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EXISTENCE AND GLOBAL STABILITY OF
ALMOST AUTOMORPHIC SOLUTIONS FOR
SHUNTING INHIBITORY CELLULAR
NEURAL NETWORKS WITH TIME-VARYING
DELAYS IN LEAKAGE TERMS ON TIME
SCALES*
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Abstract In this paper, shunting inhibitory cellular neural networks(SICNNs)
with time-varying delays in leakage terms on time scales are investigated. With
the aid of the existence of the exponential dichotomy of linear dynamic equa-
tions on time scales, fixed point theorem and the theory of calculus on time
scales, we establish some sufficient conditions to ensure the existence and ex-
ponential stability of almost automorphic solutions for the model. An example
with its numerical simulations is given to illustrate the feasibility and effec-
tiveness of the theoretical findings.

Keywords Shunting inhibitory cellular neural networks, almost automorphic
solution, exponential stability, leakage term, time-varying delay.

MSC(2010) 34K14, 34K25, 34C25, 45G10.

1. Introduction

Since the classical research of Roska and Chua [42], cellular neural networks with
delay play an important role in variety of areas such as signal processing, pattern
recognition, chemical processes, nuclear reactors, biological systems, static image
processing, associative memories, optimization problems and so on [14-16,56]. Thus
many authors pay much attention to the dynamical properties of networks and many
excellent findings have been reported. We refer the readers to [7,9,11,18,22,24—
28,31,41,43,45-47,49-55].
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Recently, some scholars pointed out that in the negative feedback terms of neural
networks, there often exists a leakage delay [5,20,36,57]. Generally speaking, the
leakage delay has important effect on the stability of neural networks. Various
studies show that it is difficult for us to handle the dynamical behavior of neural
networks with leakage delay. Therefore, it is meaningful to consider neural networks
with time delays in leakage terms [33].

In 1990, Hilger [21] proposed the theory of time scales. Many scholars [19, 29, 30,
34,35,57,59] suggested that one could investigate continuous time and discrete time
neural networks in a unity way [33] by applying the theory of time scales. Thus
it is significant to investigate the dynamical behaviors of neural networks on time
scales.

In real word, almost periodicity is universal than periodicity. Moreover, almost
automorphic functions, which were introduced by Bochner, are much more general
than almost periodic functions. Almost automorphic solutions in the context of
differential equations were studied by several authors. We refer the readers to
[1-4,12,13,17,20,21,38-40,48]. However, to the best of our knowledge, there are
very few papers published on the almost automorphic solutions of cellular neural
networks with time-varying leakage delays on time scales.

Inspired by the discussion above, in this paper, we consider the following shunt-
ing inhibitory cellular neural networks with time-varying leakage delays on time
scales

25 () = —ai; (O (t—ni;0)+ Y CH ) Flart—7(8)wi; (8)+Lij(t), (1.1)
Cri€N,(i,5)

where T is an almost periodic time scale, C;; denotes the cell at the (4, j) position
of the lattice, the r-neighborhood N,.(3, j) of C;; is

Ny (i,7) = {Crx : max(|k —i|,|l —i]) <7, 1<k <m,1<I]<n}

x;; is the activity of the cell C;;, L;;j(t) is the external put to C;j, the func-
tion a;;(t) > 0 stands for the passive decay rate of the cell activity, C’fjl >0
is the connection or coupling strength of postsynaptic activity of the cell trans-
mitted to the cell C;;, and the activity function f(zy;) is a continuous function
representing the output or firing rate of the cell Cy;, n;(¢t) > 0 and 7(t) > 0 de-
note the leakage delay and transmission delay, ¢t — n;(t) € T,t — 7(¢t) € T for all
teTi=1,2,--,m,j=12--,n

In this paper, we will apply the existence of the exponential dichotomy of linear
dynamic equations on time scales, fixed point theorem and the theory of calcu-
lus on time scales to investigate the existence and exponential stability of almost
automorphic solutions for model (1.1).

For convenience, we denote by [a, by = {¢|t € [a,b]NT}, A = {11,12,--- ,1n, 21,

22,--- ,mn}. For an almost automorphic function f : T — R, f = sup,cr |f(?)],
f~ =infer |f(t)]. We denote by R the set of real numbers, by R the set of positive
real numbers and by X a real Banach space with the norm [|.||. The initial conditions

associated with system(1.1) are of the form:
zij(s) = ¢ij(s), s € (—0,0]r, (1.2)

where 0 = max{maxijeAn;;,T"’},cpij € CY([-0,0]r,R) and i = 1,2,--- ,m,j =
1,2, ,n.
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The remainder of the paper is organized as follows. In Section 2, we introduce
some lemmas and definitions on almost automorphic solutions of system (1.1). In
Section 3, we present some sufficient conditions for the existence of almost auto-
morphic solutions of (1.1). Some sufficient conditions on the global exponential
stability of almost automorphic solutions of (1.1) are established in Section 4. An
example is given to illustrate the effectiveness of the obtained findings in Section 5.
A brief conclusion is drawn in Section 6.

2. Preliminary results

In this section, we will give some definitions and lemmas.

Definition 2.1. ([6]) Let T be a nonempty closed subset (time scale) of R. The
forward and backward jump operators o,p : T — T and the graininess p: T — R
are defined, respectively, by

o(t)=inf{s e T:s>t},p(t) =sup{s € T:s <t} and u(t) =o(t) —t.

Lemma 2.1. ([6]) Let p,q: T — R be two regressive functions, then

(i) eo(t,s) =1 and ep(t,t) = 1;

(i) ep(t,s) = ﬁ = egp(s,t);

(i) ep(t, $)ep(5,7) = ep(t,1)

(iv) (ep(t,s))> = p(t)ep(t, 5).

Lemma 2.2. ([6]) Let f,g be A-differentiable functions on T, then

(i) (vif +129)2 = v1 f2 +vag”, for any constants vy, vy;

(i0) (fg)2(t) = fA()g(t) + f(a(t)g™(t) = F(H)g>(t) + f2(H)g(a(t))-

Lemma 2.3. ([6]) Let p(t) > 0 fort > s, then ep(t,s) > 1.

Definition 2.2. ([6]) A function p: T — R is called regressive if 1 + p(¢)p(t) # 0
for all t € T*; p : T — R is called positively regressive if 1 + u(t)p(t) > 0 for
all t € T*. The set of all regressive and rd-continuous functions p : T — R will

be denoted by R = R(T,R) and the set of all positively regressive functions and
rd-continuous functions will be denoted by R* = R*(T,R).

Lemma 2.4. ([6]) Ifp € R", then
(i) ep(t,s) >0, for all t,s € T;
(i) if p(t) < q(t) for allt > s, then ep(t,s) < eq(t,s) for allt > s.

Lemma 2.5. ([6]) If p € R and a,b,c € T, then
[ep(c, )] = —pley(c, )]”

and

b
/p@%mdmm:%m@—%@w

Lemma 2.6. ([6]) Let a € TF,b € T and f : T x TF¥ — R is continuous at (t,t)
where t € TF with t > a. Also assume that f~(t) is rd-continuous on [a,o(t)].
Suppose that for each & > 0, there exists a neighborhood U of € € [a,o(t)] such that

|f(o(t),e) = f(s,€) — fA(t, €)(a(t) — 5)| < ela(t) —s|, for all s € U,
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where f2 denotes the derivative of f with respect to the first variable. Then
(i) g(t) == [} f(t,€)Ae implies g™(t) == [} fA(t,€)Ae + f(o(t),t);
(i) h(t) := ftb f(t, €)Ae implies h™(t) = ftb FA(t ) Ae — f(a(t),t).
Definition 2.3. (]23,32,38]) A time scale T is called an almost periodic time scale
if

I:={ecR:tteeT,VteT}+# {0}
Definition 2.4. ([38]) Let T be an almost periodic time scale.
(i) A function f(¢t) : T — X is said to be almost automorphic, if for any se-
quence {s,}>2, C II, there is a subsequence {e,}52; C {s,}>2; such that g(t) =
lim, 00 f(t + €,) is well defined for each t € T and lim, o g(t — €,) = f(¢) for
each t € T. Denote by AA(T,X) the set of all such functions;
(ii) A continuous function f : T x X — X is said to be almost automorphic, if f (¢, x)

is almost automorphic in ¢ € T uniformly in = € B, where B is any bounded subset
of X. Denote by AA(T x X, X) the set of all such functions.

Lemma 2.7. ([38]) Let f,g € AA(T,X). Then we have the following

(i) f+g € AA(T,X);

(i) o € AA(T,X) for any constant o € R;

(iii) if ¢ : X = Y is a continuous function, then the composite function pof : T — Y
18 almost automorphic.

Lemma 2.8. ([33,38]) Let f € AA(T xX,X) and f satisfies the Lipschitz condition
inx € X uniformlyint € T. If p € AA(T, X)), then f(t,p(t)) is almost automorphic.

Definition 2.5. ([32,58]) Let € R™ and A(t) be a n X n matrix-valued function
on T, the linear system
z2(t) = A(t)x(t),t €T (2.1)

is said to admit an exponential dichotomy on T if there exist positive constants
ki, = 1,2, projection P and the fundamental solution matrix X (¢) of (2.1)
satisfying

I X()PX1(s)| < kreca, (t,8),s,t €T, t > s

and
I X(t)(I — P)X ()| < koeoa,(t,s),s,t € T, t < s,

where |.| is a matrix norm on T, that is, if A = (as;),,,.,,, then we can take |A| =
(i Xy las )z,
Lemma 2.9. ([38]) If A(t) € AA(T,R"*") such that {A=1(t)}ier and {((I +

u(t)A()) hier are bounded. Moreover, if g € AA(T,R™) and (2.1) admits an
exponential dichotomy, then the following system

£3(1) = At)a(t) + g(t) (2.2
has a solution z(t) € AA(T,R™) and x(t) is expressed as follows
t —+oo
x(t) = [ X(t)PX " (o(s))g(s)As — t X(O)I - P)X " (o(s))g(s)As,

where X (t) is the fundamental solution matriz of (2.1), I denotes the n x n-identity
matriz.
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Lemma 2.10. ([32]) Let¢; > 0 and —c;(t) € RT,Vt € T. Ifmin;<;<p{infierci(t)} =
m > 0, then the linear system

2 (t) = diag(—c1(t), —ca(t),- -+, —ca(t))z(t) (2.3)

*
7

admits an exponential dichotomy on T.
Definition 2.6. ([33]) Let z*(t) = (2}(¢),23(t), -+ ,2%t))T be an almost au-
tomorphic solution of (1.1) with initial value ¢*(t) = (¢5(), ¢3(t), -+, 05 ()T,
If there exist positive constants A with ©\ € R* and M > 1 such that an ar-
bitrary solution z(t) = (z1(t),22(t), - ,x,t))T of (1.1) with initial value ¢(t) =
(‘Pl(t)v P2 (t)7 s Pn (t))T satisfies

|z —2"|| < Mllp — ¢|lear(t, o), to € [T, 00)1,t = to.

Then the solution z*(t) is said to be globally exponentially stable.

3. Existence of almost automorphic solutions

In this section, we will establish sufficient conditions on the existence of almost
automorphic solutions of (1.1). Let X* = {f € CY(T,R)|f € AA(T,R™*")} with
the norm ||f||x« = f*. Then X* is a Banach space. Let ¢°(t) = (9, (t), p%5(),
< @0 ()T, where @0 (t) = fioo e_a,, (t,0(s)Li;j(s)As,ij € A and L is a constant
satisfying
FO)[}-

L > max{||¢’|

X*y
Throughout this paper, we assume that

(Hl) a;j € C(T,R+) with —a;; € R and infte’ﬂ‘{l — u(t)aij(t)} =a >0, ijl,Lij S
C(T,R), 7 € C(T,RT) are almost automorphic, where ij € A.
(H2) f € C(R,R) and there exists a constant L > 0 such that for any u,v € R,

|f(u) = f(v)] < Lylu —v].

. 1 Gii
max{ 29 L < = max{ S L <,
ijEA a;; 27 ijeN a;;

+
o = aimb+ > CHTQRLL+|f(0))),
Cri€Ny(1,7)
Cri€Nr(i,5)

(H3) For ij € A,

where

Theorem 3.1. If (H1)-(H3) are satisfied. Then there exists a unique almost
automorphic solution of (1.1) in Xo = {¢ € X*|||p — ¢°||x~ < L}.

Proof. Let ¢ € X*. Consider the system as follows:

w3 (8) = —ay()zi; (t) + Tij(t, @) + Lig(1),ij € A, (3.1)
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where
t
Lij(t, ) = aij(t)/ pi(As+ > CHOf(emlt—T(1))pi;(t), 15 € A
t=ni; (t) Cri€Ny(i,])
(3.2)
It follows from Lemma 2.10 that the linear system
xZAj(t) = —aij(t)mij(t),ij c A, (33)

admits an exponential dichotomy on T. Thus, in view of Lemma 2.9, we derive that
system (3.1) has exactly one almost automorphic solution as follows

t
wh(t) = / e—a,; (t,0(5))[Tij(s, ) + Lij(s)]As,ij € A. (3.4)
For ¢ € X*, then
llellx= < [l = wol[x- <2L. (3.5)
Define an operator as follows
P X* = X* (011,012, 5 Pmn) | = (2,25, 28T (3.6)

First we show that for any ¢ € X*, we have ¢ € X*. Note that, for ij € A, we
have

ITij(s, )| =

wole) [ B0AIE S Ol pute D)ol

Cri€ENL(i,5)

wet >0 CE (U (omls = 7(5)) = FO)[+1FO0)])]is (5)

CriEN(1,7)
+
=+ Y. CH(Lylle|

Cri€N,(i,5)

+
= laTjnZ;ﬂL Y. CHT(Lsllellx- + 1 (O))

Cri€N.(1,5)

< afnfllel

< afinillel x+ + [ FO)Dllel|x-

A

_la;n;;-l— Z CZI+(2LfL+|f(O)|)]2L. (3.7)

Cri€N-(1,5)

Thus we get

(@ =l = | [ couto@)lyts,00as

< / e—ay, (t,0(5))Ts; (5, 0)| As

rJ

t
< 2L/ €_am (t,o(s)) la;rjn;;
—00

+ Y CHTELL+|f(0))|As

Cr1€N(1,5)
2Lo;;

<

,ij € A. (3.8)

au
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It follows from (H3) that

(e — %)

%+ < max {Q”} <L, (3.9)

ijeEA a;;

which implies that ®(p) € X*. Next, we show that ® is a contraction. For any
Y = (@117 P12, a@n)T7¢ = (¢115¢127 e 7¢7nn)T € X*a for Z] € Aa we denote

S

i) =ass) [ @6 -uleDast 3 cll

s=1ij(s) Cri€N,(i,5)
x[f(eri(s = 7(5)))piz(s) — f(¥m(s — 7(s))ij(s)].  (3.10)
Then

@~ 2001 = | [ a0l Tolo.0002

< / e (t,0(5))Tiy (5, 0, 0) | As

t
+
< [ emttotn|an e Y OS2 Al vl
e Cri €N (4,5)
Sij ..
< e = Pllx-,j € A (3.11)

)

In view of (H3), we get that ||Pp — Py|| < || —||. Then @ is a contraction. Thus
® has a fixed point in Xp, i.e., (1.1) has a unique almost automorphic solution in
Xo. The proof of Theorem 3.1 is completed. g

4. Exponential stability of almost automorphic so-
lutions

In this section, we will obtain the exponential stability of the almost automorphic
solutions of system (1.1).

Theorem 4.1. If (H1)-(H3) are fulfilled. Then the almost automorphic solution
of system (1.1) is globally exponentially stable.

Proof. By Theorem 3.1, we know that (1.1) has an almost automorphic solution
I(t) = (I’ll(t), 12 (t), oy Imn (t))T with initial condition go(t) = (gﬁll(t), @12(0, ey
©mn(t))T. Suppose that y(t) = (y11(t),y12(t), -+, Ymn(t))T is an arbitrary solu-
tion of (1.1) with initial condition ¥(t) = (¥11(t),%12(t), -+, ¥Ymn(t))T. Denote
u(t) = (ur1(t), ui2(t), s umn (), where u;;(t) = vi;(t) — x45(t),ij € A. Then it
follows from (1.1) that

gy () = —ag;(t)ug;(t — ni; (1) + Z CE O [f (yra(t — 7(£))yi; ()

Cri€N(i,5)
—f(@r(t = 7(t))xi; ()], € A (4.1)
The initial condition of (4.1) is

¢ij(s) = ij(s) — ¥ij(s),s € [-0,0]7,ij € A. (4.2)
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Rewrite (4.1) as the form

t

ug () = —aij (i (t) + ay; (1) / ub(s)As

t—ni; (t)
+ Z Czk]l(t)[f(ykl(t - T(t)))yij (t)
Cr€Nr(4,5)
= J(@u(t = 7(t))zi;(t)], 15 € A. (4.3)

It follows from (4.3) that for ij € A and ¢ > to, ¢ € [—6,0]r,

wig (t) =g (0)e—as, (£ o) + / eaij(t,a(s)){aij(s) / _ ) )ufj(ﬁ)m

to

+ Y CZZ(S)[f(ykz(S—T(S)))yij(S)—f(wkz(S—T(S)))xij(S)]}Asv (4.4)

Cri€ENL(i,5)

where ij € A. Define II;;(w) and I';;(w) as follows

Iij(w) = a;; —w — e?*"Peer uls) [a;;n;;ew"jj + Z ijﬁLfew#] , (4.5)
Cri€N-(i,5)
Lijw) =a;; —w— (a;;e“’supbf'f“(s) +a;; — w)
X [ajjn;;e Mij + Z C’Zl Lye” +], (4.6)
Cri€N(1,5)

where ij € A. By (H3), we get

I1;;(0) = a;; — [ajjn;; + ) CHTL;| >0, (4.7)

Cri€Ny(1,7)

I;;(0) = a; — (a;g- + a;j) [ajjnjj + Z ijlJrLf > 0. (4.8)

Cri€Nr(3,5)
Since II;;(w) and T';;(w) are continuous on [0, +00) and limy, 4o I;j(w) = —o0,
limg, 400 I'jj(w) = —oo, then there exist wij,w;i; > 0 such that IL;; (wi;) = 0,
Lij(w;;) = 0 and Il;j(w) > 0 for w € (0,wi;), 'ij(w) > 0 for w € (0,w)),ij € A.
By choosing a positive constant wg = min{wii, w12, ", Wmn, Wi, Wig, Wi},

we get IT;;(wo) > 0 and I';j(wo) > 0,45 € A. Thus we can choose a positive constant

0 < ¢ < min{wo, min;jea{a;;}} such that
IL;5(€) > 0,15(§) > 0,4 € A,
which implies that
cEsupLcr a(s)

aﬂﬁ?e“”;rf + Z C’ikjl-‘_Lfe‘”+ <1 (4.9)

- ij
. —
v f CriEN,(1,7)
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and

+ o&sup ey p(s)
a..e €
1+ J_] [a;;n;;ew"?j + 0y ij*LfeW”] <1, (4.10)
ij - Cri€N(i,5)

where ij € A. Let

-
M = r_nax{ o 2 T } (4.11)
EA Lagns + Yoen, i) Ciy Ly

By (H3), we know that M > 1. Then we get

€sup,cr p(s
Moreover, we have that ege(t,t0) > 1, where ¢t € [—6,to]r. Then
[|u]|x+ < Mege(t, to)||le — ¥||x+, for all t € [0, to]r. (4.13)
We claim that
[|lu||x» < Mege(t,to)||e — ¥||x=, for all t € [—tg, +o0]r. (4.14)

To prove this (4.14), we show that for any p > 1, the following inequality holds

||l

X* S pMeeg(t, tO)”SO — ’ll)”x*, fOI' all te [—to, +OO]’]]‘, (415)
which implies that for ij € A,

luij(t)| < pMege(t, to)lle — |

x=, for all t € [—tg, +o0]T. (4.16)

By way of contradiction, assume that (4.15) does not hold.

We assume that (4.16) is not true. Then there exist t; € (to,+oo)r and ij; € A
such that

luij, (t1)| > pMece(t1, to)|lp—1)]

uij, ()| <pMege(t, to)|| 0|

X*y X*7Vt€ [_thtl]Ta

|ur(t)] < pMeee(t, to)l| o=

X*, for k # ijla ke Aat € [_t07t1]T7

Therefore, there exists a constant y; > 1 such that

luij, (t1)|=71pMece (t, to)|lp=bllsx, [uij, ()| <vipMese(t, to) o= lsc, Yt € [—to, ta].

|’U,]€(t)| < 71pM695(t7t0)||%0—¢‘ X*, for k S Avk 7é ij17t € [_thtl]Ta
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By (4.4), for ij € A we get

luij, (t1)| =

ul-jl(to)eaijl(thto)_,_/leaih(tl,a(s)){aijl(s) /5 uiAjl(ﬁ)Aﬁ

to —nijy ()

+ Y O () ymls = T(0))gis, (5) = f@m(s — 7(s))aig, ()] }AS

CriENL(i,5)
< eayy, (t1,to)lle — Yllx- +vipMece(t, to)lle — 9|

/ 1 €—ai;, (th U(S))eg(tl,g(s)){agl /s eg(g(s),ﬂ)A'ﬁ

to —Nijq (8)

X*

X

+ Z Cle+Lfe£(0(5)aS _Tijl(S))}AS

Cri€N(1,5)
< €—a;j;, (tlvtO)H@ - ¢|

/ [ a<s>>{a;1n;;1eg<a<s>, 5 — iy, ()

x+ +11pMege(t1, to)||e — ¥||x-

X
to

+ Z CZZ1+L]¢6§(O'(S),S—Tijl(s))}As

Cri€N.(1,5)
< ey, (L1, to)lle — Yllx- + vipMece(tr, to)l|le — |

b + s
/ €—a;;, @e(t1,0(s)) {aj'jln;‘]il 01 Fsup e u(s))

to

X*

X

CriEN,(i,5)

1
— ’ylpMeef(tl, tO)HgO — wHX* { We_aih@f(tl’ t()) + 65 SUPieT /"(S)

+ o+ end kit JETH
Cri €Ny (i,5)

X/leaijl@g(tl,o(s))As}

to

1 SU S
< ’YlpMeeﬁ(tlvtO)H@ - ¢|X*{Me—(“m—f)(t1’t0) + 6gb Prer 1(s)

+ + +
X l (a:rjlnjj_'l 66771]1 + Z Clkjll Lf 657-”1 >

Cri€N(i,5)

1

. m /to (_(aijl N g))e_(a“ih _5) (tl’ U(S))AS] }

1 e$ supser 1(s) +
= npMege(t, to)lle — le*{ [M T Ta —e afy 5, e

i1
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+ Tt
D D AT ”lﬂe—(aul—@(th“)

Cri €Ny (i,)
Esup,er p(s)
€ € + o+ .
+a_7—£ <a;;117;;1€§nlj1 + Z 071]1 Ier5 1]1) }
o CrEN(i,)
< mpeceltitolll = vl (4.17)

which is a contradiction. Based on the discussion above, we can conclude that
(4.15) holds. Let p — 1, then (4.14) holds. We can take ©A = &¢, then A > 0 and
&X € RT. Then we derive

l[ullx < M| — Y|x-ecx(t, to),t € [-T,00)T,t > to, (4.18)

which means that the almost automorphic solution of (1.1) is globally exponentially
stable. The proof of Theorem 4.2 is completed. O

Remark 4.1. In 2007 and 2009, Cai and Xiong [8], Shao et al. [44] studied the
almost periodic solutions of system (1.1) with the leakage delay 7;;(t) = 0. In 2007,
Xia et al. [51] investigated the existence and exponential stability of almost periodic
solutions for model (1.1) with the leakage delay n;;(t) = 0 and the transmission
delay 7(t) = 0. In 2009, Liu [37] considered the stability of model (1.1). In this
paper, we consider the almost automorphic solutions of (1.1), which is more general
than those models in [8,37,44,51]. Moreover, the almost automorphy has been
widely applied in the theory of ordinary differential equations(ODEs) and partial
differential equations(PDEs), the theory of neural networks, physics, mechanics and

mathematical biology. In this sense, our results complement some previous ones in
[8,37,44,51].

5. Numerical example

In this section, we will give an example to illustrate the feasibility and effectiveness of
our main results obtained in previous sections. Considering the following shunting
inhibitory cellular neural networks with time-varying delays in leakage terms on
time scales

() = —an®rnt—m®)+ D CHOf(@u(t — 7)1 (t) + L (b),
Cri€EN,(1,1)

af(t) = —ara ()i (t —ma(t) + > CHEf(am(t — 7(8))x12(t) + Lia(t),
Cri€N(1,2)

25y (t) = —am (zaon (t—mn(£) + D> CH()f(wa(t — 7(1)))war (£) + Lo (8),
Cri€N,(2,1)

w5y(1) = —az(Daan(t — maa() + D Coy()f(whi(t — 7(t)))aaa(t) + Lao(t),
Cri€EN,(2,2)

(5.1)

where f(u) = sin0.3u and
a11(t) aia(t) 0.002 + 0.001| cos v/2t| 0.002 + 0.001] cos v/3t|

a21(t) aa(t) 0.003 + 0.002| cos v/5t| 0.002 + 0.001] cos /3¢
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N1 (t) Naa(t) 0.02sin?t 0.02sin* ¢

0.00003 + 0.00001 sin /5¢ 0.00003 + 0.00001 sin v/5¢

m1(t) nia(t) ] 0.02sin” ¢ 0.02sin* ¢
)
) 0.00002 + 0.00001 sin v/5¢ 0.00004 + 0.00002 sin /3¢

0.02 + 0.02 cos V7t 0.01 + 0.02 cos v/3t

11 () I12(t) 0.02 + 0.02 cos /3t 0.03 + 0.02 cos /Tt
)

Let r=1,L = 1. Then we get Ly = 0.3 and

aty afy 0.003 0.003 ay, ap, 0.002 0.002
ag; agy 0.0050.003 | | a3 a 0.003 0.002
i 0.02 0.02 i o, 0.00004 0.00004
N97 Moo 0.020.02| |y ¢ 0.00005 0.00006
Hence
+
on=afimh+ Y. CH(2LyL+|f(0)]) ~ 0.000156,
Cri€N1(1,1)
+
o=apmh+ Y. CHT(2LL+|f(0)]) ~ 0.000156,
Cri€N1(1,2)
+
o =afny + Y. CHT(2LyL+|f(0)]) &~ 0.00022,
Cri€ENy (2,1)
_ ot kIt X ~
022 = Qgol)ay + Z C3y (2LsL +|f(0)]) ~ 0.000204,
Cri€N1(2,2)
car=ah+ Y. CMT2LpL ~0.000156,
Cri€N1(1,1)
cr=alyih+ Y. CMT2LpL ~0.000156,
CklENl(l,Q)
Qi=afnh + Y. CHT2L,L ~0.00022,
Cri€N1(2,1)
Gr=afh+ Y. CMT2LpL ~0.000204,
Cri€N1(2,2)

o11 _ 0.000156 G 0.000156

=— =10.0780 = = 0.0780
ayy 0.002 ’ ag; 0.002 ’
o1z 0.000156 s 0.000156
gz JOOU0 5 h7gp, | 12 = DUOL0 4 7g
ar, 0.002 aly 0.002
021 0.00022 c1 _ 0.00022
e = 0.0070 = = = 0.0070,
ay; 0003 a4y, 0003
972_2 _ M = 0.1020, QTQ — % = 0.1020.
ay,  0.002 a3,  0.002
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Then it is easy to check that

- 1 -
max 4294~ 01020 < =, max {24 — 01020 < 1.
1<i,j<2 | a;; 27 1<4,5<2 i

S

Thus all assumptions in Theorems 4.1 and 4.2 are fulfilled. Thus we can conclude
that (5.1) has an almost automorphic solution, which is globally exponentially sta-
ble. The results are verified by the numerical simulations in Figures 1-4 (T = R).
Figures 1-4 stand for the time history plots of t-z11, t-12, t-z91 and t-z99, respec-
tively.

150 T T T T 80

100

40F
50\ 4

%OWVMWA\WMW%D
: :

-100

-150 L L L L -80
0

Figure 1. Time response of state variable x11. Figure 2. Time response of state variable 5.

Figure 3. Time response of state variable z2;. Figure 4. Time response of state variable z2s.

6. Conclusions

In this paper, we study a class of shunting inhibitory cellular neural networks with
time-varying delays in leakage terms on time scales. Applying the existence of the
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exponential dichotomy of linear dynamic equations on time scales, fixed point theo-
rem and the theory of calculus on time scales, we establish some sufficient conditions
for the existence and exponential stability of almost automorphic solutions for the
shunting inhibitory cellular neural networks with time-varying delays in leakage
terms on time scales. It is shown that the existence and global exponential stabil-
ity of almost automorphic solutions for system (1.1) only depend on time delays
7:(t)(ij € A) (the delays in the leakage term) and do not depend on time delays
7(t) which implies that the delays in the leakage term have important effect on the
existence and global exponential stability of almost automorphic solutions. To the
best of our knowledge, it is the first time to deal with the almost automorphic so-
lution for the shunting inhibitory cellular neural networks with time-varying delays
in leakage terms on time scales. The method of this paper can be applied directly
to many other related neural networks.
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