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GLOBAL STABILITY ANALYSIS FOR A CLASS OF
COHEN-GROSSBERG NEURAL NETWORK MODELS

YINGXIN GUO

ABSTRACT. By constructing suitable Lyapunov functionals and combin-
ing with matrix inequality technique, a new simple sufficient condition
is presented for the global asymptotic stability of the Cohen-Grossberg
neural network models. The condition contains and improves some of the
previous results in the earlier references.

1. Introduction

In this paper, we are concerned with the model of continuous-time neural
networks described by the following systems of the form:

(1)
() = ci(wi(t) | = di(mi(t)) + D aij fi(x(8) + Y bisfi (st — () + Ji
j=1 Jj=1

i=1,2,...,n,
or equivalently
(2) 2'(t) = Cx(t))[-D(x(t) + Af (z(t)) + Bf (x(t — 7(t))) + J],
where n denotes the number of the neurons in the network, z;(t) is the state
of the ith neuron at time t, 2(t) = (z1(t), 2(t),..., 2, ()T € R", f(z(t)) =
(fr(z1(t)), fa(m2(t)), ..., falza(t)))T € R™ denote the activation functions of
the jth neuron at time ¢, C'(z(t)) = diag(c1(z1(t)), ca(x2(t)), ..., cnl(xn(t))) >
0, D(x(t)) = diag(di(z1(t)), d2(x2(t)), - .., dn(n(t))) > 0,A = (aij)nxn, B =
(bi;)nxn are the feedback matrix and the delayed feedback matrix, respectively,
J = (J1,J2,...,J,)T € R™ be a constant external input vector, the time
delay 7(t) is any nonnegative continuous function with 0 < 7;(¢) < 7, and
0 < 7j(t) <6 <1, where 7, § are constants.
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System (1) is one of the most popular and generic neural network mod-
els. The Cohen-Grossberg neural network models were firstly proposed and
studied by Cohen and Grossberg [6], which have been widely applied in vari-
ous engineering and scientific fields such as neural-biology, population biology,
and computing technology. In such applications, it is important to know the
convergence properties of the designed neural networks. Usually, this kind of
neural networks can be described by the system (1).

In hardware implementation, however, time delays occur due to finite switch-
ing speed of the amplifier and communication time [5]. And time delays may
lead to oscillation, divergence, or instability, which may be harmful to the sys-
tems [2, 13]. On the other hand, it has also been shown that the process of
moving images required the introduction of delay in signal transmission through
the networks [15]. The stability of dynamical neural networks with time de-
lay which have been used in many applications such as optimization, control
and image processing, has received much attention recently (see, for example
1, 3,4, 7,9, 10, 11]).

During the past several years, considerable attention has been paid to the
delay-dependent stability and control problems of linear neutral systems. Many
efforts have been made to obtain less conservative delay-dependent conditions.
One important index of measuring the conservatism of the conditions obtained
is the maximum allowable upper bound on the delay. Delay dependent condi-
tions via Lyapunov functionals are often based on a fixed model transformation
technique that rewrites the delayed term via integration. By transforming the
original system into a distributed-delay system, a Lyapunov-Krasovskii func-
tional is constructed for the distributed-delay system As mentioned previously,
it is often the case in practice that the network parameters may contain un-
certainties due to modeling errors, and the neural network is disturbed by
environmental noises that affect the stability of the equilibrium.

In this paper, we will consider the global asymptotic stability of the Cohen-
Grossberg neural networks with distributed delays described by (1). The or-
ganization of this paper is as follows. In Section 2, problem formulation and
preliminaries are given. In Section 3, some new results are given to the Cohen-
Grossberg neural networks with distributed delays described by (1) based on
Lyapunov method. Section 4 gives an example to illustrate the effectiveness of
our results.

2. Preliminaries and lemmas

In our analysis, we assume that the following conditions are satisfied
(H1) There exist constant scalers [; > 0 such that
0< film) — fi(n2)
m =12
(H2) ¢;(x4(t)) > 0,¢; are bounded, ¢ =1,2,...,n;

<1, Vo, m2 € Rony # me;
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(H3) For all 1,12 € R, 11 # 19, there exist constant scalers p; > 0 such that
di(m) — di(n2)
=12

The initial conditions associated with system (1) are of the form

> i > 0.

zi(s) = di(s), s€[-1,0], i=1,2,...,n,

in which ¢;(s) are bounded and continuous for s € [—7,0].

In the following, we will use the notation A > 0 (or A < 0) to denote the
matrix A is a symmetric and positive definite (or negative definite) matrix.
The notation A7 and A~! means the transpose of and the inverse of a square
matrix A.

In order to obtain our result, we need establishing the following lemma.

Lemma 1. For any vectors a,b € R™, the inequality
1
2aTb < eaa+ =bTb
€

holds for ¥V € > 0.

Assume z* = (x%,z35,...,2)T is an equilibrium of Eq.(1), one can derive

from (1) that the transformation y;(¢t) = z;(t) — «} transforms system (1) or
(2) into the following system:

(3) wi() = oulos(t) | = B (0) + D ass; (s (8)) + 3 bugg st = (1))

fori=1,2,...,n. Where
@i(yi(t)) = ci(yi(t) + z7),
Bi(yi(1) = di(yi(t) + a7) — di(7),
9i(y; (1) = f(y;(t) + x3) — f; (7).

Note that since each function f;(-) satisfies the hypothesis (H1), hence, each
g;(+) satisfies

95(Y;)
Yj

0<

<lj,Vy; €R, y; #0, and ¢;(0) =0,5 =1,2,...,n

and since each function d;(-) satisfies the hypothesis (H3), hence, each 3;(-)
satisfies
Bi(y;)

>p; >0,Vy; €R, y; #0, and 5;(0)=0,7=1,2,...,n.

Yj

To prove the stability of x* of Eq.(1), it is sufficient to prove the stability of
the trivial solution of Eq.(3).
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3. Stability analysis

In the section, we present and prove our main results.

Theorem 1. Assume that (H1)-(H3) are satisfied and there exists a positive
diagonal matriz M such that

—207 M + MA+ AT M + —5MBBTM+E <0,

where E denotes the identity matriz of size n, M =diag(m;)nxn, | =diag(l;)nxn,
= diag(p;)nxn. Then the equilibrium point of system (1) is globally asymp-
totically stable.

Proof. Consider the following positive definite Lyapunov function defined by:

n y,(t) S
V(yt)ZQZmi/o 5) Z/ ()gz (vi(s
t—T1;(t

i=1

We calculate and estimate the time derivative of V(y;) along the trajectories
of system (3) as follows:

Vi(y) =2 Zmig@%“”yxw 3 12 n(s)) — Pl — m(B)(1 — 7))

t
1 i=1

< QZngz yz [ ﬁz yz + Zawg] y]

n

+ Z bis g3 (w3t — 7 (O)] + D167 (01(5)) — 2 (a8 = 7a() (1 = /(1)

< QX:mZgz yi (£))Bi (yi(t +2ZZaUngz yi(t)g; (y; (1))
+2 Z Z bigmigi(yi(t))g; (y; (t — 75(t)))

i=1 j=1

+ Z[g?(yi(S)) = g7 (it — (1) (1 = 7{(2))]

< QZngz yi(0)Bi(yi(t)) + 9" (y(£) (M A + ATM)g(y(1))

+2g" (y( NMBg(y(t — 7))+ g" (y(t))g(y(t))
—(1=0)g" (y(t —7))g(y(t — 7))
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From Lemma 1, we have
26" ()M B(y(t — 7)) < 70" (4() MBB Mo(y(1))

+ (1= 08)g" (y(t — 7)gly(t — 7).
Then we have
V' (ye) < =20 g™ (y()) Mg(y(t) + 9" (y(£) (MA+ AT M)g(y(t))

g W O)MBBT My(y(1)) + 9" (4(1)g(y()

1
< o (y(t)) ( — 27 UM + MA+ ATM + ——=MBB"M + E)g(y(t))
< 0.
The proof is complete. O

When the delayed feedback matrix B = 0 in Theorem 1, we can easily obtain
the following corollary.

Corollary 1. The equilibrium point of Eq.(1) is globally asymptotically stable
if there exists a positive diagonal matriz M such that

207 uM + MA+ ATM + E < 0.
Remark. In Theorem 1 and Corollary 1, we do not need the assumptions of
boundedness, monotonicity, and differentiability for the activation functions,
moreover, the model discussed is with time-varying delays. Clearly, the pro-
posed results are different from those in [2, 5, 6, 8, 12, 13, 14, 15] and the

references cited therein. Therefore, the results of this paper are new and they
complement previously known results.

4. An example

In this section, an example is used to demonstrate that the method presented
in this paper is effective.

Example. Consider the following two state neural networks:

-2 0.5
A= (a;j)2x2 = < 05 -9 ) )

05 0.5
B = (bij)axz = < —0.5 —0.5 )

and we take | =y =F, § =0.5. Let M = E. Then we have

1 _
2T M o MA S ATM g MBBIMY 4+ F = ( 03 _03 ) =

Therefore, by Theorem 1, the equilibrium point of Eq.(1) is globally asymptot-
ically stable.



1198 YINGXIN GUO

Acknowledgment. The authors would like to thank the referees for their very
careful reading and valuable suggestions and comments.

References

[1] S. Arik, An analysis of global asymptotic stability of delayed cellular neural networks,
IEEE Trans. Neural Networks 13 (2002), 1239-1242.
[2] P. Baldi and A. F. Atiya, How delays affect neural dynamics and learning, IEEE Trans
Neural Networks 5 (1994), 612-621.
[3] J. Cao, On ezponential stability and periodic solutions of CNNs with delays, Phys. Lett.
A 267 (2000), no. 5-6, 312-318.
[4] L. O. Chua and L. Yang, Cellular neural networks: theory and application, IEEE Trans.
Circuits and Systems 35 (1988), no. 10, 1257-1272.
(5] P. P. Civalleri, M. Gilli, and L. Pandolfi, On stability of cellular neural networks with
delay, IEEE Trans. Circuits Systems I Fund. Theory Appl. 40 (1993), no. 3, 157-165.
[6] M. A. Cohen and S. Grossberg, Absolute stability of global parallel memory storage by
competitive neural networks, IEEE Trans Systems Man Cybermet 13 (1983), 815-826.
[7] H. Jiang and Z. Teng, Global exponential stability of cellular neural networks with time-
varying coefficients and delays, Neural Networks 17 (2004), 1415-1425.
[8] M. P. Kennedy and L. O. Chua, Neural networks for nonlinear programming, IEEE
Trans. Circuits and Systems 35 (1988), no. 5, 554-562.
[9] Y. Li, Global exponential stability of BAM neural networks with delays and impulses,
Chaos Solitons Fractals 24 (2005), no. 1, 279-285.
[10] T. L. Liao and F. C. Wang, Global stability for cellular neural networks with time delay,
IEEE Trans. Neural Networks 11 (2000), 1481-1484.
[11] X. Liao and J. Wang, Global dissipativity of continuous-time recurrent neural networks
with time delay, Phys. Rev. E (3) 68 (2003), no. 1, 016118, 7 pp.
[12] Z. Liu and L. Liao, Ewxistence and global exponential stability of periodic solution of
cellular neural networks with time-varying delays, J. Math. Anal. Appl. 290 (2004), no.
1, 247-262.
[13] C. M. Marcus and R. M. Westervelt, Stability of analog neural networks with delay,
Phys. Rev. A (3) 39 (1989), no. 1, 347-359.
[14] M. Morita, Associative memory with nonmonotone dynamics, Neural Networks 6 (1993),
115-126.
[15] T. Roska and L. O. Chua, Cellular neural networks with delay-type template elements
nonuniform grid, Int J. Circuit Theory Appl 20 (1992), 469-481.
[16] Q. Zhang, X. Wei, and J. Xu, A new global stability result for delayed neural networks,
Nonlinear Anal. Real World Appl. 8 (2007), no. 3, 1024-1028.

COLLEGE OF CONTROL SCIENCE AND ENGINEERING
SHANDONG UNIVERSITY

JINAN, SHANDONG 250061, P. R. CHINA

AND

SCHOOL OF MATHEMATICAL SCIENCES

QUFU NORMAL UNIVERSITY

QUFU, SHANDONG 273165, P. R. CHINA

E-mail address: yxguo3120@163. com



