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Fig.1 The structure of recurrent fuzzy perceptron

with n-1-1 structure

X B FE AR BEHLHES 4 Bl — A~ TE 55 I 5 (&€
Oy C 0,10 X (0,1}, Horp & A4k A %t

W (1978-) 4L AL R,



934 X # ¥ L X

{(EV,0V ) MEILFT ZW.E = (& & - &)
€ [0,1]", N RILEAESS £ I 210 00 S0 30y A 18]+, I
25 ke B 2058 9 )2 A

St = max{WeE&,A N ') =

(\:/ (o, AEDV A AL (D

Hei ¢ = 0. HEMH A

R L T

) 0; S*<C0.5

Hrh v EWRKEHE: N BEBR/DNBHE; - A%
max-min(V - A) & BE F; ANEN & W =
w)' € [0, 1] i w (G =1,
25 om) ARERIEIESS j AR % A 2 o0 Al 1
P22 70 B AU 74 B2 388 I3 A 28 o0 R s B oo 1Y
KA R 2.4 € [0,1].

I 28 ()N 25 B bR 2 X 25 28 0 PRER g ()
R—{0.1} . i ERUEW. 0 € [0,1]" X [0,1].1f
PUIGRAEA (&Y )2, € [0,1]" BEfS Bl 1E ) b 43
FEL |/ EEY) —OEY) = 0.

SHUEB G e EAR O O = 0 EEA
HX"om=1,2, M, 1 <M <CS; 55 —2EX}h #
M O = 1MHEARERY . p=1,2,,P,
1< P<S.M+P=S.EXWITEL . Ov= {1,
27...’M}’(DP — {1,27,P}

B BE I 25 A A 0 43, B AF #E — A 4580 1) &

(w1 Wy

A=(a, a a)’ € [0,1] fHifs
A X" <0.5; m€E @y 2
AY">0.5; p€&E D

2558 i AR B B U A(E /Y 0 AR (E Y
wf :Oa] - 192s"'97’laxo = OfEﬂ]ﬁ%UiﬁﬂuT
O B

0; Al <o
wih = At o< AN <1
1; Al >1

4
0; o0 <CO
A= {6”; 0o <1
1; o >1
H A = wb + 9(OF — ) (& —0.5).0" =2 +
(O — &) o BN IE %K.
1.2 FEARHETENR
T ST IR A A — R
BRiZ1 XMITEE—1"me oy, ZVHFHE—
mo 4G 2 = 0. 5.
IR R |2 R = o N 5 I I A N

¥ ¥ #H W51 %
/,\[8]‘
MR X PRI AL EE TS S,

5 . i1 a;, = 0.5 5 a;, << 0.5 5L

BETHER 1, R — et R AF TR IE R 5 g
1< g <n, 15 a, sersa, = 0.5au1 50 sa, <
0.5.

MR2 HF—1j=1.2,.¢. 8 2" <0.5,
Vom € Oy I AR — etk A WHRAFAE R €
(1,2, unp 1 <g<<R<n,fliff 2y <0.5,1<C
r<R,Ymé€ oy, JFHMNB—ITR<;<n, &£
FEHE m; i85 27 = 0.5.

HR3 WNE—-P Y .p =12, P, ED
A= r, < ¢, flif5 y2 =0.5.

B TR U GRFEAR I 55 — ARkt

Bigl MEE—1j.R<j<<n, BV
— A my AR 2 A 05N 1< < q. B
FETE—A> p,; AR vl £ 0.5.

B Il ey 2 0.5 fl ybh 0.5 BIRE
WA YI R AR 11 7 A1 B 4 AR e b 18 31,

2 A7 PR S B

FEIX —#B43, o B s R (D fEn =
2 Fln = 2 PIFPE B A WS 4

EX 1 XYIZEAREY OV, A
K A RS RAAAE—A ko € NG

O0“ = g(max (W « E9 2 A ol ),

s=1,2,-,S (5

EFE1 Yan=2m.FZf%x L f I W7,
B 4 A RIS

WERR HPERR 2.8 27 << 0.5, Vm € &y B
Syl T RERT 3,0 25 = 0.5, ¥V m € Dy;
W >=0.5,Yp € Pp.

T AEIE] w! << 0.5 B HL T, BUE B E AU
Stk T wl <<0.5 Hwh =0.5, 8%
JiRA AN R A

Whoe X" = (wi A xt) V (b A ap) =

wh N ay >=0.5;Vm € &y (6)
ny
St = max{W' - X" A" N =W e X" =
0.5=>g(S") =1#0X");¥Vm € & ()
#owh << 0.5 H wh << 0.5, W2 << 0.5 0, Xf
Ve BB A N E << 0.5, HWE e Y <
max{wf} < 0.5,



B, B

5 6 1 1

V3B A R n R TRk S 935

St =max{W" X", A* N {7} <<0.5=>g(S") =

0£0"; Yp & O &
A =0.5.4
©F = 18,
max{W" o X", 2* A gy =28 A = 0.5=>
X" # O (9a)
@t =0 W o Y? <m_ax{wf} < 0.5, X

A A =0.49
max{W* - Y? A" N &) << 0.5=>¢5") #= O
(9b)
HE wh < 0.5, FA M T . (W20 ZBA
AR5 s NTITAUE B E A 2345 1k I3 2 <
0.5,yf = 0.5, p(O" — ) (& —0.5) =0, T
wi = wl, A BE I, F7%E N € N, ffif§
W™ >l = N = e = b, WA
IERBK, 8 = K, B wh =>0.5,H
St = max{W' cYZ ' N =W oY =
wht Ayl >=0.5; Vp € &p 1o
I (S =1=0)*"). Y p & p. HH{wf) M
W AVEAERA S k= K, B W25 ) BIE RS
BAER R R (X7 )0l B TS 55 7 90 v R 2
Ny
MIAES k= K, 45 ws << 0.5 H A" < 0.5,
XV, WA il RGBTSR B R &
M2 wh = 0.5, % VA fIg A
St = max{W* - X" ' AN =W e X >
wi ANy >=0.5; Ym € &y (1D
W g(S*) = 10X, HIL{ W25 ) AR
2R
75%»20 5 M x5 =0. 5,0 & =wt — (& —
0.5), Al 1 wi™ << wi, X [T, Al 3K, €
Nos.t. s Mk =K, i yw, << 0.5. 53— J5 1 . %5 A*
=0.5, 00" =A 9O —¢) =2 —p. AT <
Al 3K, € Nysote, M e =K, B2 << 0.5. %
K, = max{K, . K;}, M k=K, I, wt < 0.5 5
A <<0.5 mﬁﬂ‘ﬁiﬂ_,ﬁtﬁfj’(W‘ A R (5) A
2O A RRYCEL 5.
TR HE > 2 DL R T PR UE I 8L
P, T — S L I 451
EIE 2 R T AL I ATE LT &
P S B B (O A BRI 8L
() FAE—ro s 1 <<ry < q i y! > 0.5,
YV p € Pp AT

(b) X H—1j; € {R+1,-
Vm € Oy WoT.

IERA A 2 SR () FIEETR 2.6 p(OF —
¢ (& —0.5) =0, I wi™" = wi , TEEF Y &
TR E B 53 2SI AN S % ST IR A4 w3k
) 0.5 ZHi, (W*,A‘)YﬁEﬁ(S),ﬂU%ﬁfzﬁJﬁ(@ﬁ
BRUSCSR 5 75 W, 27 <, << 0. 5, T 2 B A A A A B
BT (wy B BRI T (wf, ) IR
RARP Z 5. A w!, = 0.5, BIfF1EIE 5L
K 132 k= K. w) = 0.5, HW - Y/ =
wf“ /\ny >0.5,0
gy = glmax{Wh <Y, A" N 1) =1=0"

Vpe o (12)

A k=K 5w <<0.5.) =R+1,,n,

H A" <<o0.5,0

° an} 71‘_1;” =0.5,

Wt —(1 V (w’f’/\:c’”))\/( V (wk/\x’"’))g
( \/ x ")V (RV w’ )<O 5;
Vm 6@1\4 (13)

M ¥ E VAR St=max{W" « X" A AL} <
0.5, B2 (5) Wiz, BE(W* A% &4 & r sk 1
fitt.
HA =05, =0/ ARAH S <<0.5,
M=) o4 ¢ = 1,0
St = max{W* - X", 2" A ) =
AT = 0.5=0X") # O (14)
|
O =2 (O =) =2 — A <A (5
WA AR TR K 4524 & = K 1,28 <C0. 5.
LB w) =0.5.0=1,2,+,L,1<L<
n—R,R<j, <n,Hw <0.5.j#j,R<j<

n. MEB 2 &4 (b) A
W X" =l A af =0.5;
Vm € du=5(X") # O (16)

DLW A0 ARERE (X ) R8I 3 8, B
A=A w) =058 A =05l =0.5
5 =D Mlor. G AL, BA
A = wf — (& —0.5) = wf“ < wh;
J=R+1..n
O =2 (O =) = A g = A A

aan
VERE BN (0 by 93 AR S AR (AR ) 0 2R S O
ﬁaﬁwigﬁﬁpéiié 1] 5 SUE AR



936 X &

I K ¥ ¥ R

%51 %

AT A < 0.5, N HE AR AR 2P %
Yjisw;, < 0.5 M7 RIA],

e 2 KM, T 90 — & —
0.5) <O,R<j<n,ﬁﬂlw‘fﬂ<wk.?ﬁé’@zﬁ I,
A7 min {25 —0.5) = 0 WAL AR B —A 1 =

1<=m=M

£, XF

o5
1,2, LFTEN; € Nus. o w) N <<wj i ' =
W = e = I K, € Nos.t,
/€>K] ,w < 0. 5}JjCJ_/\K—max b, 2

<j<L

k=K, X} V]/,w < 0.5, H wt <Co. 5,]—R+
1y, BERF R (5) BT, B A B30 (1) BRI SR,

3 & ®©

2R S0 T 3o T A AR SRR 1 A PR A
S ln) B, P 2 5L T max-min B8 2 48 08
AL I LI 2% 55 K 2 RLF P i B AL T k- T ik
(1% e . AN R BEAR LRk Tl 43, (550 HY
A AR AR A R B 2 ok B 8 T
ANFEZENR I GREA. ARSI T T CHRL8 A 25
Yo T 3 VSR SRR R % 2 2T ALV 1 A B i Sl i
1T T8t

2% 3Cik -

[1JLIL, YANG]J, LIUY, etal.

Finite convergence of

(2]

[3]

[4]

(5]

L6]

[7]

[8]

a fuzzy delta rule for a fuzzy perceptron [J]. Neural
Network World, 2008, 18(6) :459-467

CHEN J L, CHANG J Y. Fuzzy perceptron learning
and its application to classifiers with numerical data
IEEE Transactions on
Fuzzy Systems, 2000, 8(6):730-745

WU W, LIL, YANG ], etal.
based

convergence

and linguistic knowledge [J].

A modified gradient-
learning algorithm and its

2010,

neuro-fuzzy
LT
180(9):1630-1642

MITRA S, PAL S K. Fuzzy multi-layer perceptron,
[J ] IEEE
Transactions on Neural Networks, 1995, 6(1):51-63

PAL S K, MITRA S. Multi-layer perceptron, fuzzy

classification [J .

Information Sciences,

inferencing and rule generation

IEEE Transactions on
Neural Networks, 1992, 3(5):683-697
WU W, SHAO Z Q. Convergence of online gradient

methods for continuous

sets, and

perceptrons with linearly
separable training patterns [J]. Applied Mathematics
Letters. 2003, 16(7):999-1002

SHAO Z Q, WU W, YANG ]J. Finite convergence of
on-line BP neural networks with linearly separable
LT of Mathematical
Research and Exposition, 2006, 26(3):451-456
YANG J, WU W, SHAO Z Q. A new training
algorithm for a fuzzy perceptron and its convergence
[C]// ISNN2005, Lecture Notes in Computer Science.
Berlin: Springer, 2005:609-614

training patterns Journal

Finite convergence for recurrent fuzzy perceptron

LIU Yan '?,

YANG Jie', LI
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( 1. School of Mathematical Sciences, Dalian University of Technology, Dalian 116024, China;

2.School of Information Science and Engineering, Dalian Polytechnic University, Dalian 116034, China;

3. Department of Mathematics and Computational Science. Hengyang Normal University, Hengyang 421008. China )

Abstract: The main function of fuzzy perceptron is to discriminate which categories the samples are

in by weight learning. An algorithm for a recurrent fuzzy perceptron based on fuzzy logic is presented,

and the network structure of the recurrent fuzzy perceptron is similar to traditional perceptron based

on addition- production, and the dynamic recursion term is added. Initial weights of network are set to

be constant zero, in the case where the dimension of the input vectors is two and the training examples

are separable, its finite convergence is proved, i.e., the training procedure for the network weights

will stop in finite steps, and when the dimension is greater than two, stronger conditions are needed

to guarantee the finite convergence.

Key words: fuzzy perceptron; recurrent; finite convergence; fuzzily separable
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