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Fuzzy cellular neural networks with time-varying delays are considered. Some sufficient conditions for the existence and
exponential stability of periodic solutions are obtained by using the continuation theorem based on the coincidence degree
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1. Introduction a;;(t) denotes the strength of the j-th unit on the i-th unit
at time ¢, A\ and \/ denote fuzzy AND and fuzzy OR op-
erations, respectively, f;(-) (j = 1,2,...,n) are signal
transmission functions, «;;(t) and [3;;(t) are respectively
n the elements of fuzzy feedback MIN and fuzzy feedback
2(t) = —cim(t) + Z ai;(t) fi(z;(t — 755(1))) MAX at time ¢, T;;(t) and H;;(t) are respectively the ele-

=1 ments of fuzzy feed-forward MIN and fuzzy feed-forward
n MAX at time ¢, u;(¢) denotes the external inputs at time

Consider the following fuzzy cellular neural networks
with time-varying delays:

+ N\ i () fi(x;(t —75(t)) + Li(t) t, and I;(t) denotes the bias of the i-th unit at time ¢.
le " It is well known that the Fuzzy Cellular Neu-
+ A Toi(Dus(t) + () Fi(t — 75 (t ral Network (FCNN) first introduced by Yang and
L\l i(Bu; (?) j\z/lﬁj( il i®) his co-workers (Yang and Yang, 1996; Yang et
n al., 1996) is another type of cellular neural network
+ \/ Hi(tu;(t), i=1,2,...,n, (1) model, which combines fuzzy operations (fuzzy

1

J

where n corresponds to the number of units in a neural
network, x;(t) corresponds to the state vector of the i-th
unit at time ¢, c; represents the rate with which the ¢-th
unit will reset its potential to the resting state in isolation
when disconnected from the network and external input,

AND and fuzzy OR) with cellular neural networks.
As dynamical systems with a special structure,
FCNNs have many interesting properties that de-
serve theoretical studies. In recent years, autonomous
FCNNs have been extensively studied and successfully
applied to image processing and to solve nonlinear
algebraic equations.  Such applications rely on the
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qualitative properties of stability (Huang, 2006; Liu
and Tang, 2004; Yuan er al, 2006; Zhang and Xi-
ang, 2008; Zhang and Luo, 2009; Liu et al., 2009; Niu
et al., 2008). During hardware implementation, time
delays occur due to finite switching speeds of the
amplifiers and communication time. Time delays
may lead to oscillations and, furthermore, to network
instability.  Therefore, the study of the stability of
FCNNs with delay is required in practice. However,
non-autonomous phenomena often occurs in many real-
istic systems, particularly, when we consider long-time
dynamical behavior of a system. The system parameters
and time delays will usually change in time. Thus the
research on non-autonomous FCNNs is very important,
just like that on autonomous FCNNs.

So for, many important results on CNNs have been
obtained regarding the existence of equilibria, global
asymptotic stability, global exponential stability (Kosto,
1987; 1988; Gopalsmy and He, 1994; Cao and Wang,
2002; Cao, 2003; Cao and Dong, 2003; Chen et al., 2004;
Liu et al., 2003; Liao and Yu, 1998; Zhao, 2006; 2002;
Arik and Tavsanoglu, 2005; Tian et al., 2010; Wang et
al., 2007; Raja et al., 2011). Especially the investiga-
tion of CNNs with periodic coefficients and delays has
attracted more and more attention of researchers (Liu and
Tang, 2006; Liu and Huang, 2006). To the best of our
knowledge, few authors consider the stability of fuzzy cel-
lular neural networks with periodic coefficients and time-
varying delays. Motivated by the above discussion, in this
paper, by using the continuation theorem of coincidence
degree theory and the differential inequality technique,
we will give some sufficient conditions for the existence
and exponential stability of periodic solutions to the sys-
tem (1).

Throughout this paper, we always assume that
iy (1), 0y (D), By (1), 735 (8), Ty (1), Hig (£),u(8)  and
I;(t) are continuous w-periodic functions, where
i, =1,2,...,n, T = maxi<; j<n{maxe[o.w) Tij (1) }-

For convenience, we introduce the following nota-
tion. Let r(¢) be a w-periodic solution defined on R,

1 w
+—max r rT=— r
@), / (1) dt,

0<t<w w

Irll2 = (/Ow r(t)[? dt>1/2.

We will use 7 = (21,22, ..., 2,)T € R™ to denote a col-
umn vector (symbol “I” denotes the transpose of a vector).
For a matrix D = (d;;)nxn, DT denotes the transpose
of D, and FE),, denotes the identity matrix of size n. For
a matrix or a vector D > 0 means that all entries of D
are greater than or equal to zero. D > 0 can be defined
similarly. For a matrix or a vector, D > E (respectively,
D > F)meansthat D—FE > 0 (respectively, D — E > 0).

The initial conditions associated with the system (1)
are of the form

xi(s) = wi(s), se€[-7,0], i=12,...,n, (2)
where
Y= ((,01(75), 502(t)7 EERE @n(t))T € C([_Ta O]aRn)

Throughout this paper, we make the following assump-
tions:
(A1) f;(-) is Lipschitz continuous on R with Lipschitz
constants p; (j = 1,2,...,n), and f;(0) = 0. That s, for
allz,y € R,

|fi(@) = f; (W) < pjle —yl.
(A2) There exist non-negative constants p; and g; such
that | f;(z)| < pjlz| +¢;,forj=1,2,....,n,z €R.

Definition 1.  The periodic solution z*(t) = (x7(t),
x5(t),..., 2% ()T of the system (1) with the initial value
o = (¢35, 05, 0:)T € C([—7,0],R") is said to be
globally exponentially stable if there exist constants A > 0
and M > 1 such that
|2i(t) — 2 ()] < Mllp — @*[|le™,
VE>0, i=1,2,...,n,
for every solution z(t) = (x1(t),2o(t),...,z,(t))T of
the system (1) with the initial value ¢ € C ([—7, 0], R™).

Definition 2. A real matrix A = (ai;)nxn is said to
be an M-matrix if a;; < 0,7,5 = 1,2,...,n,i # j, and
A=t >0.

Lemma 1. (Liao and Yu, 1998) Let A = (a;;) beann xn
matrix with non-positive off-diagonal elements. Then the
following statements are equivalent:

(i) Ais an M-matrix.
(ii)  The real parts of all eigenvalues of A are positive.
(iii)  There exists a vector n > 0 such that An > 0.

(iv)  There exists a vector & > 0 such that €T A > 0.

Lemma 2. (Yang and Yang, 1996) Suppose x and y are
two states of the system (1). Then we have

/\O‘%J () fj(x /\O‘%J @) f5(y
|

< Z e (O f5(x) = f3 W)l
and

\\/ﬂ” (0)f;( \/ﬂ” (55w

< Z 1835 (DI1f5(x) = f3 ()l
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The rest of this paper is organized as follows. In Sec-
tion 2, we will prove the existence of a periodic solution
by using the continuation theorem of coincidence degree
theory. In Section 3, we establish the result that periodic
solutions are globally exponentially stable by using the
Lyapunov function method. In Section 4, an example will
be given to illustrate the feasibility and effectiveness of
our methods. General conclusions are drawn in Section 5.

2. Existence of a periodic solution

In this section, based on Mawhin’s continuation theorem,
we shall study the existence of at least one periodic solu-
tion of (1). To do so, we need some prerequisites.

For ease of exposition, throughout this paper will
adopt the following notation:

|Ziloo = max |z;(t)],
te[0,w]

u(t) = (21(t), 22(t), .., 2a(t)7,

w 1/2
Iils = (/ |a:i(t)|2dt) Ci=1.2....n
0

We denote by X the set of all continuously w-periodic
solutions u(t) defined on R, and write

[[ullx = max{|1]oo, [22]o0s - - -+ [Tnloo }-

Consider the following abstract equation in the Ba-
nach space X:
Lx = ANz, 3)

where L : DomL N X — X is a Fredholm mapping of
index zero and \ € [0, 1] is a parameter. There exist two
linear and continuous projectors P and @),

P:XNDomL —KerL, Q:X — X/ImL,

such that ImP = KerL, Ker@ = ImL. Since
dimIm @ = dim Ker L, there exists an algebraical and
topological isomorphism J : Im () — Ker L.

Lemma 3. (Gaines and Mawhin, 1990) Let X be a Ba-
nach space and let L be a Fredholm mapping of index
zero. Assume that N : Q0 — X is L compact on Q with Q)
open and bounded in X. Furthermore, suppose that

(a) for each A € (0,1),z € 02N Dom L, Lx # ANz,
(b) for each x € 0Q NKer L, QNx # 0,
(c)deg{QNz, QN KerL,0} # 0.

Zhen the e_quation Lx = Nz has at least one solution in
Q, where ) is the closure to 2, OX) is the boundary of ().

Theorem 1. Assume that (A2) holds, and the following
condition is satisfied:

(AS) E, D is an M-matrix, where D = (dij ) nxn, dij =
( -+ +513)P17 1,7 =1,2,...,n. Then the sys-
tem (]) has at least one w-periodic solution.

Proof. In order to use the continuation theorem of coinci-
dence degree theory to establish the existence of a periodic
solution, let

(Nw)i(t)
= —Cil'l + Z az] f] m] Tl]( )))

+ /\ o (£) £ (2 (t = 73(1))) + Li(t)

j=1
+ /\ T%j(t)u] + \/ ﬁz] f] TU( ))
Jj=1 Jj=1
+ \/ Hij(H)u;(t), i=1,2,...,n 4)
j=1

(Lu)(t) = u'(t) = (2} (), 25(1), ..., 2 (B)T,  (5)

1
Dom L = {u(t) : u(t) € X,u'(t) € X}, (6)
Pu=Qu= %/wu(t)dt
0

_ (i/owxl(t)dt,...,%/wan(t)dt>T

foru(t) = (x1(t), z2(t),...,2,(t))T € X NDom L. Itis
easy to prove that L is a Fredholm mapping of index zero,
P:XNDomL — KerLand @ : X — X/Im L are two
projectors, and N is L compact on € for any given open
bounded set.

In view of (4)-(6), the operator equation Lz =
ANz, A € (0,1), is equivalent to the following one:

zi(t) = X | —cimi( +ZG’U () f (25 (t — 735(t)))

+ N\ iy () f5 (s (t = 735(1))) + Li(t)

+ /\ Tij(t)u;(t) + \/ Bij(t) fi(t — 73 (1))

Suppose that u(t) = (x1(t), z2(t),...,2,(t)T €
X is a solution of the system (7) for a certain A €
(0,1). Then z;(¢) is continuously differentiable (i =
1,2,...,n). Therefore, there exists ¢; € [0,w] such that
lzi(t;)] = maxyeqo,.|2i(t)]. Hence zi(t;) = 0 (i =
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). This implies that, fori = 1,2,

Zaw )Fi (s (t: — 735(t:)))

+émNMWA — 755 () + Li(t:)
+ /j\lTij(t Jus(ti) + \ZHij (ti)u;(t:)
+ \Zﬁij (t:) f5(ti = 7ij (t:))- ®)
Thus
mmm=§j§¥MMﬂwm—nmm>

+/\0‘w )i (@t — 735 (i) + Li(ts)

Jj=1

szémmmmwm—mmm

+/\ lla” W fi (5 (ts — 735 (t3)))]

C—ilﬂm( ISt = 7i5(t:))]
(

n

j=1

"1 1
+ \/ ;|Hij ti)||u;(t:)| + glfi(ti)l

j:1 3 1

A T8 s (t)

=1
< c_(a + 0‘ T B)pslw (t — 75 (8:)]
j=1"
3 Lot vt 4 5)
2 o a Oé”
p

"1
£ 30 +  + \ ST

<D dijlas(t)| + G, ©)

j=1
!
+,+ + _
+/\ ZTijuj +—=I", i=1,2,...,n
j:l (] (]
From (9), it follows that
(En = D)(|z1(t1)]; w2 (t2)l, - - |za(ta))T
< (G1,Gy,...,Gn)" =G (10)

Since E,, — D is an M-matrix, from (A3) and Lemma 1 it
follows that there exists a vector n = (91,72, ...,7n) >
(0,0, ...,0) such that

ﬁ: (ﬁlﬂﬁQa"'?ﬁn) = U(En _D) > (0,0,...,0),
(11)
which, together with (10), implies that
min{ﬁl,ﬁz,---ﬁn}(|331(t1)|+---+|wn( )
<Mlwi ()| + Malze(ta)] + - + 7, |21 (E0)]
= 0(En — D)(Jz1(t2)], w2 (t2)], - - [ (tn) )T
S n(Gl, GQ, ceey Gn)T
= 771G1 +772G2 + +77nGn (12)
Therefore,
iloo = i) = |zi(t;
e = maxe (8] = (8
- (mG1+1m2G2 + -+ 1 Gy)
min {7;}
1<i<n
(13)

From (A3) and Lemma 1, we have that there exists
a vector & = (&,6,...,6)T > (0,0,...,0)T such
that (E,, — D)¢ > 0. Therefore, we can choose a pos-

itive number a > 1 such that £ = (£,,&,,...,&,)T =
(afla a£2a s 7a£n)T = (Lf and
& =a& >0, (E,—-D)>G. (14)
Take

Q={u:ut) € X,|u) <&VteR}y, (15

which satisfies the condition (a) of Lemma 3. If u(t) =
(z1(t), x2(t),...,zn(t)) € 02 N Ker L, then u(t) is a
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constant vector on R™. Hence there exist some i €
{1,2,...,n} such that |z;| = &,. It follows that

n 1 w
—Cx; + Z fi (:L’j); / a;;(t) dt
j=1 0

(QNu); =

j=1
n 1 w w
+ N\ = [ Hiytyu(t)dt+ = / I(t)dt
j=1%Jo 0
+V file)= | By dt
j=
n 1 w
— T (t t) dt. 16
V3 [ niowe 16)
j=1
We claim that
(QNu)| >0, i=1,2....n (17)
To get a contradiction, assume that |[(QNu);| = 0,

namely,
0= —cim; + é i) = /0“ ais (1) dt
+j/_"\1 fj(ﬂfj)% /Ow o (t) dt
+/_n\1 é /0 () () e
Jrj\i/1 fj(ﬂ?j)% /Ow By (t) dt
VG [ i [T

Then there exists some t* € [0, w] such that
) i) + /\ o (t

= —C;x; + Z a”
j=1
+ \/ Bij () f5(x5) /\ Tij (87 Ju; ()
j=1

\/ )+ L(t7).

Therefore,

) fiz;)

v 1Bt

N F5(5)] + /\ |TlJ )l ("
7,

" 1 * * *
+ \/ 1 i () |y ()] + f|Ii(t )|
G Ci
Jj=1
Z z]pj|xj| +Z ijpj|xj|

n
(o + o + B5)g
1

+Zc—iﬂiﬁpﬂ%‘lﬂLZCl
+/\ T;j \/ H;ujﬂr I+

= dijlz| + Gi < Zdijzj +Gi.
Jj=1 j=1

It follows that (( £, — D)¢); < G, which contradicts
(B, — D)¢ > G. Therefore (17) holds, i.e., the condition
(b) of Lemma 3 is satisfied.

Next, we define a continuous function & : Q N
Ker L x [0,1] — X by

¢(’U,, p) = pdiag(_clv —C2y. .., —Cn)’U, + (1 - p)QNU,

(18)
forall u = (21,22,...,2,)7 € QNKerL = QNR"
and p € [0,1]. If u(t) = (21(t),22(t),...,z.(t)T €

02 N Ker L, then u(t) is a constant vector in R", and
there exists some ¢ € {1,2,...,n} such that |z;| = §;.
It follows that

(®(u, p))i
- cmﬁ(l—p)lifj(xj) /wa”(t)dt
+j/i\1fg(xj) /waij(t)dt-l-l/owfl(t)dt
+th) “ B0 ar
V5 [t
+A£fmwmwﬂ. (19

[(@(u, p))il > 0. (20)

@amcs
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If this is not true, then |(®(u, p));| = 0. Indeed,

n 1 w
> filas)—~ / a;;(t) dt
j=1 0

+ /\fg 1'j WA aij(t)dt+éA Il(t)dt

0= —cjz; + (1 —

j=1

+\ filz)— [ By dt
j=1 0

+ \/i i T (t)u; (t) At
j=1

P /O Hoy (6, (1) dt
j=1

Therefore there exists some t** € [0, w]| such that

0= —ciz; + E ai;(t) f(x;)

+/\a”

+ \/ By () f(5) + ) Ty (87 uy (£°°)
j=1

) fi(zg) + L)

j=1
+ N\ Hij (87 )u; (1)
j=1
Thus
Zi = |2

"1 1
< (L= p) | D2 a1y )|+ — L)

le T 3

+ A gl o)

\/ 1|5w E)f5 ()]

n

+ N ST ) s ()

/S HG () [ (7))

n

Z szj|xJ| + Z ijpj|xj|

n n

Z szj|xj| + Z ; +)qj

+/\ Lptut 4 \/ H+u++ I+
1 7,

V] KV
:Eywm+@gz@@+@
j=1 j=1

This implies that ((E, — D)¢); < G, which contra-
dicts (E, — D)& > G. Therefore (20) holds, which means
that
7'1:”7/)) # (0705' "7O)T)

V(z1,22,...,2,) € OQNKerL,p € [0,1]. Using the
homotopy invariance theorem, we have

(I)(l‘l,l‘g, .-

deg{QN,QNKerL,(0,0,...,0)T}
= deg{(—clxl, —C2X2, .. -, —Cnﬂfn)T,
QNKerL,(0,0,...,0)7} #0.

To summarize, we have proved that € satisfies all the
conditions of Lemma 3. Thus, by Lemma 3, it follows
that Lz = Nx has at least one solution in X, namely, the
system (1) has at least one w-periodic solution. The proof
is complete. [ ]

3. Global exponential stability of periodic
solutions

In this section, we will construct some suitable Lyapunov
function to study the global exponential stability of the
periodic solution of the system (1).

Theorem 2. If Assumptions (Al) and (A3) are satisfied,
then the system (1) has exactly one w-periodic solution,
which is globally exponentially stable.

Proof. From Theorem 1, the system (1) has at least one w-
periodic solution z*(t) = (z%(t),...,2%(t))T. Suppose
that z(t) = (21(t),...,2,(t))7 is an arbitrary solution
of (1). Then from the system (1) it follows that, for =

1,2,....n

d *
() — 77 (0)

= —ci(xi(t) — 2} (1))
+Zaw )(fi (st = 3;(t))) — fi(@i(t))

+ /\ i () £ (2 (t

j=1

+ \/ Bij () f(x;(t

j=1

—7i;(1) = \ i () £33 (1)
j=1

—7;(1) = \/ B (0) f (= (2)).
j=1
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By (Al) and Lemma 2, we have
D™ |ai(t) — 7 (8)] < —cilzi(t) — 27 (2)]

+ Z lag; ()| £5( — 735 () — f3(x5(2))]
| A s (0055t 75(0))
j=1
A OO
j=1

+ ‘ \/ P () f ((t = 735(1)))

- VB0 0)
<_Cz|xz |+ZG+OZ:;+6:;)
X pjle;(t —7i5(t)) —xj( s 1)

where D~ denotes the upper left derivative. If we let

yi(t) = x;(t) — xf(t), then (21) becomes

D™y (1)
< —cilyi(t) Xi: aiy + o + B)pi sup_ 15(s)]
= —cilyi(t) 2": (a; —I—a —|—6”)pjyj(t) (22)
where y;(t) = sup,_,<.<;|y;(s)]. From (A3) and

Lemma 1, we obtain that there exists a vector n =
(1,2, ,1mn)T > (0,0,...,0)T such that

(E, — D)n > (0,0,...,0)T.
Indeed, fori =1,2,...,n

mi— Y din;
j=1

"1
Zc—a + o +6”)pmj>0

which implies that

— i+ Z(a:rj + a:rj + ﬂ;;)pjnj <0. (23)
j=1
We can choose a small positive constant A < 1 such
that, for: =1,2,...,n,
A+ | —em + Z(a:rj + a:rj + ﬂ;;)pjnje’\T < 0.

j=1
(24)

We can choose a constant v > 1 such that

At

e N > 1, Vte[-1,0]. (25)

For each e > 0, let

t)=qmi | 7,00 +¢e|e™, i=12..,n

(26)
From (24) and (26), it follows that
D_Yi(t)

n
==Xy | > _T;(0)+el e
> —cmﬁZa +aorf + B5pmie’ |

Z%(O) fele ™M
j=1
= =i Z?j(o) +e|e ™

+ Z +Oé” +ﬂz])p‘]nj’y
j=1

n
~ Z 7; e—)\(t—T)

Jj=1

aYi(t)+ (af + o + 850 Y50, @7
j=1

where Y;(t) = sup; , <., Y;(s). From (25) and (26),
we have, for t € [—7,0],

j=1
> 7;(0) + & > (b)) (28)
j=1
We claim that
)| < Yi(t), Yt>0, i=1,2...,n. (29
If not, there must exist some ¢ € {1,2,...,n},t; > 0
such that, for j = 1,2,...,n,t € [-7,t;),
lyi(ta)| = Yi(ts),  y; (D) < ¥;(0). (30)
Indeed, for j = 1,2,...,n,t € [-7,1;),
lyi(ta)] = Yi(t:) =0, y;(H)] = Y;(5) <0. 31

@amcs
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It follows that
0 <D™ (Jyi(t i) —Yi(t:))
= limsup — {[|yl(t + h)| = Y;(t; + h))
h—0—
= [yato)| - Yitta)]}
< oy [ D = ()
h—0— h
— lim inf Yi(ti + h) — Yi(t:)
h—0— h
= D7 |yi(t:)| — D_Yi(t:). (32)
From (22), (27) and (30), we obtain
D~ Jyi(t:)]

S _C7,|yz(tz)| +Z(a‘ +Oé +/61j)p]|yj( )|
j=1

Z—CiY;(ti)‘f'Z(a + o +ﬂ”)pg|yj( i)l

I
-

M:

< —eYi(ti) + ) (ai + o + B5)pi [V (8]

<.
Il
—

< D_Yi(t;) (33)

which contradicts (32). Therefore (29) holds. Let ¢ — 07
and M = nmaxi<;<,{y7 + 1}. From (26) and (29) it
follows that

i (1)) = lga®)] < Am S 7, (0)e

|zi(t)
j=1
< mymille = @*lle™
<Mlp—¢*le ™, i=1,2,...,n
for ¢ > 0. This completes the proof. ]

4. Illustrative example

Consider the following fuzzy cellular neural network with
time-varying delays:

)+ Zaw )i (@ (t = 735(2)))

( = —m,(t

3
+ N\ i (8)fi (st —735(1)) + Li(2)

j:l
3
+ \/ Bij () fi(t — 7i5(1)) + /\ Tij(t)u;(t)
j=1 j=1
3
+\ Hiy(tu;(t), i=1,2,3 (34)
j=1

where
a1 (t) = a1 (t) = Bui(t) =
a12(t) = ai2(t) = Bi2(t) =

alg(t) = 0513(75)
agl(t) = Oégl(t)
a9 (t) = (X292 (t)

a23 (t)
a3zl (t)

as3(t) = ass(t) = Bas(t) = g cost,
Tll(t) = Tlg(t) = T13(t) = COSt,
Tgl(t) = ng(t) = ’7'23(t) = sint,
Tgl(t) = ng(t) = ng(t) = —sgsint
I(t) =cost, Iy(t)=sint, I3(t) =2cost,
T;;(t) = H;j(t) =sint, Kj;(t) = Nj;(t) = cost,
u;(t) = u;j(t) = 2sint, (4,5 =1,2).
Take fj(z) = 3(|lz + 1| — [z = 1]) (j = 1,2,3). We
have p; = 1 (i = 1,2, 3). By simple computation, we get
+ + + 1 + + + 1
afy =afy =011 =+, ah=a=p0=_,
4 9
+o_ o4 g 1 +o_ o4 a1
a13—a13—ﬂ13—1, a21—0‘21—521—§a
1 1
aérz:%z: ;2_@ Qg3 = Qg3 = ;3_?
1
a31_a§1_6§r1_1, a32—04:;r2_ :;rz_ga
1
a:;r:s = 04;:3 = :;r?, = 9

Then we have

D= (¢;

W N|W kW

N = N = Wl =

1 sint,

1
9 cost,

= Bis(t) = g sint,
= fa(t) = g sint,
= Bus()

= ag3(t) = Pas(t) = %Sint
= az1(t) = B31(t) = sint,

1
= — cost,

6

1(6129' + Oé:rj + ﬂ{;)Pj)sx:s

Wl NW =W
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Therefore,
1 1 3
4 3 4
mop_| 3 1 3
2 2 2
1 2
3 5 3

Hence it follows that all the conditions needed in Theo-
rem 2 are satisfied. Therefore, according to Theorem 2,
the system (34) has one 2m-periodic solution which is
globally exponentially stable.

5. Conclusion

In this paper, we use the continuation theorem of coinci-
dence degree theory and the Lyapunov function to study
the existence and global exponential stability of a peri-
odic solution for fuzzy cellular neural networks with time-
varying delays. The sufficient conditions for the existence
and global stability of the periodic solution are indepen-
dent of time delays. Moreover, an example is given to
illustrate the effectiveness of the new results.
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