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Preconditions for SISO Mamdani fuzzy systems to perform
as function approximators

SUN Fu-chun,YANG Jin,LIU Hua-ping
(State Key Laboratory of Intelligent Technology and System, Tsinghua University,Beiing 100084,China)

Abstract:It has been proven that fuzzy systems are universal approximators. However,a large number of rules are
usually needed for high accuracy. Knowledge of conditions necessary for a fuzzy system to have a given level of ac-
curacy can provide guidance for design of an optimal system,such as selection of optimal input/output fuzzy sets
and fuzzy rules. The necessary conditions for a single-input single-output(SISO)) Mamdani fuzzy system to operate
as a function approximator subject to a given precision were discussed. Since the general SISO Mamdani fuzzy sys-
tem is monotonic at subintervals, its optimal configuration is when the number of division points is not less than the
number of times its monotonicity changes. Thus by analyzing the local characteristics of the object function under
the fuzzy system, necessary conditions for a SISO Mamdani fuzzy systems were obtained in accordance with the ex-
trema of the object function. Furthermore, it was shown that the necessary conditions found in prior documents are
only a special case of those described here. Finally, simulation examples were given to verify our conclusions and
analyze the performance as well as the limitations of a fuzzy system as a function approximator.

Keywords: :fuzzy systems; necessary conditions; fuzzy rules; approximation accuracy

1965 Zadch" - s 2 ;:Mamdani Takagi-Suge-

no(T-S)) .2 Mamdani

: 12009-01-01 -
o (90716021,60621062)
.E-mail: yangjin06@ mails.tsinghua.edu.cn.



FAH

INEH , % :SISO Mamdani 8 RS 7E R R ECB LA A E &4 - 289 -

AAWERERENLEZMERELRER, E
MBI R BRI R A T R, VBB R4
B2 D R AL SR

1 MxTH#

BOMIFE G R G RER 45 R BBE T RSB
VR R B IERE. B, R ERNE =
AR R TE R G B iEE

AREMAGEABRERE N EELSRE
FEHEH, iR Stone-Weierstrass SEHL, EMH T
SR P v S0 R B AR K SRR AR LA oL X AR M
BH—KEHREETRELERS. BRE, L
2E WA R 7 TR R 2 56500 R 40 2 8 A R EUE R
21 (X B R B A B
E—NEEFHEE R, FE—BERERLE
ERE—ZEBR R S IS 2
HERIBIL R EBEESENER BN RAETR
EEZHEMN A LB EEE. RARER
Y8, AR EROR T W ) . B R AR
R, FEHFEEAATTEEREE. X E UL
RGBS T ORIR K B XE.

FIRBX— &, an eyt £ R ) BB A i AR
FLIN SFe S PIE A B BB L ) — MR
FOXE R B, B2 R R EUE T s BB TR,
MIERE# MR & 5 T4 HAERIEE
BRGNS FIEN, F Z%2E B REN TS5
HADERMEHET T EARE. B REEENE
SHEMRE T MAENERE FNESL R, E
HRITREE R U RFEEZ A FERHN, B8
REARRELUSENELEE. XFHKE—-1TE
BLP IR Ying 75 1994 E4H I B0 B8R
FR2 2 E 1 BRAFAZHNA—-BUEERE L
MESLREGE 2 B REAEN RAGEIEZ WA
AL TR RGBIE 2 T R A, 3 2 BEAT
ORI R TEM ARG SR EBEEE TR
BIBORILNIEY , MBI R GBI B9 FE 4451 TR
HREME, Ying BHT TSEMRAENM RS K
) FIRERA 2 2k, CBR[ 10 ] 2281 R4 B ik
Z i R, ) 2T R R BG40 i
JTERRENT A R RE R, FHER X
FHEEMRT Ying 458, FRBRHREEE — ML
ORI ER BT 3, TR 2 Bk, BN
PR RYET R RERTT, TR REN R AR

T & XREAEALTHE, BT 2 kP
LA K — BB T I O s AR IRZE, A
TEEWH TN RAE T2 KK HEE. 2007 4,
SCER(11] 25 58 B8 R0 R 30 e, 44 1 T SISO
TS Bl RE T &M RIS E ik, #—H ik
TEM RGN T EM. HIX T, BAREN &
G T AW, B RAN T EE.
FFUA T THERGENRENER. B
G ZRMREE, 10 2 2E3| A ZRIRZF D E N
HApHdE. Jooh , EWE LR ARG T, R K EFHE
19 —FE I B An R0 2 70 = s EOH B AT R 2
iz A ERESIN. B4, EEFEBELIEL
BIEE BN RAR? RUUEN R &Rty
HIR? BERMEREM AN BLESR S, EHRA
L ERREEN ARG LB E W RILEE
(BB PN %) . B X 5 | RR D>
SCHR[ 12 ] AR 438 F &Y SISO Mamdani B0 & 45 76 X1
43 F X JE) 9, R B ER] R G e B R AU I 5
BB B R G S B — BUE I BT T AL 8
S HAEE B AR SO 3R, T -5 R BRI R TE K.
FETRMEE, OR[13-14 [ B T TS BB REM
MISO Mamdani B8] RATES € REE R T ML
BE&M. S GRS R IR X b B B AR
RTEEEEBTE; Y% EEEREER, X8
AR AL AT, R R B R
— BRI RE, 2 LAS NGB BRI R I,
Wang' ") B 5o 38 BOBTR B0 B, 3R R LA T B
HHTENRALAACEBEBENRNRARE
HEIME R . X TR BERERAR TEBIER
BB, BARETHEX , AR IEER
REMBEEILYE, WA TTEN RA MBI .
B, PR STB R G R4S B LR
B RS E UM FMHE. AR T EH
£l SISO Mamdani 54 R Gi7E 45 € B LK B T L
B4 B k@ AR SISO Mamdani #0824 76 %4
F X EE R, BT A R A B LR E M xR
AUTR A AR 5 SN BB DA EN R4
AR LR R R E TR R
H 0 B AR R R, 857 T 3 A& SISO Mamdani
B RENLESRG. XM UERXGANAHTHE
B R AR 73 SR B R N, R REHE T A
WERBEERBWRIT R, AXIEHT
CER[ 12 ] S REARSCE R —FpREH. &5,



- 290 - BB R & % #®

F4%

1S BB BRI T AR SCAS TR Y E B 1A F0 20 AR
RGN RBUBE A% -

2 SISO Mamdani # ¥ & 4 W fic B Fo
[e] R 3 4

2.1 JEFAR SISO Mamdani ## R G HEE
ERFBIERESf(x) REXTE U=[a,b] EH#E

LA RN RER AR U gkl N A

FXBI(S; BXAHGA) :

a =8 <8 <8, < <8 =b,
WLAERWRGA N +1 R0 An R A — B0
BRI L A RE" A 1 TR 08
ABRIER A, (0<i<N) 3N A8 BE SR s () 5E
XanF:

X € [Si—l ’ai—l) H

I,-(x),
1, X € [ai—l aBi+1);

”‘l(x) = Di(x), X € (B,'+1,Si+1); (1)
0,  weULSi.Su).

AL (») RES BRI, x =5, 1,1 (x)
NOTE %=, B, 1 (%) 24 13D, (x) REELE B E
WHY, 7 & =B, I, Di(2) S 1,7E 4 =S, i, D, (%)
A 0.

T 5
1.0 ,u(,(x) H; (x),tl,(x) lui*](x)

SeB S) S 0.8 8.0.S B S S Sty

Nww(X)

Bl ABRISESR B R BN E X

Fig.1 Tllustrative definitions of input fuzzy sets

38 F%Y SISO Mamdani B 240 N + 1 808
N2 LAF

R,:.IF x is A,,THEN y is B;,i = 0,1,---,N. (2)
AH A, BMABRHIE B, RR AW HEME, EN
REBE R y =y, ((EEHFE) ALBUE 1, KA
#8A 0.

ASCHIBIR] R G0 R A SR AR HE BN O P I s
Bkl B4 RGN

Zﬂi(x)yi

F(x) = ——, (3)
Z”‘i(x)

2.2 BHARZOEFREHIER
ICEXERE U=[a,b] EREZZREN

A=) e BRGEBERKE. WABEBFERG)EX
W, BRGHH F(x) %2
| F(x) —f(%) |- <& (4)
FIBH R TR &L BELM, IEN R KL E
A Hp RS | o« || . BES R
| &(2) || o = sup, .y | g(x) 1.

3 3@ A A SISO Mamdani # ¥ & %4
b B 5 A Fu b A% o AT

3.1 B & SISO Mamdani BIMI R GE R4 &4

Py i SR UM E v fi s ] D A B8

SIE 1M R (3) KB R A 7E M AR
B R

512 L3 EXHEHF(x) BT X
[S:-1,5:]1,0 <i<N BRI,

LR EfEENSTXELS.,S]E BTR
A pioi (2) M () BUE AR, B OAORE R 58 R0
2 ZRAEERILNY -

R, :IFxisA,_,, THEN yis B,_,,
R;:IF xis A;, THEN y is B,

2B R F i
Bict (%) 35 + (%) y; _

FO) = (o) + ()
Vi +0(2) (7 = yi1). (5)
AH:
_ (%) _
) = ()t
0, wi(x) =03
(6)
[ L wi(x) #0.

U+ (%) /u; (%)’

Lo S, 3B S, B - () A 1 LR/
B0, 7w, (2) A O BRI B] 1. FrRh=X(6) & X/
o(x) O BiERE IS 1.

lﬁlﬂj,*&iﬁﬁ@) » Y Yi >yi_1ﬂﬂk,1‘ﬁ’|ﬁ§\%l3‘3ﬁ
B F(2)ZE(S,_,,S; ] EBENg I, B/, F(x) BEE
W, B F(x)ZEFREILS,_,,S;1(0 <i<N) 2B

Ry =y, BAER RGFER 2T X [H
R F(x) =y

RYES| 3 2 25 H A 3E A B SISO Mamdani 524
R M RRER, B R AN RCIEE N ZE
B R G A X BRI SN Ao
PR B XA T LLE LT A



FAH

INEH , % :SISO Mamdani 8 RS 7E R R ECB LA A E &4 291 -

BIE.

M ARG F(x) BN AEXE [,
a, ], APHRBCR BIFR N B, R 58 XL kit
2 AR -

pi(x) = %19’1 = F(a,), (7)
() = gD = Fa). (®)
BT BB R 6 s BV

RAETIH 2, BRI LI 48
BE1 REAG)EXHEMARL F(x) 78
AB U FRRUGERE ¢ BIEHIERH (%), IR
BAE % <% <% e U, B f(x) -f(x) >2e,
fxy) —flxy) < =2, 8. f(x) -f(x%,) < -2e&,
fxy) = flos) >28 IO RGAE 2, %, | WAFTER]
g8
E N T AR, BRBEFE v <, <
x; e U 13
f(x1) _f(xz) > 2e,
f(xz) _f(xs) <-2e. (9)
B R IR IE R 7R [« ,%, ] ERFETF XA
[ 2 ,%0 | EARBRI RER T F(x) RPN
R S R F () BIREE T X 5
[ % ,%0 INFFFE, BRA F (%) FEX A [ 5,5, ] L HLIH
B, A
F(x) < F(x,). (10)
5 E B BRATR W RS F(x) BBLIGE
B e 8k Bin %L, 50
-e <f(x) -F(x) <&,
-e <f(x,) - F(x,) < &
B (12) B (11) 18
flx) -f(x,) <28+ F(x,) - F(x,). (13)
R H(13) WEA(10) 43
f(x1) _f(xz) < 2e. (14)
BT (14) 5K(9) T &, AE [ %, ,%, ] BF
FEF X IE [ 2, ], R RERHE L F(x) B
BB,
EHE A UETE [ 5, , 25 | DRTEFRIE [ 25,55 ] N
AR REHE I F(x) B3,
SRR, EXE (2,5 ] EFE2 T XH
[, 1T [ 20, %5 | S AR BEMI RE B H H F(2)
AR, RIET I 2, B R AR T X
] 3. PR B R LB A B, 7R [, ]

(11)
(12)

WHERIZ & IEEE.
FEFL 1 PLBA X B AR R BOCE — R SRR HE 2
AN 3T B BRI [ P R BRE /D 2 18N I, B
RGEX— R BB EA R 7 A4 BE L BB I
B BREH 1 BFE—ENRRE, B IBE
SLREUE R 3 R REE R REATTREEY. SV, 5
AT | B R 3, B AR T R AR A R
17 B 5 2] I % R R
513 ESELRSf(«) ERE[7r,7,]CU
ERAEWT 2 MEHRER.
V)T 7, <%, <2, <x3 <7, , 15
fx) -fx) >28,f(%) - f(x) <-2e,
B
flx) =f(x) <=2e, f(x,) = (%) > 283
DR T <Sé <b <& s (E R ELT,
] BRI R 4
fE&D) = f&) > 2e,f(&) -f&) <-2e,
B
&) —f&) <-28,f(&) -f(&) > 2e.
iER 2)—-1) BARGL. NFHFIE 1)-2).
AYGBREFTE 7, <%, <z, <7,,[515
f(x1) _f(xz) > 2e,
f(xz) _f(xs) <-2e. (15)
BRI f(x) & SRPEE », SERIFXE
[B:,Bs],8:; AR . AR —fetk, R f(2) [ B,
Bs ] B H% BAYEIEIE. i x, 7E[B,.Bs ], A
f(B) < f(=,). (16)
MR B, <x,, M x, HERFHXE f(x,) <
), 5 () —f(%,) >2& HFJE. B, W43

% < By €%, < %, (17)
%A (17) 48

fz) -f(B.) >2e,

AB,) - f(x) <2 (18)

% & =,32,I?JE¥EH%'=§1 £, GEEE.
WRET I 3 WS &M, EB 1 TEEWT:
EBE2 RRA(3)EXHEYRE F(«) B8
AR U FREUSAENREE & BIEHIERE f(x). R
FIE & <&, <& e U(E —REIEREIR &) , 15
f&) -f&) > 2e,
&) -f&) >-2e,
B
&) -[&) <-2¢,
&) -f&) > 2e,



- 292 - BB R & % #®

F4%

WL RRAE 8, , 8, | NFERID .

EH 2 18 T HATEEM R RELISS EBIEAE
BB TSR RO, B An R T X R BT B B4R
P [, X S R BT B A R EUR SUF S, B
BAEWNTHE:1) RHEE R EFEFE
AR, RBEATHRAR A5 2) 7E SEBR AL 5 T 52 3R
OB A ) ST RGUAE N ORI 4% LU IR
AR

WRYEEHE 2 BP AT #5738 A& SISO Mamdani %
B ARG SR 45 5 1B B b BE AR

I 3(EM RERLERM)  HEX(3)E
SCHY3E AR SISO Mamdani 081 R4 F(«) 7R3 A
U LA EBIERE ¢ BEMEEN () , B
B RS ARRI 0 % E N T RARK NAT
X&) ZEFA RIS F REILS;, S, ] (0<i<N) B, A
FIE S; <€ <& <6<S,,, (6 RERETE T X H
B , 15

f(x1) _f(xz) >2eg,
f(xz) _f(xs) <-2¢,
BE
f(x1) _f(xz) <-2¢,
f(xz) _f(xs) >-2¢,
It B ARG Z TR N + 1 REHAN.

iERR E R 2 AR, XAEEE.

TEHL 3 4 BN RELBERHFERFERM
AL RS BE AN B AR B FRI AR . X BR R BURIE
B RGN REUB LA L T HAUR R B R HE 5
MBI A , T LR ERAE.

3.2 Mamdani B RGE G ERHRILLBS

Ying Hao FWi) & 1EE 115 381 R GuAF vl
FAREUBIE A48 1 T e R EAR M, 3T BAR R Ix 2
BAETVEAIAT TN RERBIE A BR X
BZARARRTEBEEEETERIR. T EHRHH
Ying Hao #9258 BASCA5 B H—FiEfi.

BEE={ =a,t,6, & rbnn =D B
REf(2) RSB U =[a,b | IR HRER. LHE
BIEEEGTEN, TR MEIPRA £..,6,
it E§(1$i$m) LA R U RA:

fl&) —&) > 2e,
f(gn) _f(§i+1) <-2e,
BE
f&i) —f&) <-2e,
f(gn) _f(fm) > 2e. (19)

R 3, 0 R AR B MR R AL
FAERI 5 5. BV R4 s 9 B A R 4 AN 305
F BFRREA R 4L X IE 2 Ying Hao B454.
B, Ying Hao 9 Z5IR R AL WA EBILHEE
BT EET ) — A,

4 HEEH

X—REEE B PRI IE BiRS®, IR
W TEOR R GE B I R RE.

o1 BiHE AR Mamdani B8 R4 —F0E
HEEME U= -3,3] FWELLRE f(») =
sin x/x, BIEFEE 2 £=0.2 fil £ =0.02.

TR 5 AEHE R f(x) 1E » =0 bHFFE—N
Wi, Bf(0) =L JrLAEMEBMRSAER £ =
{ -3,0,314.

1) £=0.2.

RIEEHE 3, B AREE » =0 LFERIS A,
MEAFE3 FRANARBEREERE MW
SCHR[ 8 1S i FE 4 A5 A R WA 22 207 A ML A BB
SEPEERE R, SCER[ 10 ] 257 BB BB 78 40 S5 At
FREIFHANARAIELEE REEFEEZE
I ERE B B B A B R, X i
HA X B 75 73 AR AR R TR R B 2 ).

2)e=0.02.

RIEEHE 3, B AREE » =0 LFERIS A,
M EAFE 3 FHN A GRS BB TN E. S0k
(81T HFE /AR PRI E 6 843 FMNI A BESE
BB, SCHBR( 10 ] 8L BB HE B 72 43 SR P TR
B 25 FHNARRiA BB R . B, DIRTEE
B R G FE 40 A T A R R B A ).

512 &iHE AR Mamdani B8 2% —F0E
VENAE U=[0,27] B ESLEI f(x) =sinx,
BIEER £=0.3.

Hh

fAw2) —=f(0) =1 >2¢ =0.6,
a2y =f(mw) =1 >2£ =0.6,
f(B3u2) -flw) =-1 <=2 =-0.6,
fBBu2) -f(2w) =-1 <=2 =-0.6.
iR EH 3, BN ARG N LIBIEEE, A7 » =
0.5 flx =157 X7 . W0 2 i, B B
FrRg e B T FREEEE 0.3, ER—1 8
VEIE (2 FBEN). Bt — a4k 2 (&
) WK ARG R, W0 2 PR IE LR B A



FAH

INEH , % :SISO Mamdani 8 RS 7E R R ECB LA A E &4 293 -

TEBEIEW , BT R R o BB IR . 21T
I R W e RE X E L, R (7))
Q)BT AR HEYE PEMRATE 4 FHE
RN A 7T SC IR A

2 — fl)

— —boundary

B2 Beit Mamdani BRIRSE LA 0. 3 45 BEE T H AT K%L
Fig.2 Design a Mamdani fuzzy system to approximate the

object function with 0.3

EH3 i@ AR Mamdani B R4 L 0. 12

RS — 0B I HAn R A (B 3 PEISELR).
1.2 )

— — boundary

08 L FR)

-0.8

L2510 15 20 35
X

B3 Bt Mamdani BERIRSELL 0. 12 ¥EREIEIT B AmeRis
Fig.3 Design a Mamdani fuzzy system to approximate the

object function with 0. 12
%

f(4) —f(0) =-1 <-2¢ =-0.24,
F(4) —f(5) =-0.5 <-2& =-0.24;
F(6) —f(5) =0.5 >2¢ =0.24,
F(6) —f(7) =0.5 >2& = 0.24;
F(8) —f(7) =-0.5 <-2¢ =-0.24,
F(8) —f(10) =-0.5 <-2¢ =-0.24;
F(12) = f(10) =0.5 >2¢ = 0.24,
F(12) —f(14.5) =0.3 > 2¢ = 0.24;
F(14.5) —=f(13) =-0.3 <=2 =-0.24,
F(14.5) —f(16) =-0.3 <=2 =-0.24;
F(16) - f(14.5) =0.3 >2¢ = 0.24,
F(16) - f(18) =0.5 > 2¢ = 0.24;
F(20) —=f(16) = 0.5 <-2¢ =-0.24,
F(20) —f(24) =-0.5 <-2¢ =-0.24.

RIEEH 3 B RE N LB, HITE « =
4.5.6,12.14.5.16.20 B iEFERI 7> . WA 3 Fr
A BAR R R LA BN K 0. 12,8
BUBITEIE (2 A& MBLMN). MG —> S IE ML 7
W(ED) , B B R R R4 (8 3 i
RIEZR) . FEAG & RO R G i B9 1 R X [R]
B FIRS(T) F(8) BT ERIALN. AR R =
TR RN BRI HE TR L.

I8 3 MEUEBH, KBS B AR KB < i
BT B R , AR AN B B R A
B (B 3) s Bk SRRV IERE R T B B8 R
G HE TR BRI S A4 BB LR R (B
2~3). XEHABEM R ERBIEE S5 BisREK
BARFERBA KEK, R 5088 K T8 4 B R
AR B, BME— MR A BAR R4, B R
BIREW R, RBIRE KT B R RS RA
BARGERIR A ZEE MR, X TRRSG (FE,
R B B R4, AT AR 5, B R A
AREBR B A

5 HZXiE

4514 T3 A SISO Mamdani #] R A TE L E
BITREEHER TEN RGBT SO ELR M. R
BERBR S E RIS E, s TR RS
AR RIS N LA BCR RS X AR A
HBNIE. BEEENEIEAIA K Ying Hao 4582
RILEWANREE BT —FRE. Fit, 5 Hi0
BEAMR R BTN RGN N RGBT
B RR M. X e A S A R AR A
BERELSHE RN EX.

B2, A SCRR ST B B A AR BR T 38 F &Y SISO
Mamdani R 45. X FHA 5T B AR REA A B 25 AR
B RG LK TS B RE R A FFIR AR Fat, 78
SEhRR R 8 B R R AR R R
BERBATRAARERMWER, XEBFHE
ANRGERITFTER EE. Frel, ke REE B
B(=A ,8%) TERRENLELR G BB
HE.

SR

[1]ZADEH L A. Fuzzy sets[ J]. Information Control,1965, 8
338-353.
(2] TH#W, BOF. EHMAFELEEHZRARLII]. R



4

,2006,18(8)) 2061-2066.
DING Haishan,MAOQ Jiangin. Development of approximation
theory of fuzy systems[J] ..Joural of System Simulation,
2006,18(8) ) 2061-2066.

[31l WANG L X. Fuzy systems are universal approximators
[C]//Proc of IEEE International Conference on Fuzy Sys--
tems. San Diego,USA,1992: 1163-1170.

F11CASTRO J L. Fuzzy logic controllers are universal approxi--
mators[J].IEE Trans on Systems,Man and Cybernetics,
1995,25(4)' :629-635.

[5]1 NGUGEN H T,KREIONOVICH V,SIRISAENGTAKSIN
0.Fuzy control as universal control tool[J]. Fuzzy Sets
and Systems,1997,80(1))=71-86.

[Bl.SUDKAMP T,KNAPP A KNAPP J. Rule base reduction:
some comments on the use of orthogonal transforms[J] .
IEEE Trans on Systems Man and Cyberetics,2001,31
(3))2199-206.

[MIMANLEY C P,RAZAZ M.An effient approach for reduc--
tion of membership functions and rules in fuzy systems
[C] .//'EEE International Conference on Fuzzy Systems.
London,UK,2007:; 1-5.

8 ] YING H. Sufficient conditions on general fuzzy systems as
function approximations[J] . Automatica,1994,30(3) ) :521-
525.

@] "YING H. Sufficient conditions on uniform approximation of
multivariate functions by general Takagi-Sugeno fuzzy sys-
tems with linear rule consequent[J].IEEE Trans on Sys-
tem,Man and Cybernetics,1998,28: 515-520.

[10] :ZENG K,ZHANG N Y, XU W L.A comparative study on
sufficient conditions for Takagi-Sugeno fuzzy systems as u--
niversal approximators[J] .IEEE Trans on Fuzzy Systems,,
2000,8(6) ; 773-780.

[11]SUN F C,ZHAO N. Universal approximation for Takagi-
Sugeno fuzzy systems using dynamically constructive meth--

0d-SISO cases[ C]//IEEE 22nd International Symposium,

on Intelligent Control. Singapore,2007: ; 150-155.

[12]| YING H,CHEN G R. Necessary conditions for some typi
al fuzy systems as universal approximators[J] ]. Automat--
ica,1997,33(7) :1333-1338..

[23] IYING HDING Y S,L S K,et al. Comparison of neces-
sary conditions for typical Takagi-Sugeno and Mamdani
fuzy systems as universal approximators[J] .IEEE Trans
on Man,System and Cybernetics,1999,29(5)) :508-514.

[14] DING Y S,YING H, SHAO S H. Necessary conditions on
minimal system configuration for general MISO Mamdani
fuzy systems as universal approximators[J]|. IEEE Trans
on Systems,Man and Cybenetics,2000,30(6)' :857-864.

[15] TWANG F,SHANG H L,WANG LX,et al. How to deter-
mine the minimum number of fuzzy rules to achieve given
accuracy: : a computational geometric approach to SISO case
[J] .Fuzzy Sets and Systems,2005,150: : 199-209. .

[16] ZENG X J,SINGH M G.Approximation accuracy analysis
of fuzzy systems as function approximators[J]. IEEE Trans
on Fuzy Systems,1996,4(1)) 44-63.

, ,1964 , ,

.2000 s
2003 Choon-Gang
120 , 50
, ,1983 ,
, ,1976 , ,




