Some fuzzy if-then rules have many antecedent conditions and others have only a few conditions. In this paper, we
first discuss the fuzzy reasoning for fuzzy if-then rules with different specificity levels. Next we propose a fuzzy
reasoning method for realizing implicit hierarchies of fuzzy if-then rules where specific rules have priority over
general rules in the fuzzy reasoning. Then we demonstrate that fuzzy reasoning results by the proposed method
coincide with our intuitive understanding of fuzzy if-then rules. Finally we demonstrate that a small number of fuzzy
if-then rules can be found from numerical data by genetic algorithms and the proposed fuzzy reasoning method.

Keywords : Fuzzy Modeling, Fuzzy Reasoning, Rule Generation, Linguistic Interpretation, Linguistic Modeling,
Genetic Algorithms
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