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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.

Keywords: Stochastic shunting inhibitory cellular neural networks, periodic solution, p-exponential sta-
bility, delay.

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,

Gao et al.1 studied the existence and stability almost

periodic solutions for cellular neural networks with

time-varying delays in leakage terms on time scales,

Liu and Shao2 analyzed the almost periodic solu-

tions for SICNNs with time-varying delays in the

leakage terms, Liu3 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 5 inves-

tigated the almost automorphic solutions of impul-

sive cellular neural networks with piecewise con-

stant argument, Li and Shu 6 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
7,8,9,10,11,12,13,14.

In 1994, Haykin 15 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 16. 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 aspect17,18,19,20,21. In this pa-

per, we will consider the following stochastic shunt-

ing inhibitory cellular neural networks with time-

varying delays

dxi j(t) =
[
−ai j(t)xi j(t)+Li j(t)

− ∑
Bkl∈Nr(i, j)

Bkl
i j(t) fi j(t,xkl(t))xi j(t)

− ∑
Ckl∈Nr(i, j)

Ckl
i j (t)gi j(t,xkl(t − τkl(t)))xi j(t)

]
dt

+ ∑
Dkl∈Nr(i, j)

Dkl
i j(t)σi j(xi j(t))dwi j(t), t � t0, (1)

where i = 1,2, · · · ,m, j = 1,2, · · · ,n, τi j(t) > 0 de-

notes axonal signal transmission delay at time t,
Ci j(t) denotes the cell at the (i, j) position of the lat-

tice at time t, the r-neighborhood Nr(i, j) of Ci j(t) is

given as Nr(i, j) = {Ckl
i j : max(|k− i|, |l− j|� r),1�

k � m,1 � l � n}, xi j(t) stands for the activity of

the cell Ci j(t), Li j(t) denotes the external input to

Ci j(t), ai j(t) > 0 stands for the passive decay rate

of the cell activity, Bkl
i j(t) � 0 and Ckl

i j (t) � 0 repre-

sent the connection or coupling strength of postsy-

naptic of activity of the cell transmitted to the cell

Ci j(t) at time t and t − τkl(t), respectively, the activ-

ity functions fi j(t,xkl(t)) and gi j(t,xkl(t)) are con-

tinuous functions representing the output or firing

rate of the cell Ckl(t) at time t and t − τkl(t), respec-

tively, w(t) = (w11(t),w12(t), · · · ,wmn(t))T is m×n-

dimensional Brownian motions defined on a com-

plete probability space, σi j ∈C(R,R) is a Borel mea-

surable function and σ = (σi j)mn×mn is a diffusion

coefficient matrix.

Let Rn(Rn
+) be the space of n-dimensional (non-

negative) real column vectors and Rmn be the space

of m × n-dimensional real column vectors. We

denote (Ω,F,{Ft}t�0,P) by a complete probabil-

ity space with a filtration {Ft}t�0, where F is

a σ -algebra on a given set Ω, P is the proba-

bility measure and the filtration Ftt. satisfies the

usual conditions, that is, {Ft}t�0 is right contin-

uous and F0 contains all P-null sets. Denote by

BCb
F0
(R,Rmn) the family of bounded F0-measurable,

Rmn valued random variables x(t), that is, the value

of x(t) is an m × n-dimensional real vector and

can be decided from the values of w(s) for s �
0. Then BCb

F0
(R,Rmn) is a Banach space with

the norm ||x|| = sup0�t�ω(E|x(t)|p1)
1
p , where p >

1 is an integer, |x(t)|1 = max(i, j) |xi j(t)|, and E(.)
stands for the correspondent expectation operator

with respect to the given probability measure P.
For convenience, for an ω-periodic continuous func-

tion f : R → R, denote f = max0�t�ω | f (t)|, f =
min0�t�ω | f (t)|, for any φ ∈ BCb

F0
([−τ ,0],Rmn), de-

note [φ(t)]+τ = (|φ11|τ , |φ12|τ , · · · , |φmn|τ)T , where

|φi j|τ = sup−τ�s�0 |φi j(t + s)|, i = 1,2, · · · ,m, j =
1,2, · · · ,n.
The initial value of system (1) takes the form

xi j(s) = ϕi j(s),s ∈ [t0 − τ, t0], (2)

where ϕi j(s) ∈ BCb
F0
([t0 − τ,0],R),τ =

max1�k�m,1�l�n{τkl}, t0 ∈ R.

Throughout this paper, we make the assumption as

follows.

(H1) For i = 1,2, · · · ,m, j = 1,2, · · · ,n,

ai j(t),Bkl
i j(t),C

kl
i j (t),D

kl
i j(t) and Li j(t) are all ω-

periodic continuous functions for all t ∈ R.

(H2) For i = 1,2, · · · ,m, j = 1,2, · · · ,n, there exist

positive constants Li j f ,gi jg,σi jσ ,Mf and Mg such
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that

| fi j(t,u)− fi j(t,v)|� Li j f |u− v|, | fi j(u)|� Mf ,

|gi j(t,u)−gi j(t,v)|� Li jg|u− v|, |gi j(u)|� Mg,

|σi j(t,u)−σi j(t,v)|� Li jσ |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 22 A stochastic process x(t) is said
to be periodic with period ω if its finite-dimensional
distributions are periodic with period ω , that is, for
any positive integer m and any moments of time
t1, t2, · · · , tm, the joint distribution of the random
variables x(t1+kω),x(t2+kω), · · · ,x(tm+kω)) are
independent of k,k =±1,±2, · · · .
Lemma 2.1 23 If x(t) is an ω-periodic stochastic
process, then its mathematical expectation and vari-
ance are ω-periodic.

Definition 2.2 A function x(t) = (x11(t),x12(t), · · · ,
xmn(t))T defined on [t0 − τ,∞) is said to be a solu-
tion of (1) with initial condition (2) if the following
conditions holds.
(i) xi j(t) is absolutely continuous on [t0 − τ,∞), i =
1,2, · · · ,m, j = 1,2, · · · ,n,
(ii) xi j(t) satisfies (1) for almost everywhere t ∈
[t0,∞), i = 1,2, · · · ,m, j = 1,2, · · · ,n,
(iii) xi j(s) =ϕi j(s),s∈ [t0−τ, t0], i= 1,2, · · · ,m, j =
1,2, · · · ,n.

Throughout this paper, we assume that (1) with ini-

tial condition (2) has a unique solution. Denote

the solution of (1) by x(t) = x(t, t0,ϕ) for all ϕ ∈
BCb

F0
([t0 − τ , t0],Rmn) and t0 ∈ R.

Definition 2.322 The solution x(t, t0,ϕ) of (1) is said
to be
(i) p-uniformly bounded, if for each α > 0, t0 ∈ R,
there exists a positive constant θ = θ(α) which
is independent of t0 such that ||ϕ ||p � α implies
E(x(t, t0,ϕ)||p)� θ , t � t0;

(ii) p-point dissipative, if there exists a constant
N > 0 such that for any point ϕ ∈ BCb

F0
([−τ ,0],Rn),

there exists T (t0,ϕ) such that E(||x(t, t0,ϕ)||p) �
N, t � t0 +T (t0,ϕ).

Lemma 2.224 In addition to (H1) and (H2), sup-
pose that the solution of (1) is p-uniformly bounded
and p-point dissipative for p > 2, then (1) has an
ω-periodic solution.

Lemma 2.325 For any x ∈ Rn
+ and p > 0,

|x|p � n(
p
2 −1)∨0

n

∑
i=1

xp
i ,

(
n

∑
i=1

xi

)p

� n(p−1)∨0
n

∑
i=1

xp
i .

Definition 2.4 22 The periodic solution x(t, t0,ϕ)
with initial value ϕ ∈ BCb

F0
([−τ,0],Rn) of (1) is

said to be p-exponentially stable, if there are con-
stants λ > 0 and M > 0 such that for any solution
y(t, t0,ϕ1) with initial value ϕ1 ∈ BCb

F0
([−τ,0],Rn)

of (1) satisfies

E(|x− y|p1)� M|varphi−ϕ1||pe−λ (t−t0), t � t0.

Lemma 2.4 22 Let u(t) ∈C(R,Rn
+) be a solution of

the delay integral inequality⎧⎨
⎩

u(t)� M1e−δ (t−t0)[ϕ]+τ +
∫ t

t0 e−C1(t−s)A1u(s)ds
+
∫ t

t0 e−C1(t−s)B1[u(s)]+τ ds+ J1, t � t0,
u(t)� ϕ(t),∀ t ∈ [t0 − τ , t0],

(3)

where A1,B1,C1,M1 ∈ Rn×n
+ ,J1 � 0 is a constant

vector, ϕ(t) ∈ C([t − τ, t0],Rn
+). If ρ(Π) < 1, where

Π=C−1
1 (A1+B1), then there are constants 0< λ �

δ and N � 1 such that

u(t)� Nze−λ (t−t0) + (I −Π)−1J1, t � t0,
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where z satisfies [ϕ]+τ � z.

Lemma 2.5 22 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 26 Let u(t) ∈ C(R,Rn
+) be a solution of

the delay integral inequality⎧⎨
⎩

u(t)� M1e−δ (t−t0)[ϕ]+τ +
∫ t

t0 e−C1(t−s)A1u(s)ds
+
∫ t

t0 e−C1(t−s)B1[u(s)]+τ ds+ J1, t � t0,
u(t)� ϕ(t),∀ t ∈ [t0 − τ , t0],

(4)

where A1,B1,C1,M1 ∈ Rn×n
+ ,J1 � 0 is a constant

vector, ϕ(t) ∈ C([t − τ , t0],Rn
+). If A1+B1

C1
< 1, then

there are constants 0 < λ � δ and N � 1 such that

u(t)� Nze−λ (t−t0) + (1− A1 +B1

C1
)−1J1, t � t0,

where z satisfies [ϕ]+τ � z. Moreover, if J1 = 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 (H1) and (H2), assume
further that
(H3) there exists an integer p > 2 such that ρδ−1 <

1, where δ = min(i, j){ai j}, σ =
(

p(p−1)
2

) p
2
,

ρ = max
(i, j)

{
5p−1

(
ai j)

1−p

[(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

+

(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p]

+σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(

∑
Dkl∈Nr(i, j)

Dkl
i j

)p

,

then (1.1) has an ω-periodic solution.

Proof It follows from the method of variation pa-

rameter and (1) that for t � t0, i = 1,2, · · · ,m, j =
1,2, · · · ,n,

xi j(t) = xi j(t0)e
−∫ t

t0
ai j(ξ )dξ −

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

[
∑

Bkl∈Nr(i, j)

Bkl
i j(s) fi j(s,xkl(s))xi j(s)

+ ∑
Ckl∈Nr(i, j)

Ckl
i j (s)gi j(s,xkl(s− τkl(s)))xi j(s)

−Li j(s)

]
ds+

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Dkl∈Nr(i, j)

Dkl
i j(s)σi j(xi j(s))dwi j(s). (5)

Let

Θ(1)
i j = xi j(t0)e

−∫ t
t0

ai j(ξ )dξ
,

Θ(2)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Bkl∈Nr(i, j)

Bkl
i j(s) fi j(s,xkl(s))xi j(s)ds,

Θ(3)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Ckl∈Nr(i, j)

Ckl
i j (s)

×gi j(s,xkl(s− τkl(s)))xi j(s)ds,

Θ(4)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ Li j(s)ds,

Θ(5)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Dkl∈Nr(i, j)

Dkl
i j(s)σi j(xi j(s))dwi j(s).

Taking expectations and applying Lemma 2.3, we

get

E|xi j(t)|p � 5p−1E(|Θ(1)
i j |p + |Θ(2)

i j |p

+|Θ(3)
i j |p + |Θ(4)

i j |p + |Θ(5)
i j |p), (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|Θ(1)
i j |p = xi j(t0)e

−∫ t
t0

ai j(ξ )dξ

� E|xi j(t0)e−ai j(t−t0)|p
� e−pai j(t−t0)E|xi j(t0)|p. (7)

For the second term of (6), we have

E|Θ(2)
i j |p = E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Bkl∈Nr(i, j)

Bkl
i j(s) fi j(s,xkl(s))xi j(s)ds

∣∣∣∣∣
p

� E

(∫ t

t0
e−ai j(t−s) ∑

Bkl∈Nr(i, j)

Bkl
i j(s)| fi j(s,xkl(s))|

×|xi j(s)|ds

)p

� E

(∫ t

t0
e−ai j(t−s) ∑

Bkl∈Nr(i, j)

Bkl
i j(s)Mf |xi j(s)|ds

)p

= E

(∫ t

t0

(
e−ai j(t−s)

) p−1
p
(

e−ai j(t−s)
) 1

p

× ∑
Bkl∈Nr(i, j)

Bkl
i j(s)Mf |xi j(s)|ds

)p

� E

((∫ t

t0
e−ai j(t−s)ds

)p−1 ∫ t

t0
e−ai j(t−s)

×
(

∑
Bkl∈Nr(i, j)

Bkl
i j(s)Mf |xi j(s)|

)p

ds

)

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

×E||xi j(s)|pds. (8)

For the third term of (6), we have

E|Θ(3)
i j |p = E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Ckl∈Nr(i, j)

Ckl
i j (s)gi j(s,xkl(s− τkl(s)))xi j(s)ds

∣∣∣∣∣
p

= E

(∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Ckl∈Nr(i, j)

|Ckl
i j (s)|

|gi j(s,xkl(s− τkl(s)))||xi j(s)|ds

)p

� E

(∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Ckl∈Nr(i, j)

Ckl
i jMg|xi j(s)|ds

)p

� E

((∫ t

t0
e−ai j(t−s)ds

)p−1 ∫ t

t0
e−ai j(t−s)

×
(

∑
Ckl∈Nr(i, j)

Ckl
i jMg|xi j(s)|

)p

ds

)

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
∑

Ckl∈Nr(i, j)

Ckl
i jMg

)p

×E|xi j(s)|pds. (9)

For the fourth term of (6), we get

E|Θ(4)
i j |p = E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ Li j(s)ds

∣∣∣∣∣
p

� E

∣∣∣∣∣
∫ t

t0
e−ai j(t−s)Li j(s)ds

∣∣∣∣∣
p

�
(

Li j

ai j

)p

. (10)

For the fifth term of (6), we get

E|Θ(5)
i j |p = E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Dkl∈Nr(i, j)

Dkl
i j(s)σi j(xi j(s))dwi j(s)

∣∣∣∣∣
p

� σ

[∫ t

t0

(
e−pai j(t−s)

×E

∣∣∣∣∣ ∑
Dkl∈Nr(i, j)

(Dkl
i j(s))

2σ 2
i j(xi j(s))

∣∣∣∣∣
p
2
) 2

p

ds

] p
2

� σ(mn)
p
2

[∫ t

t0

(
e−pai j(t−s)
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×E

(
∑

Dkl∈Nr(i, j)

Dkl
i j |xi j(s)|

)p) 2
p

ds

] p
2

= σ(mn)
p
2

[∫ t

t0

(
e−(p−1)ai j(t−s)e−ai j(t−s)

×E

(
∑

Dkl∈Nr(i, j)

Dkl
i j |xi j(s)|

)p) 2
p

ds

] p
2

� σ(mn)
p
2

(∫ t

t0
e−

2ai j(p−1)

p−2 (t−s)ds

) p
2 −1

×
(∫ t

t0
e−ai j(t−s)E

(
∑

Dkl∈Nr(i, j)

Dkl
i j |xi j(s)|

)p

ds

)

� σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(∫ t

t0
e−ai j(t−s)E

(
∑

Dkl∈Nr(i, j)

Dkl
i j |xi j(s)|

)p

ds

)

� σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(∫ t

t0
e−ai j(t−s)

(
∑

Dkl∈Nr(i, j)

Dkl
i j

)p

×E|xi j(s)|pds

)
. (11)

It follows from (8)-(11) that

E|xi j(t)|p � 5p−1

{
e−pai j(t−t0)E|xi j(t0)|p

+

(
Li j

ai j

)p

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

E||xi j(s)|pds

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

×E|xi j(s)|pds

+σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(∫ t

t0
e−ai j(t−s)

(
∑

Dkl∈Nr(i, j)

Dkl
i j

)p

×E|xi j(s)|pds

)}
. (12)

Define

V (t) = (v11(t),V12(t), · · · ,Vmn(t))T , (13)

where Vi j(t) = E|xi j(t)|p, i = 1,2, · · · ,m, j =
1,2, · · · ,n. It follows from (12) that

Vi j(t)� 5p−1e−δ (t−t0)Vi j(t0)+
∫ t

t0
e−δ (t−s)Vi j(s)ds+ι ,

(14)

where ι = max(i, j)

{(
Li j
ai j

)p}
. In view of (H3) and

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 ω-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 (H1)-(H2), assume fur-
ther that
(H4) there exists an integer p > 2 such that (ρ1 +
ρ2)δ−1 < 1, where

ρ1 = max
(i, j)

{
6p−1

(
(ai j)

1−p

[(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

+

(
NLi j f ∑

Bkl∈Nr(i, j)

Bkl
i j

)p]

+ σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(

∑
Dkl∈Nr(i, j)

Dkl
i j

)p)}
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and

ρ2 = max
(i, j)

{
6p−1(ai j)

1−p

[(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

+

(
NLi jg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p]}
,

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 ω-periodic solution x∗(t) = {x∗i j(t)} with the

initial condition ϕ(t) = {ϕi j(t)}, i = 1,2, ·,m, j =
1,2, · · · ,n. Thus x∗(t) is p-uniform, namely, there

is a constant C0 > 0 such that E|x∗i j(t)|p < C0, i =
1,2, ·,m, j = 1,2, · · · ,n. Assume that x(t) = {xi j(t)
is an arbitrary solution of (1) with the initial con-

dition ψ(t) = {ψi j(t)}, i = 1,2, ·,m, j = 1,2, · · · ,n.
Let

u(t) = {ui j(t)}= {xi j(t)− x∗i j(t)}, (15)

where i = 1,2, ·,m, j = 1,2, · · · ,n. Then for i =
1,2, ·,m, j = 1,2, · · · ,n and t � t0, we get

dui j(t) =
[
−ai j(t)ui j(t)

− ∑
Bkl∈Nr(i, j)

Bkl
i j(t)( fi j(t,xkl(t))xi j(t)

− fi j(t,x∗kl(t))x
∗
i j(t))

− ∑
Ckl∈Nr(i, j)

Ckl
i j (t)(gi j(t,xkl(t − τkl(t)))xi j(t)

−gi j(t,x∗kl(t − τkl(t)))x∗i j(t))
]
dt

+ ∑
Dkl∈Nr(i, j)

Dkl
i j(t)(σi j(xi j(t))

−σi j(x∗i j(t)))dwi j(t) (16)

with this initial condition

φi j(s) = ψi j(s)−ϕi j(s),s ∈ [−τ , t0],

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

method of variation parameter, we have

ui j(t) = ui j(t0)e
−∫ t

t0
ai j(ξ )dξ −

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

×
[

∑
Bkl∈Nr(i, j)

Bkl
i j(s)( fi j(s,xkl(s))xi j(s)

− fi j(s,x∗kl(s))x
∗
i j(s))

+ ∑
Ckl∈Nr(i, j)

Ckl
i j (s)(gi j(s,xkl(s− τkl(s)))xi j(s)

−gi j(s,x∗kl(s− τkl(s)))x∗i j(s)

]
ds

+
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Dkl∈Nr(i, j)

Dkl
i j(s)(σi j(xi j(s))

−σi j(x∗i j(s)))dwi j(s)

= ui j(t0)e
−∫ t

t0
ai j(ξ )dξ −

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

×
[

∑
Bkl∈Nr(i, j)

Bkl
i j(s)( fi j(s,xkl(s))ui j(s)

( fi j(s,xkl(s))− fi j(s,x∗kl(s))x
∗
i j(s))

+ ∑
Ckl∈Nr(i, j)

Ckl
i j (s)(gi j(s,xkl(s− τkl(s)))ui j(s)

+(gi j(s,xkl(s− τkl(s)))

−gi j(s,x∗kl(s− τkl(s))))x∗i j(s))

]
ds

+
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Dkl∈Nr(i, j)

Dkl
i j(s)(σi j(xi j(s))

−σi j(x∗i j(s)))dwi j(s), (17)

where i = 1,2, ·,m, j = 1,2, · · · ,n and t � t0. Let

Φ(1)
i j = ui j(t0)e

−∫ t
t0

ai j(ξ )dξ
,

Φ(2)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Bkl∈Nr(i, j)

Bkl
i j(s) fi j(s,xkl(s))ui j(s)ds,

Φ(3)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Bkl∈Nr(i, j)

Bkl
i j(s)
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×( fi j(s,xkl(s))− fi j(s,x∗kl(s))x
∗
i j(s)ds,

Φ(4)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Ckl∈Nr(i, j)

Ckl
i j (s)gi j(s,xkl(s− τkl(s)))ui j(s)ds,

Φ(5)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Ckl∈Nr(i, j)

Ckl
i j (s)(gi j(s,xkl(s− τkl(s)))

−gi j(s,x∗kl(s− τkl(s))))x∗i j(s)ds,

Φ(6)
i j =

∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Dkl∈Nr(i, j)

Dkl
i j(s)(σi j(xi j(s))−σi j(x∗i j(s)))dwi j(s).

Taking expectations and applying Lemma 2.3, we

have

E|ui j(t)|p � 6p−1E(|Φ(1)
i j |p + |Φ(2)

i j |p + |Φ(3)
i j |p

+|Φ(4)
i j |p + |Φ(5)

i j |p + |Φ(6)
i j |p). (18)

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

similar method in the proof of Theorem 3.1, we get

E|Φ(1)
i j |p � e−pai j(t−t0)E|ui j(t0)|p,

E|Φ(2)
i j |p = E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Bkl∈Nr(i, j)

Bkl
i j(s) fi j(s,xkl(s))ui j(s)ds

∣∣∣∣∣
p

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

×E||ui j(s)|pds,

E|Φ(3)
i j |p � E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Bkl∈Nr(i, j)

Bkl
i j(s)( fi j(s,xkl(s))

− fi j(s,x∗kl(s))x
∗
i j(s)ds

∣∣∣∣∣
p

� E
(∫ t

t0
e−ai j(t−s)

× ∑
Bkl∈Nr(i, j)

Bkl
i jC0Li j f |ukl(s)|ds

)p

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

×
(

C0Li j f ∑
Bkl∈Nr(i, j)

Bkl
i j

)p

E|ukl(s)|pds,

E|Φ(4)
i j |p � E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ ∑
Ckl∈Nr(i, j)

Ckl
i j (s)

×gi j(s,xkl(s− τkl(s)))ui j(s)ds

∣∣∣∣∣
p

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

E||ukl(s− τkl(s))|pds,

E|Φ(5)
i j |p � E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

∑
Ckl∈Nr(i, j)

Ckl
i j (s)(gi j(s,xkl(s− τkl(s)))

−gi j(s,x∗kl(s− τkl(s))))x∗i j(s)ds

∣∣∣∣∣
p

� (ai j)
1−p

∫ t

t0
e−ai j(t−s)

×
(

C0Li jg ∑
Ckl∈Nr(i, j)

Ckl
i j

)p

×E|ukl(s− τkl(s))|pds,

E|Φ(6)
i j |p � E

∣∣∣∣∣
∫ t

t0
e−

∫ t
t0

ai j(ξ )dξ

× ∑
Dkl∈Nr(i, j)

Dkl
i j(s)(σi j(xi j(s))

−σi j(x∗i j(s)))dwi j(s)

∣∣∣∣∣
p

� σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

(∫ t

t0
e−ai j(t−s)

(
∑

Dkl∈Nr(i, j)

Dkl
i j

)p
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×E|ui j(s)|pds

)
.

Then we have

E|ui j|p � 6p−1

{
e−pai j(t−t0)E|ui j(t0)|p

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

×E||ui j(s)|pds

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
C0Li j f ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

×E|ukl(s)|pds

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

×E||ukl(s− τkl(s))|pds

+(ai j)
1−p

∫ t

t0
e−ai j(t−s)

(
C0Li jg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

×E|ukl(s− τkl(s))|pds

+σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(∫ t

t0
e−ai j(t−s)

(
∑

Dkl∈Nr(i, j)

Dkl
i j

)p

×E|ui j(s)|pds

)}
. (19)

Define

W (t) = (W11(t),W12(t), · · · ,Wmn(t))T , (20)

where Wi j(t) = E|ui j(t)|p, i = 1,2, · · · ,m, j =
1,2, · · · ,n. It follows from (19) that

Wi j(t) � 6p−1e−δ (t−t0)Wi j(t0)

+
∫ t

t0
e−δ (t−s)ρ1Wi j(s)ds

+
∫ t

t0
e−δ (t−s)ρ2|Wi j(s)|+τ ds, (21)

where

ρ1 = max
(i, j)

{
6p−1

(
(ai j)

1−p

[(
Mf ∑

Bkl∈Nr(i, j)

Bkl
i j

)p

+

(
C0Li j f ∑

Bkl∈Nr(i, j)

Bkl
i j

)p]

+σ(mn)
p
2

(
2ai j(p−1)

p−2

)1− p
2

×
(

∑
Dkl∈Nr(i, j)

Dkl
i j

)p)}

and

ρ2 = max
(i, j)

{
6p−1(ai j)

1−p

[(
Mg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p

+

(
C0Li jg ∑

Ckl∈Nr(i, j)

Ckl
i j

)p]}
.

In view of (H4) and Lemma 2.5, we can con-

clude that the periodic solution x∗(t) of (1) is p-

exponentially stable. The proof of Theorem 4.1 is

completed.

Remark 4.1In Zhao and Zhang27, Zhao and Zhang
investigated the almost periodic solution of the fol-
lowing shunting inhibitory cellular neural networks
with variable coefficients and time-varying delays

ẋi j(t) =−ai j(t)xi j(t)

− ∑
Bkl∈Nr(i, j)

Bkl
i j(t) fi j(t,xkl(t))xi j(t)

− ∑
Ckl∈Nr(i, j)

Ckl
i j (t)gi j(t,xkl(t − τkl(t)))xi j(t)

+Li j(t). (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 Zhang27

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

dxi j(t) =
[
−ai j(t)xi j(t)+Li j(t)

− ∑
Bkl∈Nr(i, j)

Bkl
i j(t) fi j(t,xkl(t))xi j(t)

− ∑
Ckl∈Nr(i, j)

Ckl
i j (t)gi j(t,xkl(t − τkl(t)))xi j(t)

]
dt

+ ∑
Dkl∈Nr(i, j)

Dkl
i j(t)σi j(xi j(t))dwi j(t), (23)

where fi j(t,x) = sin 1
5
x+ 4

5
x,gi j(t,x) = sin 1

3
x+ 2

3
x

and [
a11(t) a12(t)
a21(t) a22(t)

]

=

[
0.3+0.02cos π

2
t 0.4+0.02sin π

2
t

0.4+0.01cos π
2
t 0.3+0.01cos π

2
t

]
,[

B11(t) B12(t)
B21(t) B22(t)

]

=

[
0.02|cos π

4
t| 0.03sin π

4
t

0.01sin π
4
t 0.02cos π

4
t

]
,[

C11(t) C12(t)
C21(t) C22(t)

]

=

[
0.03|sin π

4
t| 0.03cos π

4
t

0.02cos π
4
t 0.02sin π

4
t

]
,[

D11(t) D12(t)
D21(t) D22(t)

]

=

[
0.02|cos π

4
t| 0.01sin π

4
t

0.01cos π
4
t 0.02sin π

4
t

]
,[

L11(t) L12(t)
L21(t) L22(t)

]

=

[
0.2cos π

2
t 0.1sin π

2
t

0.3cos π
2
t 0.2sin π

2
t

]
,[

σ11(u) σ12(u)
σ21(u) σ22(u)

]

=

[
0.2sinu 0.2sinu
0.2cosu 0.1sinu

]
,

[
τ11(t) τ12(t)
τ21(t) τ22(t)

]

=

[
0.01|sin t| 0.02|cosu|
0.02|sinu| 0.01|cosu|

]
.

Then Li j f = Li jg = Mf = Mg = 1(i, j = 1,2),τ =
0.02,L11σ = L22σ = 0.1,L12σ = L21σ = 0.2 and[

∑Bkl∈N1(1,1) Bkl
11 ∑Bkl∈N1(1,2) Bkl

12

∑Bkl∈N1(2,1) Bkl
21 ∑Bkl∈N1(2,2) Bkl

22

]

=

[
0.08 0.12

0.04 0.08

]
,[

∑Ckl∈N1(1,1)C
kl
11 ∑Ckl∈N1(1,2)C

kl
12

∑Bkl∈N1(2,1)C
kl
21 ∑Ckl∈N1(2,2)C

kl
22

]

=

[
0.12 0.12

0.08 0.08

]
,[

a11 a12

a21 a22

]

=

[
0.28 0.38

0.39 0.29

]
,

[
L11 L12

L21 L22

]

=

[
0.2 0.1
0.3 0.2

]
.

Take p = 3,r = 1. Then we have δ ≈ 0.2302,σ1 ≈
0.0704,σ2 ≈ 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 effectively28,29. 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 science30,31,32.
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x 11
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x 12
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Fig. 1. Transient response of state variables x11(t) and

x12(t), where the blue line stands for x11(t) and the red line

stands for x12(t).
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),
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Fig. 2. Transient response of state variables x21(t) and

x22(t), where the blue line stands for x21(t) and the red line

stands for x22(t).
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21. A. Meyer-Bäse, G. Botella, L.R. Rusinek, Stochastic
stability analysis of competitive neural networks with
different time-scales, Neurocomputing, 118 (2013)
115-118.

22. D.S. Li, X.H. Wang, D.Y. Xu, Existence and global
p-exponential stability of periodic solution for impul-
sive stochastic neural networks with delays, Nonlin-
ear Analysis: Hybrid Systems, 6 (2012) 847-858.

23. R. Khasminskii, Stochastic Stability of Differential

Equations, Stochastic Modelling and Applied Proba-
bility, vol. 66. Springer, Berlin, 2012.

24. D.Y. Xu, Y.M. Huang, Z.G. Yang, Existence theorems
for periodic Markov process and stochastic functional
differential equations, Discrete and Continuous Dy-
namical Systems, 24 (2009) 1005-1023.

25. F.K. Wu, S.G. Hu, Y. Liu, Positive solution and
its asymptotic behavior of stochastic functional
Kolmogorov-type system, Journal of Mathematical
Analysis and Applications, 364 (2010) 104-118.

26. L. Yang, Y.K. Li, Periodic solutions for stochastic
shunting inhibitory cellular neural networks with dis-
tributed delays, Advances in Difference Equations, 37
(2014) d1-14.

27. W.R. Zhao, H.S. Zhang, On almost periodic solution
of shunting inhibitory cellular neural networks with
variable coefficients and time-varying delays, Nonlin-
ear Analysis: Real World Applications, 9 (2008) 2326-
2336.

28. Y.F. Weng, L. Ju, J. Wang, Cellular neural networks
and Biological visual information processing model,
Journal of Beijing Technology and Business Univer-
sity (Natural Science Edition), 25 (2007) 42-58.

29. C.J. Xu, Q.M. Zhang, Y.S. Wu, Existence and stability
of pseudo almost periodic solutions for shunting in-
hibitory cellular neural networks with neutral type de-
lays and time-varying leakage delays, Network: Com-
putation in Neural Systems, 25 (2014) 168-192.

30. J. TØnesen, Optogenetic cell control in experimental
models of neurological disorders, Behavioural Brain
Research, 255 (2013) 35-43.

31. P. Gerlee, A.R.A. Anderson, Modelling evolutionary
cell behaviour using neural networks: Application to
tumour growth, Biosystems, 95 (2009) 166-174.

32. M. Moghtadaei, M.R.H, Golpayegani, R.
Malekzadeh, A variable structure fuzzy neural net-
work model of squamous dysplasia and esophageal
squamous cell carcinoma based on a global chaotic
optimization algorithm. Journal of Theoretical
Biology, 318 (2013) 164-172.

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

956



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


