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Abstract

A class of discrete-time cellular neural networks with complex deviating arguments and impulses
are considered. Sufficient conditions for the existence of periodic solution are obtained by using
contraction theorem and inequality techniques. The results of this paper are new. An example is
employed to illustrate our results.
© 2009 The Franklin Institute. Published by Elsevier Ltd. All rights reserved.
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1. Introduction and preliminaries

In recent years, cellular neural networks (CNNs) have been extensively studied and
found many important applications in different areas, such as psychophysics, perception,
robotics, adaptive pattern recognition, image processing and associate memory [1,2].
Hence, they have been the object of intensive analysis by numerous authors and some
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interesting results on continuous-time CNNs have been obtained. In particular, there
have been some results on the existence and global exponential stability of periodic
solutions or almost periodic solutions for continuous-time CNNs with delays and
impulses [3-12]. We note that many of the previous works concerning periodic solutions
only considered the case of time delays, including constant delays, time-varying delays
and distributed delays. However, since the complexity of problems in reality, models
describing these problems should reflect effects of such fluctuation factors. Hence, it is
significant important in theory and application to study equation with deviating
arguments, which has a wider meaning than equation with delays. Recently, authors of
[13] considered continuous-time CNNs with complex deviating arguments and obtained
sufficient conditions for the existence of periodic solutions by using the coincidence
degree theorem [14].

In numerical simulation and practical implementation of the neural networks, it is
essential to formulate a discrete-time system that is an analogue of the continuous-time
system. Very recently, some results on the stability of CNNs difference equation with
delays or with delays and impulses have been obtained [15-18]. It is well known that the
research of neural networks involves not only the stability analysis of equilibrium points
but also that of periodic solution. However, to the best of our knowledge, the existence of
periodic solution are seldom considered for discrete-time CNNs with complex deviating
arguments and impulses.

Motivated by the above discussions, in this paper, we investigate the existence of
periodic solution for discrete-time CNNs with complex deviating arguments and impulses
of the following form:

Xi(n + D=xi(n) = —ai(mxi(n) + Y _by()fi(x;(x(m)) + Li(n),
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where m € N, ny is impulsive point, x;(n) is the state vector of the i th unit at time n, a;(n)
represents the rate with which the i th unit will reset its potential to the resting state in
isolation when disconnected from the network and external inputs at time n. b;(n) are
connection weights at time n, I;(n) denotes the external bias on the i th unit at the time n, f;
is the activation function of signal transmission.

For convenience, we wuse the following notations a; (n) = max{|l—ai(n),1},
by = MaX,sn 0<n<olbi(M), I = MaX,zy 0<n<olli()], by = max{0, by}.

We denote the product of 1+ by when ny €[a,b) by [],.,, -»(1+bix) with the
understanding that [[,_, _,(1 + bx) =1 for all a>b.

Throughout this paper, we assume that

(Hy) ai(n), bjj(n), Ii(n) are w-periodic functions, where w is an positive integer with w>1,

ih,j=1,2,...,m.
(H») {bi} and {n;} are real w-periodic sequences, i.e., there exists a ¢ € N such that
Mg = N + @, bitk+q) = bk by >—1, O<nm<m<---<m<mgp<---,

k=12,...,i=12,...,m.
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