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Abstract

In this paper, dynamic behavior of a class of high-order fuzzy cellular neural networks (HFCNNs) with
time-varying delays is investigated. Compared with the previous results in the literature, the restrictions
are loosed, since we do not assume the boundedness and monotonicity on the activation functions, and the
differentiability of time-varying delay functions. Some sufficient conditions are derived for ascertaining
the existence, uniqueness and exponential stability of equilibrium point and uniform boundedness of
solutions of the HFCNNs. Finally, two examples are given to show the effectiveness of the proposed
criteria, which complement some previously known results.

Keywords: High-order neural networks; Equilibrium point; Boundedness; Time-varying delays; Expo-
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1. Introduction

The fuzzy cellular neural networks (FCNNs), which

combines fuzzy logic with the traditional CNNs, has

been recognized as an appealing and efficient tool in

classification, image processing and pattern recogni-

tion, since it was introduced by Yang et al. in 1996

[1,2]. Analysis of stability has been the focus of

scientific community, because it is required that the

neural networks be stable in applications. Various

techniques, such as M-matrix, algebraic inequality

method, and LMI technique, are employed to derive

the stability results of CNNs or FCNNs (see [3] -

[12] and reference therein).

Recently, the high-order neural networks have

attracted considerable attention, as high-order neu-

ral networks have stronger approximation property,

faster convergence rate, greater storage capacity, and

higher fault tolerance than lower-order neural net-

works (see [13]- [32] and reference therein). Many

results on dynamic behavior for various high-order

neural networks were reported in the literature [13]-

[32]. By using the generalized Halanay inequality

and the fixed point theorem, Guo et al. [15] dis-

cussed the global exponential stability and existence

of periodic solutions for neural networks. In [17]-

[21], by using Lyapunov functional method, Razu-

mikhin method and LMI technique, the authors have

studied the stability of HBAM. Employing nonsin-

gular M-matrix and Lyapunov functional method,

Xu et al. [18] studied Hopfields NNs without time-

delay, and Jiang et al. [23] studied the exponen-

tial stability of HFCNNs with time-varying delays.

By using Lyapunov stability theory, LMI and free-
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weighting matrix method, Zheng et al. [25] derived

some delay-independent and delay-dependent suffi-

cient conditions for a class of high-order Hopfield-

type neural networks with time-varying delays. By

employing a Lyapunov-Krasovskii functional and

linear matrix inequality, Wang et al. [30] got some

criteria of global exponential stability in the mean

square for the reaction-diffusion high-order neural

networks. However, the boundedness of the acti-

vation functions is assumed in the previous result-

s [16]- [28], and the differentiability of time-varying

delays is needed in [23] and [27]- [30]. It is obvi-

ous that the assumption on the boundedness of ac-

tivation functions and the differentiability of time-

varying delays would make the results not appli-

cable to some important engineering and physical

problems. For example, the Lurie-type activation

functions are unbounded. To facilitate the design of

neural networks, it is worthwhile to continue to in-

vestigate the dynamic behavior of system with more

general activation functions and time-varying delays

[34]- [37].

Motivated by the above discussion, our objective

in this paper is to study the dynamics of high-order

fuzzy cellular neural networks (HFCNNs). Without

assuming the boundedness on the activation func-

tions and the differentiability of time-varying de-

lays, we will give some criteria on existence, unique-

ness and exponential stability of equilibrium point,

and prove the uniform boundedness of all solutions

of this HFCNNs.

2. Model Description and Preliminaries

In this paper, we consider the following delayed H-

FCNNs:

dxi(t)
dt

= −dixi(t)+
n

∑
j=1

ai j f j(x j(t − τi j(t)))+
n

∑
j=1

n

∑
l=1

bi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t)))

+
n∧

j=1

αi j f j(x j(t − τi j(t)))+
n∨

j=1

βi j f j(x j(t − τi j(t)))

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))

+
n∨

j=1

(
n∨

l=1

σi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))

+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii, (1)

with the initial condition

xi(t) = ϕi(t), −h � t � 0,

where i, j,l=1,2, ...,n. xi(t) denotes the potential (or voltage) of the cell i at time t; di is positive constant, which

denotes the rate with which the i-th cell resets its potential to the resting state when isolated from the other

cells and inputs; τi j(t) represents the transmission time-varying delay, which satisfies 0 � τi j(t)� h; ai j and bi jl
are the first-order and second-order connection weights of neural network, respectively; αi j,βi j,Ti j and Hi j are

elements of the first-order fuzzy feedback MIN template, first-order fuzzy feedback MAX template, first-order

fuzzy feed-forward MIN template and first-order fuzzy feed-forward MAX template, respectively; γi jl and σi jl
are elements of the second-order fuzzy feedback MIN template, second-order fuzzy feedback MAX template,
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Dynamics of Fuzzy Neural Networks

respectively;
∧

and
∨

denote the fuzzy AND and fuzzy OR operations, respectively; μi and Ii denote input and

bias of the i-th neurons, respectively; fi, gi are the activation functions.

For convenience, we introduce the following notations. R+ = [0,+∞). C[X ,Y ] is a continuous mapping set

from the topological space X to the topological space Y . For x(t) : R+→Rn, we define ‖x(t)‖= max
1�i�n

{qi | xi(t) |},

and for the initial value ϕ ∈C we define ‖ ϕ ‖h= sup
−h�s�0

{‖ ϕ(s) ‖}, where ‖ ϕ(s) ‖= max
1�i�n

{qi | ϕi(s) |}.

M = max
1�i�n

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L j

di
,

L = max
1�i�n

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKl

di
,

P = max
1�i�n

qi

di

[
n

∑
j=1

|ai j f j(0) |+
n∧

j=1

|αi j f j(0) |+
n∨

j=1

|βi j f j(0)|+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]
,

D1 =
1−M−

√
(1−M)2 −4LP
2L

,

D2 =
1−M+

√
(1−M)2 −4LP
2L

.

For system (1), we make the following assumptions:

(H1) There are some positive constants Li, Ki such that

| fi(μ)− fi(ν) |� Li | μ −ν |, | gi(μ)−gi(ν) |� Ki | μ −ν |,

μ,ν ∈ R, gi(0) = 0, i = 1,2, ...,n.

(H2) There exist constants qi > 0, i = 1,2, ...,n, such that M < 1 and

(M−1)2 −4LP > 0.

To obtain our main results, we need the following lemma.

Lemma 1 [2] Suppose x = (x1,x2, ...xn) and y = (y1,y2, ...yn) are two states of system (1), then we have

|
n∧

j=1

αi j fi(x j)−
n∧

j=1

αi j fi(y j) |�
n

∑
j=1

| αi j || fi(x j)− fi(y j) |,

|
n∨

j=1

αi j fi(x j)−
n∨

j=1

αi j fi(y j) |�
n

∑
j=1

| αi j || fi(x j)− fi(y j) | .
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3. Main results

Theorem 1 Under the assumptions (H1)-(H2), system (1) has a unique equilibrium point x∗ in the region

S = {ϕ ∈C | ‖ ϕ ‖h� d}, where d ∈ [D1,D2) is a constant.

Proof: If x∗ = (x1
∗,x1

∗, · · · ,xn
∗) is an equilibrium of system (1), x∗ satisfies the following equation:

x∗i =
1

di

[
n

∑
j=1

ai j f j(x∗j)+
n∧

j=1

αi j f j(x∗j)+
n∨

j=1

βi j f j(x∗j)+
n

∑
j=1

n

∑
l=1

bi jlg j(x∗j)gl(x∗l )

+
n∧

j=1

(
n∧

l=1

γi jlg j(x∗j)gl(x∗l ))+
n∨

j=1

(
n∨

l=1

σi jlg j(x∗j)gl(x∗l ))

+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

]
, i = 1,2, ...,n. (2)

Let Ω = {x ∈C|‖x‖� d}. It is obvious that Ω ⊂ S holds. Consider a mapping F : Ω → Rn defined by

Fi(x) =
1

di

[
n

∑
j=1

ai j f j(x j)+
n∧

j=1

αi j f j(x j)+
n∨

j=1

βi j f j(x j)+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))

+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

]
, i = 1,2, ...,n, (3)

where F(x) = (F1(x),F2(x), ...Fn(x))T .

Without loss of generality, we assume that P �= 0. From the assumption (H2), we know the equation Ld2 +
(M−1)d +P = 0 has two solutions D1 and D2. For any d ∈ [D1,D2), we have

Ld2 +(M−1)d +P � 0 and M+Ld < 1. (4)

From assumption (H1), we obtain | f j(x j)− f j(0)|� L j|x j| and

n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))

�
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)KjKl|x j||xl|. (5)

For any x ∈ Ω, and i = 1,2, ...,n, we can get
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Dynamics of Fuzzy Neural Networks

qi | Fi(x) | =
qi

di

∣∣∣∣∣
n

∑
j=1

ai j f j(x j)+
n∧

j=1

αi j f j(x j)+
n∨

j=1

βi j f j(x j)+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

∣∣∣∣∣
=

qi

di

∣∣∣∣∣
n

∑
j=1

ai j f j(x j)−
n

∑
j=1

ai j f j(0)+
n∧

j=1

αi j f j(x j)−
n∧

j=1

αi j f j(0)+
n∨

j=1

βi j f j(x j)−
n∨

j=1

βi j f j(0)

+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))+
n

∑
j=1

ai j f j(0)

+
n∧

j=1

αi j f j(0)+
n∨

j=1

βi j f j(0)+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

∣∣∣∣∣
� qi

di

[
n

∑
j=1

|(ai j|+ |αi j|+ |βi j|)L j|x j|+
n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)KjKl|x j||xl|

+
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|+
n∨

j=1

|βi j f j(0)|+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]
.

=
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L j

di
q j|x j|

+
n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKl

di
q j|x j|ql|xl|

+
qi

di

[
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|
n∨

j=1

|βi j f j(0)|+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]

�
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L j

d j
‖x‖

+
n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKl

di
‖x‖2

+
qi

di

[
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|
n∨

j=1

|βi j f j(0)|+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]
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� max
1�i�n

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L j

d j
d

+ max
1�i�n

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKl

di
d2

+ max
1�i�n

qi

di

[
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|
n∨

j=1

|βi j f j(0)|+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]

= Md +Ld2 +P
� d. (6)

Accordingly, we have ‖ f (x)‖ = max
1�i�n

{qi|Fi(xi)|} � d, which implies F maps the set Ω into itself. By the

Brower’s fixed point theorem [33], we get F(x∗) = x∗,x∗ ∈ Ω, i.e., the system (1) has a solution.

Assume that x = (x1,x2, ...xn) and y = (y1,y2, ...yn) are two solutions of system (1), then

xi =
1

di

[
n

∑
j=1

ai j f j(x j)+
n∧

j=1

αi j f j(x j)+
n∨

j=1

βi j f j(x j)+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

]
, (7)

yi =
1

di

[
n

∑
j=1

ai j f j(y j)+
n∧

j=1

αi j f j(y j)+
n∨

j=1

βi j f j(y j)+
n

∑
j=1

n

∑
l=1

bi jlg j(y j)gl(yl)

+
n∧

j=1

(
n∧

l=1

γi jlg j(y j)gl(yl))+
n∨

j=1

(
n∨

l=1

σi jlg j(y j)gl(yl))+
n∧

j=1

Ti jμ j +
n∨

j=1

Hi jμ j + Ii

]
. (8)

Thus,

|xi − yi| =
1

di

∣∣∣∣∣
n

∑
j=1

ai j f j(x j)−
n

∑
j=1

ai j f j(y j)+
n∧

j=1

αi j f j(x j)−
n∧

j=1

αi j f j(y j)

+
n∨

j=1

βi j f j(x j)−
n∨

j=1

βi j f j(y j)+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)−
n

∑
j=1

n

∑
l=1

bi jlg j(y j)gl(yl)

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))−
n∧

j=1

(
n∧

l=1

γi jlg j(y j)gl(yl))

+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))−
n∨

j=1

(
n∨

l=1

σi jlg j(y j)gl(yl))

∣∣∣∣∣ , (9)

i = 1,2, ...,n. From (9), we have
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Dynamics of Fuzzy Neural Networks

qi|xi − yi| � qi

di

[
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L j|x j − y j|

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|) | g j(x j)gl(xl)−g j(y j)gl(yl) |
]

� qi

di

[
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L j|x j − y j|

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)KjKl(|x j||xl − yl|+ |yl||x j − y j|)
]

� qi

di

[
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L jq−1
j ‖x− y‖

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)KjKlq−1
j q−1

l (‖x‖‖x− y‖+‖y‖‖x− y‖)
]

� M‖x− y‖+Ld‖x− y‖
= (M+Ld)‖x− y‖, i = 1,2, ...,n. (10)

Thus ‖x− y‖ = max
1�i�n

{qi|xi − yi|} � (M +Ld)‖x− y‖. If ‖x− y‖ �= 0, we have M +Ld � 1, which contradicts

M+Ld < 1. Hence x = y. The proof is complete.

Theorem 2 Under the assumptions (H1)-(H2), all the solutions of system (1) are uniformly bounded in the

region S = {ϕ ∈C | ‖ ϕ ‖h� d}, where d ∈ [D1,D2) is a constant.

Proof: We will show that ‖x(t)‖� d, d ∈ [D1,D2), for t � 0, where x(t) is a solution of the system (1) with

the initial ϕ ∈ S.

To prove ‖x(t)‖ � d, d ∈ [D1,D2), we first show that, for any d ∈ [D1,D2) , there exists β > 1, such that

‖x(t)‖< βd, βd ∈ (D1,D2), t � 0.

If ‖x(t)‖< βd, βd ∈ (D1,D2), t � 0 is not true, there must be some t1 > 0 such that

‖x(t1)‖= βd, D−(‖x(t1)‖)� 0

and

‖x(t)‖< βd, 0 � t < t1

hold.

By the definition of the vector norm, there exists i ∈ {1,2, ...,n}, so that

‖x(t1)‖= qi|xi(t1)|= βd, D−(‖x(t1)‖)� 0 (11)

and

q j|x j(t1)|< βd, 0 � t < t1, j = 1,2, ...,n. (12)
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From the system (1), we have

D−(qi|xi(t)|) = qiẋi(t)sgn(xi(t))

=

[
−qidixi(t)+qi

n

∑
j=1

ai j f (x j(t − τi j(t)))+qi

n∧
j=1

αi j f j(x j(t − τi j(t)))

+qi

n∨
j=1

βi j f j(x j(t − τi j(t)))+qi

n

∑
j=1

n

∑
l=1

bi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t)))

+qi

n∧
j=1

(
n∧

l=1

γi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))

+qi

n∨
j=1

(
n∨

l=1

σi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))

+qi

n∧
j=1

Ti jμ j +qi

n∨
j=1

Hi jμ j +qiIi

]
sgn(xi(t)). (13)

From (13) , we get

D−(qi|xi(t1)|) � −qidi|xi(t1)|+qi

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L j|x j(t1 − τi j(t1))|

+qi

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)KjKl|x j(t1 − τi j(t1))||xl(t1 − τi j(t1))|

+qi

[
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|+
n∨

j=1

|βi j f j(0)|

+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]

� di

{
−βd + max

1�i�n

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L j

di
βd

+ max
1�i�n

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKl

di
(βd)2

+ max
1�i�n

qi

di

[
n

∑
j=1

|ai j f j(0)|+
n∧

j=1

|αi j f j(0)|+
n∨

j=1

|βi j f j(0)|

+
n∧

j=1

|Ti jμ j|+
n∨

j=1

|Hi jμ j|+ |Ii|
]}

= di[−βd +M(βd)+L(βd)2 +P]
= di[L(βd)2 +(M−1)(βd)+P]< 0 (14)

which contradicts the inequality (9). So ‖x(t)‖ < βd, βd ∈ (D1,D2) holds. Let β → 1, we have ‖x(t)‖ <
d, d ∈ [D1,D2). The proof is complete.
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Theorem 3 Under the assumptions (H1)-(H2), the equilibrium of the system (1) is exponentially stable in the

region S = {ϕ ∈C | ‖ ϕ ‖h� d}, where d ∈ [D1,D2) is a constant.

Proof: Suppose x∗is the equilibrium of system (1). Let y(t) = x(t)− x∗, then system (1) can be transformed

into the following system:

dyi

dt
= −diyi(t)+

n

∑
j=1

ai j f j(x j)−
n

∑
j=1

ai j f j(x∗j)

+
n∧

j=1

αi j f j(x j)−
n∧

j=1

αi j f j(x∗j)+
n∨

j=1

βi j f j(x j)−
n∨

j=1

βi j f j(x∗j)

+
n

∑
j=1

n

∑
l=1

bi jlg j(x j)gl(xl)−
n

∑
j=1

n

∑
l=1

bi jlg j(x∗j)gl(x∗l )

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j)gl(xl))−
n∧

j=1

(
n∧

l=1

γi jlg j(x∗j)gl(x∗l ))

+
n∨

j=1

(
n∨

l=1

σi jlg j(x j)gl(xl))−
n∨

j=1

(
n∨

l=1

σi jlg j(x∗j)gl(x∗l )), (15)

with the initial condition

yi(t) = φi(t), −h � t � 0

where i, j, l = 1,2, ...,n,φi(t) = ϕi(t)−x∗i . Obviously , to prove equilibrium x∗ of the the system (1) is exponen-

tially stable, we will only consider the exponential stability of the equilibrium point O of the system (15).

From the inequality M+Ld < 1, there exists λ , 0 < λ � min
1�i�n

{di}, such that η + λ
min

1�i�n
{di} < 1, where

η = max
1�i�n

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L jeλh

di
+ max

1�i�n

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKldeλh

di
.

Let V (t) = ‖y(t)‖eλ t , for any ϕ ∈ S, we will show that

V (t)� 1

1−η
‖φ‖h, ∀ t � 0 (16)

where φ = ϕ − x∗.

To prove (16), we first show that for any given ξ > 1,

V (t)� ξ
1−η

‖φ‖h (17)

holds for all t � 0.

Similar to the discussion of Theorem 2, if the inequality (17) is not true, there must be exists t2 � 0, such that

V (t2) =
ξ

1−η
‖φ‖h, D−(V (t2))� 0 (18)
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and

V (t2)<
ξ

1−η
‖φ‖h, 0 � t < t2. (19)

By the definition of the vector norm, there exists i ∈ {1,2, ...,n}, such that

V (t2) = ‖y(t2)‖eλ t2 = qi|yi(t2)|eλ t2 =
ξ

1−η
‖φ‖h, D−(V (t2))� 0. (20)

Obviously,

D−(V (t)) = D−(qi|yi(t)|eλ t)

= λqi|yi(t)|eλ t +qiẏi(t)eλ t sgn(yi(t))

= λqi|yi(t)|eλ t +qieλ t sgn(yi(t))

[
−diyi(t)+

n

∑
j=1

ai j f j(x j(t − τi j(t)))

−
n

∑
j=1

ai j f j(x∗j)+
n∧

j=1

αi j f j(x j(t − τi j(t)))−
n∧

j=1

αi j f j(x∗j)

+
n∨

j=1

βi j f j(x j(t − τi j(t)))−
n∨

j=1

βi j f j(x∗j)

+
n

∑
j=1

n

∑
l=1

bi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t)))−
n

∑
j=1

n

∑
l=1

bi jlg j(x∗j)gl(x∗l )

+
n∧

j=1

(
n∧

l=1

γi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))−
n∧

j=1

(
n∧

l=1

γi jlg j(x∗j)gl(x∗l ))

+
n∨

j=1

(
n∨

l=1

σi jlg j(x j(t − τi j(t)))gl(xl(t − τi j(t))))−
n∨

j=1

(
n∨

l=1

σi jlg j(x∗j)gl(x∗l ))

]
. (21)

We obtain

D−(V (t2)) � λqi|yi(t2)|eλ t2

+qieλ t2

[
−di|yi(t2)|+

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)|Fj(y j(t2 − τi j(t2)))|

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)|G j(y j(t2 − τi j(t2)))Gl(yl(t2 − τi j(t2)))|
]
, (22)

where

Fj(y j(t2 − τi j(t2))) = f j(x j(t2 − τi j(t2)))− f j(x∗j),
G j(y j(t2 − τi j(t2)))Gl(yl(t2 − τi j(t2))) = g j(x j(t2 − τi j(t2)))gl(xl(t2 − τi j(t2)))−g j(x∗j)gl(x∗l ).

From the assumption (H1), we have

|Fj(y j(t2 − τi j(t2)))|� L j | y j(t2 − τi j(t2)) | (23)
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and

|G j(y j(t2 − τi j(t2)))Gl(yl(t2 − τi j(t2)))|
= |g j(x j(t2 − τi j(t2)))gl(xl(t2 − τi j(t2)))−g j(x j(t2 − τi j(t2)))gl(x∗l )

+g j(x j(t2 − τi j(t2)))gl(x∗l )−g j(x∗j)gl(x∗l )|
� Kj|x j(t2 − τi j(t2))|Kl|xl(t2 − τi j(t2))− x∗l |+Kl|x∗l |Kj|x j(t2 − τi j(t2))− x∗j |
= KjKl|y j(t2 − τi j(t2))+ x∗l ||yl(t2 − τi j(t2))|+KjKl|x∗l ||y j(t2 − τi j(t2))|. (24)

Thus,

D−(V (t2)) � λqi|yi(t2)|eλ t2 +qieλ t2 [−di|yi(t2)|+
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L j|y j(t2 − τi j(t2))|

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)KjKl

× (|y j(t2 − τi j(t2))+ x∗l ||yl(t2 − τi j(t2))|+ |x∗l ||y j(t2 − τi j(t2))|)]
= λqi|yi(t2)|eλ t2 −diqi|yi(t2)|eλ t2 +

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L jqiq−1
j q j|y j(t2 − τi j(t2))|eλ t2

+
n

∑
j=1

n

∑
l=1

(|bi jl|+ |γi jl|+ |σi jl|)KjKlqiq−1
j q−1

l q jql

× [
∣∣y j(t2 − τi j(t2))+ x∗l ||yl(t2 − τi j(t2))|+ |x∗l ||y j(t2 − τi j(t2))|]eλ t2

� λ
ξ

1−η
‖Φ‖h −di

ξ
1−η

‖Φ‖h +
n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)L jqiq−1
j

ξ
1−η

‖Φ‖heλh

+
n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)KjKlqiq−1
j q−1

l
ξ

1−η
d‖Φ‖heλh

� ξ‖Φ‖h

[
λ

1−η
+

di

1−η

(
−1+ max

1�i�n

n

∑
j=1

(|ai j|+ |αi j|+ |βi j|)qiq−1
j L jeλh

di

+ max
1�i�n

n

∑
j=1

n

∑
l=1

2(|bi jl|+ |γi jl|+ |σi jl|)qiq−1
j q−1

l KjKldeλh

di

)]

= ξ‖Φ‖h ×
[

λ
1−η

+
di

1−η
(η −1)

]

= ξ‖Φ‖h ×
(

λ
1−η

−di

)
< 0, (25)

which contradicts D−(V (t2))� 0. So V (t) = ‖y(t)‖eλ t < ξ
1−η ‖Φ‖h holds. Let ξ → 1, then (16) holds . That is

‖x(t)− x∗‖= ‖y(t)‖� 1

1−η
‖Φ‖he−λ t =

1

1−η
‖ϕ − x∗‖e−λ t . (26)

The proof is complete.
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Remark 1. The HFCNNs in [23] is a special case

of system (1) with fi = gi. In [23] the activation

functions fi and gi in system (1) are assumed to be

bounded, and these restrictions are not needed in this

paper.

Remark 2. Let αi j = 0,βi j = 0,γi jl = 0,σi jl =
0,Ti j = 0,Hi j = 0 in the system (1), then it degen-

erates into special cases of the systems which were

studied in [20] [22] [24] [25] [27] [28] [31]. Even

specially, if τi j(t) = 0 holds, system (1) becomes the

model in [18]. However, the boundedness of activa-

tion functions is necessary in these mentioned work-

s, the derivative of the time delays is required to be

less than one in [27], and the monotonicity of activa-

tion functions must be satisfied in [31], while these

limitations are removed in our results.

4. Illustrative Example

Example 1. Consider the 2-dimension HFCNNs

with time delays. For system (1), we take activation

functions fi(x) = 1
2
(|1+x|+ |1−x|), gi(x) = 2

5
(|x+

1| − |x− 1|) (i = 1,2). Obviously, fi(x),gi(x) sat-

isfies Hypotheses (H1), where Li = 1,Ki = 0.8 (i =
1,2), we take q1 = q2 = 1, τi j(t) = 2+ |sin(t)|(i, j =
1,2), I1 = 1, I2 =−1, μ1 = μ2 = 1,

D = diag{d1,d2}=
[

8 0

0 9

]
,

A = {ai j}2×2 =

[
1
5

1
10

− 1
10

1
5

]
,

α = {αi j}2×2 =

[
1

10
− 1

10
1
5

1
10

]
,

β = {βi j}2×2 =

[
1

10
1
5

− 1
5

1
10

]
,

B1 = {b1 jl}2×2 =

[
1
10

− 1
10

1
5

1
10

]
,

B2 = {b2 jl}2×2 =

[
1
10

1
8

1
8

− 1
10

]
,

R1 = {γ1 jl}2×2 =

[ − 1
10

1
8

1
5

− 1
4

]
,

R2 = {γ2 jl}2×2 =

[ − 1
10

1
10

1
8

1
10

]
,

Q1 = {σ1 jl}2×2 =

[
1

10
1
5

1
4

−1
8

]
,

Q2 = {σ2 jl}2×2 =

[
1
5

−1
4

1
10

− 1
10

]
,

T = {Ti j}2×2 =

[
1
10

− 1
8

1
5

1
8

]
,

H = {Hi j}2×2 =

[
1
10

− 1
5

1
8

1
5

]
.

By simple calculation, we have M = 0.1< 1, L=
0.296, P = 0.2375, and (1−M)2 − 4LP > 0 which

implies the hypotheses (H1)-(H2) hold. Therefore,

it follows from Theorems 1-3 that the system has a

unique equilibrium point x∗ which is exponentially

stable in the region S = {ϕ ∈C| ‖ϕ‖h � d}, where

d ∈ [0.2920,2.7486) is a constant.

Since the activation functions are unbounded and

the time-delays are not differentiable in Example 1,

the results in [23] is not applicable to this system.

Example 2. If αi j = 0,βi j = 0,γi jl = 0,σi jl =
0,Ti j = 0,Hi j = 0 in the system (1), and the other

parameters are the same as that in Example 1, then

the system (1) becomes a Hopfield type network.

Let fi(x) = gi(x) = |x| and choose Li = Ki = 1 and

qi = 1 (i = 1,2). We get M = 0.0375, L = 0.125

and P = 0.1625. It is easy to know that the condi-

tions in Theorems 1-3 are satisfied, so the system

has a unique exponentially stable equilibrium point.

However the results that are mentioned in Remark 2

cannot be used to ascertain the stability of this neural

networks.
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5. Conclusions

In this paper, the dynamic behavior of HFCNNs

model with time-varying delays has been investigat-

ed. By using Brouwer’s fixed point theorem and em-

ploying inequality technique, some sufficient criteri-

a ensuring the existence, uniqueness and exponential

stability of equilibrium point and uniform bounded-

ness of HFCNNs have been derived. Two examples

are used to show that our results are new and com-

plement some previously known results, since the

activation functions are not necessarily bounded or

monotonic, and the time-varying delays are not nec-

essarily differentiable.

Acknowledgments

The research is supported by grants from

the National Natural Science Foundation of

China (No.11471083), the Natural Science

Foundation of Guangdong Province in China

(No.9151001003000005), and the Fundamental

Research Funds for the Central Universities (No.

21612443).

References

1. T. Yang, L. B. Yang, C. W. Wu, L.O. Chua, “Fuzzy
cellular neural networks:theory,” In : Proceedings of
the IEEE International Workshop on cellular Neural
Networks and their Applications, pp.181–186 (1996).

2. T. Yang, L. B. Yang, “Global stability of fuzzy cellular
neural network,”IEEE Trans Circuits Syst I Fundam
Theory Appl, 43, 880–883 (1996).

3. K. Yuan, J. D. Cao, J. M. Deng, “Exponential sta-
bility and periodic solutions of fuzzy cellular neural
networks with time-varying delays,” Neurocomputing
, 69, 1619–1627 (2006).

4. M. C. Tan, “ Exponential convergence behavior of
fuzzy cellular neural networks with distributed delays
and time-varying coefficients,”International Journal
of Bifurcation and Chaos, 19, 2455–2462 (2009).

5. M. C. Tan, “Global asymptotic stability of fuzzy cel-
lular neural networks with unbounded distributed de-
lays,” Neural Process Lett, 31,147–157 (2010).

6. M. C. Tan, “Global exponential stability of delayed
fuzzy cellular neural networks,” International Journal
of Fuzzy Systems, 12,199–207(2010).

7. T. W. Huang, “Exponential stability of delayed

fuzzy cellular neural networks with distributed de-
lay,”Physics Letters A, 351, 48–52 (2006).

8. Q. H. Zhang, R. G. Xiang, “Global asymptotic stabili-
ty of fuzzy cellular neural networks with time-varying
delays,”Physics Letters A, 372, 3971–3977 (2008).

9. Q. X. Zhu, X. D. Li, “Exponential and almost sure ex-
ponential stability of stochastic fuzzy delayed Cohen-
Grossberg neural networks,”Fuzzy Sets and Systems,
203, 74–94 (2012).

10. R. Chandran, P. Balasubramaniam, “Delay dependen-
t exponential stability for fuzzy recurrent neural net-
works with interval time-varying delay,”Neural Pro-
cessing Letters, 37, 147–161 (2013).

11. C. D. Zheng, Y. Wang, Z. S. Wang, “Global stabili-
ty of fuzzy cellular neural networks with mixed de-
lays and leakage delay under impulsive perturbation-
s,”Circuits Systems and Signal Processing, 33, 1067–
1094 (2014).

12. C. D. Zheng, Y. Wang, Z. S. Wang, “Stability anal-
ysis of stochastic fuzzy Markovian jumping neural
networks with leakage delay under impulsive pertur-
bations,”Journal of the Franklin Institute-Engineering
and Applied Mathematics, 351, 1728–1755 (2014).

13. A. Dembo, O. Farotimi, T. Kailath, “High-order ab-
solutely stable neural networks. IEEE Trans,”Circuits
Syst, 38, 57–65 (1991).

14. H. B. Gu, H. J. Jiang, Z. D. Teng, “On the dynamics in
high-order cellular neural networks with time-varying
delays,” Differ Equ Dyn Syst, 19, 119–132 (2011).

15. H. B. Gu, H. J. Jiang, Z. D. Teng, “Stability and peri-
odicity in high-order neural networks with impulsive
effects,” Nonlinear Analysis: Theory, Methods & Ap-
plications, 68, 3186–3200 (2008).

16. B. J. Xu, X. Z. Liu, X. X. Liao, “ Global asymptotic
stability of high-order Hopfield type neural network-
s with time delays,” Comput. Math. Appl. 45, 1729–
1737 (2003).

17. J. D. Cao, J. L. Liang, J. Lam, “Exponential stability
of high-order bidirectional associative memory neural
networks with time delays,”Physica D, 199, 425–436
(2004).

18. B. J. Xu, X. Z. Liu, X. X. Liao, “Global exponential
stability of high order Hopfield type neural network-
s,”Applied Mathematics and Computation, 174, 98–
116 (2006).

19. D. W. C. Ho, J. L. Liang, J. Lam, “Global expo-
nential stability of impulsive high-order BAM neural
networks with time-varying delays,”Neural Networks,
19, 1581–1590 (2006).

20. B.Y. Zhang, S.Y. Xu, Y.M. Li, Y.M. Chu, “On global
exponential  stability  of  high-order  neural  networks
with  time-varying delays,”  Physics Letters A, 366,
69–78 (2007).

21. C. J. Li, C. D. Li, X. F. Liao, T. W. Huang, “Impul-
sive effects on stability of high-order BAM neural net-

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

393



works with time delays,”Neurocomputing, 74, 1541–
1550 (2011).

22. F. Qiu, B. T. Cui, W. Wu, “Global exponential stabil-
ity of high order recurrent neural network with time-
varying delays,”Applied Mathematical Modelling, 33,
198–210 (2009).

23. H. J. Jiang, B. J. Guo, Z. D. Teng, “Exponential stabil-
ity of high-Order fuzzy cellular neural networks with
time-varying delays,” Lecture Notes in Computer Sci-
ence, 5551, 413–422 (2009).

24. J. L. Qiu, “Dynamics of high-order Hopfield neu-
ral networks with time delays,”Neurocomputing, 73,
820–826 (2010).

25. C. D. Zheng, H. G. Zhang, Z. S. Wang, “Novel expo-
nential stability criteria of high-order neural networks
with time-varying delays,”IEEE Trans Syst Man Cy-
bern B Cybern, 41, 486–496 (2011).

26. Y. F. Wang, C. G. Lu, G. R. Ji, L. S. Wang, “Glob-
al exponential stability of high-order Hopfield-type
neural networks with S-type distributed time de-
lays,”Communications in Nonlinear Science and Nu-
merical Simulation, 16, 3319–3325 (2011).

27. F. L. Ren, J. D. Cao, “LMI-based criteria for stability
of high-order neural networks with time-varying de-
lay,”Nonlinear Analysis: Real World Applications, 7,
967–979 (2006).

28. X. Y. Lou, B. T. Cui, “Novel global stability criteri-
a for high-order Hopfield-type neural networks with
time-varying delays,”J Math Anal Appl, 330, 144–158
(2007).

29. Z. Huang, Q. G. Yang, “Exponential stability of im-
pulsive high-order cellular neural networks with time-
varying delays,”Nonlinear Analysis: Real World Ap-

plications, 11, 592–600 (2010).
30. Y. F. Wang, P. Lin, L. S. Wang, “Exponential

stability of reaction-diffusion high-order Markovian
jump Hopfield neural networks with time-varying de-
lays,”Nonlinear Analysis: Real World Applications,
13, 1353–1361 (2012).

31. B. J. Xua, Q. Wang, X. X. Liao, “Stability analysis of
high-order Hopfield type neural networks with uncer-
tainty,” Neurocomputing, 71, 508–512 (2008).

32. A. C. Zhang, J. L. Qiu, J. H. She, “Existence and glob-
al exponential stability of periodic solution for high-
order discrete-time BAM neural networks,”Neural
Networks, 50 98–109 (2014).

33. J. K. Hale, S.M.V. Lunel, “Introduction to Functional
Differential Equations,” Springer-Verlag, New York,
(1991).

34. H. Zhang, W. T. Wang, B. Xiao, “Exponential conver-
gence for high-order recurrent neural networks with a
class of general activation functions,”Applied Mathe-
matical Modelling, 35, 123–129 (2011).

35. A. L. Wu, Z. G. Zeng, C. J. Fu, W. W. Shen, “ Glob-
al exponential stability in Lagrange sense for period-
ic neural networks with various activation functions,”
Neurocomputing, 74, 831–837 (2011).

36. O. Faydasicok, S. Arik, “ An analysis of stability
of uncertain neural networks with multiple time de-
lays,” Journal of the Franklin Institute, 350, 1808–
1826 (2013).

37. J. G. Jian, B. X. Wang, “ Stability analysis in Lagrange
sense for a class of BAM neural networks of neutral
type with multiple time-varying delays,” Neurocom-
puting, 149, 930–939 (2015).

Manchun Tan, Shuping Xu and Zhong Li

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

394



<<
  /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 /Error
  /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




