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Synchronization of Chaotic Neural Networks Based on

Distributed Delay Impulse Control Strategy

LI Luyan, BIN Honghua, HUANG Zhenkun
('School of Science, Jimei University, Xiamen 361021, China)

Abstract: In this paper, a new distributed delay impulse controller was proposed to study the synchroniza-
tion of chaotic neural networks with distributed delay. Based on a new impulsive delay inequality, the synchro-
nization criterion of chaotic neural network was established. The effectiveness of distributed delay control was
verified by numerical examples.
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PEAE P kb R — R A AN S R O R B S S AR 5 2 AR 1 Bk BRI ) B
AGHPRES, W TRLERG IR R ZESAL IO, IR P f 4R 46 T — M f R sems . STk
[8] TEPATAEANRIR G WK =T, FF5E T — AR AL Sl 2 W 2% 10 Jm B[] 20 (R, it 1 4 A bk
MRS &Y, IR ARSI N ER 25 R ST R T, [ S AT AR R A AR LM B A W 2% 4
T RER D SRR i g . SCHR (9] Tl B i AR R 2 80 A 2 1) 246 1 1 [ 20 1 i)
A, SCHR [10] BEFE—BARLR PR REEAYBK PSS R, B 1 1 — oA I 3 AR L o g ol 24
SRTXF BK i X AL BT AR Z R, X 2T HARE A R,

IT ARG TENS A I L DR R B9 R D I scEk [11] WF5E T BAT JCBR 3 A i B Bk v 2R
G R AR ETE, (HE R ARk b U (6] A [ FAAR /NS B0, BEHIAS IR U™ Hs . A
SCES AT A K, BT — AR s 2 R 2% BT R AR A L, A
A 55 R G s Z 18] 5C 2R B BRI, 26 st 0P Ik nfr DX 1] A8 BIR ), 266 9K - i 17 149 B8 98 1 — b 73 A1 s i
ok AN S XL B A3 A IR TR A 22 0 2% B [ 20

1 BRI E AR
L1 REHER

AT R, R, Z, Z 03IF0R S8 | ISR | BOMdE | IEBMUE,; R FR BA WL
AR n G || || FORTE (1 — €,00 ) IR ERY EBRFEE X TAEREXE T, CR, £E

T, SR (1 <i<n),PC(T,,T,) = {@:T, = T, JLFALALIES:, BRT o(17) Me(i7) FFAEMARRA,
FH o) = o(t) ] 5a V b A a Fl b PR AL
S22

#(1) =—Ax(1) + Bg(x(1)) +Cfig(x(s))ds Ny

x(s) = d(s),s € [ty —7,t5]
Hr, x(1) e R" FRMAEMKTE ¢ BEZIPAPRE M A = diag(a,,a,,+,a,) FRHR e, >0 =1,
2, n) XA, B, C RREHEDGEREFINAGERE; ¢ > 0 Ko fEhnid b & By, J &
TN £(x) = (8, (x,) (1) ooty (1)) FARWE | (0) — () | < L = o] (uor < R,
Jo=1,2,,n) WIAIZICHOEREL, 1 > 0 /& Lipschitz % 4(; ¢ e PC([¢, - 7,4,],R"),

>

(1) MARIKBIRGE, IR ARSI RGN

§(1) == Ay() + Bg(y(1) + € [ g(y(s))ds +uln) + 11 =1,

(1)

(2)
y(S) = gD(S) »$ € I:tO _x’t0:|o
Hof o e PC([1y - &,60],R") 5& = ¢V rsu(e) FmBkoh bl s,
N TR RSGE (1) FWRRLRSE (2) aTRLSEElEL, woit 17— ANa 1 oA ki il g, 1
W) = IR w()ds - w180 -1,). (3)

Hod w(t) = y(t) —x(e) 5 r, kb AR 8(+) M Delta BR%L; K € R 23T TAOHY
fo H R, EHTE K (1) RIRIR A, BERZERSH

w(t) =-Aw(t) +B(g(y(1)) -g(x(1))) +(?f¥7(g(y(8))-g(x(S))>dSJ 71,

w(t) = Kf’ w(s)ds,t =t,, 4

w(s) = ¢(s) —e(s),s € [t - &40
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1.2 W&HIR

B WA a > 0L > 1, W8 (1) | < Ll - @f,e ™™ (¢ = 1) BRE, IRAFKIK
ARG (1) HWMAL (2) AL,

B 1 D" ForAi LI Dini FH, e PCR,R,) , f(1):= sup f(s)(7 >0) Kk, p R,
q=0, A, BHE, Bt r(neZ,)WRE0 <r, <r, HiprB—PLHE

Bk EH) (e, ,n € Z,} WO <1, <1, <+ <11, >0 n—ow , FAESx, FaxEhkmtE
R, ST k>0, (k) ERRMER n e Z, Ty, AL 1, — 1, < x WA Bk 81 1)
b

R | BT, M R 25X

DAY < pf0) +q | fs)dsa A,

l (5)
f() <A, | fs)dst =10 € Z,,
WA T3 1 g3 2, ”
B3 1 AR R, HFHAFES >1 .k >0, ffifg
p+qré < Ind/k, (6)
0 <y <Iné/k —p - qréexp(yT) (7)
W, S e PO(R,R,) A (5) fufig, & h(y = (LD OPOUE 0000200 ey

S) iy -7 <1 <4
ieZ,, fFEe, 1" e[t ,,,](t, <t7), HFHMNF Vs e [t, —7,0],0 e [t,,t7], ASh(r) =
h(s) , W& =h(t")/h(t,),
B Vie [t ], TEEL e [0,0], H /() =f(t-1), FRAD h(1) = (D f(1))exp(y(t -
ty)) +yf()exp(y(t - t,)) < [pf(t) +qft_:f(s>ds]exp(7<t —1y)) +yf(Dexp(y(t —1,)) < (pf(1) +

g (1) Yexp(y(t = 1)) + yf(D)exp(y(t = 1,)) = (p +Y)f(D)exp(y(t = 1,)) +qrf(t - t)exp(y(t -

t=1,))exp(yt) < (p +Y)h(1) +grdh()exp(yr) = (p +y + qrdexp(ym) Vh(1).

XFVee[t,t], BT EHERHAEX, AInd =xhd/k= 0" -1, )Indé/k > (17 -
L) (p oy +amdexp(rr)) = [ (p+y +gmesp(y)de = [ 1R = In(h(7)) ~In(h(1.)) =
In(h(t*")/h(t,)) , FFLAS = h(t")/h(t, ),

E1 AKX (6) BIRE, fAEA e R, AR (7) o, € XL—1#EZME ¢ R— R,
g(x):=Ind/k —p —qgrdexp(7x) —x, A g(0):=Ind/k —p—-qr8 >0, HIAFFEn, HENTEx
(-n,m), Bglx) >0, BARFTEREI y € (0,7) KEIEAERL (7).

SI32 AR 1 or, FEERFES > 1k < 1, [ muk ki A5 (5) o, AP
2AEER (5) BOFRIE x (k) ZE0H 2

F(0) < 8f () exp( = y(1 = 1,)) 1 = 1. (8)
oty e (0,m) B—MWEAEX (7) BIEFHEG ni= inf |- In(A,n,8)/r, 1,
ERR A3 — B R AL

_ f(t>exp(Y<t _t0>>9t = Ly,
ft),t e [to -&t) o

F(t) (9)
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B F(1) <8F(1) (Vi =1) Mor, IBAREER (8) oL, MWK, Mt e (1, -&,1,) B, RE
X (9) WL,

BIEM 1 = o B, A F(1,) = f(1,) < f(1,) o Y1 e [1,,0,) B, RER (9) Fiar, hT
F(t,) s](to) <8](t0) , IBATFAE LT = inflt e [1,,t,) ,F(1) >8}(t0)€ , [HEFGT) =8}(t0) 7|
F(1) <8f(t,)(t € [ty,t7)) o BT F(1) MFESEMER " 92X, FFAEL, = suplt e [1,,67) ,F(1) <
S b, A8 F(e.) = f(1) FMF() = f(1) (t e [t,,67]) o MATUHMESRH, s e [4 - £, ]

(telt.,t°]) I, HSF(1) =8f(ty) =F(s) . WP, 8> F(¢")/F(t,) =8, PHEFIE, F
Pt e [1,,t,) B, AL (9) WL,
ﬂ‘aﬁt € [tm,tjv+1) s X—L N e Z+ . ﬁm%f«t (9) ﬁJZ_\i, )"»“J%'lt € [to _f»ts\'+|> Hﬂ" Z:%it

(9> Eijo %/'t = tN+l HTJ‘, ﬁ F(t;V+l) s/‘l“x\“#ley“w“_t(}) f N f(S)dS ’ %BQ\@EUTZ ;F‘:F‘[%E‘{E‘O

IN+17TN+1

lo
1) Bty = € <ty =y < to B, F(iy,) < pygexp(y(ty, = 1)) f F(s)ds + py,,
IN41TTN+1
IN+1 IN+1
J F(s)exp(y(ty,y —s))ds < py,, j

Lo EN41TTN+1

F(S)CXP('Y(tNH - 5))(15 s:Uv/v+1rwn‘sj_(('50)eXp(')”J\m)o

2) i’] by = Iyg — Ty < by Hﬂ" F(twn) = My fvt““_" F(5>CXP('}’(’5N+1 - 3))d5 =
Ms\e+1r5\/+|3}( Ly ) eXp(’erH ) o

HELRISAE, 38 F(y,) < f(1) .

MBSt e [y, ,ty,) B, AR (9) AL, HF F(iy,,) s}(to) <5}(t0) , WAfEHEL" =
infle e [ty stye) F(1) > 8f(1) |, B8 F(i*) = 8f(1) FMF(1) <8f(1,) (1 e [ty.,,07)) o BT
F(t) WESEMER " I, A7E 1, = suplt € [1y,,,0°) ,F(0) < f(1,) ] , W3 F(1,) = f(1,) F
F(1) = f(ty)(t e [t,,6°]) , IRATTLUESH, s e [t -&,071(t e [t,,07]) I, HF(1) =
Sf(t.) =F(s) . MIEBIFN L, 8 > F(+*)/F(t.) =8, FJF, MMt e [ty ,ty,) B, RER
(9) WL, HBCEFHND, B e [1,,0) B, A% (9) War, BaRERX (8) Mo,

W1 AR L RO, TEERES > 1 .k >0, HEAER (6) FE&MEA,r, <inf(1/8)(n e
Z ) Wor, IB2aARFEX (5) BRAEx (k) K EWREAEL (8),

HEiL 2 AR 1 ST, UNSRBKREREE A RNAr A A r, TERES KR ZAR R R R, AERRS >
1. k>0, HEBRERX (6) MM, <1/(r,8) Bor, MARERX (5) WIMTEY (k) 25 1 R A%
x (8), Hhy e (0,-1In (A,r,8)/r,) R—MHEA%ER (7) WIEFEL

2 EEHwKHIER
EIE 1 IR ST, FEFES >1 , k>0, nxn L >0, nxn BXA%EED, >0,
D, >0, nxnHEH >0, 15X (6). ND,N* < qL FI5&AF

A LB LC
« -D, 0 |<o, 0 HI_, (10)

* - L
* * _D2

Wisr, H. A = - LA — AL + N*D,N* - gL ; N* = diag(l*), i = 1, ,n . WIFEFSHIB 2560 K =
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L'H' WET, RS (2) ATLMEx(x) LSRG (1) $85URL,
WERA % & Lyapunov BREL V(1) = w' (1) Lw(t) o Ht#t,(ne Z,) B, D" V(1) =-w'(1) (LA +

AL)w(t) +2w' (1)LB(g(y(1)) —g(x(1))) +2wT(t>LCft_i(g<y<s)> -g(x(s)))ds<w' (1) (- LA -
AL + LBD;'B'L + LCD;'C'L + N:D,N*)w(t) + fth(s)NgDzN""w(s)ds < pw'(t)Lw(t) +
qflij(s)Lw(s)ds = V(1) +qfli V(s)ds .

M= (neZ,) B, IR (10) ATH, FEAERES > 6, flift - L/8 + PK'LK <0, I

V() = (| ")) KLK [ w(syds<sa, [ w9 Lus)ds = A, [ T V()ds . 3RA, = 1/4,8,

TRA A3 =8/6 < 1. HHEE2 TR, V(1) <oV(1,)e” ™ Vi1, Hl V() = sup V().
BEWHRL (1) WBMExX(x) SRS (2) TIEEIAL.

2 S [11] G455 R I T RGN MO, I ELIK X I b SR
JEPEREIREI, B ECT AR A BRI A B T T A HE £, S R o
ZIHFR MW, JHEBK IR, BRE K (1, —r,.1,) (n € Z,) BOBKIECRARAL. P,
S8 BT 32 0 PSS PR SE AR

3 (hEXA
T RAELL ESEAT, AT 4 th— L BRI,
5 HERL T 22 P

Fo>:4ﬂ0+%uu»+CL}uu»&J>%
x2(s) = @(s),s € [ty —t,ly]o
A - ©) = tanh(x _ 0 -2 _ -1.9 0.1 _ 1.7 0.1 e
7= 1) = k(o) 4 = (0728 - Joe= (M1 0N s

(11)

1 8.6 2.9 6.0
o(s) =[-1,2]", s e [-1,0], IPARMMARFLEME 1 iR,
- LEIvES 4r

y(1) =-Ay(1) +Bg(y(1)) +
Cf_tg(y(s))ds cu(t) =1, (12)

y(s) = @(s),s € [1, &,
Hor, W& e(s) =[1,-1]1", se[-1,0],
MEAERRAR, R4 (11) MRS (12) &~
RESCELRIA:, RIHAR2ZE IR 2 Fias, 4% At
Ak Rl w(e) REIMRS (11) 5R7% (12)
WAL, WHEr =1 K = (0.221 o.oz1j, m2
0.012 0.123

, \ R e 1= —t 1 B1 % (11)EERE
?Q = ?QF = ﬂ3/ l/E 9&”
A5 (11) E USRS (12) "EFEL, FLi Fig.1 The chaotic state of system (11)
ZME 3 R,

Xy
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