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Abstract

This paper investigates global exponential stability of Cohen-Grossberg neural networks with
proportional delays. Firstly, the Cohen-Grossberg neural networks model with proportional delay
is equivalent to the Cohen-Grossberg neural networks model with constant delay through appro-
priate transformation. Sufficient conditions for global exponential stability are established by ap-
plying M-matrix theory and inequality techniques. The validity of the obtained conclusions is veri-
fied by numerical simulation.
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1. 5l8

Cohen-Grossberg ##% f¥£%[1] (Cohen-Grossberg neural networks, CGNNS) & — 4k s U #1252 [P 4%
CGNNs b, s 1 A sh 2 4% [2] A Hopfield #2828 [3]. 36022 2% 76 R {5 b B [4] [5] [6]-
PAC[7] [8], BEZNIRAI[9] [10], BRAECAZAN AT THEESEIAT 2 7T 2 R

TESEBRM R, ZER CGNNs i & —@ fssE M. SR, BT WETE S5 AR SR D) 3l 5 2 A
BB, 75L& B AT H B A AN T G ), I 2 e B 2 e B I R 2 I 28 AR e ME[11] . DR, AT
CGNNs fifaseth B EE R E L. IERWk, 55F CGNNs M@tk Caf 1) Z KW 70k : 763k
[12]7, s s S8 Lyapunov 32 e kA 58 1 322 CGNNs 14 R fa ke e . A2k [13], F)
FH Banach A3l s e #A Lyapunov 72 B AR T — KRB A IRA B CGNNs [ [FIF i A7 72 1 R
HkarEth. fESCHR[14]%, R Lyapunov iz e AIAR 7) ANZE W FT 77 CGNNs 42 JRifa8iia e . 72 SCHR[15]
i, A Banach A& S E R, | X Gronwall-Bellman A% 2011 Lyapunov 32 B8 J5 kBT R T B 1R A0
Tt CGNNs I i F <7 R AV, ME— PRI AR 48 Hha e .

R0 28 /0 25 8 e R i RS040 N B [16], PRI [17] [18] [19]F04x AR [20] [21] [22].
B3 (23] [24]1/2 —FhRRER I AR i, AP7E T8, ARG, #HHIERSESATIH. Kk, #5
HAT gy s R e X 4 (1 A Ve LA LB A S B . VR 2 0 508 B0 00 70 LA B i e 28 )
ZEFRE RIS T RO g . QnrESCHR[25]9, RIS 8T Lyapunov vz iR AN S S T 7L T
B2 AL CGNNs 14 R 22 T = J AN 42 &) 2 T R e Pk . 72 SCHR[26] 1, adid #4i& Lyapunov
R S Halanay A5, BEFL T B HUAGI I IR B o 22 WX 28 IR R 1tk o R SCHR[27]H, i
— A B E s (7)) S Gronwall U AN, BIFFE T A LA B 1 23 5B 4 0 X 245 1 A BIR B ) 11 A
&P

BT BRI, ASCHET T B LU ) CGNNs 4 R de Hke e k. 5 K 2 H0hii CGGNs LA
LERANTH, X LSRR L 2 T A AR . R M-RERE RS AT ANSE B 13 81 T CGNNs (142 )5
RERE M T 6. 1Z R L MAERERTE G Y, IR R A8 2 M7 7 2 A A EAR A T
BRI
AR ZHAT o AR5 2795, A4 T AT EEiInh i CGGNs AR Y DL K b B (g AN G B, 5 3
g 7 BA LI i CGGN W& R fais e MR FIgs . 20U, 4l 7 — 267 5 05 m s bl
VEASCE R A k. 5 5 Wl 1458

2. BEHRBRFEZHIR
2 [& N TH i B A EL A 75 Cohen-Grossberg #4145 [0 25 A5 7 .
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ui(t):—ai(ui(t)){ (u (1)~ Zcu J( ()) Zdijgj(uj(qjt))ﬂi},tzl 2.1)
u(s)=e(s), se[pl] i=12,-

Hri=1,2-,n, n BMEITAMEG U (1) 2R t BZIEE | MHEITIRE:  a (u, (t)) RaREOCER AL
by (uy(0) TATNEL 1,0, T HaREEL o, d, RFERRE, | RN o, LB
T MR 0<q <L, qt=t—(1-g, )t ARE L, Bttt (1-q))t >+, BIE G
goi(s)eC([p,l],R)%ﬂ‘%i@%ﬂﬁ“ﬁw@ﬁl, p=min. . {a;} -

A e x, (t):ui(e‘) [23], MIBLAL(2.1)#t 5 4  BA H AR R 30 Cohen-Grossberg 145 W] 44 4
pidp

xi(t)z—etai(xi(t)){ (x (1)~ Zcu (%, ())—;dijgj(xj(t—q))ﬂi} 2.2)
X (s)=w;(s), se[-p,0], i=12,
Hefit>0, 7;=—logq;, p=max{r}.
ASCEAMG A % -
fB% 1: a eC(RR"), HAEEHS a0 (1=12,n) 43
a; <a(u)<qg’, YueR
[ 2. WD, () ML ELAF R B (=12, n) {7

(u) ()>B vYuveRHu=v

u—

vt 3: WAL f (1), o,() ELHAEREEF,G,(j=12n)fH

|fj(u)—fj( )|<F lu-v|, YuveRHu=v

|gj(u)—gj( )|<G lu-v|, YuveRHu=v
0

B=diag(B,,B,,",B,),F =diag(F,F,,---,F,),G =diag(G,,G,,--,G, )
G131 [281 44 (2.1) 5HAL(2.2) A AH R R~ A, AR BT S B9 MR AL AR RS E 1 B BT SR
SIHE 2 [29)45 40K Az(aij)nxnE@FﬁﬁﬂFﬁﬁ%éﬁLfc%i@ﬂFE, HirA B e, WRRRR
EZNIOE

1) FFE A RIEA R M-AERE
2) it e =(4,8,,&) 3 AE>0,
X 1 [B0]URAAEFHA>0, K>0, ffif7

|xi (t)—xi*| < K"(//—x*"e"‘,t >0,
Hrp

"W—x*" — SES[EJBO]|‘//i (S)—Xi*|
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MR (2. 2) 00T 5 X = (%5, X, ) R4 Rk .

3. EEHR
R 1R 1~ 3 RO, FL B |C|F —|D|G /A 5 M-AERE, B2 2) P s e

B,
TR WX = (06,0 ) BRI AL, 4 y(t) = x(t)~ X MATR(2.2) 7 Bl

i (t)=—e'& (v (1)) b (v, (t))_icij fi(y, (t))—idu@j (yj (t-7, ))+ 'i} (3.1)

j=1 j=1

yi(s)=4(s), se[-p,0], i=1,2,--,n

(vi)=h (yi _Xi*)_bi (X.*)

*

g’l( i):ai(yi_xl)_ai(xi*)' ;
fi(yi) =1y, =)= F06). 3 (vi)=9;(v; %)~ 9;(x))

6(s)=w;(s)-%, i,j=12,-,n
P4 B~|C|F —|D|G deZ5 57 MAERE, FiLlihsl B2 mr, e e=(4,5&) i=12,n
15
-B¢ +%eﬂ o | F, +é§j |dy|G; <0 (3.2)
FEl B R A H (X) = (Hy (%), Hy (%), H, (X))
H, (x)=—(B —%)¢& +JZN_;§J. leg| F, +j§N_‘IeXif§j ld,/G, (3.3)
(3.4)

H,(0)=-Bi& + X & |oy|Fy + 2&,[dy[ G, <0
j=1 j=1
I H; (x) SR H AT, oA H, (x) 2 4% S 38 eR 8. TR ERATT AT LLHERT A2 E 8 o > 0

15
H,(0)==(B —0,)& + X & ey | Fy + 2e77¢ |dy |6, =0 (3.5)
j=1 j=1

(GE

FL AT LU, P E R o < (0,0)

Hi(o™)=~(B -0y )& +Ji_l§j le| F, +Ji_le”if.§j |dy|G; <0 (3.6)
FRELL R Lyapunov 72 B4 :
Vi(t)=e*|y; (t),i=12,n (3.7)
V(1) ki b
999 Mg
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DV, (1)=& sgn {_ea { Z (10)- 30 (3t~ r))}}+ﬂe”|yi(t)|

) dijgj(yj(t_rj)):|+ﬂ‘elt|yi(t)|
. emeta(y,()){ 1 i(t))|_Z|Cij|Fj|yi(t)|__2|dij|Gj‘yj<t_ri)‘i|+ﬂelt|yi(t)|

<-e*e'q (y “b, yi (t ‘ i yJ

-e'a (v (1)) [ | | Z:|°'J|':‘9M|3" iehj |dii|Gieﬂ(Hj)‘yj (t-7; )ﬂ+/1eﬁ‘|yi (t)
<—e'g (v ( ){ Z|C,J|F Ze“J IJ|G }ﬂ,e g (v (H))Vi(t)
(3.8)
{ B - )V, Z|CU|F ze “dy |G v ( } i=1,2,,n,t20
oo x|
RERETN
Vi(s):e“|yi(s)|s|¢\,(s)|=|y/i(s)—xi*|s§iq (3.9)
585
V,(1)<&q, t20,i=2,2,,n (3.10)
RIEVE, HE AL, WAEELT >0, il
V(1) <£a,0° (Vi ()20, Hite[-pt ]uE Vi(t)<&g (3.11)
i X(3.4)F120(3.5)15:
D", (t*)get*gi(yi (t*)){ (B-2)V(t)+ Z|CU|F Ze“; IJ|G (t-7, )} (3.12)
<0
A1) 5 EI)MFJE . Kh(3.10) %, N
—At —ﬂ.t Z| 5 *|| —at
)5 *gae " 2y |- ly e
Rp
|xi (t)—x*| < K"z//—x*"e"‘ (3.13)
_ 2
min{lé}, t>0.
i, B 1 AGIE 1 AT AR (2.1) )P R A R fe R AR e R .
4. WIESKLS
Bl 1 2% S~ BA il A ) CGNNs, Horfin = 2:
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u, (t) =-a, (u, (t)){bz (u, (t))_jzzllczj' i (u; (t))_jzzidzj'gj (y; (O-Bt))}

Hrp:
a,(u)=1+0.5cos(u),a,(u)=2+0.5cos(u); b, (u)=5u,b, (u)=12u
f(u)=05(lu+1-|u-1]), g, (u)=tanh(u),i=12
CINE R TR CHI
o =05, 0 =15,a; =15, a; =25
B =diag(5,12),F =G =diag(1,1)
LIRS

3 3
B—|C|F—|D|G={ }
-3 10

(4.1)

th5] 5 2 W[ %1 B~ |C|F —|D|G /& M-, s 1 nl MBI (2. )45 (0,0) 4R HiasE

K. PR RME 1 AE 2 Fios.

uy (t),uz(t)

Figure 1. State response of (4.1)
B 1. FRG(4.1)H00 KL
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uy(t)
o

-8 -6 -4 -2 0 2 4 6 8
uy (t)

Figure 2. Phase trajectories of system (4.1)

[E 2. &% (4.1)R9HB%NITE

B 2 e~ B BN I CGNINs, Hirfin=2:
0 <t>=—a1<u1<t)){b1(ul (1) 326 b (0, (1) - S, (4 <o-5t>)—1}
j=1

j=1

4.2)

= 0
o

a,(u)=1+0.5cos(u),a,(u)=2+0.5cos(u); b, (u)=5u,b, (u)=12u

f,(u)=05(ju+1-|u-1), g; (u) =tanh(u),i=12
ey 7)o )
o] =05, 0 =15 a, =15,a; =2.5
B =diag(5,12),F =G =diag(1,1)
THE A4S

3 -3
B—|C|F—|D|G={ }
-3 10

i 318 2 7751 B—|C|F —|D|G & M-FilE, FEpHsE L 1 nf A (2.0) H P 15 (~0.023,0.364)" 42
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Figure 3. State response of (4.2)
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Figure 4. Phase trajectories of system (4.2)
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Figure 6. Phase trajectories of system (4.3)
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