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Bifurcation Control for Delayed Hopfield Neural Networks

MAO Zisen, CUI Zhoujin, YANG Sujuan, XU Wei

College of Science, PLA University of Science and Technology, Nanjing 211101, China

Abstract In recent years, bifurcation control has attracted many researchers from various disciplines. The aim of bifurcation control is to
design a controller to modify the bifurcation properties of a given nonlinear system, and achieve desirable dynamical behaviors. The
bifurcation control of a class of Hopfield neural network with three delays is investigated. In contrast to the general time—delayed state
feedback control, based on the Hopf bifurcation theory and the choice of time delay as the bifurcation parameter, a new hybrid control
strategy is proposed, in which the time—delayed state feedback and parameter perturbation are used to control the Hopf bifurcation of the
model, and some new conclusions are obtained. In addition, we examine the effects of coefficient perturbation. Furthermore, known results
are used to check the conclusions, and the new conclusions are shown to be helpful in changing and delaying the evolution of bifurcation,
which has applications in a variety of areas such as controlling period bifurcation and chaos. Finally, we use examples and numerical -
simulation results to confirm that the hybrid controller using time delay is an efficient means to control Hopf bifurcation.

Keywords Hopfield neural networks; time delay; bifurcation; hybrid control

0 ), o Ou P
[4-9]
9 9 9
5 5 s : 5
o ° Juo M9 —
2003 8 14 , ;Lin 10
i . , . ,Cheng!"

20 30—40 ,

1

° ) ) 3 Hopfield

: 2010-05-15; :2010-09-18
(QN-SX-2009-07)

s s s :maozisen@126.com

2010,28(19)




] jcmik

21 () ==apw ()b fi (w1 (1=71) )+b o fo(25(1-T3) )
xo(t)=—ams(t )+bafi (x:(t-12) )+b22f2(962(t—7'1) )

N i 3by

HOR xf,

(D)

’i’j=1 ’20

El o

%y (1) =0 (=ap; (£)+by, f1(x,(t=71) ) +b 1o fo(x5(1=73) ) )+Bx; (1-T7))
xz(t)=0l(—a;062(t)+b21f1(961(t—7'2) )+b22f2(962(t—7'1) ))+Bxa(1-T1)
(2)

El

011=b11fi(0) ,012=b12f2’(0) 5 021=b21f;(0) s

27 =T+73=27,0>0,8€ R
£(0)=0,i=1,2,
022=b22f2’(0) ,fll=flz=bo

(2) (0,0

#1(t)==abx, (1) + (criotB)x, (1=T1 ) +¢ 100, (1-T73) 3)
%2(8)=—athx,(1 )+ 51000, (1=T3) + (e 4B )2, (171 )

(A+ab ) e —[a(c) ity )+28](A+ab e+
[(ac+B) (aco+B)—Ba’c pea |=0 (4)
(A+ab)e" ,
(A+ah )e¥=T"+\/T"-D" (5)
JT=(cy1+cp)/2 ,D=c cp—ciLa; D' =a*D+20BT+3*, T =aT+8,,
JT°-D'=c*(D-T") I*=D'( T'<D")
"=D( T%<D),

(5)0

104
P(A, e™1,e772 e o) = 4p (O A 4pSO A 4p A+
p’EO)_'_[pil))\ml_'_pz(l))\n—Z_'_..‘+p’ili)\+p,(Ll)]e—/\¢r|+..‘+[p(lm))\n—l+
PIATH e ap M A I Je A
,0=0(=1,2, m)
o (01,03, ,0,) P

’P()\ 367M| 367M2’ ’eﬁ\”m)

P;‘(i)(i=1’2’ o ’m;j=1 ’2’ o ’n)

b>T+\/T—D +§ (H1)
b TV T=D +E | (H2)

(PeVT=D B ) e (VD By )

2

b TeVT=D +E | (H4)

eview

2 (H1) (H2) , T7e[0,+%),
4) o
(4) 7=0 5 )\11=—Olb+
T'+\/T-D' . , (H1) , (4)
o T7#0 (4)
o A 4)
(5) o
A=ptiw (5) S,
‘e’”[(p+ab YeoswT—wsinwT|=T'+\/T"*-D’ 6)
e (p+ab )sinwT+wcoswT]=0
) p=0 o 5
abcoswT-wsinor=T"+\/T"*~D’ %D
absinwT+wcoswr=0
0’ =(T=\/T=D )-p? (8)
(8) , (H2) , (5)
; 1 , 4)
3 (5),
1) (H1) (H3) , (5) 7=
iiw,;
2) (H1) (H4) , (5) 7=r; T=T.
+Hw_ o,
2
wi=(TeV/T=D +EB-) oy (9)
* a
7;,:lfaurctan—%+jl (j=0,1,2, - ;7=min{7,,7_4}) (10)
w. b w.
. +iwg (5) 1= -
To T*,O (2) ) o
da
4 Re[ -] Fo
(5) 9
di A /\Tdi AT |
o +()\+ozb)(7'e Aihe )_o (11)
d—:‘_[1+()\+ab Yrl=A (A+ah) (12)
(Q)’lzm()\mb)ﬂ S B SR PPS
dr A (A+ab) A(A+ab) A
-1
wolsl ] o] |-
. -1 iy -1 ~
sign| Re iw(iwtad) H-mgn Re( -w*+abw H_

2010,28(19) 51



] lemik —®
W (Articles)
sign 72]>0 (j=0,1,2, - 376=min{r. 0,7_o}) (14)
w*+0?hw? 4 To (2) .
o 5~ 6 ) o
= , ‘ 3 (14,
! 10 m @S (He) 720, (5)
1) (H1) (H2) s 7=0, (4) .
° 2) (H5) (H7) , T<T, (5)
2) (H1) (H3)( (H4)) > T<r( 1< e (5)
To) (4) ;0 T=1o( T=T)) s oT>T (5) R
, 4) ;0 m>T (0 ™>T) 3, (2)
(4) o o
1’ (2) © 4 (14) To, (HS) 5
2 (2) , (7 To  T-o, 1) (H6) i =0, 2)
HD (0.0) !
b =0, @) 2wy (2) =0,
0.0 : <L (@) 0,0) W L
2) (H3)( (H4)) , (2) , (0,0) , =70 Hopf o
T=T_o(  T=To), T<ro( T<T) (2) 1 Q) a=1-y B=y,
(0,0) 5 >0 T>T) (0,0) [15] i
, T=T_o( T=T,) Hopf o ; [15],
1.2 1D o
2 (2) ’ a=1’
b>THE- (H5) . :
o
2 9
b2>D+ﬁT+(5) (H6) ,
o o
2 o
b2<D+2'3—T+(£) (H7) 3 [16] ,Huang a=1,B8=0
@ « Hopfield s :
3 o .
5 (H5) (H6) ’ rel0,+%), a () =a(=x,(t)-[V 2 =1)fi(x,(t=1)) )+
(s) b1 fo (2o (t=73) ) [+B, (t-71) (15)
° %o ()= =25( ) +b oy f1 (21 (1=T2) ) —
6 (H5) (H7) S (4) T=T.;
Siw ( (V2 =1)fa(xy(t=71) ) 4B, (1-T1)
o WD’ r=3m4 reml8 m=11m/8  , (15) bpba=1
Hopf el s (15) «=0.8,8=0,
Ti‘,:l—a.rccos(—abT,ig)z TZ’Z_D’ )+2j1T 1,
w b +w w >
10 10
— KfE
05 05
05 05
~10g 50 00 150 200 1% 50 100 150 200
{ !
10 1.0
= il
5] = 03 i
—ashl” -osf/
-105 0 100 150 200 109G 50 100 150 200
(a) w(1) (b) x:(0)
1 xi(t)  xoft)
Fig. 1 Trajectory of x,(z) and x,(t) without control and with control
52 2010,28(19)




J‘CM K

2

1 Hopfield

%1 (1) =a—aw, (0)+b,fi (%, (1-7,) )+
b pfa(wx(t=73) ) 4B, (t-71)

(16)
% (1) = =ax; (1) +boy f1 (2, (1=72) )+
( b fa(wa(t=71) ) 4By (t-71)
,a;=0.5,b,=—0.3 f{(x )=tanhx,7,j=1,2,
1.0
— Jii
05
= |
-0.5
~10
0 100 200 300 400 500
'
v a3
04
= 02
of [
02l _
0 100 200 300 400 500

1

(@ 0

2

-
eview
’(0’0) (16) o a=1 ,ﬁ=0 N
(1 ) 9’ 9’
7=74=7.7063, osr<ry , ;
TG, o 2 ,  (a/10)<B<(a/2)
s (16) 7=0 R o=
0.75,8=0.25, s ,
2 N 3 o 5 2 7'1=’7'2=T3=To=7.7063 H
3 7,=67.7063,7,=87.7063 ,7,=77.7063 ,
10,
— JifE
0.5
i WJ\JWWWW\JW\/\MMW\M
_os
—10g 100 200 300 400 500
0.6 !
— T
04 |
f:; 02
0 “"\v =
-02¢ 100 200 300 300 500
t
(D) 2o1)
() x(t) T=1(=7.7063

Fig. 2 Trajectory of x,(1) and x,(t) versus time without control and with control (r=73=7.7063)
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Fig. 3 Trajectory of x,(r) and x,(t) versus time without control and with control (r=7;=77.7063)
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