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Abstract

In this paper, we investigate a class of stochastic shunting inhibitory cellular neural networks with
time-varying delays. Applying integral inequality, some sufficient conditions on the existence and p-
exponential stability of periodic solutions for stochastic shunting inhibitory cellular neural networks with
time-varying delays are established. An example is presented to illustrate our main theoretical findings.
Our results are new and complementary to previously known studies.
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1. Introduction

Since shunting inhibitory cellular neural networks
have been successfully applied to pattern recogni-
tion, image and signal processing, vision, and opti-
mization, their dynamics has attracted many atten-
tions. Numerous important results on the existence
and uniqueness of equilibrium point, periodic solu-
tion, almost periodic solution, pseudo almost peri-
odic solution, almost automorphic solution and anti-
periodic solution have been reported. For example,

* Corresponding author, Email:xcj403 @ 126.com(C.Xu).

Gao et al.! studied the existence and stability almost
periodic solutions for cellular neural networks with
time-varying delays in leakage terms on time scales,
Liu and Shao? analyzed the almost periodic solu-
tions for SICNNs with time-varying delays in the
leakage terms, Liu® focused on the pseudo almost
periodic solutions for neutral type CNNs with con-
tinuously distributed leakage delays, Armmaret al.
4 made a detailed discussion on the existence and
uniqueness of pseudo almost periodic solutions of
recurrent neural networks with time-varying coef-
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ficients and mixed delays, Abbas and Xia > inves-
tigated the almost automorphic solutions of impul-
sive cellular neural networks with piecewise con-
stant argument, Li and Shu ©® dealt with the anti-
periodic solutions to impulsive shunting inhibitory
cellular neural networks with distributed delays on
time scales. For details, we refer readers to papers
7,89,10,11,12,13,14

In 1994, Haykin ' pointed out that in real ner-
vous systems, synaptic transmission is a noisy pro-
cess brought on by random fluctuations from the
release of neurotransmitters and other probabilis-
tic causes. Neural networks could be stabilized or
destabilized by some stochastic inputs '®. Consid-
ering that neural networks are inevitably affected
by the random fluctuations from the release of neu-
rotransmitters and other probabilistic causes which
is an important component in neural networks, we
think that it is worth while to investigate the stochas-
tic neural networks. Recently, there are many pa-
pers that deal with this aspect!”13:19:2021 Tp this pa-
per, we will consider the following stochastic shunt-
ing inhibitory cellular neural networks with time-
varying delays

dx;j(t) = [— a;j(t)xij(t) + Lij (1)
o Z B?]l'(t)ﬁj(taxkl(f))xij(l‘)

BKEN,(i,)
- Y Cg(t)gij(taxkl(t_Tkl(t)))xij(t) dt
CHeN,(i,f)
+ ) Dg(I)Gij(xij(t))dwij(f),f>to, (1)

DM EN,(i,))

where i = 1,2,--- ,m,j=1,2,---,n, 7;(t) > 0 de-
notes axonal signal transmission delay at time f,
Cij(t) denotes the cell at the (i, j) position of the lat-
tice at time 7, the r-neighborhood N,(i, j) of C;;(t) is
given as N, (i, ) = {Clk]l smax(|k—i|, [l —j|<r),1<
k <m,1 <1< n}, x;(t) stands for the activity of
the cell Cj;(¢), L;j(t) denotes the external input to
Cij(t), a;j(t) > 0 stands for the passive decay rate
of the cell activity, Bi‘j (t) > 0 and Cf‘}? () = 0 repre-
sent the connection or coupling strength of postsy-
naptic of activity of the cell transmitted to the cell
C;(t) at time 7 and ¢ — 7 (), respectively, the activ-
ity functions f;;(¢,x,(¢)) and g;;(¢,xx(¢)) are con-

tinuous functions representing the output or firing
rate of the cell Cy;(¢) at time ¢ and 7 — 7y (¢), respec-
tively, w(t) = (w1 (), wi2(t), -+ Wi (£))T is m x n-
dimensional Brownian motions defined on a com-
plete probability space, 0;; € C(R,R) is a Borel mea-
surable function and 6 = (Gjj)mnxmn 18 a diffusion
coefficient matrix.

Let R"(R'.) be the space of n-dimensional (non-
negative) real column vectors and R™ be the space
of m x n-dimensional real column vectors. We
denote (Q,F,{F };>0,P) by a complete probabil-
ity space with a filtration {F;};>9, where F is
a o-algebra on a given set Q, P is the proba-
bility measure and the filtration Ftt. satisfies the
usual conditions, that is, {F;},>¢ is right contin-
uous and Fp contains all P-null sets. Denote by
BC?0 (R,R™") the family of bounded Fy-measurable,
R™ valued random variables x(¢), that is, the value
of x(¢t) is an m x n-dimensional real vector and
can be decided from the values of w(s) for s <
0. Then BC’}O(R,R’"”) is a Banach space with

1
the norm ||x|| = supy,<q(E|x(1)[])?, where p >

1 is an integer, |x(¢)[1 = max; j|x;(¢)], and E(.)
stands for the correspondent expectation operator
with respect to the given probability measure P.
For convenience, for an @-periodic continuous func-
tion f: R — R, denote f = maxog<o|f(?)],f =
ming<,<e | f(t)], for any ¢ € BC}, ([—7,0],R™), de-
note [¢(t)]f = (|911lc,[@12lc [ @unlc)". where
|¢ij’1-' - Squrgsgol(f’ij(t —I-S)|, i=12-,mj=
1,2, n.

The initial value of system (1) takes the form

xij(s) = @ij(s),s € [to — T,10], (2)

where  @j(s) € BC} (o — 1,0,R),T =
maxi<k<m, i<i<ni T },t0 € R.

Throughout this paper, we make the assumption as
follows.

(H1) For i = 1,2,---,m,j 1,2,---,n,
aij<t),6f?;(t),'Cf‘j(t),Df.‘Jl-(t)' and L;j(tr) are all -
periodic continuous functions for all # € R.

(H2) For i =1,2,--- ,m,j =1,2,--- ,n, there exist
positive constants L;jr, 8ijg, Oijo, My and Mg such
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that
\fij () = fij () < Lijplu— v, |fij(u)] < My,
|8ij(t,u) — gij(t,v)| < Lijglu—v|,|gij(u)| < M,,
|0 (t,u) — 0;;(t,v)| < Lijo|u—v|

for all u,v,t € R.

The remainder of the paper is organized as fol-
lows: in Section 2, several definitions and some pre-
liminary results which are useful in later section are
introduced. some sufficient conditions for the the
existence of periodic solutions of system (1) are de-
rived in Section 3. In Section 4, the p-exponential
stability of periodic solutions are analyzed. An ex-
amples are given to illustrate the feasibility and ef-
fectiveness of our results obtained in previous sec-
tion in Section 5. A brief conclusion is drawn in
Section 6.

2. Preliminaries

In this section, we shall recall several definitions and
present some preliminary results which are neces-
sary in later sections.

Definition 2.1 2> A stochastic process x(t) is said
to be periodic with period @ if its finite-dimensional
distributions are periodic with period ®, that is, for
any positive integer m and any moments of time
t,ta, - ,tm, the joint distribution of the random
variables x(t| +kw),x(t + k), - - ,x(t,, + kw)) are
independent of k,k = +1,%2,---

Lemma 2.1 2 [f x(t) is an w-periodic stochastic
process, then its mathematical expectation and vari-
ance are @-periodic.

Definition 2.2 A function x(t) = (x11(¢),x12(¢),- -,
X (1)) defined on [ty — T,0) is said to be a solu-
tion of (1) with initial condition (2) if the following
conditions holds.

(i) x;;(t) is absolutely continuous on [ty — T,), i =
1727"' 7m7j = 1727"' 1,

(ii) x;j(t) satisfies (1) for almost everywhere t €
[to’oo)’ = 1727"' 7m7j = 1127"' 1,
(l”)xlj(s) = (pij(s)7s € [tO_TJO]v i=1,2,---,
1,2, ,n

m, j =

Throughout this paper, we assume that (1) with ini-
tial condition (2) has a unique solution. Denote
the solution of (1) by x(¢) = x(t,t, @) for all ¢ €
BC}, ([to —T,0],R™) and to € R.

Definition 2.3%% The solution x(t,ty, @) of (1) is said
to be

(i) p-uniformly bounded, if for each o0 > 0,ty € R,
there exists a positive constant 0 = 0(a) which
is independent of ty such that ||@||P < a implies
E(X(fafoa(P)Hp) < 0,1 >1o;

(ii) p-point dissipative, if there exists a constant
N > 0 such that for any point @ € BC?O([—T, 0],R"),
there exists T (ty, @) such that E(||x(t,10,9)||") <
N,t >t9+T(to, Q).

Lemma 2.2°* In addition to (HI) and (H2), sup-
pose that the solution of (1) is p-uniformly bounded
and p-point dissipative for p > 2, then (1) has an
w-periodic solution.

Lemma 2.3%° For any x € R and p >0,
» n n p
x| <n(7_])VOfo, le. gn(”_l)VOfo’.
i=1 i=1 '

Definition 2.4 > The periodic solution x(t,ty, ®)
with initial value ¢ € BC?-O([—T,O],R”) of (1) is
said to be p-exponentially stable, if there are con-
stants A > 0 and M > 0 such that for any solution
y(t,t0, 1) with initial value @ € BC?O([—T,O],R")
of (1) satisfies

E(jx—ylf) <

(t*t())’t 2 1.

M|varphi — @||Pe*

Lemma 2.4 2> Let u(t) € C(R,R") be a solution of
the delay integral inequality

u(t) < Mle_S’ f0) [ ¥ —|—ft —Cir- ‘Alu(s)ds
+ f e OB [u(s )]+ds+J1 t>to,
u(t) < (p( ) Vite [l‘()—T,l‘()],

3)
where Ay,By,Ci,M; € R"",J; > 0 is a constant
vector, @(t) € C([t — T,10],R"). If p(IT) < 1, where
I1= Cl_1 (A1 +By), then there are constants 0 < A <
6 and N > 1 such that

u(t) < Nze 20700 4 (1 =110y, 1 > 10,
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where z satisfies [@]f < z.

Lemma 2.5 2> Assume that all conditions of Lemma
2.4 hold. If J1 = 0, then all solutions of inequality of
(1) exponentially convergent to zero.

In view of Lemma 2.4 and Lemma 2.5, we have the
following results.

Lemma 2.6 2° Let u(t) € C(R,R".) be a solution of
the delay integral inequality

u(t) < Myed=) [ [Py —i—f e C U= A u(s)ds
+ Ji e OBy [u(s )]jderJl,t}to,
u(t) < ‘P( ), Vi€ [to—wo],
4
where A1,By,C\,M; € R"",J1 > 0 is a constant

vector, @(t) € C([t — 7,t0|,R".). IfAl%l& < 1, then

there are constants 0 < A < 6 and N > 1 such that

A1+ B
1

u(t) < Nze M0=0) 4 (1 - )Mt > 1o,

where z satisfies (@] < z. Moreover, if J; = 0, then
all solutions of the inequality of (4) are exponen-
tially convergent to zero.

3. Existence of Periodic Solution
In this section, we discuss the existence of periodic
solution of (1).

Theorem 3.1 In addition to (HI) and (H2), assume
further that
(H3) there exists an integer p > 2 such that p§~! <

p
1, where 6 = ming; ;) {a;;}, 0 = (p(pT_l)) g

p
_ _ —kl
e L O O
o BUEN, (i,j)

P
+ (Mg ) ij)]
CHEN,(i,j)

then (1.1) has an w-periodic solution.

Proof It follows from the method of variation pa-
rameter and (1) that for r > 1p,i = 1,2,--- ,m,j =
1,2, ,n,
1 1 1
% (1) = xi(r0)e &) _ / o @i (§)dé

fo

Y. B(s) fij (s, (s))xij(s)
BMEN,(i,))
+ Y CH(9)gii(sxm(s — Tu(s)))xij(s)
CHEN,(i,j)

§)|ds+ / L ai(8)dg
To

Y Dhi(s)0y(xij(s))dwi;(s). )

DMEN, (i, )

—Lij(

Let

@)E}) = xij (to)e_ﬂo a,-j(é)dé’

0 _ / I aij(E)dE

ij

Z B ( )ﬁj(S,Xkl(S))xij(s)ds,

B eN, (i, )
(3) _ /’ — [ aij(&)de il
C) e 0 Y, Cis)

0 ceni)

ij
% 8ij (8, xk1 (s — Ta (5)) )xij(5)ds,
t f
oW — / e o &L ()ds,

ij %
0¥ _ / Lo o ai(§)de
fo

ij
Dii(5)03;(xij(s))dwij(s).
DMEN,(i,j)

Taking expectations and applying Lemma 2.3, we
get

Elw;())" < 5" 'E(OF)" + 10"
+\® |”+!® \p+|® '17),(6)

where i =1,2,--- ,m,j=1,2,--- ,n. Next, we will
evaluate every term of (6). For the first term of (6),
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we have

E‘®E}) K xij(to)e—f,g aij(§)d&

Elx;; (to)e %t =10)|P

e Paijli—t0) p i (10)]P- 7

NN

For the second term of (6), we have

/ (81

fo

@)p _
ElP) =E

p

Z Bf]l (S)fij(saxkl (s))xij (s)ds

BHEN,(i,])

E( /<> Y Bi(s)|fi(sx(s))]

o BMEN, (i,))

N

p
X |xij(s) \d5>

N

P
t
E( [ ¥ Bf;<s>Mf|xfj<s>lds)

o BMEN,(i,j)

= E (/t: (e_gij(t_s)) o (e—aij(z_s)>/'»

p
x Y B <s>Mf|xz~j<s>\ds)

BMEN, (i)

t =1
E (/ e—aij(f—s)ds) /e—ﬁij(l—s)
0] fo
p
—ki
X( Z Bij(S)Mf‘xij(S)O ds>
BMEN,(i,j)
P
—kl
)y Bij)

t
(a;)' " / et (Mf
fo BH.EN, (i j)

XE||x;j(s)|Pds. (®)

N

N

For the third term of (6), we have

1 't
/ o Iyaii(€)ds

fo

@y _
E|®ij P =E

p

Y CH(9)gij(s.xu(s — Tu(s)))xij(s)ds
CkIGN,(i,j)

1 '
— E</ o o @ii(8)ds Z ’Czkjl(s)’

o CHEN,(i,))

|gij (s, 0 (s — Tk[(s)))Hxij(s)’dS>

P
< E</zef,:)aij(§)d§ Z Cf;ngij(S)’dS>
fo CHEN,(i,])
f et
< E<</ e“if(ts)ds> /e*“"f(tﬂ)
fo fo
P
><< Y Cf]l-MgXij(S)> dS)
CHEN,(i,j)
. P
<)o e x e
fo CHEN,(i,])

X E|x;j(s)|Pds. 9

For the fourth term of (6), we get

p
4 t
E|®l(;‘)|p = E/e_'ﬁoai-/(‘:)dél,ij(s)ds

fo

p

N

t
E /[ efa"f(’ﬂ)L,-j(s)ds
0

< (L"" > ’ (10)
X Qij .

For the fifth term of (6), we get

£ =k / L I ai(6)dE

To

P

Dfi(5)03j(xij(s))dwi; (s)
DMEN,(i,])

<o/ (et
1o
P 2 P
2 P 2
xE| Y (D(s)* 07 (xij(s)) >ds]
DM eN,(i,j)
< atmp[ [ (s
To

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors



C. Xu et al. / Existence and p-exponential stability

4

) v
><E< Z D \xl]( )\) ) ds]
DMeN, (i, )
[ / t <e<p1>g,-,<ts>e ay (1)
fo

2 4
PN\ » 2
><E< Z D \xl]( )‘) ) ds]
DKLEN,(i,])
t o 2a;5(p-1) i
aji\p—
(;(mn)§</ e 2 (ts)ds)
0]
t p
x(/ e“ij(ts)E< Z D |X,j( )|> ds)
1o DM N, (i,f)
1-2
T A
p—2
t —kl g
% /efﬂij(f*S)E Z Djjlxij(s)| | ds
tO DkleNr(ivj)

1-2
v [ 2a;;(p— :
O'(mn)2< p(fz 1)>

. P
([em( 5 o)
fo DN EN, (i)

xE\x[j(s)\pds>. (11)

AN
[S]

(S1S]

= o(mn)

N

N

N

It follows from (8)-(11) that

Ely (1) <5 {em"’“’°)E|xi.,-<ro>|ﬂ

N
.. t
+ <LU> +(Qij)1_p/ e_ﬂij(t_s)
a;: o

p
—kl
(Mf Y Bij) E||x;;(s)[Pds

BMEN, (i)

P
t —
Hlay)' 7 [ et (Mg )} cffj-)

ho CHEN,(i,j)
><E|x,~j(s)|pds

1-2

J 2Qij(P— 1) ’
+0(mn)? ( b2 )
. p
(fem( £ o)
fo DMEN,(i,j)
><E|x,-j(s)|pds> } (12)

Define

V() = (v (1), Via(t), -+

where Vii(t) = E|x;(t)|P,i = 1,2,---,m,j =
1,2,---,n. It follows from (12) that

V()7 (13)

Vii(t) <5P7 10—y, Vii(to —l—/ s)ds+1,
(14)
.\P
where 1 = max; j {<@> } In view of (H3) and
i

Lemma 2.4, we know that the solutions of (1) are
p-uniformly bounded and the family of all solutions
of (1) is p-point dissipative. By Lemma 2.2, we can
conclude that (1) has an @-periodic solution. The
proof of Theorem 3.1 is completed.

4. p-exponential Stability of Periodic Solution

In this section, we will consider the p-exponential
stability of periodic solutions of (1).

Theorem 4.1 In addition to (HI)-(H2), assume fur-
ther that

(H4) there exists an integer p > 2 such that (p; +
p2)6_1 < 1, where

p
_ -kl
pro= rga§<{6” (( 5)' "[(Mf L Bu’)
" BHEN,(i.j)

p
+ (NL,‘jf Z ij) ]
BMeEN,(i,j)
2a —1\ '~
+ (F(mn)2 <’;( 7 )>

p
DM eEN,(i,j)

(SIS
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and

i

(i.J)

p
—ki
CHEN,(i.j)
p
—kl
+<NL,~,~g Y cil-) }
CHEN,(['J)

then the periodic solution of (1) is p-exponentially
stable.

Proof Obviously, if (H4) holds, then (H3) is ful-
filled. In view of Theorem 3.1, we know that (1)
has an @-periodic solution x* () = {x;;(#)} with the
initial condition @(t) = {¢;;(¢)},i = 1,2,-,m,j =
1,2,---,n. Thus x*(¢) is p-uniform, namely, there
is a constant Cy > 0 such that E|xj;(1)|? < Co,i =
1,2,-,m,j=1,2,--- ,n. Assume that x(r) = {x;;(t)
is an arbitrary solution of (1) with the initial con-
dition y(r) = {y;j(1)},i=1,2,-,m,j=1,2,---.n
Let

u(t) = {uij(t) } = {xij(t) —x;;(1) },

where i = 1,2,-,m,j = 1,2,--- ,n. Then for i =
1,2,-m,j=1,2,--- ,;nand t > 1y, we get

15)

(1) = | = a0y 1)

— Y BHO it xua(0)xi (1)
BMEN,(i,j)

—fij(t, % ())x7;(1))

— Y CHO) (it — T (1))xi (2)
CHEN,(i,))

—8ij (X (t — T (1)))xi; (1)) | dt
+ Z D ()(th(xtj( )

DM EN, (i, j)

—0ij(x;;(1)))dwij(t) (16)

with this initial condition

0ij(s) = Wij(s) — @ij(s),s € [—7,10],

where i = 1,2,-.m,j = 1,2,--- ,n. Applying the

method of variation parameter, we have

wij(t) =

wherei=1,2,-.m,j=1,2,--

o) = uij(to)e

iy (10) e~ o €148 _ / o Iy aui(6)dg

o

x[ Y BA(s)(fij(s,xu(s))xi(s)

B EN,(i,j)
—fij(s,x())x;;(s))
+ Y o) (gii(sxua(s — Tals)))xij(s)

CHeN,(i,j)

—8ij(5, X (s — T (5)))x;;(s) | ds

t
— I} aij(§)déE
_|_/ 1o i
€ )y

DMEN, (i)
—0;;(xj;(5)))dwi;(s)
i (10)e™ Ho (€48 _ /t o e €
X[ Y B () (fii(sxu(s))uij(s)
BMEN,(i,j)
(fij(s,xu(s)) — fij (s, (5))x5;(s))
+ Y CH)(gij(s,xuls — Tuls)))uij(s)

CHeN,(i,j)
+(8ij (s, %0 (s — Tua (5)))

— T (s))))x;;(s)) | ds

Dji(s) (07 (xij(s))

—8ij(s,x3(s
! 1

+ [ haOE Y ) oy (os(5)
fo DMeEN,(i,))

—0;j(x7;(s)) )dwij(s), (17)

,nandt > ty. Let

=y dij(é)dé’

o — / LI aii(E)dE
]

X

G) _ "~ ay(&)de
CIDI.]. —/toe (O Z

Y BA() fij(s,xu(s))uij(s)ds,
BMEN,(i,))

Kl
B;; (s)
BMEN,(i,))

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors
1



C. Xu et al. / Existence and p-exponential stability

X (fij (5,000 (5)) = fij (5,60, (5) )5 (5)dls, s;E(/f%ww
t ‘ 1
1 =kl
X B;;CoLijr|ux(s)|ds
X Z Cf}(s)g,-j(s,xkl(s— T (5)) ) uij(s)ds, Bkle§’( ) / "
CHeN,(i,j) t (t—s)
‘ . < \=p —a;i(t—s
J fo p
x Y CH(s) (g (.0 (s — Tua(9)) x<@gﬁ Z:lﬂ>EwmmM&
CHEN, (i.)) BYEN, (ij)

— 8ij(8, x5 (s — T (5))))x7; (s)ds,
o _ / f I ai(€)dE

x ) .Df;(S)(Gij(xij(S))—Gz‘j(X?j(S)))dWij(S)- X i (5,201 (s — Tt (5)) i1 () dls

<w¥P/%aWQ
=1j 0

p
—kl
(Mg Y Cij) E|Jugi (s — T (s))|ds,

CHeN,(i,f)

t "
/ o ai()ag
fo

Y Cl(s)(gij(s,x (s — T (s)))

CK N, (i,f)

El@)lP < E

1 1
/ e o EE Y o)

fo CHeN, (i)

p

N

Taking expectations and applying Lemma 2.3, we
have
Elui(@) < 677 1E(!¢ \”+|<I> !”Hq’ P

<I> )| <1> )| cI> Py, (1

where i = 1,2,--- ,m,j=1,2,--- ,n. Applying the
similar method in the proof of Theorem 3.1, we get

P
E|CI> |p < e_Pfo(’_IO)E|Mij(l‘o)|p, —8ij (8, X (s — T (5))))x7; (s)ds
@p _ /’ I} aij(&)dE ‘
E|® 1P = E e - —a;i(t—s
W - g f < [
x Y B (s) i, (s))uij(s)ds x| CoLijg ¥ Cf]l
BMeN,(i,]) CHeN,(i,))
' P Elu(s — rd
. @ﬁp/e%onoq y ﬁo XE|ug (s = T (s))|"ds,
o BMEN,(i,))

E@®) < E/lte‘fr;a,;/@)dé
XE||uij(s)|Pds, Y to

/tef,;a,»,(g)dg x Y. Di(s)(oixi(s))

DMEN, (i, )

E@l)” < E

x Y Bi)(fif(sxm(s) —0;j(x;(s)))dwij(s)

BMEN,(i,f)

p

—Jij (5% (8))xi;(s)ds
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xE\u,-j(s)|pds>.

Then we have

uij|” <67 g e RV u;j(t
Eluij|” < 67 1{ Pt E luy(10)

p
l J—

_,_(gij)l—p/t e~ 4ij(1=5) (Mf Z ij)
0

BMEN, (i, )
XE||ujj(s)|Pds
_ _ =kl
! BMeN,(i,j)

P
—kl
)y Dij)
DkIEN,(i,j)

xE!uij(s)|pds> } (19)

W(t):(Wll(l‘),le(l‘),-“,Wmn(l‘))T, (20)

where W;i(t) = Elu;j(t)|P,i = 1,2,---,m,j =
1,2,---,n. It follows from (19) that

Wii(t) < 67 e 00w (1)
1

+ [ e %05 oW (s)ds

to
!

+ [ I palwy()ltds, @D
to

where

P
_ _ ki
o l T (O )
J BMEN,(i.j)
p
—kl

BMEN,(i,])

+o(mn)? (26115,(?; 1)>1_

p
DK eN,(i,j)
and

p

CHEN, (i, )

} |

In view of (H4) and Lemma 2.5, we can con-
clude that the periodic solution x*(¢) of (1) is p-
exponentially stable. The proof of Theorem 4.1 is
completed.

P
—kl

Ck] EN’(’J)

Remark 4.1/n Zhao and Zhang?', Zhao and Zhang
investigated the almost periodic solution of the fol-
lowing shunting inhibitory cellular neural networks
with variable coefficients and time-varying delays

X%ij(1) = —aij(1)xi(1)

— Y B it ()i ()

BkZENr(i,j)
— Y CH0gij (= Ta(1))xi (1)
CHEN, (i.j)
+Lij(l)- (22)

By applying Dini derivative, they established some
criteria on the existence and local exponential sta-
bility of (22). All the results in Zhao and Zhang®’
can not be applicable to system (1) to obtain the the
existence and p-exponential stability of periodic so-
lutions. This implies that the results of this article
are essentially new.
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5. An Example with Its Numerical Simulations

Example 5.1 Let i = j = 2. Consider the following
stochastic shunting inhibitory cellular neural net-
works with time-varying delays

dis(0) = [ = a0y (6) + L)
o Z B ( )fl](t xkl( ))Xij(t)

BMeN, (i, )

— Y CH)gij(txa(t — T (1)))xij(2) | dt
CHEN,(i,j)

+ Y DR)oij(xij(0)dwi(t),  (23)
DX eN, (i, )

where f;(t,x) = sin 1x+ 2x,g;;(t,x) = sin $x + %x

and

[ an(t) an(t) ]
a21(t) azz(l‘)
_ [ 0.3+0.02cos 5t 0.440.02sin 3¢ }
0.4+0.0lcos 5t 0.3+0.01cos %t
[Bll(t) Blz(l‘) :|
By (t) Ba(t)
B [ 0.02|cos 7¢| 0.03sin 7t ]
~ | 0.0Lsinfr 0.02cos%r |’
|:C11(l‘) Clz(l‘) :|
Cz](l) sz(l)
B [ 0.03[sinF¢[ 0.03cos §t }
~ | 0.02cosfr 0.02sin%r |’
|:D11(t) Dlz(l‘) :|
Dz](t) Dzz(l)
B [ 0.02|cos 7¢| 0.01sin ¢ }
0.01cos §z  0.02sin §t
|:L11(t) le(t) :|
Lz](t) Lzz(l)
B [ 0.2cos 7t 0.1sinZt ]
~ | 0.3cos3r 0.2sin%s
|: G]l(u) 612(14) ]
021(14) Gzz(u)
| 0.2sinu  0.2sinu
- [ 0.2cosu 0.1sinu ]

|: T]](t) ’C]z(l‘) :|
Tzl(l‘) ‘L'zz(t)
| 0.01|sinz| 0.02|cosu|
- { 0.02|sinu| 0.01|cosul }
Then L,'jf = Lijg :Mf :Mg = 1( _] =1 2) T=
0.02,L110 = L220‘ = O.I,leg = L210‘ =0.2 and

-kl
[ ZB"’EN] 1 l)Bll ZB"’EN IZ)BIZ ]
-kl -kl

Youen ) Ba1 Laven, 22 B2
B [ 0.08 0.12]
0.04 0.08
[ ZCk’eN](l,l)élIll chleNl(lz)Clz
LBven (2,1) o] Ycken, (2,2) o
B { 0.12 0.12]

0.08 0.08

[ a4y ]

dry dxp

1028 0.38 Ly Lp
- { 0.39 0.29 ] [ Ly Ly ]

102 0.1

- [ 03 0.2 ] ’
Take p = 3,r = 1. Then we have 6 ~ 0.2302, 07 =~
0.0704, 0, = 0.0462. It is easy to check that all the
conditions in Theorem 3.1 and Theorem 4.2 are ful-
filled. Hence we can conclude that then (23) has a

4-periodic solution, which is 3-exponentially stable.
The results are shown in Figs. 1-2.

6. Conclusions

In this paper, a class of stochastic shunting in-
hibitory cellular neural networks with time-varying
delays are considered. We establish some sufficient
conditions ensuring the existence and p-exponential
stability of periodic solutions for stochastic shunt-
ing inhibitory cellular neural networks with time-
varying delays by using integral inequalities. Com-
parisons between our results and the previous re-
sults show that our results complement the earlier
publications and are completely new. An example
is presented to illustrate our main theoretical find-
ings. Our results play an important key in design-
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ing of shunting inhibitory cellular neural networks.
The obtained results show that under some appro-
priate circumstances, stochastic shunting inhibitory
cellular neural networks with time-varying delays
can display sustainable periodic oscillatory phe-
nomenon. These periodic oscillatory phenomenon
can help us to process visual information quickly
and effectively?®2°. Also periodic oscillatory phe-
nomenon can be helpful for us to predict pathologi-
cal brain states, which is important to diagnose dis-
ease in medical science’?3132,

Fig. 1. Transient response of state variables xji(¢) and
x12(t), where the blue line stands for x; (¢) and the red line
stands for x1, (7).
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Fig. 2. Transient response of state variables xp(¢) and
x22(t), where the blue line stands for x5 (¢) and the red line
stands for xp; ().
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