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Global Existence and Stability of Periodic Solution for Two Kinds of
BAM Neural Networks with Diffusion

Xuyang Lou, Baotong Cui, Wei Wu"

Abstract: This paper deals with the problem of global existence and asymptotic stability of periodic solution for
reaction-diffusion BAM neural networks with discrete time-varying delays or distributed delays. Based on the
Lyapunov method and coincidence degree, some sufficient conditions for the neural networks with reaction-
diffusion terms are derived. Since the activation functions do not need to satisfy the boundedness conditions, the
criteria are less conservative than existing ones reported in the literature for delayed neural networks.

1. INTRODUCTION

A class of two-layer interassociative network called bidirectional associative memory (BAM) neural network
first introduced by Kosto [1-2] is an important model with the ability of information memory and information
association, which is crucial for application in pattern recognition, solving optimization problems and automatic
control engineering. In such applications, the dynamical characteristics of networks play an important role.
There have been many analytical results for BAM neural networks with and without axonal signal transmission
delays [4-15].

Recently, periodic solution for BAM neural networks with delays has been studied, for example, see [3-8]
and references therein. In [6-8], some sufficient conditions ensuring the existence, uniqueness and global
exponential stability of periodic solution were given for BAM neural networks with constant delays. In [3-5],
under the hypothesis for the boundedness or monotonicity on the activation functions, the authors gave several
sufficient conditions ensuring the existence and global exponential stability of periodic solution for BAM neural
networks with time-varying delays or distributed delays. However, in some applications, one requires to use
unbounded activation functions [7]. For example, when neural networks are designed for solving optimization
problems in the presence of constraints (linear, quadratic, or more general programming problems), unbounded
activations modelled by diode-like exponential-type functions are needed to impose constraints satisfaction.
The extension of the quoted results to the unbounded case is not straightforward.

Moreover, so we must consider that the activations vary in space as well as in time. Refs. [5,9-11] have
considered the stability of neural networks with diffusion terms, which are expressed by partial differential
equations. Recently there has been a somewhat a new category of BAM neural networks, which contains
distributed delays. Interested readers may refer to [11-14]. Therefore, it’s necessary to consider both diffusion
effects and delay effect on the periodic solution and stability of neural networks. To the best of our knowledge,
few authors have considered periodic oscillatory solutions for large-scale networks with delays and reaction-
diffusion terms due to the difficulty of these complicated networks’ analysis [5,15].

On the other hand, the existing literature on artificial neural networks is predominantly concerned with
autonomous systems containing temporal uniform networks parameters and input stimuli. Motivated by the
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above discussions, we will make contributions on the issues of existence and global asymptotic stability of the
periodic oscillatory solutions of reaction-diffusion BAM neural networks with time-varying delays or distributed
delays and the hypothesis for boundedness and monotonicity on the activation functions and differentiability on
time-varying delays are removed. Specifically, we consider a class of neural networks with reaction-diffusion
terms of the form:
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The boundary conditions of the BAM (1.1) or (1.2) are
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where v=(v,v,, ..., vl)T e Q c R; Qis a compact set with smooth boundary 6Q and mes Q > 0 in space R'; x
= (X}, Xyt xn)T ERG Y=, yp)T € R’. And yj(t, v) are the state of the ith neurons and the jth neurons at
time 7 and in space v, respectively; 1.(r) and Jj(t) denote the external inputs on the ith neurons and the j th neurons
at time ¢, respectively; the time delays r,.j(t) and Gj’.(l) correspond to the finite speed of the axonal transmission of
signal. a,.j(t) and bj’.(t) represent the strengths of synaptical connections.

Throughout this paper, we always assume that a (7), bj(t), aij(t), bj’.(t),t,.j(t), Gﬁ(l‘), I(1) and Jj(t) are continuously
periodic functions defined on ¢ € [0, ) with common period @ > 0. Moreover, a(?), bj(t), T,.j,(t), Gj’.(l‘), are
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positive everywhere, Jj(t, x) and g (¢, x) are continuous and e-periodic with respect to . Smooth function D, =
D, (t, x, v) 2 0 and D; = D;."k(t, x, v) 2 0 correspond to the transmission diffusion operator along the ith neurons
and the j th neurons, respectively.

Suppose

T= max{rij(r); 1<i<n, 1<j<p, t € [0, 0)},

c= max{cj’.(t); 1<i<n, 1<j<p, t €[0,0)}.
Then we let K = [-c, 0] % [-7, 0] and use C(K) = {¢ : K — R"* is continuous} with the supernorm as the Banach
space for system (1.1) and we will always tacitly use the identification

C(K) = C([-o, 0]; R") x C([-, O]; R?).

For each given initial value ¢ = (¢, W) € C(K) with ¢ € v([-o, 0]; R?) and y € C([-r, 0]; R’), one can solve
system (1.1) by method of steps to obtain a unique pair of continuous maps x : [-6,00) > R’ and y : [-T, ©0) - R"
such that (x, y)”: (0, o) — R"™ is continuously differentiable and satisfies (1.1) for ¢ > 0, x|

:\V.

=@ and y|

[0, 0] [-7.0]

In this paper, by means of some spectral theorems, Lyapunov functional, inequality analysis and a continuation
theorem based on coincidence degree, we obtain some new sufficient conditions ensuring the existence, uniqueness
of the periodic solution.

2. GLOBAL EXISTENCE OF PERIODIC SOLUTIONS

For convenience, we use the following notations:
— 1 ®
f=—], f@de, [fOT = max {|f0)]},
(o) 1€[0,0]

where fis a continuous periodic m—periodic function. For matrix A = (a,,)

ij’nxn’

let p(A) denote the spectral radius
of A. A matrix or a vector A > 0 means that all the entries of A are greater than or equal to zero, similarly define
A>0.

Theorem 1: Assume that a(t) > 0and bj(t) >0i=1,2, --on;j=1,2, .-+, pfor t > 0. Moreover,
(A)) there exist non-negative constants p;» 4,9 and B, such that
(e, Wl <p, lul + oy, gt w)| < g lul + B, (2.1
foranyt,u e R,=1,2,---,n,j=1,2, -+, p;

(A) p(M) < 1, where M = (m,.j) d

(n+p)x(n+p) an

0, if1<i,j<norn+1<i,j<n+p.
m; = {‘ai,j_n(t)‘pj_n/a,-(t)}Jr, if1<i<nand n+1<j<n+p.

{‘bi_n,j(t)‘qj/bi_n(t)}+, ifn+l<i<n+pandl<j<n.

Then (1.1) has at least one w—periodic solution.

Proof: In order to use the continuation theorem for (1.1), we denote by Z (respectively, X) as the set of all
continuously respectively, differentiable w—periodic functions u(?) = (x,(?), ---, x (1), y,(©), -+, yp(t))T defined on
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R and denote |u|,= 1<igzl?§j . {[x,()", yj(t)"] }. Then X and Z are Banach spaces when they are endowed with the

norms ||,. For u € X and z € Z, set

ou(t,v) 1o 1 o
(Lu) ==, Pu=——[Tuttydr, Qc=—["<(n)dr,
Lo Ox; 2
(Nu),‘(t) = z_ D,'k - |~ ai(t)xi(t) + Z a,‘j(t)fj(ta)’j(t - Tl‘j(t))) + Il'(t)
o1 OV Wy j=1

fori=1,2, .-, n,and

[ a . a . n
(Nu),.; (1) =2§(D,-k %}—b,- 09,0+ Y b0, %, (t = 0, (O) + (1),
k=1 k k i=1

forj=1,2, -, p.

It is not difficult to show that Ker L = R**?, and that P,Q are continuous projectors such that Im L ={z € Z
4| ﬁ z(t)dt = 0} is closed in Z and that dim Ker L = n + p = co dim ImL, and that P, Q are continuous projectors
such that Im P = Ker L and Ker Q = Im L = Im(I — Q). It follows that L is Fredholm mapping of index zero.
Furthermore generalized inverse (of L) Kp : i = Im L — Ker P () Dom L reads

(Kp u),() = j; u(s)d —é [ j; u.(s) dsdt

for u = u(t) € Z. Thus, it is easy to see that ON and Kp(I — Q)N are continuous An application of the
Arzela-Ascoli theorem to Kp(I — Q)N results in the fact that Kp(I — Q)N(€2) is compact for any open bounded
Q) < X. Moreover, ON( Q) is clearly bounded. Thus, N is L-compact on € with any open bounded set Q c X.

Now we reach the position to search for an appropriate open bounded subset Q for the application of the
continuation theorem Corresponding to the operator equation Lu = ANu, A € (0, 1), we have

ox; (t,v d ) ., P
o) _ x; < (D,.k a—) ey (1)x (1) + x_z; ay (O f(1,y;(t =5 () + M (1),
= Jj=

(2.2)

l n
Oy; (t,v) 5 % O0Y;
Oy}azt = K; oo, (Djk O)TZ) —Ab;()y; (1) + 7»21: b (t)g;(t,x;(t =5 ;;(1))) + M ; (1),
fori=1,2,--,n,j=1,2, -, p.

Assume that u = u(f) € X is a solution of (2.2) for a certain A € (0, 1). Then x(#) and yj(t), as the components
of u(?), are all continuously differentiable. Thus, there exist 7, tj' € [0, o] such that |x,.(tj)| = [x(®]* and |yj(tj'.)| =

1.
Hence, X (¢) = yj(tj) = 0. This implies that
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It follows from the first equation of (2.3) that fori =1, 2, ---, n, we have
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where
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In view of p(M) < 1, it follows that
(E-M)'>0and h=(E-M)'D >0
(see [16] for more details), where D = (D, D,, ---, DZW. It follows from (2.4) and (2.5) that
[x(®]* < h, and [yj(t)]+ < h’n+j yfori=1,2,--,n,j=1,2,---, p, (2.6)

(2.3)

where £, is the ith component of vector h. Clearly, h (i = 1, 2, ---, n + p) are independent of A.

Moreover, it follows from the first equation of (2.2) that
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Namely,
ox;(t,v) i
{a—} <2hla;(O]",i=1,2,--,n. 2.7
t

Similarly, we have

{—éyf (”V)} <2h,,1b;(O1", j=1,2,+,p. 2.8)
ot JE0

LetA= max {h(1+2[a,(D)]"), h (1+2[b (0] }. Then there exists some d > 1 such thatdh, > A foralli=1,

1<i<n,1<j<p i
2,--,n+p. Wetake Q= {u € X;—dh < u(t) <dh forallt}. lf u = (xl, Xys s X3 Vs Voo yp)T e 0Q N Ker L=
0Q (N R, then u is a constant vector in R**" with x| = dh, and |yj| = dhmj fori=1,2,---,n,j=1,2,--,p. It
follows that

1 o P
(ON ), = — [ a0 + Y ay(0f; @,y )+ 1,00 di
j=1
and
1 o L
(ONuw),, = gfo {—b,-(r)y,- + 3 b8t x,) + J,-(r)}dz
i=1

We can claim that
(ON )] >0 2.9)

fori=1, 2, ---, n + p. By a way of contrary, suppose that there exists some i € {1, 2, ---, n} such that

1 o d
(ONw)|=0,1i.e., 6"‘0 {_ai(l‘)xl‘ + Zalj(t)fj(tayj)+li(t)]dt =
=

P
Then there exists some ¢* € [0, o], such that —a()x, + 2 a; " ) (t*,yj) +1.(t")=0. Thus,
j=1

\ v
dhj=|xi|<z iy ,y,)‘ Z ln+p n+J +D;.
j=1 a;t j=1
n+p
In view of d > 1 and dh = d(Mh + D) > Mdh + D, we have dh; > 2. m; dh +D;fori=1,2, -, n. Itfollows
j=1

from the above inequality that dh, < dh, which is a contradiction.

Thus we have [(QN u) | >Oforalli € {1, 2, ---,n}. Similarly, (QN u) | > O foralli € {n+1,n+2, ---, n+p}.
Therefore, (2.9) holds and
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ONu+0, uecoQ\KerlL.
Define
v : QN KerLx[0,1] —> X =ImL = Xby,
Y, ) = pdiag(-a,, -+~ a,.— by, .~ b ) u+ (1 - WONu,
forall u=(x, -, x,y, yp)T e QMR and p € [0, 1].
When u € 0Q () Ker L and p S [0, Hou=(x, - x,y, yp)T is a constant vector in R with |x| = dh, (i
=1,2,-,n)and |y |=dh (j=1,2, -, p). Thus,

n+j

—a;x; +(1-p { Zj a; () fi(t,y;)dt +p,; +Z ( lkav,l():|

k

max
1<i<n,1<j<p

~b;y; +(1—u){ngfbﬁ(’)gi(”xi)dt' ) +Zda_(Dﬂ‘ z )} ‘}
i=1 k=1

Vi

So,
W, W, > 0. (2.10)

Now suppose that [y(u, w)|, = 0, then we have

||M~

@, + [ Za,,a)f(z ypdi+ (1=l +(1-W X
(2.11)

D ay,
k av,

— _ o — l
by, +“—;>j0 X by (0,6 + (1= +(1—u)§

foralli=1,2,---,n,j=1,2,---, p. It follows from the first equality that there exists some ¢* € [0, ®] such that

a' *
—a;(t")x; +(1- u)Za,,(z )@y )+ A=)+ (1 - u)Z (ik X )J=0-
k

o Ov oV,
Thus,
2ola; ()], L)
= = x; 1< - > 8 ity - O
j=1 G t a;

! *
0 ox; () d
- D ! D',
“)’;:1 8\)]{ ( ik 8vk ] z / 1n+/ n+/ i

Jj=1

1
+ *
a;(t)

n+p

which contradicts that dh, > > m, dh +D fori=1,2, -, n Thus, (2.10) holds. Therefore, y(u, u) # 0, for any
j=1
u e 0QKerlL.
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Using the property of topological degree and taking J to be the identity mapping I : Im Q — Ker L, we have
deg(JON, QN Ker L, 0) = deg(y(:, 0), Q( Ker L, 0) = deg(y(-, 1), QN Ker L, 0),
= deg(diag(~a,, -+~ a,,— b, -~ b), QM Ker L, 0) = 1.
Therefore, according to the continuation theorem of Gaines and Mawhin [17], system (1.1) has at least one o—
periodic solution. The proof is completed.

Remark 1: In this section we has proved the existence of periodic solution of (1.1) and avoided finding a
Lyapunov functional for the convenience of proof.

3. GLOBAL ASYMPTOTIC STABILITY OF PERIODIC SOLUTION

In this section, we shall construct a suitable Lyapunov functional to derive a sufficient condition which ensures
the global asymptotic stability of periodic solution of system (1.2).

In the sequel, we will use the following notations:

a; = min a;(1), b; = min b;(1), a; = max |a; ()], bj; = max |b;(1)],
re[0,0] rel0,0] - rel0,0] - re[0,0]

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

Assumption 1: For system (1.2), suppose that the activation functions f(), gi(-) are bounded and satisfy
that (H,) there exists a positive number L, such that

| £ =f O] - L, |x =y, [g,) — g - L, |x— |
forallx,ye R, i=1,2, ---, max{p, n}.
Theorem 2: Assume that (H )—(H,) hold. If

p 0
B :2a; - (a; +L}b}; jo k5 (s)ds) >0,
j=1

B, :2b; =) (b;. +Lia; jo g(s)ds) >0,

i=1
fori=1,2,---,n,j=1,2,---, p, then the system (1.2) has a unique w-periodic solution and all solutions of (1.2)
converge to its unique e—periodic solution.
Proof: Let
)C(t) = {xl(t)’ xz(t)’ ) xn(t)’ yl(t)’ yz(t)’ ) yp(t)}
be an arbitrary solution of (1.2) and
X*(t) = {X’I (t)’ x; (t)’ Tt x;(t)’ Yi(t), )’;(l‘), ERE) y;(t)}y

be an w—periodic solution of (1.2). First, from (1.2) we have

P [ A
—a;i Z_Cli(t)ai(t)+ Z alJ(I)AJ(BJ(l‘—S))+ Z %(Dik%),izl,l-“,n,
Jj=1 k=1""k K (3.1

n 1
oB; w0y .
a_tjz_bj(t)Bj(t)"'Ebji(t)Ai(ai(t_S))+k§1%(Djk %):] =12,---,p,
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where
o) =x(0)—x; @), i=1,2, - nBO=y0-y ®,j=12,-p,
APt =) =f o hy()y (e = 5)ds) £ o hy(s)y; (= $)ds).j= 1,2, -+, p.
Aot =)= g (o k() - s)ds) - g (o k(s) x[ 1= 5)ds), i =1,2, -, n.
Consider the Lyapunov functional V (¢) = V,(?) + V (), where

n 5 p 5
Vi = Dl @f +X|B; 0] av,
i=1 j=1

AGEI N Yy a;["[" miBimdmdsdy

i=l j=1

+I z z Ll /tJ. J.:_S KJ%‘ (S)OLI-Z (m)dndsdv,

j=11i=1
where f o denotes the integral for v in Q.

Calculating the derivative D*V (¢) and D*V,(¢) along the solution of (3.1), we derive that

6[31]

=1, [22{a (l-a,(1)0, <r>+2al,(z>A ®, (z—s)>+2 (D S e

DV = |, 2Z|a O

P n
+jQ[2_21{B,-(t)[—b,-(z)B,-(z)+gb,-,-(r)Al(a,-(z—s)HZ (D il ’)]}dv
j= 1=

k
n p ©
< [ 2 R2a 00} )+ Y | ag ] [af () + L [ i ()71 —s)ds])
i=1 Jj=1
p n o
+f D 2b, 0BT+ X by B30+ L [ kG ()ox] (¢ = 5)ds])
j=1 i=1
L d 0 . OB;
+2220L (t) +Zzzﬁj(t) 6_ Djka— dv
i=1 k=1 j=1k=1 Vi Vi

<[, Z[ ~2a; +Zalj(t)]0c (z)+ZZa;L§ [AOHEONE

i=1 j=1

(3.2)
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p 1 o,
+22b;LlJ S (s)a; (t—s)ds+zz2a(t)( ( D

j=li=1 i=1 k=1 a"k

b4 & p 5[3
+[-2b; + D bEBTO+ DD 2P, (t)( ( JJdv (3.3)
j=1 i=l

j=1k=1 5Vk

and

DV, = | ZZLZa (B3 (O] hy (s)ds = [ Iy ()B (1 = 5) ds]

i=1 j=1

+ZZL, bilal O] K5 (s)ds = [ " ()t} (¢ = s)dsdv. (3.4)

j=11i=1

It follows from (3.3)-(3.4) and Q, Qj that

DV (@) < J-an:[—mi‘ +iai} +szp: I k2 (s)dslo? (1) +Zz2a (t)( ( ¥ D
i=1 j=1 j=1 Vk

i=1 k=1

P oB .
+z[—2b;+zb+ +LZZ ,jj hi (s)ds] B3 (1) +222[3 (t)( ( f;kgﬁf)ﬁ
j=1 i= k

j=1k=1

- ZQa(t) ZQB@HZZM@( ( 5ka

i=1 k=1

+ZZzB (z)( ( Zindv. (3.5)

j=lk=1

From the boundary condition (2), we get

j22az( (p, a“))m:éjﬂzaiv-(ak%);lm

= Y2f, V(oD 5 ) dv- sz (Da 5 )l Vo, dv

1
< oo, oo.;
:izzllzj‘ag((liDik a] dv— ZZZJ le[ j dv

k= i=l k=1

n 1 da. 2
- Y2y | b, (EJ a, (3.6)
k

i=1 k=1

10
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where r=V = (— ---,8%) is the gradient operator, and
1

ov,’
oo, ) 8 5
Dik& _ DiI&""’Dil& .
ov, el ov, ov,

Similarly, by using of the same way we get

I;mZ ( ] Z2ZI D,k( JZ (3.7)

j=l k=1

Since D, 20,D;,, 0(=1,2, -, n,j=1,2,--,p, k=12, 1), from (3.4), (4.6) and (3.7) we get D" V (1) 2
0,andso V(r) <V (0),=0.

Integrating both sides of (3.5) from O to ¢, we get

<t t &
V+[ [, 200l ()ds+ [ D 0B (s)ds
i=1 j=1

which implies a.(7), Bj(t) € L [0, «). It follows from (1.2) that
Ox; .
_Al S a_+ Cll(l‘)xl(l‘) S Al’ 1= 1,2," ',n,
t

and

A<y <A, j=12
- j—?"’ (y; (<A, j=12,-,p,

where

Lo aa )]
A; Z(ausup|f(x)|+l {ZE Dika ,

j=1 Xe k=1

Lo LB
A z isup | g; (x) [+ ZE(D#@_V: :

xeR k=1

6[5/

So one can easily see that all the solutions of (1.2) are bounded on [
are bounded on [0, o). Hence a,(7) and Bj(t) are uniformly continuous on [O oo) Therefore, by Barbalatt S

Lemma [18], we have limu; =0,lim v, = 0,i=1,2,---,n,j=1,2, -, p. This completes the proof.

t—>0 t—0

4. AN ILLUSTRATIVE EXAMPLE

Example 1: Consider the following two-dimension BAM neural network with distributed delays and reaction-
diffusion terms:

11
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ox;(t,v) _ 5 0ox;
o 3_V1(Di1 3_v1) —a;(t)x; (1)

2 o0
+Y a;(0)f; (jo hy (), (1 s)ds) +1(),i=1,2,
= @.1)

oy;(tv) 5 x 0y;
40 = (D52 )y 0

2 o0
#3008, [} k(o= 9)ds 4,07 =12
i=1

Take
§,0) = g,u) = f,(w) = f,(u) = tanh(u),
D, =D =tx* D, =D, =tx", h(s)=k(s)=e",
a()=09,a,)=0.5,b()=1.2,b(1)=0.8,
a, ()=06,a,6=02,a,#)=0.7,a,)=0.5,
b, ()=-0.5b,1)=0.3,b,()=0.3,b,,(t) = 0.25,
1,(t) = L(t) = 8 sin(?), J,(t) = J,(1) = =5 cos(?).

Obviously, assumptions (H,) and (H,) hold and L, = L, = 1. It can be easily checked that the following conditions
hold:

2 o 2 0
2a; - Z; (a,; + L[ ka-l.(s)ds) >0, 2b; - le (b;. +Lag | b (s)dsj >0.
Jj= i=

Therefore, it follows from Theorem 2 that the system (4.1) has a unique w-periodic solution and all solutions of
(4.1) converge to its unique w—periodic solution.

The dynamical behaviors are shown in Fig.1-Fig.4 with the initial x (0, v) = -0.5, x,(0, v) = 0.8, y (0, v)

= 0.6, y,(0, v) = 1 and the boundary conditions S (7, 0) = 2 (1, 0)= 0, 22 (1, 1) = 22(, 1) = 0, x,(t, 1) =y,
(#, 1) =1,x,( 0)=y,(, 0) = 0. And the space surface plots are shown in Fig. 5 and Fig. 6. As we can see that the

neural states converge towards a unique w—periodic solution.

Figure 1: Dynamical Behavior Simulation of t-v —x, Figure 2: Dynamical Behavior Simulation of t-v -x,
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Figure 5: Space Surface Plot of x, — x, Figure 6: Space Surface Plot of y, —y,
5. CONCLUSIONS

In this paper, the existence of periodic solution for reaction-diffusion BAM neural networks with discrete time-
varying delays and the asymptotic stability of periodic solution for reaction-diffusion BAM neural networks
with distributed delays are studied. By Lyapunov method and coincidence degree, some sufficient conditions
for the neural networks with reaction-diffusion terms are derived and the activation functions may not be bounded.

REFERENCEE
[1] B. Kosko. Bi-directional associative memories, IEEE Trans. Syst. Man Cybern. 1998; 18(1): 49— 60.
[2] B. Kosko. Adaptive bi-directional associative memories, Appl. Opt. 1987; 26(23): 4947-4960.

[3] J.D.Cao, Q. H.Jiang. An analysis of periodic solutions of bi-directional associative memory networks with time-varying
delays, Phys. Lett. A 2004; 330 (3-4): 203-213.

[4] X.Y.Lou,B.T.Cui. Global exponential stability analysis of delayed Cohen-Grossberg neural networks with distributed
delays, International Journal of Systems Science 2007; 38(7): 601-609.

[5] X.Y.Lou, B. T. Cui. New criteria on global exponential stability of BAM neural networks with distributed delays and
reaction-diffusion terms, International Journal of Neural Systems 2007; 17(1): 43-52.

13



Journal of Mathematical Control Science and Applications (JMCSA)

(6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]

[19]

[20]
[21]
[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]
[30]

[31]

J. D. Cao, L. Wang. Periodic oscillatory solution of bidirectional associative memory networks with delays, Phys. Rev. E
2000; 61(2):1825-1828.

Q. K. Song, Z. D. Wang. An analysis on existence and global exponential stability of periodic solutions for BAM neural
networks with time-varying delays. Nonlinear Analysis: RealWorld Applications 2007; 8(4): 1224-1234.

Y. Q. Liu, W. S. Tang. Existence and exponential stability of periodic solution for BAM neural networks with periodic
coefficients and delays, Neurocomputing 2006; 69(16-18): 2152-2160.

X.Y. Lou, B. T. Cui. Robust exponential stabilization of a class of delayed neural networks with reaction-diffusion terms,
International Journal of Neural Systems 2006; 16 (6): 435-443.

Q. K. Song, Z. J. Zhao, Y. M. Li. Global exponential stability of BAM with distributed delays and reaction-diffusion
terms, Phys. Lett. A 2005; 335: 213-225.

Y. Li. Existence and stability of periodic solution for BAM neural networks with distributed delays, Appl. Math. Comput.
2004; 159: 847-862.

Z. Liu et al. Existence and global ex ponential stability of almost periodic solutions of BAM neural networks with
continuously distributed delays, Phys. Lett. A 2003; 319: 305-316.

X. Liao, K. Wong, S. Yang. Convergence dynamics of hybrid bidirectional associative memory neural networks with
distributed delays, Phys. Lett. A 2003; 316: 55-64.

H. Wang, X. F. Liao, C. D. Li. Existence and exponential stability of periodic solution of BAM neural networks with
impulse and time-varying delay, Chaos, Solitons & Fractals 2007; 33(3):1028-1039.

J. P. Lassalle. The Stability of Dynamical System, SIAM, Philadelphia, 1976.
R. E. Gaines, J. L. Mawhin. Coincidence Degree and Nonlinear Differential Equations, Springer-Verlag, Berlin, 1977.

K. Gopalsamy. Stability and Oscillations in Delay Differential Equations of Population, Kluwer, Dordrecht, 1992.

P.S.Balakrishnan and S. C. Murugavel , Synthesis and Characterization of novel dual-functional epoxy resin containing
photosensitive group in the main chain, International Journal of Pure and Applied Chemistry

Natalia K. Bisero, Marcela H. Gonzéalez Mariano H. Masiokas and Saeid Eslamian, Regression Method for Predicting
Snow Cover in Central Andes in Argentina, Journal of Flood Engineering

Gary Feldman, The Conjugate Frame Method Relativity, International Journal of Physics 2007; 33(3):1028-1039.
Liudmila B. Boldyreva, Spin System of Physical Vacuum as a Source of Energy, International Journal of Physics

Y. E. Gliklikh and S.E.A. Mohammed , Stochastic Delay Equations and Inclusions with Mean Derivatives on Riemannian
Manifolds, Global and Stochastic Analysis

Ching-Hung Lee and Yu-Chia Lee, Nonlinear Fuzzy Neural Controller Design via EM-based Hybrid Algorithm,
International Journal of Computational Intelligence in Control

Ching-Hung Lee, Bo-Ren Chung and Jen-Chieh Chien, Robust Adaptive Backstepping Controller for a Class of Nonlinear
Cascade Systems via Fuzzy Neural Networks, International Journal of Computational Intelligence in Control

Nitesh Vaishnav and Gaurav Acharaya, Cold Rolling Mill Optimization Using Fuzzy Logic, Journal of Mechanics and
MEMS

Constantinos Alexiou., Unravelling the ‘Mystery’ Between Public Expenditure and Growth: Empirical Evidence from
Greece, International Journal of Economics, Vol. 1, No. 1, pp. 21-31.

D. Jasikova & V. Kopecky, A Visualization Technique for Mapping the Velocity of Raising Fibers Production in an
Electrostatic Field, International Journal of Electrospun Nanofibers and Applications

Dilek Leblebici TEKER., Operational Risk Measurement under Basel 11: An Application on a Turkish Bank, The Global
Journal of Finance and Economics, Vol. 3, No. 2, pp. 173-192.

Dolly Sunny., An Investigation into the Phenomenon of Migration, Indian Development Review, Vol. 3, No. 2, pp.223.

Hamid Saremi & Nader Naghshbandi, Role of Social Accounting in Organizations, International Review of Comparative
Sociology

Maria Cristina Morales., Towards a Theory of Citizenship Divide: The Utility of Ethnic Resources among Latina/o
Workers, International Journal of Sociological Research, Vol. 1, No. 1, pp. 53-66.

14



