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Abstract

In this paper, a variable coefficient integral neural network with time delay is con-
sidered. By using Lyapunov-Lasall principle of functional differential equations, we
obtain the criterion of stability based on adaptive control. Finally, we verify our

conclusion by numerical simulation.
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19884F, L.O. ChuaflL. Yangfethh 7 —Fugr {5 B RS, OV E g, H5ihs M
ZEHHEL, ZHRRPP LA N REER I RE . — R LSRR (AR SOV RS 5 AT SER b B 3
EUATT R JR) 1S L {58 2 e 22 ) 2 R 1) R RIS B B P B TR SR B (1] 19904, L.O. ChuafiT.
Roska— 8 5 [ 40 4 28 X 28 [ RS PR B AT TR 90 A ATTIA s 33645 0k P 4 o 20 D) 28 ASA ) DA
L R R 4 Ry A ARl 1] R (2]

Cohen-Grossbergtf £ M 2% (CGNNs) & fix E Z L M 4% 2 —. ‘B 72 HCohenfllGrossberg
3] 7£1983 4F 4R i #J. CGNNsTEMLAL. FFAT ISR, 7028, WEIMG A 3 45 U B A T R 9 52 FH i
5t [4-6] XEER AR KARFE EEUR T EATMBIEAT A [6, 7] AIVF 2 % T CGNNsHELE ] 1) 3 7 1]
A B S TAE RSB [4,8] JL4EK, ZEIRCGNNs (DCGNNs) K [E & i A s S a1 1
Bk R 2 1 OGE [4-7,9-11].

20064F, J. Zhou, T.P. ChenflL. Xianghff 7t | ZHA I #E G IR 22 Gt (¥ I s [|] 42 1) R, At
ATEFL T AEBCNN 5 SE [P I, AR

&(t) = —Cuz(t) + Af(x(t)) + Bf(z(t — 7)) + u. (1.1)
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RiE, ERFALISNRGFD,

y(t) = —Cx(t) + Af (x(t)) + Bf (z(t — 7)) + u. (1.2)
2 ERER, FATHIE T LTI A2 2%,
i(t) = —Cx(t) + Af(2(t)) + B /t Fx(s))ds + J(2). (1.3)
0

Hrhat) = [21(t), 22(t), ..., 2, (t)]" € RO 240 28 0 R B VIR 1) &, noy 4 N 25 1) 2
#; C = diag(ci,coy. .., o) NIEEXN A, A = (aij)nxn B EEREHFE, ;KRBT
WM EL, Z) ()R IRE; B = (byj)nxnte s IR EBFE FE, b3 7R BT kg oF 72 I TR)E —
Bt) J = (Ji,Jay..., J,)T € RIS & B(t) > ONMEHIER: f(2(t) =
{11 (0), f2(@2(), .., fo(@n())YT € RPFTRAIHE P2 R G HI O B 5L

TEBE TR b, AT B Lyapunovei B0, 58 VR 0 S R R B SS, SBL RS L3R &
Gio [ R, S, AN I T e 4R A R
2. FELED

NTWREZRSL.3, WATHEN RGN
y(t) = =C()y(t) + A®t) f(y(t)) + B(t) /tﬁ(t) fy(s))ds + J(t) +e(y(t) — z(t)). (2.1)

Hrh, O@), At), Bt)ysr M2 K TC, A BEL3 LI ERRBSH: c2BEhld. HATke(t) =
Y1) — 2N B R T A e()E ML 3BI21H0 i 2 3 4 R G T R B8 K F ()
JE(A1)huo(Az):

(Ar): XFEADBIERES,, FER; > 0, (ETFIIAERRL,

|fj(x1) _fj(x2)| S k;j‘xl —$2|,j = 1,2,...,7’7/
(A7) SFAABRERELS,, B 1ER, > 0, (AT AIFSREL,

OSMSkj,jzl,Q,---,n-
L1 — T2

AL (A B(AT), TRATTHe, &, a4, bi; (i = 1,2, ..., n) LR &4
€i = ;€7 (t) exp(pt),

= vi€;(t)yi(t) exp(ut),
&ij —nizei(t) fi(y;(t)) exp(ut),

—Pij€; t)/ s))ds exp(ut),
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EFP, €(t) = y(t) — JI(t)(Z = 1, 2, . ,n), 1% Z OXEILZ#/I\?E/J\E':]T%%@’ 5i,7i,ﬁij,pij%1£%fﬁﬁ§&o &
1%y, o € [0, 1% E WL JEH

n

1 T1 1
hi = 2 Z(awk2 +ajiki " )
j=1
WA AER —c; — 1l + 5 + hy <OROL, FHil NG E R Mo, rTULSEBLL3F2. 11K F A,
JEH.

w\tb

Z b”kfrl +b k2(1 Tl))

lim (Ci — él) = lim (ai]‘ — d”) = lim (sz — Bm) = O,i,j = 1,2, e, .

t—+o0 t——+oo t—+o0
1321, FATAT AR F AR ZE RSt BATHIE — N Lyapunov-krasovskii B £ 41 F

1. —~ 1 .
Z{e exp(ut) + - — (& —c)+ Z —(Gi; — ay)? + 61 +1;)? Z

= i
(2.2)

I, 2200 FH LR R (),

S . 1, e 1 ;
V()= {ei(t) exp(ut)é;(t) + gef(t) exp(ut) + ;(Ci —e)éi+ Y — (i — i)
i=1 ¢
1
+§51+l)€1+z ’Lj 2] Z]}

= exp(ut) Z{(—Ci — i+ g)ef(t) + Z aijei(t) fi(e; (t) + Z bijei(t) /tﬁ(t) filej(s))ds}.

(2.3)
(A, AT LA 3]
|Fies D) = 1£;(y;(D) = £ ()] < ksl (8) — 25(0)| = Kyle; (1),
il
V(t) < exp(ut) é{(—ci —li+ g)ef(t) + ;mijei(t)fj(ej(t)ﬂ + élbuei(t) /tim) file;(s))ds|}.
(2.4)
HEEE

Ikjei(t)e; (t)] < <k2“ 2(t) + kT (1)),
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SR, XIFAE

P

1) < expu) (e~ o+ B+ h)e2n

i=1

<0.

BARV(t) =0, HHAMNHe(t) = Off. XBEWRELEEF = {e(t) = 0, = gole(t),e € R} BEH
Mt — oo, V= ORRAAREE, R, HAEE 22 ME s R e MR, R 4E(3) U ik
WSk THEAF. ik, 4t — ooltf, He — 03FHéi, ai,bij — oo SRR, S84, a,,, by HK
T T ¢, aij, bij [12-16]0 UFHE

3. HEE

TEARTTH, BATE S — M UEBI ] T RASIER A1 4518
#13.1
% FE LT A I A 20 TR A 22 24

Zi(t) = —cizy(t —|—Za”fj x;(t)) + Zb”/ fi(x;(s))ds, (3.1)
Hpi=1,2, IFHA

(1 0) ( 2 0.17> (—1.5 —0.1)

_ , A= , B= :

0 1 -5 3 02 -25

7 A I i R0 TR 4o 8 DX 4 3. LR I TR AT O, BRI AR (B2 (t) = —0.01, 25(t) = 0.01,¢ € [0, 1]
}‘A/\/}E:

it 7w1+2%ﬁ% +Z%/ ()ds + eilyi®) — z:(8). (32)

PR R, AT I UE T EARE R 5 PR Rtk Oy 7RSO L, ATA W E 74 Z

B anobyy Albye AR, BATEE NI BT Nay, az, by Mby. AT FUT O 1B L,
TRAT 7 B3 S Ao B A P AR AN S 4 i A

a1 = —9.22(y3 — y1) tanh(y; ) exp(0.0065),

ay = —0.8(ys — y2) tanh(ys) exp(0.0065),

by = —9.0(y3 — y1)y15 exp(0.0065),

52 = —1.6(ya — y2)y16 exp(0.0065),

€1 = —1.52(ys — y1)* exp(0.0065),

€y = —1.52(ys — y2)” exp(0.0065),
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PATEAIGG AT
a1(0) = —0.2;  a(0) = 4.5;
b1(0) = —0.02;  by(0) = 0.8;

€1(0) = —0.1; £2(0) = —0.1.
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Figure 1. Robust synchronization of FCNN with delays

(3.1) and controlled slave system (3.2).
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Figure 2. Evolution of synchronization errors e1(t), e2(t),

asymptotically achieve to 0.
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