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BAM fuzzy cellular neural networks with time-varying delays in leakage terms and impulses are considered. Some sufficient
conditions for the exponential stability of the networks are established by using differential inequality techniques. The results of
this paper are completely new and complementary to the previously known results. Finally, an example is given to demonstrate the

effectiveness and conservativeness of our theoretical results.

1. Introduction

The bidirectional associative memory (BAM) neural net-
works were first introduced by Kosko [1-3]. It is a special
class of recurrent neural networks that can store bipolar
rector pairs. The BAM neural networks are composed of
neurons arranged in two layers, the X-layer and Y-layer.
Recently, many researchers have studied the dynamics of
BAM neural networks with or without delays [4-15]. How-
ever, in mathematical modeling of real world problems,
uncertainty or vagueness is unavoidable. In order to take
vagueness into consideration, fuzzy theory is considered as a
suitable method. In [16, 17], the authors first combined those
operations with cellular neural networks (FCNNs). Some
results have been reported on stability and periodicity of
FCNNs. More recently, state estimation problem for the fuzzy
BAM neural networks has been obtained in the paper [18, 19]
and passivity criteria for the fuzzy BAM neural networks have
been studied in the papers [20, 21].

Very recently, a leakage delay, which is the time delay
in leakage term of the systems and a considerable factor
affecting dynamics for the worse in the systems, is being put
to use in the problem of stability for neural networks [22, 23].
However, so far, very little attention has been paid to neural
networks with time delay in the leakage (or “forgetting”) term
[24-30]. Such time delays in leakage terms are difficult to
handle but have great impact on the dynamical behavior of
neural networks.

In [31], the authors studied the following BAM fuzzy
cellular network with time delay in leakage terms and discrete
and unbounded distributed delays:

xz{ (t) = _dl‘xl (t + Zafj-fj (yJ (t))
=1
+ Zbijfj (yj (t-7 (t))) + Zcijwj
j=1 j=1

m t _
+ /\locij J_OO ki(t=s)f; (yj (s)) ds
i=
VB [k e-97 () ds
j=

/\ 3 J+\/Hw + 1,

j=1

y; () = ~d;y; (t = o) + Z,ajigi (x; (1))

Z 1g1 t_ P(t))) Z ]1 w;
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A& [ K@-97(x9)ds

+ V‘gji J_OO ki (t—s)g; (x; (s))ds

)

However, time-varying delays in the leakage terms inevitably
occur in electronic neural networks owing to the unavoidable
finite switching speed of amplifiers. It is desirable to study
the fuzzy BAM neural networks with time-varying delays
in leakage terms. In [32], by using a fixed point theorem
and differential inequality techniques, the authors studied the
existence and exponential stability of equilibrium point for
the following BAM neural network with time-varying delays
in leakage terms on time scales:

xiA (t) = —a;x; (t = 8; (1)) + chifj (yj (t -7 (t)))
i1
+ Ny (9 (£ = 7))
=1

+ Nty + \ Bif; (o (£ =75 )
j=1 j=1

m
+\/Hjp;+1, teT, i=12...n
- ®)

)’jA (t) = -b;y; (t -1 (t)> + ;dijgi (xi (t ~ 0y (t)))
+ /\pijgi (xi (t — 0y (t)))
i=1
+ /\Fij”i + \/qijgi (xi (t =0y (t)))
i=1 i=1

n
+\/Gijvi+]'x teT, j=12,...,m,
i=1

where T is a time scale. Though the nonimpulsive systems
have been well studied in theory and in practice, the theory of
impulsive differential equations is now being recognized to be
richer than the corresponding theory of differential equations
without impulses (see [33-35]). What is more, very few results
are available on exponential stability of equilibrium point
for fuzzy BAM neural networks with time-varying delays in
leakage terms and impulses.
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Motivated by the above discussion, in this paper, we
consider the following model:

X (1) = —a, () x; (£ =05 (1) + Yy (1) f; (v, )
j:1

+ 2l (1) f; (3 (=T @) + Y ey (D w;
j=1 =1

+/\“z-]-<t>J kit =9) f; (;(9) ds
j=1 —00

VB0 [ K e-9 5, (3,0) ds
1 o0

m m
+ /\Tijwj + \/Hijwj +A; (),
j=1 j=1

t20, t#t, i=12,...,n

Ax; () =L (x; (t)), i=12,...,n, k=1,2,...,

3)
y} () = =b; () y; (t - B; (t)) + Zdji ®) g; (x; (1))
i=1

+ 2.2 () g (x: (¢ = p (1) + ) g (8)
i=1 =1

+ /\in (t) J ki (t =) g; (x; () ds
i=1 T

+ \/’71‘1- (t) J ki (t = s) g; (x; (s)) ds
i=1 T

+ /\leiyi + \/lsjiyi + Bj ),
i= i=

t>0, t#t, j=12,...,m,

Ay () =Tk (v (t)), j=12...,m k=12,...,

where x;(t) and y;(t) are the states of the ith neuron and the
jth neuron at time f, g;(t) and f;(f) denote the activation
functions of the ith neuron and the jth neuron at time t, y;
and w; denote the inputs of the ith neuron and the jth neuron,
A,(t) and Bj(t) denote the bias of the ith neuron and the jth
neuron at time ¢, g;(t) and bj(t) represent the rates with which
the ith neuron and the jth neuron at time ¢ will reset their
potential to the resting state in isolation when disconnected
from the networks and external inputs, a;(t), bij(t), d ;i(t),and
Pp;i(t) denote the connection weights of the feedback template
attime f and ;;(¢), q;;(f) denote the connection weights of the
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feedforward template at time ¢, o;;(¢), y;;(t) and /Sij(t), nﬁ(t)
denote the connection weights of] the d]elays fuzzy feedback
MIN template at time t and the delays fuzzy feedback MAX
template at time t, T;;, R;; and Hj;, S;; are the elements of
the fuzzy feedforward MIN template and fuzzy feedforward
MAX template, /\ and \/ denote the fuzzy AND and fuzzy
OR operators, 0 < 7(t) < Tand 0 < p(t) < p denote
the transmission delays at time ¢, Ax;(t,) = x;(t]) — x;(t,),
Ay(ty) = yj(t;) — y;(f;) are the impulses at moments #;,
and t; < t, < --- is a strictly increasing sequence such that
limy _, o, £ = +00, ki(s) > 0, and k;(s) > 0 are the feedback

kernels and satisfy J‘OH)O k]-(s)ds =1, fowo ki(s)ds = 1,i =
1,2,...,n,j=12,...,m.
The initial conditions are given by

x; () =i (s), s€(-00,0],

(4)

yi()=y;(s), se€(-00,0],

where(pi,tpj € C((-00,0,R),i=1,2,...,n,j=1,2,...,m.
For convenience, for a continuous function f : R — R,

we denote f* = sup, . | f(£)], f~ = inf,x | f(B)].
Throughout this paper, we make the following assump-

tions.

(H;) The neuron activation functions fj(t) and g;(t), i =

L,2,...,n,j = 1,2,...,m, are continuous on R and
there exist some real constants L ;, M; such that

|fj(u)—fj(v)|SLj|u—v|,

|gi (u) - g; (V)l < M; lu—vl

©)

forallu,ve R,i=1,2,...,n,j=12,...,m.

(H,) The leakage delays satisty o;(f) > 0, §;(f) > 0 and
a;(t) > O,bj(t) >0,i=1,2,...,n,j=1,2,...,m.

Definition 1. Let z*(t) = (x](t),x5(t),...,x. (), y; (£),
y;(t),...,y:n(t))T be a solution of system (3) with
the initial condition ¢*(t) = (¢ (), @, (),..., ¢, (1),
i) W@, wh ()T and let z(t) = (x,(8), x,(E), ...,
x, (1), y1(£), o (1), ... ,ym(t))T be any solution of system (3)
with the initial condition ¢(t) = (¢,(1), @,(1),...,
0,0, v, (), vy (), ..., v, (1) if these two solutions
satisfy

x-x=0("),  y® -y @®=0("),

i=12,...,n, j=12,...,m,

(6)

then, we say that system (3) is exponentially stable.

Lemma 2 (see [36]). Let z, z' be two states of system (3); for
i=1,2,...,n j=1,2,...,m, one has

N ® f;@) = Ny ) £;(2")
j=1 j=1

< Xl 0[] - £,()],
j=1

\/ﬁij ) fi (z) - \/ﬂij ) f; (zl)
j=1 j=1

< |B; 0] [, - £; ()]
= )

Nvi ® ;@) - \vii ©) g, (2)
i=1 i=1

< ;h’ji (t)| |9i (2) - gi (Z,)' ’

/3 ©) g; ) = \/n; (0 g: (2)
j=1 i=1
<Y i 0)|g: @ - g (2')]-
i=1

Our main purpose of this paper is by using differential
inequality techniques to study the exponential stability of (3).
The results of this paper are completely new and complemen-
tary to the previously known results and the methods used in
this paper are different from those used in [31, 32].

2. Exponential Stability

In this section, we will give some sufficient conditions to
guarantee the exponential stability of system (3).

Theorem 3. Suppose that (H,) and (H,) hold. Let

) = @ x5 0, X0, 7] (0, 5O,y ()
be a solution of system (3) with the initial condition

¢ (1) = (@1, 93 on (YT (O, Y5 (1), ()

Furthermore, assume that
(Hs)

—la®)-a®) ot a]+(1+a () (1))

m
+ + + +
X Z(aij +bij + o +,8ij)Lj <0,
j=1

i=12,...,n,



—[b; &) = b; &) B; ) b | + (1+ B; (1) B; (1))

X

N

(d;i+p;+y;'i+;7;)M,- <0,

i=1

j=12,...,m.
(8)
(H,) There exist constants Oy, 5jk such that
L (x; (ti)) = =Oex; (1) »
0<60, <2, i=12...,n k=12,..,
_ ©))
Jk ()’j (fk)) =0,y (t),
0<0;<2, j=12...,m k=12,....
Then system (3) is exponentially stable.
Proof. Let z(t) = (x,(t),x,(),..., x, (1), y1(£), »5(8),...,
ym(t))T be an arbitrary solution of system (3) with the initial
condition ¢(t) = (¢;(£),@,(t),..., @, ),y (1), yy (1), ...,
v, (). Set
XM =x;t)-x (), i=12...,n
(10)
Y=y -y ®), j=L2...m,
FG,0)=fF0+y0)-f0;®),
i=12,...,m,
! (1)

Gi(x®)=9g&®+x ) -g;(x ),

i=1,2,...,n

From (3) and (11), for t > 0, t#t;, k =1,2,..., we have

%) =-a,OF (-0 ®)+ Ya;® f;(7,0)
j=1
+ ;) f; (7, ¢ —T@))
j=1

+ /\“ij (t) J ki(t—s) fj (71 (s)) ds
= ~o0
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P\B 0| k97 (7,0)ds
1 ~0

i=1,2,...,n

(12)
Vi) =-b; 7 (t - B; ) + Y d;i (1) G (= (1))
i=1
Y IOKACAGIO)
i=1
i ¢ 13
+ Ny ) j k. (t - 5) G, (% () ds (13)
i=1 o0
P\ © | k(=95 6) ds,
i=1 -
j=L2,...,m
According to (H,), we get
x; (1) = x7 (1)
= x; () + I (x; () — x; () — L (%7 (t))
= (1= 04) (x; (t) = x; (t))
i=12,....,n, k=12,...,
(14)

yi () = yj (&)
= y; (t) + T (v; (80) = ¥} () = T (¥ (1)
= (1-05) (v () = ¥} (1))
i=1L2...,m k=12,

So,

i (t) = x7 ()]
= 1= 6] |x; () = 7 ()] < [oxi (8) = 7 (8)]

i=12,...,n, k=12,...,

1y (6) - v (£)
=105 [y () - 77 (8] = |y (6 - v} (8]

k=12,...,
(15)

j=L2,...,m,
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which implies that

|%; ()] = [ (1) — %7 ()]
< |x; (8) = 7 (8] = [%; (8]
i=1,2,....,n, k=12,...,
. o e (16)
|)’j (tk)| = l)’j (t) Y (tk)'
< |y; () = y; ()| = |7, (8]
i=1,2...,m k=12....
Define continuous functions I;(w) and Ii(w) by setting
[ (w)
- [a,» () e — o - a; (t) e“’“"(t)oci (t)
(w + a+ewoc, )] + [1 + ai (t) ewai(t)(xi (t)]
m +00
Z [a + lfr a (oc;; + ﬁ:;) J k; (u) ew“du] L
= 0
i=1,2,...,n,

rj (w)
~[B©e —a by PO, )

x (0+b7e )]+ [1+8;0) e, )]

WP |

+00
i1 ) ]

j=L2,...,m.
17)

Then, fori =1,2,...,n, j = 1,2,...,m, we have

LO)=-[g®)-a®)o®)a’]+(1+a () (t))

m
.
%Y (a+

j=

+ + +
bij +a + ﬁij)Lj <0,

—_

(18)
I;(0) = = [b; (t) = b; (t) B; (1) b | + (1 + b; (1) B; (1))

INgE

X (d], +le+le+17],)M <.

I
=

The continuity of I;(w) and I j(w) implies that there exists A >
0 such that

L(A) = - [ai ) O — A - a, (t) 4O, (1)
()L +ate )] +[1+a 0 MW, )]
< + + A + + e A
X, , [aij +biet + (ocij +ﬁij) L kj(u)e du]
i
><Lj <0, i=12,...,n,
I;(A) = - [bj 0) PO~ 1~ b, (1) 1B, (1)
x (A+ b )]+ [1+8; 0B, )]
n +00
X Z [ +p; Mo+ (y; + 17;) j k; (w) eA“du]
i=1 0
XM; <0, j=12,....,m
(19)
Let
X0 =%@®e",  Y;0)=7y0e"
(20)

From (12) and (20), we obtain

At— At—1

X; () = A%, (1) + V% (¢)

= AX; () + €M

X

—a;(t)x; (t—a; (1) + Za,] (t) JFJ (71 (t))

+ ;) f; (7, -7 @)
j=1

+ [\o; (t)J ki(t-s)f; (7]. (s)) ds
j=1 -00

m t _
+ \/ﬁij (t)J ki(t=s)f; (71- (s))ds
= ~o0



= AX; (1) — a; (1) X, (t — o, (1))

Za 0" f;(7;)

+ 250" (7, e -7 (1)
j=1

+ /\‘Xij (t)e J ki(t-s) JFJ (7] (S)) ds
=1 ~o0

m t _
VB0 [ Ka-9F(5,0)ds
=1 —eo

Similarly,
Tey — AB; ()
Yi(6) = AY; (t) - b; (1) P (t

- B; (t))
+ Zdji ()" g (% (1))

i=1
+ Zpﬂ )G (% (t- p (1))

AV O j k; (t - ) g (% (s)) ds
i=1

+ \/’7ji (t) et J k; (t —s)g; (x;(s))ds
i=1

j=12,...,m

We rewrite (21) and (22) as follows:

X, (t)

= AX: (t) -a (t) e/\“i(f)Xi (t) +a (t) e/\txi(t)

X Jt {Axi (8) —a; (s) M x X; (5 - & (5))
t—o(t)
+ 2.4 (9" (7;9)
j=1

+ Y b ()€ F (7, (s -7 (5))
j=1

+ /\ocij (s) M r ki(s—u) f] (71. (u)) du
j=1 ~o0

(22)

Abstract and Applied Analysis
+ \/ﬁij (s) e r kj(s—u) ]?J (71 (u)) du} ds
1 ~oo
+ a0 (7;0) + b 0 F (7, ¢ - 7 (0)
j=1 j=1
m Iy t _
Ny O [ k=97, (7,0 ds
1 -0

VB0 [ K@-9F (5,0 ds
=1 ~oo

i=1,2,...,n,
(23)

Y ()

Y; (0= b; 0 P0Y, (1) + by (1) MO

t
x J {/\Yj (s) - b; (s) ™Y
;0

(t

<Y (s=B; () + Y d;i (5)€"G (% (s))
i=1
+Zp]z (S)e gz (S‘P(s)))

+ /\in (s)e" J
i=1

-0

ki (s—u) g; (x; () du
+ \n/flji (s)€" r ki (s —u) g; (x; (w) du]» ds
i=1 -0
+Yd; ()" g (% (1))
i=1
+ ijz (t) e/\tgl _i -pP (t)))
+ /\in ) e J ki (t—5)g; (x;(s))ds
i=1 -0
n N t
+\/m;i (t)e fj k; (t —s) G; (X; (s)) ds
i=1 -0

j=12,...,m.
(29)
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We define a positive number such that

M = max { sup |X (s)|, sup 'Y (s)l}. (25)

1<i<n,
1<jem (€00 se[-p0]

It follows that

|X; ()| <M, Vte[-1,0],i=12...,n,

(26)
v, 0] <M, Vte[-p0], j=12...,m.
We claim that
X, 0| <M, |v;0]<M,
(27)
VE>0, t#t, i=1,2..,n j=12..,m

If (27) is not valid, then there exist some i € {1,2,...,n},
some j € {1,2,...,m}, and a first T} > 0 such that one of
the following four cases must occur:

1) X(T)) = M, X|(T}) > 0, |X;(t)| < M, IY;()l < M,
fort < Ty;

(2) X,(T)) = -M, X{(T}) < 0, |X,(5)| < M, |Y;(®)| < M,
fort < Ty;

() Y,(Ty) = M, Y;(Tl) > 0, |X;(®)] < M, |[Y;()] < M, for
t<Ty;

(4) Y{(Ty) = =M, Y(T}) < 0,1X;(0)] < M, [Y;()| < M,
fort < Tj.

If (1) holds from (19), (23), and (H;), we have

X; (1)

= AX; (Ty) - (T) eAai(Tl)Xi (T)) +a; (T)) )

T
% J {Axi (s) —a;(s) elai(s)Xi (s— ()

Ty—og(T)

+ Zaij (s) eAsjfj (?] (s))

=

+ b (5)e" f; (7, (s - T (5)
j=1

+ et () e r ki(s—u) f; (71 (1)) du
j1 o0
+ \/,Bij (s)e™
j=1
X f kj (s —u) f] (71. (u)) du} ds
+ Zaij (T,) emfj (71- (Tl))
=1
Z IOEAVIGRIO)

m T, B
# Ny (1) [ (1,-9) F (3, 9) ds
j=1

—00

m T, _
VB (1) [ k(1,9 7 (7,9) ds
j=1

< AX; (Ty) - a; (T) emi(Tl)Xi (T)) +a; (T)) al

T~ (Tl )

T, <
X J {AX, (Tl) + a"‘e/\"‘x i (Tl) + Za:l—LJ |YJ (S)|
=

Zwe“L Y s=7 )]

Mz

+

+ s A(s—u)
o J-_Ookj(s—u)e L; 'Yj(u)'du

1

-.
Il

Mz

+

ﬁ:; J ki (s —u) M

1

.
I

x L;|y; (u)|du} ds
+ ga;;Lj |v; ()]
+ Zb:;L]e)‘T 'Yj (T, - (Tl))'
+ Yot J_TOO k; (T, - 5) ML |y, (5)] ds
+ B JTOO ki (Ty = )" T 9L |1 (9)] ds

<= ()™ -2 - g (1)

x o (1) (1 + e )] X, (1)) + gy (1;)



m

1
JT] {Z 1] ]M+ Z eATL M + Z(XU j

—o(Ty) | 5= st

xJ’ kj(s—u)e"(s_”)du
+Z[31] i J kj(s—u)eA(S_”)du:| ds

+Za LM+Zb+ ML M+Zoc

ijj 1]]
j=1

Tl
X J k; (T, - s) My
—00

Tl
AT, -s
+Z[31] i Imkj(Tl—s)e(T ) du

< - [aj (Tl) e/\Oti(T1) S [ a; (Tl) e)t(Xi(Tl)

x 0 (1) (A +a7e™ )] X, (T))

+ (1 +a,(T)) MMy, (Tl))

m +00
X Z [a;; + b;.e’\T + (oc;; + [3:;) X L k; (u) e’\”du] LM

B { - [ai (T1) ) — ) - a; (Ty) et

X o (Tl)()t+a+ hot! )]

+ (1 +a, (T,) Mg, (Tl))

X J k; (u) e)mdu] Lj]» M
0

<0,
(28)

and this is a contradiction. Hence, (1) does not hold.
If (2) holds, then, from (H;), (19), and (24), we have

X; (1)

= AX; (Tl) — 4 (Tl) e)L“i(Tl)Xi (T1) + 4 (T1) A

T, —«;

Tl
X J {)LXi (s) — a; (s) x X, (s - ; (5))
()

+ a5 i (7, (9)
j=1
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+ Y b; (s) eAsj?j (71- (s—7(s))
=1
Ny @6 [ kit 7 (5, 00) du
= ~oo
+ \/ﬁij ()"
j=1
* J_ ki (s =) £ (7 (”))d”} ds
+ Y ay (1) e f (7, (1))
=1
Z (1) e f (7, (e -7 (1)
A a [ =
+ N\ (1) e J ki (T, = 9) f; (7 (s)) ds
1 ~eo

k; (T, - s)f] (7]. (s))ds

T

+ _\/ﬂij (1,) " J
j=1

a (T,) eAai(Tl)Xi (T)) +a (T)) Pl

00

> AX; (Ty) -

Ty—oy(Ty)

T

X J {AX,- (T) +a'e" X, (T,) - Z a;L; |Y (s)|

j=
ibJrehL] |Y (s— T(S))'
=]
- iof’. r ki (s—u) e’\(s_“)Lj 'Yj (u). du
B;; JS ki(s—u) M
xL; 'Yj (u).du} ds

Zal]LJ 'Y T )| Zbl]L]eM 'Yj (Tl -7 (Tl))|

- ioc;; JTI k; (T, —s) eMT‘_S)Lj 'Yj (s)| ds
e
- iﬁ; jTl k; (T, =) "L [y, (5)| ds

J
> = [a (1) 4T - A g, (1,) )

(1) (15076 )| 1) () o
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bt L M - Zoc
j=1

’J]

<[ | -5

x J ki(s—u) M dy
Zﬁu i J ki(s—u) eA(S_”)du:| ds

Zazj j Z bre' "L M= Z‘xu j

Tl
X Jﬁoo k; (T, -s) M9 gy
S o

> { _ [ai (Tl) eAaci(Tl) - a; (Tl) e/\ot,-(Tl)

x (1) (A + a7 )] X, (1))

+ (1 +a; (T)) M)

&; (T1))

m
+ + At + +
XZ[“ij”’ije + (o + B))

=1
+00
x J k; (u) e’\”du] Lj} (-M)
0
> 0.
(29)
This is also a contradiction.
Similarly, if (3) (or (4)) holds, we can derive a contradic-

tion. Therefore, (27) holds.
Furthermore, together with (16) and (17), we have

1% (8] = |x: (80) = % (&)
)= x; (t)] =

= |X; ()] e M < Me ™M,

< | (4 x; ()]
(30)
7; (80| = y; (6 - i (80|

<y () - y; ()| = |7, (&)
|, ()] < e,
,myandk =1,2,....

wherei=1,2,...,n,j=1,2,...

From (27) and (30), we get

x; () = x; (f)

=0 (e_’\t) ,

¥ 0~y 0 =0(™)

(31)

forallt > 0,i = 1,2,...,n,and j = 1,2,...,m. Therefore,
system (3) is exponentially stable. This completes the proof.
O

3. An Example

In this section, we present an example to illustrate the
feasibility of our results obtained in previous sections.

Example 4. Consider the following fuzzy BAM neural net-
works with distributed delays and impulses:

2
X} (0) = —a; (1) x; (t— o, () + Y a; () f; (3 )
j=1
2 2
+ b (0 £ (vt -t @) + Z (t) w;
j=1 j=1
2 t
Ny ® [ k=95, (3,0 ds
j1 ~o0
2 t
VB O [ kye=95,(r,0) ds
e ~o0

/\’JJ \/’J J+A(t)

Ax; (t) = -0

t>0, t#t,

kX (), k=1,2,...,

2
yi6) = =b;(6) y; (t = B; () + Y dji (8) g (3 (1))
=1
2
+ iji ®) g; (x; (t - p (1))
i-1
2 n t
+ Zqﬁ (t) p; + /\yﬁ (t) J k; (t —s) g; (x; (s))ds
i=1 i=1 00

2 t
#\/m j K (6= 5) g, (x; (5)) ds
i=1 —00

2 n
# N\Rjts + \/Sis + By (1), 120, t#1,
i=1 i=1
Ay; () = _éjkyj (), k=12,...,

(32)
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0.2

0.1+

y1-axis
(=}
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0.2

0.1+

yp-axis
(=]

y,-axis

y,p-axis

2.
! a«l’[& -0.1

(d)

FIGURE 1: Phase responses of states x,, x,, ¥;, and y,.

where i, j = 1,2, fi(x) = g;(x) = (1/8)(Ix + 1| - |x - 1),
and t; < t, < --- is strictly increasing sequences such that
limy, _, o, t; = +00; the coefficients are as follows:

al(t)=%(9+sint), a, (t) =4+ [sint],
o () =0, (t) = % (1+sint),
bl(t)=%(9+cost), b, (t) =4 + |cost]|,
B () = (1) = 50 (1+ cost),
ap () =a,{t)=a, () =ay, () = é (1+2sint),
b (£) = by (£) = by, () = by, (£) = é (1+2cost),
diy (t) =dp, (t) =dy (t) =dy, () = é (1 +sint),

P (0= P2 (1) = Py ()= Py (1) = £ (1+cost),

ayy (1) = oy (£) = 0y (8) = apy (£) = % sint,

B () = Bra (t) = By (1) = By () = %COS t,
PO =12 @) = 1 (0 =y (0 = = (1+ 35in),

1
M (8) = iy (8) =15y (8) =115 () = 1 (1+3cost),
T, =Hy=R;=S5;=1,
(j=12),

1
B, (t)=B,(t) = 3 sint,

w; =y =1

A (t)=Ay(t) =

1
— Ccost,
2

L.
Gik:1—§s1n(2+k),

ij=l+§cos(3k), (i,j=12).

(33)
By calculating, we have
af:a;:bf:b;:S,

a, =a, =b =b, =4,

1
ol =a} =B =] = o,
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gt gt o+ o+ ot 4+
aij—bij—dji—Pji—“ij— i = Yii = i

1
=3 (j=12),

(34)

We can see that system (32) satisfies the conditions (H, ), (H,),
and (H,); fori =1,2, j = 1,2, we have

—a, (1-a/a)+(1+a a))
2
x;(a;;+b$+oc;+ﬁ;)Lj<O,
B (35)
by (1-5/B]) + (1+b/p;)

X

M

(d;i+p;i+y;+;1;)M,-<0,
i1

which implies that (H;) holds. Therefore, from Theorem 3,
system (32) is exponentially stable (Figure1 illustrates our
plausible results).

4. Conclusion

In this paper, we consider a class of BAM fuzzy cellular
neural networks with time-varying delays in leakage terms
and impulses. By using differential inequality techniques,
we obtain sufficient conditions for the exponential stability
of this class of networks. Our results are completely new
and complementary to the previously known results. Finally,
an example is given to demonstrate the effectiveness and
conservativeness of our theoretical results.
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