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Abstract By using the Leray-Schauder fixed point theorem, differential inequality techniques
and constructing suitable Lyapunov functional, several sufficient conditions are obtained for the
existence and global exponential stability of periodic solutions for general shunting inhibitory
cellular neural networks with delays. Some new results are obtained and some previously known
results are improved. An example is employed to illustrate our feasible results.
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1. Introduction

In recent years, the shunting inhibitory cellular neural networks (SICNNs) have been exten-
sively studied and found many important applications in different areas such as psychophysics,
speech, perception, robotics, adaptive pattern recognition, vision, and image processing. Hence,
they have been the object of intensive analysis by numerous authors and some interesting results
have been obtained. In particular, there have been some results on the existence of (almost)
periodic solutions for SICNNs with delays [1-9]. In 2008, the authors of [6] investigated the
existence and global exponential stability of almost periodic solutions for the SICNNs with vari-
able coefficients and obtained some new results, which complemented some of previously known
results. The model of SICNNs in [6] is

o) = —a (D () + Y CH() fis(twra(t — 7 (t))ai () + Lij(8),
CHLEN,.(4,7) (1)
ij(t) = @ij (1), t € [=7,0],
where i = 1,2,..., n,j = 1,2,...,m. 7;;(t) represents axonal signal transmission delays and is
continuous with 0 < 7, (¢) < 7; C;;(t) denotes the cell at the (¢, j) position of the lattice at the
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t, the r-neighborhood N,.(3, j) of C;;(t) is
N.(i,7) = {Cri(t) : max(|k — i, [l — j]) <r, 1 <k <m,1 <[ <n}.

x;(t) is the activity of the cell Cy;(¢t), L;;(t) is the external input to C;;(t), a;;(¢) > 0 represents
the passive decay rate of the cell activity; ijl(t) > 0 is the connection or coupling strength of
postsynaptic activity of the cell transmitted to the cell C;;(t), the activity function f;;(¢,-) is a
continuous function representing the output or firing rate of the cell Cy;(t); ¥;;(¢) is the initial
function, and is assumed to be bounded and continuous on [—7,0]. ai;(t), CE(t), fi;(t,-), Li;(t),
©;;(t) are all continuous almost periodic functions.

However, the conditions obtained in [6] for the existence and exponential stability for (1) are
not sufficient (see the Remarks 2, 3 and 4 of this paper).

In this paper, we generalize (1) as follows,

i () = —ai;(t, 245(t)) — Z CE ) fij (t ar(t — T (8)))ij (t) + L (1). (2)

CHFLeN,.(i,5)

For convenience, we denote 7 = max(; j){7; ()|t € [0,w]}, [i; = maxsefow [1i5(t)], f =
minsepo o] pij(t), and let @ = (z11, %12, .., T1ms - -+, Tnl, Tn2, - - - ,Tnm) T be a column vector, in
which the symbol (T) denotes the transpose of a vector.

The initial condition ¢ = (¢11,. -+, P1ms-- > Pnly-- - Pnm) of (2) is of the form
zi5(s) = ¢ij(s), s € (—,0],

where ¢;;(s), i =1,2,...,n, j =1,...,m, are continuous w-periodic solutions.

The main purpose of this paper is to obtain sufficient conditions for the existence and global
exponential stability of periodic solutions for (2). The results of this paper are new and they
complement results of [1-8] and references cited therein.

The main methods used in this paper are Leray-Schauder’s fixed point theorem, differential
inequality techniques and Lyapunov functional. An example is employed to illustrate our feasible
results.

The remaining parts of this paper are organized as follows. In Section 2, preliminaries and
assumptions are given. In Section 3, we study the existence of periodic solutions of system (2)
by using the Leray-Schauder’s fixed point theorem. In Section 4, by constructing Lyapunov
functional we shall derive sufficient conditions for the global exponential stability of the periodic

solution of system (2). At last, an example is provided to illustrate our results.

2. Preliminaries and assumptions

The following definition and lemma will be used to prove our main results in Sections 3 and
4.

Definition 2.1 Let 2*(t) be an w-periodic solution of (2) with initial value ¢*. If there exist
constants o > 0 and P > 1 such that for every solution x(t) of (2) with initial value ¢,

|xZJ(t)_'r;kJ(t)| §P||¢_¢*||e_ata vt>07 1= 1527"'an7j: 1725"'5ma
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where ||¢ — ¢*[| = max(; jy sup_, < <o{l¢ij(s) — &7;(s)|}, then x*(t) is said to be globally expo-
nentially stable.

Lemma 2.1 (Leray-Schauder) Let E be a Banach space, and let the operator A : E — E be
completely continuous. If the set {||z|||lx € E,x = MAx,0 < A\ < 1} is bounded, then A has a

fixed point in T', where
T ={z|z € E,|z|]| < R}, R=sup{]z|||z=Mz,0 <X < 1}.

Throughout this paper, we assume that

(Hy) CH(t) >0, 7i;(t) > 0, I;;(t) are continuous w-periodic functions. w > 0 is a constant,
i=1,2,...n,=1,2,...,m;

(Hy) ai;(t,u) € C(R% R) are w-periodic about the first argument, a;;(t,0) = 0 and there
are positive continuous w-periodic functions p;;(t) such that %ﬁf’“) > pii(t), 1 =1,2,...,n
=12 ....m;

(H;) fi;(t,u) € C(R%* R) are w-periodic about the first argument. There are continuous
w-periodic solutions 7;;(t) such that ”yu( ) = SUp,cp | fi;j (t, u)|, 1=1,2,....n,5=1,2,...,m;

> cklen, (i) Ci H(t)yii(t)
(Hy) max(;,j) Supogtgw{ == (u:g)(t . - 1=0<

Hs) There are non-negative continuous w-periodic so]ut10ns Bi;(t) such that
J
Bij(t) = sup,,4, |W| forallu,v e R,u#v,i=1,2,....,n,j=1,2,...,m

3. Existence of periodic solutions

Let &j,i=1,2,...,n,j=1,2,...,m be constants. Make the change of variables

Iij:&jyij(t); i:1,2,...,n,j:1,2,...,m, (3)
then (2) can be reformulated as
vi(t) = =& ai (68w () — D> CE) fij (t ayra(t — ()i (8) + €5 T (1) (4)
CFKLEN,(1,5)
System (4) can be rewritten as
Vi (1) = —dij(t, yi; ())yi; (t) — Z CE() fi (& Eayna (t — 7ot (8)))yis (1) + &5 Tis (1), (5)
CkleN,.(4,5)

where d;;(t,y:5(t)) = 8GL“”Z di;» dij is between 0 and &;y;;(t), d;j € R. By (Hs), we obtain

a;j(t, &;yi;) is strictly monotone increasing about y;;. Hence, d;;(¢,y:;(t)) is unique for any y;; (¢).

g9

Obviously, d;;(t,yi;(t)) is continuous w-periodic about the first argument and d;; (¢, y;(t)) >
i (1)
Lemma 3.1 Suppose that (H;)—(Hs) hold and let x(t) be an w-periodic solution of system (5).
Then,

Yij(t / ) — Y CEU) fii (s, Gy (s — Tha(5)))wii (s) + 51-}111‘3‘(8)} ds,
CkleN,.(i,7)
te0,w], i=1,2,....,n, j=1,2,...,m, (6)
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where

HY (1, 5) 1 { e J< dii(vyij())dv 0<s<t<w
z. S) =
ig\"

1 — e o di(vyis()dv | =[5 dij(v,yij (0)dv=[ dij(v,y:5(0)dv) 0 <t < 5 < w.

Proof From system (5) we have

(yij (t)ef(: dij(s,yij (S))ds)/ _ {_ Z Ozkgl (t)fij (t, fklykl(t _ Tkl(t)))yij (t)—|—
CFLeN,(i,5)

€51 1(1)] i dutoansends, -

Integrating (7) from 0 to ¢, we have

t
yij () =™ Jo dis(swis(sDdsy, () +/ [— S CH () i (5, Eaym(s — Tra(s)))yij (s)+
0 CHEN,(1,5)

gi;llij (S) e_fst dij(v,yi5(v))dv q o (8)

From z;;(w) = z;;(0) and (3) we have y;;(w) = v;;(0). By (8) we obtain

yi;(0) ! s /Ow [— ST CH () i (s, Eayri(s — Tra(s)))yis (s)+

T o i (swis(s
1—e™Jo CHLEN, (i,)

€7 Lgls) e J7 oD, ©)

Substituting (9) into (8), we obtain

- f[f dij(s,yij(s))ds w
) : d /0 [_ Z ijl(s)fij(sa Ekryri(s — () yis (8)+

= — [ dij V,Yi5(V v
1 — e Jo dis (0,5 (v)) cnin i
gigljij (3)} e J& dij(vyij (v)dvqg

/0[— S0 CH9) (o uyals = Tua(9))wis () + €5 Tig(5) | e~ I7 drtewaatNdngg

CHMEN,(4.5)
=/ H(t, s) [ — Y CE)fii (s, Gy (s — Tha(5)))wii (s) + 51-}111‘3‘(8)} ds.
0 CHEN,(i,)
The proof is completed. O
In order to use Lemma 2.1, we take X = {y|ly € C([0,w], R*™™)}. Then X is a Banach space

with the norm
yll = max{lyijlo}, lyijlo = sup |yi(t)], i=1,...,n, j=1,...,m.
(4,9) 0<t<w
Set a mapping ® : X — X by setting

(Py)(t) = y(t),
where,
t+w
(@y)a;(t) :/ Hz:yj(tvs){_ > CE(3) fii (5, Euayra(s — i (9)))wij () + &, 1 (s) |ds,
t CHEN,(i,5)

1=1,2,...,n, j=1,2,....,m.
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It is easy to know the fact that the existence of w-periodic solution of (2) is equivalent to the

existence of fixed point of the mapping ® in X.
Lemma 3.2 Suppose that (Hy )—(Hy) hold. Then ® : X — X is completely continuous.

Proof Under our assumptions, it is clear that the operator ® is continuous. Next, we show
that ® is compact.
For any constant D > 0, let @ = {y|y € X, ||y|| < D}. For any y € §, we have

@y =max sup ‘/ H( tS S CH®) (s, Gy (s — ra(5)))yi (s)+

(4,5) 0<t<w CKLEN,.(3,7)
€51 15()]as|}
<max sup / HY(ts)| ijl(t)%j(SNyij(Sﬂ+5£1|Iij(5)|}ds}

5 <
(4,7) 0<t<w ckleN (i)

<max sup / HY(t, s) iz (s )Gds}HyH—l—max{ 1

(4,9) 0<t<w 51]/14

<6D + max{
(4,3) 61] ZJ

L},
which implies that ®(Q) is uniformly bounded. Where,

/0 HZ'Z (t,s)uij(s)ds

1 t .
—Ji dij(v,ziz(v))dv
T 1 o J& (v (v))dv {/O ¢ A wij(s)ds—+

e_fow dij(v,mi5(v) )d'u/ fr ij vm”(v)dv) ( )ds}

1 t .
< — [ pmij(v)do
1—e™ [ dij(v,zi5(v))do { ‘/0 € ’ Hij (S)ds—l—

6/ 6/" l](’U mlJ(’U))dvdU (S :EZ]( ))ds}

t

s 1 o {1 — e Jomi()dv o~ [ dij (033 (W)dv (o [ dis (0,235 (v)dv) _ 1)}

1 —e Mo dij(v,xi(v))do

= fw dl ( ( ))d {1 — e f(: ij (s)dv t+e” f(: dij(v,xij(v))dv e j(;,.; di]‘(v,xij(v))d’v} < 1.
1 _ e* 0 ij (U, T (VU v -

By (Hz), there exists a constant M > 0 such that
|dij(t,yi; ()| <M, for t€[0,w]xQ, i=1,2,..., n,j=1,2,...,m.

In view of the definition of ®, we have
(Py);; dt / H (¢, 3) S CH ) fii(s, Eaymi(s — Trals)))yis (s) + é}-}lfz'j(s)] ds)
CkLeN,.(i,7)

= —dij (g (D) (@y)is(8) = D CE) iyt Sayma(t = (D)) (1) + &5 1 (1)

CFLeN,(i,5)
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Hence,

I —kl_ I
}(q)y);,_](t” < M(0D+I(IFB<{§“/1 }) "‘I(Izlgf)({ Z OijVijD+§_.?}a
’ Whij ’ C*LEN,(i,5) K

where d“j = maxe(o,0) CHH 1), ¥ij = maxiefow] Vi (). So, ®(Q) C X is a family of uniformly
bounded and equi-continuous subsets. By using the Arzela-Ascoli Theorem, ® : X — X is

compact. Therefore, ® : X — X is completely continuous. The proof is completed. O

Theorem 3.1 Suppose that (Hy )—(Hy) hold. Let &;;,i=1,2,...,n,j=1,2,...,m be constants.
Then system (2) has an w-periodic solution z*(t) with ||z*|| < maX(iyj){&j}ﬁ = Ry, where
max; jy{ Gt }
1-6
Proof Let y € X, ¢ € [0,w]. we consider the operator equation

y=Aby, Ae(0,1). (10)

If y is a solution of (10), for ¢ € [0,w], we obtain

Iij
é.ijﬁu

1]

}.

lyll < 1@yl = Ollyl] + max{

This and (Hy) imply that
Iyl < R.

In view of Lemma 2.1, we obtain that ® has a fixed point y*(¢) with ||y*|| < R. Hence, system (5)
has one w-periodic solution ¥*(£) = (Yi1,Yles -+ Ylms - s Uit Yios - yin )T with |Jy*]| < R.
It follows from (3) that z*(t) = (231(t), ¥5a(t), ..., 25, (1), ., xhy (t), 255 (1), .. 2k, ()T =
(i €2Yins - Em¥ims - Ent¥nts En2Ynas s Enm¥nm) "

with

is one w-periodic solution of (2)

¥ < rgé}f{&j}é = Ro.

The proof is completed. O

4. Global exponential stability of periodic solution

In this section, we shall construct some suitable Lyapunov functionals to derive sufficient
conditions ensuring that (2) has a unique w-periodic solution and all solutions of (2) exponentially

converge to its unique w-periodic solution.

Theorem 4.1 Assume (H;)—(Hs) and (Hs) hold and

Hg) There are a set of positive constants &, 1 =1,2,...,n, j =1,2,...,m, such that
J J
S oren, g CF ) (i (0)éij + Ro&uBij (1))
max sup{ }:Ii<1.
(i-4) 0<t<w i (£)&i

Then system (2) has exactly one w-periodic solution, which is globally exponentially stable.
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Proof Obviously, (Hg) holds implies (H4) holds. By Theorem 3.1, there exists an w-periodic
solution x*(t) of (2) with initial value ¢*(t) = (%, (), .-, &5 )y Oi1 (1), L (1)T and
[z*]] < Rg. Suppose that x(t) is an arbitrary solution of system (2) with initial value ¢(t) =

((bll(t)v ] ¢1m(t)7 R (bnl (t)v ] ¢nm(t))T' Set Z(t) = (le(t)7 SRR Zlm(t)7 <.y 2nl (t)7 SRR an(t))T
= 2(t) — *(t). Then, from system (2) we have

25(8) = = lai; (b2 (1) — agg (L) = D CE )iy (6 waa(t — mha(t)))as () —
CkleN,.(1,5)
izt xia (t = ma (1)) (1) (11)
From (Hg) we have
—u(0&+ D O (1€ + Rodifiy (1) < (5 = Dpais () < (5 = D, <0,
CkleN,.(i,5)

i=1,2,...,nj=12,...,m. (12)

Set
hij(\) = (A= i ()& + Y CE () ()&; + RouBij (£)e7).

CFLEN,(1,7)

Clearly, hi;(\), i=1,2,...,n, j =1,2,...,m, are continuous functions on R. Since h;;(0) < 0,

iy () .
d]/\ = fij + A Z ijl (t)Rofklﬁij (t)e)‘ > 0,
CkleN,.(i,7)
and h;j(+00) = 400, we see that hi;(A), ¢ =1,2,...,n, j = 1,2,...,m, are strictly monotone

increasing functions. Therefore, for any ¢ € {1,2,...,n}, j € {1,2,...,m} and ¢t > 0, there is
unique A(t) such that
B = i ()& + D CE ) (i (0 + RoBis (£)e* D7) = 0.
CHEN,(1,5)
Let Aj; = infiso {A()|(A() = 1 (1)&i5 + Domen, 1.5y Cit (1) (i (£)Eij + Ro&ia B ()X D7) = 0.
Obviously, AY; > 0,i=1,2,....,n,j = 1,2,...,m. Now, we shall prove that A}, > 0. Suppose
this is not true. From (12), there exists a positive constant n such that
{uz‘j ()85 = Xenen, i) O (1) (i (&5 + RobwBi; (1)) } .-
§ij + ZC“ENT(i,j) 157’0{? (t)Rogklﬂij (t) -
Take small € > 0, then there exists ty > 0 such that

in
t>0,(i,5)

0 < \j(to) <e<m.
Let us recall the inequality e® < 1 + 1.5z for sufficiently small z > 0. Then we obtain
0=(\j;(to) — iy ()& + Y. CH®)(; (&5 + RobruBij (£)ers 07
CkleN,.(i,5)
<(e—pi®);+ Y CE)(vii(t)&; + RobwBij (t)e™)
CkleN,.(i,5)

< =pi&+ D CH® (v (0)&; + RobwBiy(t) (1 + 1.597))
CkleN,.(i,5)
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==&+ Y CH(O) (i (0)€; + RowBiy (1) +

CHFLeN,.(i,5)

&+ > L57CH () Ro&uBiy (1)}

C*LEN,(i,5)
< — i (05 + Z CE () (i ()&ij + RobrBij (1) +
CHEN,(i,5)
1 (D& = Xomen, i) Cij (00 (€5 + RolwulBis (1))
§ij + Lomen, i) 17O () Ro&w B (¢)
{&; + Z 1.5Tijl(t)R0§klﬁij (t)} =0,

CFLEN,(,5)

which is a contradiction, and hence, A}, >0,i=1,2,...,n,j=1,2,...,m.

Let a = ming; j){A};}. Obviously,

hij(a) = (= pi (D) + Y CHO) (i3 (&5 + Ro&raBij (£)e®™) <0,
CHEN,(4,7)
i=1,2,...,n, j=1,2,...,m. (13)
We choose a constant d > 1 such that
déije > 1, fort € (-7,0], i=1,2,...,n, j=1,2,...,m.

It is obvious that

|zij ()] < |lp — ¢*|| < d&ijllp — ¢*|le ", for t € (—7,0], i=1,2,...,n, j=1,2,...,m,
where ||¢ — ¢*| is defined as that in Definition 1.1.

Define a Lyapunov functional V (t) = (Vi1(t), .-, Vi (8)s oo, Vo (8), o, Vi (£),) T by Vi (8) =
e |zi;(8)], i=1,2,...,n, j=1,2,...,m. In view of (11), we obtain

dVi; (1) =esgn Zij{ — laij (t, @i (1)) — ai; (¢, 23 (1))] -

de
> CH®Fi(t wr(t — 7 (t)wis (£)—

CkLeN,.(i,7)
Fis (b it = ma () ()] + ez (1)
Seat{(a — iz ()25 ()] + Z CH )it wra (t — Tra (1)) (8)—
CHMEN, (i.)
fig (& wra (t — i (1)) 255 (8) |+

|fij (s mra (t — i (t))) 075 (8) — fij (8, 25 (8 — Tra (1)) 255 (t)H}
<e{(a=p®+ 3 CHWr®) @)+

CHFLeN,.(i,5)

> CHORB Mzt =)}
CKLeN,(i,5)
<(a—ms®+ Y CHM)Viu0+

CFLeN,(i,5)
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Z Ozkjl (t)RoBij (t)e® Vi (t — Tri(t))-

CKLeN,(i,5)

We claim that
Vij(t) = |zi;(0)|e™ < d&ijllo — o], i=1,2,...,n, j=1,2,...,m, forall ¢t>0.
Contrarily, there must exist ig € {1,2,...,n}, jo € {1,2,...,m} and t > 0 such that

- Lo ATV (D)
Vi (1) = il — o7, S0

Vie (—m,1],i=1,2,...,n,j =1,2,...,m. Together with (14) and (16), we obtain

>0, Vi(t) < d&ijllo —o* |,

A+ Vo ()
0 <8 < (0 + T O O ®)Van 0+

dt - o
CMENT(ZOJO)

Z CEL (W) RoBig o (1) Vg (t — T ()

CkeN(i0,50)

1133

(14)

(16)

<dl6 = 6 I{(@ = piogo ioda + D O (O oo (Oino + RobaBiuia ()™ }.

CkleN,.(i0,50)
Hence,
0 < (@ = figjo)ingo + D O (D (iaja (Do + Ro&riBingo (1))
Higjo 10Jo i0J0 Yiojo i0Jo 05kl Piojo )
CHLEN(i0,0)

which contradicts (13). Hence, (15) holds. It follows that

|24 (t) — 23 ()] = |23 (0)] < d&ijlld — @*[le™", VE>0,i=12,....n, j=1,2,...

Let M = max(; jy{d{;; +1}. Then, we have

lzij (1) — 23;(t)] < M||¢ — ¢ [le™, VE>0,i=1,2,...,n, j=1,2,...,m.

In view of Definition 2.1, the w-periodic solution z*(¢) of system (2) is globally exponentially

stable. The proof is completed.

Now we consider the almost periodic solution of (2). Substituting almost periodic solution
for w-periodic solution of (Hy), (Hy), (Hs) and (Hs) and named by (Hy), (Hy), (Hs) and (Hs),

respectively. For convenience, we still call it (2). Let &;, ¢ = 1,2,...,n, j = 1,2,..

.,m be

constants, 1(t) be continuous almost periodic solution. Then (2) has a unique almost periodic

solution

t
yw(t) () :{ ‘/_ e J< dij(utbij(u))du [ _ Z ijl(s)fij (5, Eori (s — Tt ()i (8)+

CkleN,.(i,5)
gi;llij(s)} ds}.
Similarly to the proof of Theorems 3.1 and 4.1, we obtain the following theorem.

Theorem 4.2 Assume (H;)—(Hs) and (Hs) hold and
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(fIG) There are a set of positive constants &;;, i =1,2,...,n, j =1,2,...,m, such that
S oren, (g CH ) (i (1)€ij + Ro&rBis (1))
maxsup{ } <1,
(i) teR 15 (0)&ij

i

where Ry = maX(iﬁj){fi]‘}ﬁ, R= Hlax(i,j){&jﬁ]»- }/(1=0), I;; = maxscr |1; ()], By = minge g i (t).

Then system (2) has exactly one almost periodic solution, which is globally exponentially stable.

Remark 1 By the assumption (H,), all the systems of [1-9] are special cases of system (2).
For example, when &;; = 1 in the solution of system (2), the results in [1] are the same as ours.
If a;(t, 2i5(t)) = aizzy(t), CHH(t) = CFF, and fij(t,z) = = in (2), the results in [2,3,5,8] can be
obtained from system (2). If a;; (¢, x5 (t)) = a;5(¢)zi; (t), and fi;(¢,2) = = in (2), then the results
in [4] can also be obtained from our results. If a;;(¢, z;;(t)) = ai;(t)xi;(t) in (2), the results
in [6] are the same as our results. If a;;(t,zi;(t)) = ai;zy;(t), CE(t) = CF, fi;(t,2) = z, and
T, (t) = 7 in (2), the results in our paper include those in reference [7].

Remark 2 In [6], the assumption sup,c ai_jl(t) < 1 is needed. While, according to our results,

this condition is not necessary.

Remark 3 The following is an important assumption in [6] for global exponential stability of

almost periodic solution (Theorem 3 in [6]) for (1):

(Hop) There are a set of positive constants d;;, i =1,2,...,n, j =1,2,...,m, such that
i) O () (745 (t) + Ddya By (¢
maxsup{ZCMGN ,3) ( )( ]( ) ]( ))} <1, (17)
(i,) teR aij(t)
where D > max(; j) 1= = max ”){dw SUD,c g |iu (t)\}

However, by deductlon, the proof of Theorem 3 in [6] is not correct in the case n = 1 and
g =1, where n and ¢ are defined in the proof of Theorem 3 in [6]. Moreover, from ||| < D one

knows that (9) cannot hold globally. Hence, Theorem 3 in [6] is not correct.

5. Application

In this Section, we give an example to illustrate that our results are feasible. Consider the

following general SICNNs with delays
23 (t) = —ag;(t, i (t)) — Z CE ) fij (tar(t — T (8)))ij (t) + L (1), (18)

CHLEN, (i)

where r = 1, 7;;(t) is any continuous non-negative 27-periodic function, ¢,j = 1,2,3. Take
a11(t, z) = a1z(t, ) = a1 (t,z) = ag2(t,x) = dx+sinx+xsint, a1a(t, ) = azs(t,x) = as1(t,z) =
ass(t,z) = br —sinz+x cost, ag(t, x) = 3z +cosz —xsint, fi;(t,x) = 0.1sinz, 7;;(t) = (cost)?,
and

Ci1(t) Chia(t) Cis(t) 0.2| cost| 0.4]|sint| 0.3|cost|

Ca1(t) Ca(t) Cas(t) | = | 0.6|cost| 0 0.5sint| |,

C31(t) Cs2(t) Css(t) 0.5|sint| 0.6|cost| 0.5]sint|
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Ill(t) Ilg(t) Ilg(t) 3cost 2sint 3cost
I1(t) Ina(t) Ias(t) | = | 4cost 4cost 2sint
Is1(t) Isa(t) Is3(t) 5sint 3cost 4sint

Then w = 27, p11(t) = p13(t) = p21(t) = ps2(t) = 3 + sint, p12(t) = pos(t) = wsi(t) =
ps3(t) = 4+ cost, paa(t) = 2 —sint, v;;(t) = Bij(t) = 0.1, Yoren, 1) CLi(t) = 0.8] cost| +
0.4[sint|, Y omen, 1,2 C1a(t) = L1 cost[+0.9]sint], Y ouie n, 1,3y C13(t) = 0.3 cost|+0.9[ sint],

Y orien, 21y CHL(t) = 14| cost[+0.9]sint], Yo onie n, (2,9) C53(t) = 1.7| cost|+1.9[sint|, X omie, (2,3
C35(t) = 0.9] cost[+1.4|sint|, Yo omiep, 5.1) C51(t) = 1.2| cost|+0.5]sint], Y omen, (3.2) Cia(t) =
1.2| cost| + 15[ sint], Y oriep, (3.3 C55(t) = 0.6] cost| + [ sint|.

Take &; = 1, 4,5 = 1,2,3. Computing through MATLAB, we have § ~ 0.22358 < 1,
Ry ~ 2.1466, and k ~ 0.7035 < 1. It is easy to check that all the conditions needed in Theorem
4.1 are satisfied. Therefore, system (18) has a unique 27-periodic solution z*(t) with ||z*|| < R,
which is globally exponentially stable.

Remark 4 System (18) is a simple SICNNs with delays and time-varying coefficients. Obviously,
a;j(t, ), 4,5 = 1,2, 3, are non-linear about x, hence none of the the results in [1-8] and references
cited therein can be applied to (18). Moreover, the periodic solution z*(t) satisfies ||z*|| < Ry,
which has nothing to do with the initial value of (18). The results of [6] and its example are
actually locally exponentially stable. Hence, the results of this paper are completely new and

complement previously known results.

(a) Solutions of z.
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