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Abstract

This paper considers the global exponential stability of delay neural networks
with impulsive perturbations. By establishing a new impulsive delay inequality
which is different from the earlier publication, we obtain some new sufficient con-
ditions ensuring exponential stability of the equilibrium point for such neural net-
works. The neural networks model considered include the impulsive delay Hop-
field neural networks, the impulsive bidirectional associative memory networks
and so on. Those conditions ensuring that global exponential stability are simpler
and less restrictive versions of some recent results. At last, two numerical examples
are given to illustrate the advantages of the results we obtained.

AMS Subject Classifications:92B20, 34A37.
Keywords: Delayed neural networks, global exponential stability, impulses, equilib-
rium.

1 Introduction and Preliminaries

In the last several years, delay neural networks have received especially considerable
attention due to their extensive applications in associative memory, optimization prob-
lems, pattern recognition and image processing, see [1-4, 6, 8-25]. Recently, various
results for the stability of delay neural networks are obtained via different approaches.
In [22], Zhang et al. obtained some global asymptotic stability results by utilizing Lya-
punov functional method and the linear matrix inequality approach for delay Hopfield
neural networks as follows:

U;(t) = _CiUz‘(t> + Zaijfj(uj(t)) + mef](u](t — 7')) + Jz’; 1 = 17 2’ cee M.
=1 j=1
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Furthermore, some sufficient conditions of global robust stability for the above neural
networks were presented in [16]. It is well known that the Halanay inequality has been
widely applied to stability analysis of various delay neural networks, and it has also
proved to be a powerful tool in the investigation of stability properties of delay neural
networks, for instance, see [3, 6, 13, 24, 25]. Recently, Zhang and Wang [21] obtained
some new criteria concerning global exponential stability by using the Halanay inequal-
ity and some physical parameters for generalized neural networks with time-varying
delays as follows:

() = —di(x;(t)) + Zaz‘jfj(l’j(t)) + Zbijgj(xj(t — 1)+ Ly i =1,2,--- ,n.

Furthermore, all the results in [21] do not require the activation functions satisfy the
Lipschitz condition. However, we know that some neural networks are subject to in-
stantaneous perturbations and experience change of the state abruptly, that is, do exhibit
impulsive effects [5,7]. Since impulses and delays can affect the dynamical behaviors of
the system creating oscillatory and unstable characteristics, it is necessary to investigate
impulses and delays effects on the stability of neural networks.

Recently, there have been some papers and monographs on stability analysis of delay
neural networks with impulses, see [4,6,8,9,11,12,17, 20, 21, 23, 25] and references
therein. Zhang and Sun [23] get a result for the uniform stability of the equilibrium
point of the impulsive Hopfield-type neural networks systems with time delays by using
Lyapunov functions and analysis technique. However, the conditions on impulses are
too restrictive, and the result does only refer to uniform stability of the equilibrium point.

In [20], by applying a piecewise continuous vector Lyapunov function, some sufficient
conditions were obtained to ensure the global exponential stability of impulsive delay
neural networks as follows:

() = —agwi(t) + > biygy(cja(t — mi5(t) + Jist # i,

j=1
Azilimy, = xi(ty) —i(t,), 0 =1,2,--- n; k=1,2---

However, the result is invalid for generalized neural networks. Although some stability
conditions for impulsive delay neural networks proposed in [6, 20,21, 23, 25], there still
exists open room for further improvement.

In this paper, we present some new sufficient conditions for global exponential sta-
bility for delay neural networks with impulsive perturbations by means of establishing
a new impulsive delay inequality which is different from the previous work [25]. The
results here are discussed from the point of view of its comparison with the earlier re-
sults. Our results also improve and generalize some earlier results [20, 23, 25]. In the
end, some numerical examples are discussed to illustrate the advantages of our new
approach.
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2 Preliminaries

Let R denote the set of real numbei®, the set of nhonnegative real numbers,
denote the set of positive integers dRd the n-dimensional real space equipped with
the Euclidean norrjj-||. Consider the delay neural network with impulsive perturbations

zi(t) = —di(2i(t)) + Z i fi(z;(t)) + Z bijgi(z;(t —7i;(t)) + List # ty,

Azilimy, = xi(ty) —zi(t,), 1 €N, k€ Zy,
(2.1)
whereA = {1,2,--- ,n}; n > 2 corresponds to the number of units in a neural network;

the impulse times, satisfy0 < ¢ty < t; < ... < t; < ...,klir+n t, = 400, z;

corresponds to the membrane potential of the uaitimet; f;, g; denote, respectively,
the measures of response or activation to its incoming potentials of the ahiimet
andt — 7;;(t); constant;; denotes the synaptic connection weight of the girh the
unit; at timet; constant,; denotes the synaptic connection weight of the it the
unit: at timet — 7;;(¢); 1; is the input of the unit; 7;;(¢) is the transmission delay of the
jth neuron on the unitsuch thad < 7;;(t) < 7,t > t9,4,j € A, 7 is a constant.

In this paper, we assume that some conditions are satisfied so that the equilibrium
point of (2.1) does exist, see [3,20]. Assume thiat= (2}, 25, - - - 2)7 is an equilibrium
point of (2.1) and impulsive operator is viewed as perturbation of the equilibrium point
x* of system (2.1) without impulses. We assume that the following impulsive condition
holds:

(H1) Azilimy, = Julas(ty) — 20), |s + Ju(s)| < BY|s|, B9 >0, i € A, k € Z,.

If Jix = 0, then the model (2.1) becomes a continuous delay neural network which has
been investigated intensively in [21].
Assume that the system (2.1) is supplemented with initial conditions of the form

x(s) = ¢(s), s€ [to—T,t0),

Where¢(8) = (¢1(8)7 ¢2(S>a T an(s))T S PC([_Tv O]’Rn)! PO([_Tv 0]’Rn) = {¢ :
[—7,0] — R", is continuous everywhere except at finite number of pdintat which
U(ty) andi(t;,) existandi(t;) = ()}

Sincez™ is an equilibrium point of (2.1), one can derive from (2.1) that the transfor-
mationy; = x; — z;,i € A transforms system (2.1) into the system

yi(t) = —D;(yi(t)) + Z a2 (y;(t)) + sz’jrj(yj(t —755(t))),t # t, t > to,

yi(te) = vty ) + Jik(y;(tlz))a i €Nk Gizw
2.2)
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where

Di(yi(t)) = di(z; +yi(t)) — di(x7),  Q(y;(t)) = fi(x] +y;(t)) — fi(x),
Ui(y;(t) = g(x] + y;(t — 75(1))) — g5(7)-
Clearly, z* is globally exponentially stable for system (2.1) if and only if the trivial
solution of system (2.2) is globally exponentially stable. Hence, we only need to prove

the stability of the trivial solution of system (2.2).
We also have the following assumptions in later sections:

(H2) There exist positive constants, > 0, i € A such that the inequality

A, < di(x:) — di(ys)

Ti — Yi

holds for allz; # y;, i € A.

(Hs) The functions2,(s), I';(s) satisfyy;€2;(y;) > 0 andy;I';(y;) > 0fory; # 0, and
there exist constanis ;, n,; such that
O (v (v
m; = sup —J(yj) >0, n;=sup —J(‘%> > 0.
yi#0 Y5 yi#0  Yj

Supposep; € PC([ty — 7,t],R), i € A. Let® = (¢1(-), da(-), -, dn ()T, X* =
(a7,23,- - ;)" Define|® — X*|2 = sup } |oi(s) — i
1

to—7<s<to i

Definition 2.1. AssumeX* = (z},25,---,25)7 € R" is an equilibrium point of
the system (2.1). The equilibrium point of (2.1) is called globally exponentially sta-
ble if there exist constants > 0 and M > 1 such that for every solutiolk =

(z1, 79, -+ ,x,)" of system (2.1) with initial valu&® = (¢y, ¢2, - - - , dn)7,

S Jat) — (O < M|@ — X2,

i=1

Next, we shall establish a new impulsive delay inequality which is different from
the results in [8, 25].

Lemma 2.2. Assume that there exigt @ > 0 andm € PC([to — 7, 00), R, ) such that

. . 1 P

(i) fort =ty m(tx) < yum(ty), v > 0 are constants witax {—, 1} < —=;
keZy | Vi Q

(i) fort > tg,t#ty, D™m(t) < —Pm(t) + Qm(t), wherem(t) = sup m(s);

t—7<s<t

(i) 7 <ty —ty1, k€.
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Then fort > t,

m(t) < m(to) ( 11 %) e M), (2.3)
to<tp<t
where)\ > 0 satisfies the inequality
1
/\SP—Qmax{—,l}e’\T. (2.4)
k€Z+ ”yk

Proof. First, condition (i) implies that there exists a constant- 0 such that the in-
equality (2.4) holds. Next, we shall prove that (2.3) holds fortalt t,. First, itis
obvious thatn(t) < m(ty) fort € [to—T,to]. From (2.3), we next prove, fare [t, t),

m(t) < m(ty)e Mt (2.5)

If this is not true, then there exists some [ty, ;) such thatm(t) > m(ty)e 1),
For convenience, let

Wo(t) = m(te)e M0t = sup{t|m(s) < Wo(s), s € [to, 1), t € [to,t1)}.
Itis clear that™ € [ty,¢;) and
(1) m(t™) = Wo(t");
(25) m(t) < Wy(t), t € [to, t"];
(3,) foranyd > 0, there exists; € (t*,t* + J) such thatn(ts) > Wy(ts).

Hence, we get

Dtm(t*) < —Pm(t") + Qm(t")
S —PW()(t*) + QW()(t* — T)
< —PWy(t*) + Q max {vi, 1} Wo(t* — 7).
k

keZ,
On the other hand,
Wit = —X-m(ty)e M)
1 N
> — 1 AT P ~ ¢ —XA(t*—to)
> (o)) o

* 1 *

So we obtainD™m(t*) < Wy (t*), which is a contradiction with3(). Therefore, (2.5)
holds for allt € [to,¢;). From condition (i), we get

m(t) < mm(ty) < nim(te)e @),
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Fort € [t1,t2), we next show that
m(t) < ym(te)e M), (2.6)
If this is not true, there existsc [t,,t,) such thatn(t) > yym(ty)e 1), Set
Wi(t) = ym(to)e 70 t* = sup{tim(s) < Wi(s),s € [t1,t),t € [t1,t2)}.

Consequently, we get € [t;,1,) and

(1) m(t") = Wi (t);

(25) m(t) < Wi(t),t € [t1,t7];

(3y) foranyos > 0, there existss € (t*,t* + J) such thatn(ts) > Wi(ts).

In view of condition (jii), (2.5) and2,), we have

keZy

D+m<t*) < —Pm(t*) —i—Qﬁ”L(t*)
= —PW(t") + Qm(t")
< —PWA(t") + Q- max{im(to)ye N0 i(ty)e N0y
S _PW1 (t*) + Q maX{’yh 1}7%(.[;0)6—)\(75*_750—7')
1 *
< —PW (t*) + Q max {’y—, 1} 71777/@0)6_)‘('5 —to—T)
1
1
< —PW1(t*)+QmaX{_’1}Wl(t*_T).

Vi

On the other hand, we note
Wll(t*) = =)\ ’ylﬁl(to)eiA( "—to)

]. *
> —1\. AT P m(t —A(t*—to)
> (Qgé%f{%, } e )717”( 0)e
m
€

Lol - o,
z {% }

Thus, we arrive aD™m(t*) < W/ (t*), which contradictsd,). So we have proven (2.6)
holds for allt € [t1,t2). Furthermore, we can claim that

m(t) < yryamlte)e Tt € [ty t3).
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Similarly, we can defin&l, andZ. We only need to note that

(9

Drm() < —Pm(i) + Qm()

= PWL(D) + Qi)
< —PWsy(t) + Q - max{m(to)y172e 07 f(to)y e M)}
< —PWay(f) + Qv max{yy, 1} (to)e o7
1 .
< Py + QP LE e Mt
V2
1 y
< - J—
< —PWh(t )+Qgé%>+<{% }W2(t 7).

Then, applying exactly the same argument as in the proof of (2.6) yields our desir-
able contradiction. By induction hypothesis, we may prove, in general, that for
[tm7tm+l)1 m Z 01

) < m(to) (H’Yk) e A to

m(t) gm(to)( 11 %> ce A >

to<tp<t

where) satisfies (2.4). Hence, (2.3) holds for alk ¢,. The proof is complete. [

Remark2.3. From the proof of Lemma 2.2, we find that conditior< ¢, —t, 1,k € Z
can beremoved i, > 1forallk € Z, .

Remark2.4. Lemma 2.2 is similar to the lemma in [25]. However, our results can be
applied to cases not covered in the lemma in [25], which will be shown in Section 4.

3 Main Results

Based on the established extended impulsive delay inequality, the following sufficient
conditions for global exponential stability of system (2.1) are established.

Theorem 3.1. Assume that < ¢, — tx_1, k € Z, and conditiongH;)—(H3) hold.
Moreover, suppose

1
-max —(),1 < 0;
| (e g
1€

. ¢ bk”k
(Hy) ——mln{A }+ZZ [Z N

j=1 k=1 j=1 k=1 J




114 Xiaodi Li

(Hs) there exist constants™ > 0 andé > 0 such thaty < A and the inequality
2;111 (glez%\xﬁ,(j)) — §(tm —to) < E* forall meZ,

holds, where\ > 0 satisfies the inequality

A< P—(@max ;, Ly e, (3.1)
k€Z+ (mekxﬁ )
1€

n 72
bgknk

P lmina) -y o ’“7 Q=)

Jj=1 k=1 j=1 k=1

Then the equilibrium point of the systéfhl)is globally exponentially stable with the
approximate exponential convergence rate 6.

Proof. Suppos&” = (y1, s, - ,¥,)" is a solution of system (2.2). We shall prove the
zero solution of (2.2) is globally exponentially stable. Consider a Lyapunov function

defined by
1 n
=5 Z lyi(t)[*
=1

Then from conditions (K), (Hz), and applying exactly the same argument as in the proof
of [21, Theorem 1], yields the Dini derivative bf(¢) along the solutions of system (2.2),
fort e [tk‘atk-i-l)! k e y/m

D+V(t)|(2_2) = Z —= 'L+ZZ kmk '2

i=1 jlkl
n n an

+ZZZ i yi (t — 75(t)) (32)

i=1 j=1 k=1

< —?v<t>+6v<t>,

where
\N/(t) Vi) B (Al Qiiaikmi 6 , Qiibikni
= su s), = min{4Q;y — ) = ’
thSE)gt ieA — i~ A iy
=1 k= J=L =
On the other hand, from condition (Hwe can easily get
1 o 1 _ -
k):§Z|yz(tk)|2 = _Z’Jik yi(ty)) + ity
=1
< = Z |yz tk’ (33)

€A

< (max 6k )2 V(ty)-
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From (3.2), (3.3) and (H, it is not difficult to check that all conditions in Lemma 2.2
are satisfied. So, by Lemma 2.2, for ang [t,,, t,,+1), m > 0, we have

V() < Vit (]_m[ <r£1€an 5};'))2> e~ Mi—to)

IN

V(to)eE*i Oltm—ta) . o=A(t—to)
‘7@0)615* . eé(t—to) . e—/\(t—to)

5718 — X720,

VAR VAN VAN

where) satisfies the inequality (3.1). Hence, we obtain for apyt,,

Z ‘Sll'z(t) — $*|2 < MH(I) o X*H‘Qref()\—(s)(t,to)’

i=1

whereM = ¢ > 1, X satisfies the inequality (3.1). Therefore, the equilibrium point

of system (2.1) is globally exponentially stable with the approximate exponential con-
vergence rate — 0. The proof is thus complete. ]

Remark3.2 In Theorem 3.1, ifsup <| | manﬁ,(j)) < o0, then we can choose= 0
1€
=1

n€Z+
in condition (H).

If we let 6,(;) € (0,1, € A,k =1,2,--- in Theorem 3.1, then from Remark 3.2,
we can have the following result.

Corollary 3.3. Assume that, in addition to conditioffsl;)—«(Hs) and 7 < t;, — t;_1,
k € Z.,we have

@ 2 n n azkmi 1
. 1 ] _ - . .
ERTCUN DI R BIEY

j=1 k=1

~ bikni
j=1 k=1 J

Then the equilibrium point of the systéihl)is globally exponentially stable with the
approximate exponential convergence ratavhere) > 0 satisfies the inequality

e)\T

A<P—Q

9

[mingez, max;ea 5;(:)]2
with P and( defined as in Theorem 3.1.

Furthermore, ifﬁ,ﬁi) € [1,00),7 € A, k = 1,2,--- in Theorem 3.1, then from
Remark 2.3, we can obtain the following result.

Corollary 3.4. Assume that conditior($1;)—(Hs) hold. Moreover, suppose that
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1 n n CLka n n bgkn%
(Hy) —smin{A}+> > -~ . 0;
2 ieA it A] 01 b=l AJ

(H;) there exist constant8™ > 0 andd > 0 such thath < X and the inequality
2;111 <1?6an5,<;>) — §(tm —to) < E* forall meZ,

holds, where\ > 0 satisfies the inequality
A< P —QeM
with P and defined as in Theorem 3.1.

Then the equilibrium point of the systéil)is globally exponentially stable with the
approximate exponential convergence rate .

Theorem 3.5. Assume that < ¢, — t,_1, £ € Z, and conditiongH;)—(H3) hold.
Moreover, suppose that

(HG) —mlj{l{ A; — Z |Cljz|m }

Ajp

O ka”kﬂJ 1 -
D D e ] o SIS

=1 k=1 Ajpi (I?g\x k j=1
forall i € A;

(H;) there exist constants™ > 0 andé > 0 such thaty < A and the inequality
Z;In (r?eanﬂ,S)) — O(tm —to) < E* forall meZ,

holds, where\ > 0 satisfies the inequality

A< P — @ max L

keZ
. (rgleaAXff )2

P = min Z’%\m O = max zn: - b2knk:uj
€A = ]:ul €A ] .

j=1 k=1 ]'UZ

g™

S lo AT (3.4)

Then the equilibrium point of the systéil)is globally exponentially stable with the
approximate exponential convergence rate 4.



Global Exponential Stability of DNNs 117

Proof. We suppos&” = (y1,%s, -+ ,y»)" is a solution of system (2.2). We shall prove
the zero solution of (2.2) is globally exponentially stable. Consider a Lyapunov function

defined by
1 n
=3 > wilwit))?
=1

Then from conditions (lH—(H,), applying exactly the same argument as in the proof
of [21, Theorem 2], yields fot € [t tx11), k= 1,2,- -,

D'V (t)lea = Z ——A Z’aﬂ

=1

. Z ]knku] = 75i(t))

i=1 j=1 k=1

< —PV(t)+QV(1),

~ ~ " L b2 niu;
P =2min E ]aﬂ|m Q) = 2max Tkl .
€A = A i€l ; Ajp

From condition (H) and (3.3) we can similarly obtain

where

n

_1 - 2 1 ()2 —\(2 (%) ? _
—§;ui|yi(tk) <5 2 BVl ) < (max3” ) V().

i=1

For anyt > t,, SUPPOSE € |[t,,, 1), m > 0. By Lemma 2.2 and condition @), we
get

! () S < v

IN

m 2
V —A(t—to)
V{to) (H (rfg}‘xﬁk ) ) e 0
V(to)e®" - efltmto) . g=Ait—t0)
v(to)eE* ) e(S(t—to) . 6—)\(,5_,50)

IA A

IN

1 "
5 (e ) "o — X 2e0-o-,
where) satisfies the inequality (3.4). Hence, we obtain for anyt,

D lai(t) = 2" < M||@ — X*|Zem A0,

whereM =

> 1, A satisfies the inequality (3.4). Therefore, the equilibrium
min g4

1EA
point of system (2.1) is globally exponentially stable with the approximate exponential
convergence rate — J. The proof is thus complete. H
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Similarly, we can obtain the following result whose proof is similar to Theorem 3.5.
Here, we omit it.

Theorem 3.6. Assume that < ¢, — t,_1, £ € Z, and conditiongH;)—(H3) hold.
Moreover, suppose that

(Hs) _mm{ A m“}

j=1 k=1 A],uz
‘bﬂ‘n 1 -
+ max ‘max § ———r—, 1 0 <0, where) ;|b;;| = 1 forall
i€
1€ A;

(Hy) there exist constants™ > 0 andé > 0 such thaty < A and the inequality
S (4) *
2;ln (rlzrlg\xﬁk )—(5(tm—t0) < E* forall meZ,

holds, where\ > 0 satisfies the inequality

1
< P — 1 L AT
NS P Qs e

P =min< -A; — Jk : () = max s
i€A { ;; i€A ; A

Then the equilibrium point of the systéghl)is globally exponentially stable with the
approximate exponential convergence rate .

Remarlk3.7. If we letd;(s) = d;-s,d; > 0in Theorems 3.1-3.6, thek; can be replaced

by d;.

Remark3.8. If we letd;(s) = d; - s, A = (ai;)nxn = 0 in System (2.1), then the global
exponential stability of system (2.1) has been considered in [20]. So, the results in this
paper are applicable to more conditions.

Remark3.9. If d;(s) = d; - s, Ji(s) = Ji - s, andr;;(t) may be replaced by constants

in system (2.1), then the uniform stability of system (2.1) has been investigated in [23].
But it is necessary that conditioxit;,) = Dy(¢, ) holds in [23]. In fact, HNN are subject

to sudden and sharp perturbations instantaneously. These perturbations are impossible
to control by a constant function. Hence, our results improve the results and can be
applied to cases not covered in [23].

Remark3.10 It should be noted that the stability conditions we obtained contain all
the information of neural networks, and only depend on physical parameters of neural
networks, which can be checked easily and quickly.
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4 Examples

Example 4.1. Consider the simple two-neuron delay neural network with impulsive
perturbations

(2 (t) = —da1(t) + 0.3]21(t)| + 0.2|a2(t)| + 0.5]21 (t — 71)|
+ 0.5]xo(t — 1), t # t,
Th(t) = —4xo(t) — 0.2|x1(8)] + 0.7|22(t)| — 0.4]z1(t — ) (4.1)
—O.6|[L‘2(t—7'2)|, tZO, '
Az iy, = z1(ty) — 21(ty) = Ju(za(ty,)),
L ATafimy, = 22(tr) — w2(t;) = Jar(za(ty)), keZy,

Whereﬁ = To = In 3, tr — th_1 = 2, tg = 0,k e Z+. Let‘S + Izk’ < ﬁ](;)‘SL 1= 1,2,
where

g _ 15 k=2-1 o [25 k=21
104, k=2nneZy "¢ 102 k=2nnecZ,.

Clearly,7 =1In3 and

~ 4 0 0.3 0.2 0.5 0.5

D_(O 4)’ A_<—0.2 0.7)’ B_<—O.4 —0.6)'
On the other hand, it is easy to see that system (4.1) has an equilibriumzpoiat
(0,0)" and

1 - (i)
max § ——o, 1, =25 su max = 2.5 < 00,
k2 | max g ; (,ﬂ e >

neZy
€A

P gupiad -3 B e -3y B o

Jj=1 k=1 j=1 k=1

n, = 1. Note thatP = 1.835 > 2.5 x 0.255 = 2.5(Q). From Remark 3.2 we can choose
§ =0, A = 0.5 such that\ < 1.835 — 0.6375 x 3. It follows from Theorem 3.1 that
the equilibrium point(0, 0)” of the system (4.1) is globally exponentially stable with
the approximate exponential convergence odie

Remark4.2 From Example 4.1, it is easy to check that the impulsive delay Halanay
inequality in [25] is not feasible here. Hence, the results in this paper are applicable to
more conditions.

Example 4.3. Consider [21, Example 3] with impulses

s+ Lu| < 89|s|, t, =2k, keZ,, (4.2)
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where

1
B =1+ —, keZ,.

2k2’ k2’

Since sup (H max ﬁk ) < 00, one may choosé = 0. Note that

neEZy ieA

1
max { ————— 15 =1,

keZ ’
+ | (max 8

we only need checl > (). By a straightforward calculation, we get

2 2 2 2
P= —mln{d} ZZGZ —0.1380, Q= Zzbs — 0.1376 < 0.1380.

j=1 k=1 J j=1 k=1 J

By Theorem 3.1, we obtain that the equilibrium point of the example 3 with impulses
(4.2) is globally exponentially stable. In [21, Example 3], the authors get the equilib-
rium point with J;; = 0 is globally exponentially stable. Using Theorem 3.1, we obtain
that the equilibrium point of [21, Example 3] is globally exponentially stable under im-
pulsive effects | + [;;| < ﬂ,ﬁi)|s|). Furthermore, (lety = = — z* in above example)

we note that Theorem 3.1 allows for significant increases (decreasggyin at im-
pulse times as long as the decreases (increaseg)]f) between impulses balance it

properly.

5 Conclusions

In this work, a class of generalized delay neural networks with impulsive perturbations
is considered. We obtain some new sufficient conditions ensuring exponential stability
of the equilibrium point for such neural networks by means of establishing a new delay
inequality with impulses. Our results show delays and impulsive effects on the stability
of neural networks. The results here are discussed from the point of view of its compari-
son with the earlier results. Furthermore, our results can be applied to cases not covered
in some earlier results.
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