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Summary

In this paper, a generalized model of fuzzy cellular neural
networks (FCNN) with time-varying delays and impulses
is investigated. By employing the delay differential
inequality with impulses initial conditions and using the
properties of M-cone and eigenspace of the spectral radius
of nonnegative matrices, some sufficient conditions for
global exponential stability of FCNN with time-varying
delays and impulses are obtained. An example is given to
show the effectiveness of the obtained results.
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1. Introduction

Since cellular neural networks (CNN) was introduced
by Chua and Yang in [1, 2], many researchers have done
extensive works on this subject due to their
comprehensive applications in classification of patterns,
associative memories, image processing, quadratic
optimization, and other areas, e.g.,Refs.[3-10]. However,
in mathematical modeling of real world problems, we
encounter inconveniences, namely, the complexity and the
uncertainty or vagueness. In order to take vagueness into
consideration, fuzzy theory is considered as a suitable
setting. Based on traditional CNN, Yang and Yang
proposed the fuzzy cellular neural networks (FCNN)[11,
12], which integrates fuzzy logic into the structure of the
traditional CNN and maintains local connectedness among
cells. Unlike previous CNN structures, FCNN has fuzzy
logic between its template input and/or output besides the
sum of product operation. FCNN is very useful paradigm
for image processing problems, which is a cornerstone in
image processing and pattern recognition. In such
applications, it is of prime importance to ensure that the
designed FCNN be stable. In [11, 12], the authors have
obtained some conditions for the existence and the global
stability of the equilibrium point of FCNN without delays.
In [13], Liu and Tang have considered FCNN with either

constant delays or time-varying delays, several sufficient
conditions have been obtained to ensure the existence and
uniqueness of the equilibrium point and its global
exponential stability. Yuan, Cao and Deng have given
several novel criteria of exponential stability and periodic
solutions for FCNN with time-varying delays [14].
Recently, Huang has considered the stability of FCNN
with diffusion terms and time-varying delay [16], at the
same time, Huang has investigated the exponential
stability of FCNN with distributed delay [15].

However, besides delay effect, impulsive effect likewise
exists in a wide variety of evolutionary processes in which
states are changed abruptly at certain moments of time,
involving such fields as medicine and biology, economics,
mechanics, electronics and telecommunications, etc. Many
interesting results on impulsive effect have been gained,
e.g., Refs. [17-23]. As artificial electronic systems, neural
networks such as CNN, bidirectional neural networks and
recurrent neural networks often are subject to impulsive
perturbations which can affect dynamical behaviors of the
systems just as time delays. Therefore, it is necessary to
consider both impulsive effect and delay effect on the
stability of neural networks. Xu and Yang in [24] have
established a new delay differential inequality with
impulsive initial conditions, and using the properties of M-
cone and eigenspace of the spectral radius of
nonnegative matrices, some new sufficient conditions
for global exponential stability of impulsive delay neural
networks are obtained. To the best of our knowledge, few
authors have considered FCNN with time-varying delays
and impulses.

Motivated by the above discussions, in this paper, we
intend to study the global exponential stability of FCNN
with time-varying delays and impulses, by applying the
impulsive delay differential inequality and using the
properties of M-cone and eigenspace of the spectral radius
of nonnegative matrices, we shall give some sufficient
conditions for the globally exponential stability of the
equilibrium point of impulsive delay FCNN.

The remainder part of this paper is organized as
follows. Model description and preliminaries are given in
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section 2. In section 3, main results and their proofs are
presented. An example is given to illustrate our theory in
section 4. Finally, in section 5, we give the conclusion.

2. Model description and preliminaries

In this section, we will consider the model of fuzzy
cellular neural networks involving time-varying delays
and impulses, it is described by the following impulsive
system:

V0 = -6y, 0+ X, F (v, 0)+ a0,

+ j/n:\lbij F;(y;(t=7; (D)

+ j\:/lgij Fi(y; (t=7;(1))
i ; 1)

+j/:\lTijuj+j\:/1Hijuj+li, t=t,,

Yi(®) =V (o (1), y, (1)) + 3y
AW, (Y, (t =7 (1), Yo (=7, (1)),
t=t,,

for i =12,---,n. Where ¢, >0, 0<17; <, the fixed

moments of time t, satisfy t, <t, <---, I!imtk =00,
—®

i,j=12,---,n and k =1,2,---. The first part (called

continuous part) of model (1) describes the continuous
processes of FCNN. N corresponds to the number of units

in the neural network; Y, corresponds to the state variable;
F;(y;(t)) denotes the activation function of the jth
neurons; U, and I, denote input and bias of the ith

neuron, respectively. C; represents the rate with which the

ith unit will reset its potential to the resting state in
isolation when disconnected from the networks and

external inputs; @; and 5” are elements of feedback

template and feedforward template, respectively; by, b;
are elements of the delay fuzzy feedback MIN template,

the delay fuzzy feedback MAX template, respectively; Tij

and H j are elements of fuzzy feedforward MIN template

and fuzzy feedforward MAX template, respectively;
T (t) corresponds to the transmission delay. A and v

denote the fuzzy AND and fuzzy OR operation,
respectively. The second part (called discrete part) of
model (1) describes that the evolution processes
experience abrupt change of states at the moments of time

t, (called impulsive moments). V;, (y,(t7),---,y,(t7))
represents impulsive perturbations of the ith unit at time
t, and y,;(t7) denotes the left limit of y,(t) for
j — 1,2’ .-:N ’
W, (Yt =7, (1) Y (t=7, (1))

impulsive perturbations of the ith unit at time t, which

denotes

caused by the transmission delays, J;, represents external
impulsive input at time , .

To begin with, we introduce some notation and recall
some basic definitions. Let R" be the space of n-

dimensional real column vectors and R™" denote the set
of mxn real matrices. Usually E denotes an nx N unit

matrix and €, = (1,---,1)" € R". For A, BeR™" or
ABeR", A>B (A<B,A>B,A<B ) means
that each pair of corresponding elements of A and B
satisfies the inequality “ > (<,>,<)”. Especially, A is
called a nonnegative matrix if A>0, and Z is called a
positive vector if Z > 0.

For X = (X.,~--,X,)" € R", we denote
sgn(x) = diag(sgn(x,),---,sgn(x,)).

-1, if x, <0,

sgn(x;) =4 0, if x, =0,

+1, if x, >0.

C[X,Y] denotes the space of continuous mappings
from the topological space X to the topological space Y .
Especially, let C_ = C[[-7,0],R"], where 7 > 0.

C[ILR"I={y: Il > R" |yt )=w(t) fortel,
w(t™) exists for t e (t,,+0), w(t™)=w(t) for al
but points t, € (t,,+) }, where | < R is an interval,

w(t") and w(t™) denote the left-hand and right-hand
limits of scalar function w(t), respectively.

For xe R",Ae R™ or ¢ € C_, we define
X=X % DT AR )
[e®)], = ([, (D)],.-.[p, 1),
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lp® =0 M1

where [, (0], =SUp_.oo{p, (t+5)} . And we
introduce the corresponding norm for them as follows:

I xl= max{] x; [},
<i<n
n
I All= mgf;l ay |,

I ll= max{ll ¢, () 1.3

Definition 1 For any given t; € R, € C_, a function
y(t) e C[[t, — 7,+%),R"] is called a solution of
model (1) through (t,,) , if y(t) satisfies the initial
condition in form
y(t, +s)=o(s), sel-z,0], 2
and satisfies model (1) for t > t,, denoted by y(t,t,,®).
Especially, a point y* is called an equilibrium point of (1),
if y(t) =y is asolution of (1).
Throughout this paper, we assume that forany ¢ € C_,
there exists at least one solution with the initial values ¢

of model (1). Let y* be an equilibrium point of model (1)

and Y(t) be any solution of (1). Let X(t) = y(t)—y",
substituting them into model (1), we can get

X(0) =-cx (0 +Ya, (1)
+ ABYF (Y, (=7, O) — AByF, (Y))

+ v by Fy (v, (t=7, () = v b, Fy(¥7),

t=t,,

©)

X = Vik (Xl(t_)"”'Xn t))
+ Wy (X% (t =7, (1), X (E =7, (1)),
t=t,,

where
f0G0) =F; (0 +y;) - F;(y)),
Vi (% (1) =V, (x (1) + y,*) -V, (yl*) ,

Wy (X (t—7;; (1)) =W, (x; (t—7;; (1) + yi)

Wi (yu*)
It is clear that the stability of the zero solution of model
(3) is equivalent to the stability of the equilibrium point

y*of model (1). Therefore, we may mainly discuss the
stability of the zero solution of system (3).

Definition 2 The zero solution of system (3) is said to be
globally exponentially stable if for any solution

X(t,ty, ) with the initial condition @ € C_, there exist
constants & >0 and x >1 such that

Xt @) < clole ™, t2t,. @
Definition 3 [25] A real matrix D = (d;;) .., is said to be
a non-singular M-matrix if d; <0,i,j=12,---,n,

i # , and all successive principal minors of D are
positive.

To the non-singular M-matrix, we have

Lemma 1 [25] Each of the following conditions is
equivalent;
(i) D is anonsingular M-matrix.

(i) D=C—-M and p(C'M) <1, where M >0,
C =diag(c,,---,
the matrix (-).

(iii) The diagonal elements of D are all positive and
there exists a positive vector d such that Dd >0 or

D'd >0.

Especially, the matrix D is a nonsingular M-matrix if it
is row or column strictly dominant diagonal, that is,

De, >0 orD"e, > 0. For a nonsingular M-matrix D,
we denote

Q,, (D)={zeR"|Dz >0,z > 0},
which is a nonempty set by (iii) of Lemma 1, and
satisfying that k,z, +k,z, € Q,, (D) for any scalars
k,,k, >0 and vectors z,,z, € Q,, (D). So Q,, (D)

is a cone without vertex in R". We call it an “M-cone”.
For a nonnegative matrix A€ R™", let p(A) be the

Cc,)and p(-) is the spectral radius of

spectral radius of A. Then p(A) is an eigenvalue of A
and its eigenspace is denoted by
f— n f—
Q,(A)={zeR"|Az=p(A)z},

which includes all positive eigenvectors of A provided
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that the nonnegative matrix A has at least one positive
eigenvector (see Refs. [25, 26]).

Lemma 2 [11] Suppose Y and Y are two state of model
(1), then we have

j/:\laij F; (Yj) - j/:\laij F; (37,)

<> lag 1F(y) - F (),

j\:/laij Fj(yj)_ j\ilaij Fj(yj)
SZ|aij I F;Cy)—F(y;) I

Lemma 3 [24] Let P = (p;)
Q=(9)nn =0, and let D=—(P+Q) be a
nonsingular be(ty+xo) , et
u(t) = (u,(t),---,u, ()" €Cl[t,,b),R"] be a

solution of the following delay differential inequality with
the initial condition u(s) e C_,t, —7 < s <t,:

D u(t) < Pu(t) +Qu(t)],, t=t,. (5)
Then

nxn

M-matrix.  For

ut)<ze W, t>t,, (6)
provided that the initial conditions satisfies
u(s)<ze 0t —r<s<t,, @
z,)" €Q,, (D) and the positive
number A is determined by the following inequality:

[AE + P +Qe*]z <0. ®)

where Z =(z,,-,

To obtain our results, we give the following
assumptions.

(H1) Forany X,X € R" there exists a nonnegative
diagonal matrix F such that
| F(x) - F(X)[<F|x-X], 9)
where F(X) = (F (X)), F(x,))",

g \T

X= (X %) X = (%, X)L

Note. (H1) is a vector form of the globally Lipschitz

and p; >0 fori=j,

conditions used by many researchers. Since f;(X;(t))
=F, () +y)-F,(y]) . j=12--n . e
f(x()=F(Xx@®)+y)-F(y),ad f(0)=0, it
is obvious that | f (X) |< F | x]|.

(H2) For any X € R" there exist nonnegative matrices
Ry, Sy such that

Vi () [ R [x], [w, (X) [< S, [ x], (10)
for K =1,2,---. Where v, (X) = (V,; (X)), Vi, (X)),

W (X) = (Wi (X)), Wiy (X))

3. Main results

In this section, we will give several sufficient conditions
on the global exponential stability of equilibrium point for
the fuzzy cellular neural network (1).

Theorem 1 Under assumptions (H1) and (H2), if
() D=C—(A|+|B]|+|B|)F is a non-singular
C =diag(c,,---,c,) :

| A= (18 D | BI= (105 D 1B (1B D)
i) Q=_[Q,(R)NQ,(5)INQ, (D) is

nonempty.
(i) There exists a constant £ such that

M-matrix, where

In
Hy <Su<i, k=12, (11)
tk _tk—l
where the scalar A is determined by the following

inequality
TAE _C-[|A|+(B|+|Be”Fl<0, (12)

foragiven z € Q), and
= max{l, p(R,) + p(S,) e*}. (13)

Then the zero solution of system (3) is globally
exponentially stable and the exponential converging index

is A—pu.
Proof. Calculating the upper right derivative D™ | X(t) |
along the solutions of system (3), from Lemma 2, we have
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D" | x(t)|
< sgn(x{ (t))x; (t)

< |xi(t)|+§|ai,- 1,001
+|j&lbij Fi(x(t—z, () +y)) - j&lbi,- F(y))l
+1v By O, (L=, )+ V7) - VB, Fy ()
< I @112, 1,00
+%|bij RRCEEAON

#3011, (=, )

¢ @1+ a1 504, O
i1 (14)

#3701y 1418, D1 06, (-7, )]

for t ., <t<t, k=12,
following matrix form, we get
D" [ x(t) [< =C [ x(t) |+ All f(x(t)) |
+(BI+IB [ F(x®) I
fort, , <t<t,, k=12,
We obtain from assumption (H1) that
D* [x(t) < ~C | x(®)|+| A F | x(t)|
+(BI+IBNF x|,
=P[x®[+Q[x®) [, (16)
fort, , <t<t, ,k=212,---, where P=-C+|A]| F,
Q=(B|+|B[)F . since D=—(P+Q) is a
nonsingular M-matrix and the set 2 is nonempty, there
exists at least one vector Z € Q  Q,, (D) such that
Dz>0, or (P+Q)z<0.

By using of continuity, we know that (12) has at least one
positive solution A .

For the initial

Rewriting (14) as

(15)

conditions:  X(t, +S) = ¢(s) ,

se[-7,0], where p€C, and t, € R (no loss of

generality, we assume t, <t,), we can get

|x(@) [ d|g|e ™, t,—r<t<t,, (17
where
d= _Z >e. .
minz;

From the property of M-coneand z € Q < Q,, (D), we
have d||(p|| € Q,, (D). Then all conditions of Lemma 3

are satisfied by (16), (17) and (i) in Theorem 1, it follows
that

| X() [< dfjgfe ), t, <t<t,. (18)
Suppose that for all m(1 < m < k) the inequalities
| x(t) |< ,uo,ul---ymfld”(p” et <t<t,
(19)
hold, where gy, =1. Then, from (H2) and (19), the
discrete part of system (3) satisfies that

| () [ v (xC) |+ T wi (X (e = 7(t)) ) |
<SR IXt) [+S, [ x(t —7(t,)) |
< Retiotty iAo €47
+ Sy oty -+ i 1Al €
<[Re +S8" Mdutopty - pu s o €7 (20)
Since deQcQ (R)NQ(S,) . we have

Rd=p(R,)d and. S,d=p(S,)d Hence we
obtain from (13) and (20) that

At —7-1)

| x(t,) |
<[p(R)+ p(S,)e” 1deopy - /uk-1||¢7” e )
< Hothy - "ﬂk_ld”(l’” Cagl (21)
From (21) and (19), we derive
| X(t) IS gt -+ a1, A0 €77 (22)

for all t € [t, —7,t,]. By the property of M-cone again,
the vector 1, ---,uk_l,ukd"(o” € Q, (D) . 1t follows
from (22) and Lemma 3 that
| X(@) IS ptp -ty y e Al €07t <t <t ;. (29)
By the mathematical induction, we can conclude that
| X(t) < 4, ---yk_lykd"(p” ettt L <t<t,. (24)
for k =1,2,---.

Also, from (11), we have

< et =12 .
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Applying these inequalities to (24), we can conclude
that

| X(t) |S eﬂ(ti—to) . e,u(tk_l—tk_z)d ||¢|| e_’l(t_to)
< d ||¢|| e/‘(t'to)e*l(t—to)

= d”(p” e*(l—ﬂ)(tfto)’ Vvt e [tO’tk+]_)) k=12,

This implies that the zero solution of model (3) is globally
exponentially stable, and the exponential converging index

is A—u.

Theorem 2 Under assumptions (H1) and (H2), if D =
C-(A|+|B|+] B )F is a row strictly dominant
diagonal matrix, and the following inequalities

> max{l,HRk +5,.e" }

and
(AE+P+Qe*)e, <0 (25)
hold, where P=C—|A|F , Q=(|B|+|I§|)l5.

Then the zero solution of system (3) is globally
exponentially stable and the exponential converging index

is A—u.

Proof. Since D is row strictly dominant diagonal, we
have

(P+Q)e, <0.
By using continuity, we obtain that the strictly inequality
in (25) has at least one positive solution A . The

remainder of the proof of Theorem 2 is essentially the
same as the proof of Theorem 1 except that one choose

Z = e,, and notices that the inequality
I x(t) [< luoﬂl"':umflen”?" RO (26)
holds for t, , <t<t,,m=212,---,k, it can derive

m-1 —

from (H2) and (25) that
| x(t) Il vie (x(t ) [+ T wi (xCy — 2 (t) ) |
SRIXE) [ +S, [ x(t, — 7)) |
<Ry fotly 48, ||(p|| g At
+ Sy foty i 48, ”(0” g M)
<[R +S.&™ Jey sttty s o €7
< HRk +5,e% emuoﬂl...ﬂk_1||(p||e—ﬂ(tk—to)

—A(t -t
< oo iy i8] €71 (27)
In Theorem 1, we may properly choose the matrices R,

and S, in (H2) to guarantee Q # (J . In particular, when
R, =aEand S, = B,E (a,, B, are nonnegative
constants), €2 is nonempty. It follows from Theorem 1
that we have

Corollary 1 Under assumption (H1), if

() D=C—(A|+|B|+|B|)F is a non-singular
C =diag(c,,---,c,) :
| Al= (135 Do+ [ BI= (105 D [ BI= (104 D) pen -
(ii) For any X € R" there exist nonnegative constants a,
B\ such that

Ve () € @ 1] Tw (X< By | x|k =12, (28)
(iii) There exists a constant £ such that

In 2,
tk _tk—l

M-matrix, where

<us<l, k=120, (9)

where the scalar A is determined by the following
inequality

ME—C-[A|+(B|+|Be”IFl<0, (30)

foragiven z € Q,, (D), and

> maxfla, +5."}. (31)
Then the zero solution of system (3) is globally
exponentially stable and the exponential converging index
is A—u.
Proof. From (ii), we have R, =, Eand S, = B, E it
follows that

pP(R) =a,, p(Sy) = By,

Q,(R)=9Q,(5)=R",

o=, (R)INQ,S)INQ, (D)

=Q,, (D).
Since The M-cone Q,, (D) # &, the condition (ii) in

Theorem 1 holds. By using Theorem 1, we can deduce the
conclusion.

Remark 1. If Vi (y, (), ¥, (7)) = (Vp. . ¥,)"
Wi (Y1 (€ =70 (0) ), ¥, (=73, () ) = 0,3, =0,

then model (1) becomes delay FCNN without impulses.
Here, we have

Corollary 2 (Theroem 1 in [13]) Under assumption (H1),
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if D=C—(|A|+|B|+]|B|)F is anon-singular M-
matrix, then the fuzzy system (1) has exactly one
equilibrium point.

Thus it can be seen that Theorem 1 ensures that the
fuzzy impulsive system (1) has a unique equilibrium point,
which is globally exponentially stable.

Remark 2. Let us consider as following system

V0 = -0y, 0+ X, F (v, 0)+ X80,
+ ADG, (Y, =7, ()

+J_\2/15ijG,-(yj(t—Tij ®)

n n (32)
+,-/:\1Tiiui + ,-\ilHiiui +1,, t=t,
Vi) =V (Y (t7), -y, (7)) + Iy
AW (Y, (t =70 (1) Y, (=7, (1)),
t=t,,
fori =12 ---,n where G;(y;(t)), the same as

F;(y;(t)) ., denotes the activation function of the jth

neuron, other symbols posses the same meaning as that of
(). We assume that

(H1) For any X,X € R", there exists nonnegative
diagonal matrices F and G such that
|F(x)-F(X)[<F|x-x]|,
|G(x)-G(X) |S§| X—X]|.
Let f(x(t)=Fx@®+y)-F() . gx®)=
G(x(t)+ Yy )—G(y"), then we have | f(x)|< F | x|,
| 9(x) <G | x].

By a minor modification of the proof of Theorem 1, we
can easily derive

(33)

Theorem 3 Under assumptions (H1") and (H2), if
() D=C—(|A|+|B|+|B|)F is a non-singular

M-matrix, where C =diag(c,,--,C,) :

| A= (18 D I BI= (105 D 1B (1B D)
i Q={_[Q,[R)NQ,(S)INQ, (D) is

nonempty.
(iif) There exists a constant £ such that

tk - tk—l

where the scalar A is determined by the following
inequality
VE-C-[IA|F+(B|+|B))Ge”1<0, (35
foragiven z € Q, and

e =max{l, p(R,) + p(Sy) e’} (36)
Then the equilibrium point y* of system (32) is globally
exponentially stable and the exponential converging index
is A—u.
Remark 3. In general, ones always assume that there is

an equilibrium point for the impulsive systems to study
their stability. However, we show in Corollary 2 that there

is a unique equilibrium point y* of the continuous part of
the system (1) under the conditions (H1) and (i) (in
Theorem 1). In many cases, y* may not be a solution of

the discrete part of the system (1) without the external
impulsive input. That is, the entire system (1) may have no
equilibrium point. In order to guarantee that the entire
system (1) has an equilibrium point, we introduce the

external impulsive input J, so that y* is also an
equilibrium point of the discrete part of the system (1).

k=12 (34

4 An illustrative example

Example Consider the following model
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y;(t) =Gy, (t) +Zaij fj (yj (t)) +Zaijuj
# by B (3t 7 0)

2 ~
A IC10))
(37)

2
,-\ilHiiuiHi' t=t,,

2
+ j/leTijuj +
Yi(t) =V (v, (), y,(t7))
+W, (Y, (t =7, (1), Yy, (t =7, (1)),
t=t,
for =12, t, =03 t =t +0.3k, k=12,---,
and where

(o 2l ) A
C= , A= , A=
6 3 -
T=(T,)=E, H=(H,)=E,

| 5
u, =u, =1,

+1|+]y-1
f(y)= (=Y '2” |

r; () =[sin(i + t[<l=7 fori, j=12.

@) 1 Vi (Y, Y2) = Yi Wi (Y1, Y,) =0, J, =0 for
i=12 and k =1,2,---, then the system (37) becomes

delay fuzzy cellular neural networks without impulses.
Here, model (37) satisfies all assumptions of Corollary 2

Nl N|w

w

Il
7\
wo N
Wl N
Wl A
wN N
N—

-

Il

T

Il

_!\)

_ (1
in this paper with F = [ 1] . It is easy computing that

~ 5 -2
D=C-(A|+|B|+|B|)F = is a
-4 4
nonsingular M-matrix. By Corollary 2, we know that the
system (37) has exactly one globally exponentially stable
equilibrium point, which is actually (%,%)T .
(i) If

Vy (Y., Y,) =0.2e*%y —0.1e*%y,,
Vo (Y1, Y,) = —0.4e°%y, +0.26°%y,,

W, (v,,Y,) =0.4e*%y . J, =1-0.5e"%,
W, (Y1, Y,) = —0.4e%%¢ Yy, J, =1+ 0.6°%_

. . T .
we can verify that the point (%,%) is also an

equilibrium point of the impulsive system (37), and the
parameters of (H2) and condition (ii) (in Theorem 1) are
as follows:

2 1
R, :O.le°'°5k[4 2} p(R,) =0.4e"%F,

2 0
S, :o.2e°-°5k(o 2], p(S,) = 0.4e%%*,

Qp(Rk) :{(Zl,ZZ)T |z, =2z},
Q,(8,)=R?,

5
Q, (D) ={(z,,2,)" >0z, <z, <Ezl}'

so Q={(z,,2,)" |z, =22} is nonempty. Let
d=@12)" €Q and A =0.2427 which satisfies the
inequality (AE + P +Qe*)d <0 for k =1,2,---, we
can get

,Uk :e0.0Sk > maX{l, 0l4e0.05k +0.4eO.05ke0.2427}l

g _In g%k

t -t 0.3k
Obviously, all conditions of Theorem 1 are satisfied,
hence the equilibrium point is globally exponentially

stable and the exponential converging index is
approximately equal to 0.076.

<0.1667 =y < A.

5 Conclusions

Stability is important in the applications and theories of
neural networks. By employing the delay differential
inequality with impulses initial conditions and using the
properties of M-cone and eigenspace of the spectral radius
of nonnegative matrices, we have obtained some sufficient
conditions of the global exponential stability of FCNN
with delays and impulses. It is believed that these results
are significant and useful for the design and applications
of the fuzzy cellular neural networks.
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