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Functional transformation approach to fuzzy inference
ZHANG Dong, CAI Kai~yuan

Abstract: Fuzzy inference is in essence a kind of functional mapping process.
approximators-

approximator

( Department of Automatic Control, Beijing University of Aeronautics & Astronuatics, Beijing 100083, China)
approach to deal with fuzzy inference is proposed and demonstrated by use of a linear regression model.

Fuzzy rules imply a
mapping between functional spaces. Each of existing fuzzy inference methods is some estimation of such

mappings. Both interpolation and regression approaches are applicable to this estimation. A systematic
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Fuzzy inference systems (FIS) based on linear regression models are shown to be universal functional

fuzzy inference system;

universal functional
Zadeh'" ,
CRI (1 2 (3.4] ’
[5] [6,7] [ 8]
[9] [ 10]
2001-07-11;
(1974—),

5

’

2 BORIHERD R s BRI 1R
£ 2001-09-05

If X isA Then Y is B

; (1965—),

’



596 # il 5 VS * %17 %
X is C, )
YisD  F(Ux) Ux [ 10] ,
, Fu(Ux); F(Uy)
Uy , (1) m . U
Fu(Uy) X VoY Ui
D, B= d(A) Hui,p= 1,2, ki, V Gy,qg= 1,2, I
@ F(Ux) - F(Uy);C Un,= {H»i) Ui
F(Ux)|- D F(Ur) , Vie= {Giq= 1,2,
( ) D Fu(Ux) - Fu(Ur);pe 1) V
Fu(Ux)| = o Fu(Uy) AR U, B" Vie Un,
. Xi Y ai = S(A,
Hj), S , A
; , ; Ak = [a,a, Lar]" AL U,
( )
. e s ,B" Vi (
3 *j‘t*ﬁ?ﬁiﬁ E@H—i,fjl:/fﬁl‘]ﬂ )’ BE;’) — [b(li) , b(zi) , , bgi)] T’ bE]i)
’ = S(B!",G,) Y X, Yi =
, [ b1, b2, ,bl]T,Xlnj = [xj1,x52, ,.’)Cjkj]T, m

[5] ,
®
m
If X1is AV, Xa2is AY, ,X.is AV
Then Yis BY, i= 1,2, .m (1)
m (AP,AY,
A, B") D :
) m @ F(U.)
X< F(Us,) > > F(U.) - F(Uy), D
Fu(Us) X Fu(Us) < X Fu(Us) - Fu(Uy);
2) & ;
3 {(uhu, ey i= 12, m)
@ Lo = @l e, L u)
+ €7, e’ D,
e’ : @
: @
, [ 10] ,Takagi

4 R BUET RO £

If X is AL, X is AL, Xu is Al

Then Yois BY, i= 1,2, .m (2)
Q Yi =
¢(Xl1>l, X[vz, N Xh‘”) N Yi
1
b= oo+ OXu, + 06Xu,+ + Xu (3)
K= [0 o o of]
Wi= Qu (4)
by"
by”
Wi= |
bﬁm)
! 1 1]
(AR (AB)T (Al
Q= | (AHT ()" (A7
L(AF)T (Ak)T (Al ]
(04
o= Q" W (5)

M oore—Pernrose

Q" ¢



%58 K AR T M 1R B R R 597

v (s (), o (x2) ) (x2) T
, Xiis C1,X2is C2, ,Xnis Ch, 4)
Step1: , Xuw, is y
~ (1) 2 (1 7
Cuoyy Xiyis Cry,  Kinis Co, y= ("8 B &
Step2: q) ﬁ/) %q)
A TS o
Du=®Cu,Cu, ,Cn)= B a"pan(x1) + @ pad(x1) + +
4 d " 6 at? o (1) + b1 ps (x2) +
1 2 l
B ) (x2) + +
Step3: " p
I biy e (x2) + Po", q= 1,2, I
qu > e, () a? b0 B ’ 7
wo(y)= "1 y V. (7
>
£ 5)
y
uo(y) = max(de X pe(y)). vy V(8 )= LZ%
D b |(1fl q)
Step3 G, , ’ I = {P|B = 52:‘,1%(16 }’lll 1
Gy dyg ;J_/p = arg m)aX{/v‘f“"(J’)} C(p)

5 FIS U v
5 AR Rl AR R B AROR HE F(U) FIS ,
A4 :

1 Ves> 0, Vg CU),3f

(FIS) (11 F(U),s.t.| g(x) - f(x)] < € x U
17] iiE B g(x) U= [0,1] <][0,
FIS 1] \ , Ve> 0,
4 FIS, 386> 0,
FIS xi,xz U Hxi— x2ll< 8
. |g(x1) - g(x2)| < €
FIS U= Ur>=<Uz= [0,1] ><[0,1] e n
C RV T ,C(U) v N N> 2/6, 1
FIS :
1) fOF(U) @)
Ui Us, = {A(.”,iz L2, ; j ( 1), =
k}, U2 Un,= {B(]),j =12, , A AD  AGD
k), V Vi = {CW)’ g= 1,2, , 1 B
I}
2) g
m If X1 isAﬁ»lﬁ)le,Xzis Bfi)le,Then Y <05
is Clle,i= 1,2, ,m
3) .
x= (x1,x2) U,xi 0 xlr
, Xi(i= 1,2),%
= (D (x ), pa®@(xh), - wat(ah)) g RN !



VS * 17 %

U A" i= 0,1, ,N,A"
xt ,
( ), Us={A",i=0,
1, .N) Us B”,j= 0,
1, N, Uw={B",j=01, ,N} V
(N+ 1) < (N+ 1) , ¢ (i=
0,1, ,N;j=0,1, ,N), y“”: ar g max
e (y) € A (A N 7
= {C(ij)} x= (x1,x2) U,x

x1= (a0 (x1), a0 (x1),

wv(x))
Ko= (bpo(x2), ke (x2),
us v (x2) R

[ a® (x1) + pBY (x2) 1/2,

,B(.ev,N)) ] =

|e(x) - f(x)] =

1 (i)
x) — =
1&g (x) nu,z b
1 =(ij)
1 B -
L1 e(x) (,_Z Y=

T3 et - et

(i.j) 1, Hx- ('l < 6,
2 x £ , B(i) —
x4
1
A(H-l) /'x
o//
A9 i
0 X 1 x;
t“j)
BY B(i+1}
2

[pa® (x1)+ ppi)(x2)]/2 Hx -

M < 8, (i) T
~ 1
le() - S0 =75 3 lex) -

g(t(i’j))l SnlnEZ € O
1 1 )

6 45 e

, FIS

(References):

[1] L A Zadeh. The concept of a linguistic variable and its
applications to approximate reasoning — s
[J1. Information Sciences, 1974, 8: 199249, 301-357;
1975, 9: 43-93.

[2] D Dubois, H Prade. Fuzzy sets in approxim ate reason—
ing—Part 1: Inference with possibility distributions
[J]. Fuzzy Sets and Systems, 1991,40: 143-202.

[3] ES Lee, Q Zhu. Fuzzy and Evidence Reasoning| M] .
Herdelberg: Physica-Verlag, 1995.

[4] J] W Guan, D A Bell. Approximate reasoning and evi—
dence theory[J]. Information Sciences, 1997, 96: 207—
235.

[S] W H Hsiao, SM Chen, C H Lee. A new interpolative
reasoning method in sparse rule-based systems [J].
Fuzzy Sets and Systems, 1998, 93: 17-22.

[6] Z Cao, A Kandel, L Li. A new model of fuzzy reason—
ingl J]. Fuzzy Sets and Systems, 1990,36: 311-325.

[7

—

T Takagi, M Sugeno. Fuzzy identification of systems
and its applications to modeling and control[J]. IEEE
Trans on Systems, Man and Cybernetics, 1985, 15: 116-
132.

(T# % 603 1)



%5 H

B = & Tk, B B Bk AN 4 ol B 6k B S S 603

0.001, BP 20,
20, 1 000

BP ( )

0. 95 m, 11.86%: BP
1. 17 m,
14.67%,
BP 1.5
3 BP
BP
4 w
, BP

(References):
[1] . [M].
, 1995.

[2] Grefenstetle J. Optimization of control parameters for
genetic algorithms| J].IEEE Trans on Syst, Man and
Gybern, 1986, 16(1): 122-128.

[ 3] ) . [J].

, 1998, 14( 11): 1415-1417.

Zhu Xue-feng. M odified adaptive
genetic algorithm[J]. Academic Periodical Abstracts of
China, 1998, 14( 11): 1415-1417.)

[4] ; , .o BP

[11. ;

(Huang Xiu=uan,

1998, 18(4): 136-141.

(Wang Jiancheng, Gao Da-gi, Wang Jing, et al.
Designing of ANN economic early warning system based
Systems

136-

on improved genetic and BP algorithms[J] -
Engineering—Theory & Practice, 1998, 18 (14):
141.)

(L#% 598 )

[ 8] H Nakanishi, I B Turksen, M Sugeno.- A review and
comparison of six reasoning methods[J]. Fuzzy Sets
and Systems, 1993,57: 257294.

[9] G J Wang. On the logic foundation of fuzzy reasoning
[J1. Information Sciences, 1999, 117: 47-88.

[ 10] I B Turksen, Zhao Zhong. An approximate analogical
reasoning schema based on similarity measures and
intervalvalued fuzzy sets[J] . Fuzzy Sets and Systems,

1990, 34: 323-346.

[ 11] J J Buckley, Yoichi Hayashi. Fuzzy input-eutput con—
trollers are universal approximators[J]. Fuzzy Sets
and Systems, 1993,58: 273-278.

[ 12] JJ Buckley. Sugeno type controllers are universal con—
trollers|[ J]. Fuzzy Sets and Systems, 1993, 53: 299-
303.

[ 13] B Kosko. Fuzzy systems as universal approximators
[A]. Proc of IEEE Int Conf on Fuzzy Systems|C] .
San Diego, 1992. 1153-1162.

[14] L X Wang. Fuzzy systems are universal approximators
[A]. Proc of IEEE Int Conf on Fuzzy Systems[ C].
San Diego,1992.1163-1170.

[15] Laszlo T Koczy, Alessando Zorat. Fuzzy systems and
approximation| J1. Fuzzy Sets and Systems, 1997, 85:
203222.

[16] Castro J L, Delgado M. Fuzzy systems with defuzzifi—
cation are universal approximators[J]. IEEE Trans on
Systems, Man and Cybernetics, 1996,26(1): 149-152.

[ 17] Castro J L.
approximators[J]. IEEE Trans on Systems, Man and
Cybernetics, 1995,25(4) : 629-635.

Fuzzy logic controllers are universal



