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Abstract

This paper investigates the stabilization problem of nleueaworks with unbounded contin-
uously distributed delays via impulsive control. By esistiihg an impulsive infinite delay
differential inequality from the impulsive control pointaew, some sufficient conditions en-
suring the existence and global exponential stabilizatibtihe unique equilibrium point are
derived. Our result shows that impulses can be used to dyotmadl exponentially stabilize
the neural networks with unbounded continuously distedutelays if they are not originally
stable or exponentially stable. Finally, two examples witkir simulations are given to show
the effectiveness of the proposed method.

Key words: Neural networks; Equilibrium point; Global exponentialsiization; Impulsive
control; Unbounded continuously distributed delays; lisme delay differential inequality.

1. Introduction

Impulsive effects on the stability and other dynamical wédrs of neural networks has
been extensively investigated in the literature becauskenfretical interest and applications,
see [I-4]. In fact, stimuli from the body or the external environménteceived by recep-
tors, the electrical impulses will be conveyed to the neuetl and impulsive effects arise
naturallyp, 6]. Among the existing investigations, one problem is vetgiasting, namely the
problem that a given model in neural networks is originathbée, and it can remain stable
under some impulsive perturbations, which usually is datl@ustness of stability of neu-
ral networks. Recently, the robustness of stability of akuetworks has been investigated
by many authors via different approaches, skd §]. For example, Gopalsamy] studied
the existence and asymptotic stability of a unique equiliarfor Hopfield neural network by
using a fixed point theorem and some analysis techniquedOJn$tamova and llarionov in-
vestigated the global exponential stability of cellulanra networks with time-varying delays
by using piecewise continuous Lyapunov functions and theuRékhin technique combined
with Young’s inequality. As is well known, neural networksually have a spatial nature due
to the presence of parallel pathways with a variety of axeessand lengths. So it is desirable

*Corresponding Author.
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to model them by introducing unbounded distributed deladysxed-type time delays with
both time-varying and unbounded distributed delays areribst general case and more diffi-
cult to deal with. In L2], Xia investigated the dynamics of impulsive Cohen-Gresghkype
BAM neural networks with continuously distributed delaya fixed point theory, Lyapunov-
Kravsovskii functional, homeomorphism theory and the mapectral theory. In particular,
Mohamad et al. 15] considered a model of neural networks with continuousbtributed
delays and large impulses as follows:

n 00
X (t) —aixi(t)+Zbij fJ( f Kij(S)Xj(t—S)dS)-l-Ci, t#1t, t>0,
i=1 0

LO4(t), i=1,2--.n KeZ,.

(1)

AX;(t)

Some sufficient conditions for the existence and global egptal stability of a unique equi-
librium point were obtained by using Lyapunov functions &tadanay inequalities techniques,
which can be applied to neural networks with persistent ilsipe perturbations.

However, most of the results (e.g—L8]) focus on the robustness of stability of impulsive
neural networks and do not tackle the problem on impulsiakiktation of neural networks.
In fact, even if the corresponding model is originally uid¢a the model can be stabilized by
utilizing impulsive control. Recently, there have been samitial studies on the impulsive
stabilization of neural networks with time delay®f22]. For example, Yang and Xd.p)] ini-
tially considered the impulsive control on stability of GshGrossberg neural networks with
time-varying delays via inequality techniques. Wang and[R0] studied the exponential sta-
bility of impulsive cellular neural networks with time dgkvia Lyapunov functionals and
stability theory. However, one may note that the develogmasgthods in 19-22] are only
valid for neural networks with bounded delays and theretiie livork done on stabilization
problem of neural networks with unbounded delays. Hendsg ah very interesting and chal-
lenging work to develop and explore the method for staliliraproblem of neural networks
with unbounded delays. Recently, from the impulsive pédtion point of view, we estab-
lished an impulsive infinite delay differential inequalégd studied the dynamics of impulsive
Cohen-Grossberg-type BAM neural networks with unbounaedicuously distributed delays
[23]. Inspired by the work, our objective in the paper is to sttitly stabilization problem of
neural networks model4) by establishing a new impulsive infinite delay differehimequal-
ity from the impulsive control point of view. The differeatiinequality we obtained, which is
different from that in 23], can be applied to study impulsive stabilization of syséem

The rest of this paper is organized as follows: In Section @ ,introduce the model of
neural networks. In Section 3, some sufficient conditiorsueng the existence and global
exponential stabilization of the unique equilibrium poame presented. Two examples with
their simulations are given to show the effectiveness ofpteposed method in Section 4.
Finally, the paper is concluded in Section 5.

2. Preliminaries

Notations. Let R denotes the set of real numbekis, the set of nonnegative numbefs, the
set of positive integersk" the n-dimensional real spaces with the nofix| = Y., |x]| for
anyx € R". Let [X]* = (X, [Xol, - -, |%)T for anyx € R". Let <7 be a matrix. The notation
o/ > 0(«/ < 0) means that7 is symmetric and positive (negative) definite. Moreovgf, and
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<7/~ denote the transpose and the inverse/otespectivelyl denotes the identity matrix with
appropriate dimensions. For any interdat R, setV C R{(1<k<n),C(lV)={¢p:J > V

is continuous}, PC(J,V) = {¢ : J — V is continuous everywhere except at finite number
of pointst, at whiche(t*), ¢(t7) exist andp(t*) = ¢(t)} andPCB(J,V) = {¢ € PC(J V) : ¢

is bounded}. LetC = PCB((—0, 0], R") and for¢ € C, [|gllc = SUP g0 ll0O)II. K = {h €
C(R,,R,)Ih(0) = 0 andh(s) > 0 for s> 0 andhis strictly increasing irs }. The impulse times
t, ke Z,, satisfy 0< to < t; < ... <ty = +c0 ask — +co. In addition, letA = {1,2,--- ,n}.

Consider network modelj endowed with initial value described by

u) = —au(t)+ i bij fj( foo Kij(S)Uj(t —9)ds |+ G, t # 1, t>to,
=1 0
Au(t) = li(ui(ty)), KeZi, i €A, @)
u(s) = ¢i(s), —o<s<t,

Where @17 ¢27 Y (bn) € C,
Aui(te) = ui(td) — ui(ty),  uit) = t“fp u(t), i € A,

n > 2 corresponds to the number of units in a neural netwgrgorresponds to the state of the
ith neuron at time, a > 0 denotes the rate with which thi neuron will reset its potential
to the resting state when disconnected from the network atedreal inputs. Nowp;; denotes
the connection weight of the unjiton the uniti, ¢; denotes the input of the unitly shows the
impulsive perturbation of thith neuron at timé and f; denotes the activation function which
is Lipschitz continuous, i.e., there exist positive con&a j, j € A, such that

Ifj(u) — f;(MI < Ljlu-v, YuveR, jeA.

Kij : Ry = R,,i,] € A, denotes the delay kernel function which is piecewise coiotirs,
satisfyingKj;(s) < #(s) for anyi, j € A, se R, and

f Kij()ds = «ij, f 2 (s)e*Sds < oo,
0 0
where#(s) : R, — R, is continuous and;; > 0, 4o > 0 are two real constants.

Remark 2.1. In [15], the existence-unigueness and global exponential gtabilthe equilib-
rium point of networks model) has been extensively investigated from the impulsiveypert
bation point of view. In this paper, we further investigdte tlynamics of networks mode&2)(
but from the impulsive control point of view.

Definition 2.1. A real matrixD = (dij)nxn is said to be arM-matrix if d; > 0, dj < 0,i #
j,1, ] € A, and the successive principle minorsfoére positive.

Before presenting the main result, we establish the folhgwliemma which gives an esti-
mate of the rate of decay of solutions to an impulsive infidé&y differential inequality from
the impulsive control point of view.
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Lemma?2.1l. Leta e R,8>0,M > 1 andé, > 0,k € Z, denote some constants, and function
f € PC(R, R,) satisfies the following scalar impulsive infinite delayetiintial inequality

D*f(t) < af(t) +,6’f007((s)f(t— 9ds t#tet>to,
0
f(t) < (1+BIMLE(L), keZ,,

@)

where D denotes the upper right-hand Dini derivatii,c PC(R,, R,), fom K(s)esds< oo
for some positive constapp > 0. Suppose that there exist constant 0 and function ge K
such thatt—-t.; <7, M~ls< g(s) < s and

a+,6’Mf 7<(s)ds<T|Sr>1£|n£) @)

Then

f(t) < MT(to)e ) ﬂ (1+60), t > to,

to<ty<t

wheref(t) = SUP <set, F(S), and A € (O, uo] satisfies

A< l|n1‘Inﬂ —a- M foOO?((s)eﬂSds (5)

Proof. First, assumptiord) implies that there exists a constant (0, uo] small sufficiently
such that the inequalitybf holds.
Define

[ f) ettt
y(t)‘{ £(1), Co<t<t

It is obvious thatZ (t) > f(t),t € R and.Z(t) < T(to),t € (—oo0, to].
We claim that

n-1

FO <MT) [ [(1+6). teltist)neZ.
k=0

wheref, = 0. Takingn = 1, we first claim that7 (t) < MT(to),t € [to,t1). Suppose on the
contrary. Then in view of7 (t) < f(tp),t € (-, ty], we know that there existsta € (to, t1)
such that

F(t*) = Mf(ty), Z(t) < Mf(to),t € (—oo, t*]. (6)

ConsideringM's < g(s) < s, we get.Z(t*) = Mf(to) > g(Mf(to)), F(to) < F(to) <
g(M f(to)) which implies that there existst&* < t* such that# (t**) = g(M f(to)) and.7 (t) >
g(Mf(to)), t € (t**,t*]. This together with§) andg € K yield g 1(Z(t)) > Mf(to) > .Z(t -
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S), s€ [0,), t € [t**,t*]. Then calculating the upper right derivati¥é along the solutions
of (3) on [t**,t*], we get

D"Z(t) < [ af () + f K9 (t - 9ds ] el-0) 4 )£ (1)ell-
0
= 1+ a)f (e 4 f T K9 (t — 9elt-sWgs
0
< (+a)FM)+p f T K (ST (t - 9ds
0
< Q+a) 7 ) +p foo K(s)e'g }(Z (t))ds
0
7 " s 9 (7 1)
< Z(1) /l+a+,BMf 7((s)e/‘sds], t e [t**, 1],
0

in view of M~1s < g(s) < s. Integrating the above inequality froth* to t*, we get
" d.Z(t)
T <T
pr F (1)
On the other hand, by}] we note
Cdz () [T ds  [M® gs s
?:f _:f —>infln—=>r
px J(t) F(t*) S g(MT (to)) S s>0 g(S)

which is a contradiction with7) and thusZ (t) < Mf(ty), t € [to, ta).
Now we assume that

A+a+BM foOO?((s)eﬂsds]. (7)

A+a+BM wa(s)ésds], (8)
0

N-1
F®) <MT(to) [ [(1+6) =T(N-1), te[to,ty), for someN € Z..
k=0
Note thatd > 0,k € Z,, implies
Z(t) <T(N - 1), t € (—oo, ty). 9)

Thus.Z (ty) = f(tn)e'™0 < (L+6)M1f(ty)e!™ ) < (1+6y)MIT(N-1) < M~T(N). We
shall show that7 (t) < T'(N), t € [tn, tn.1). Suppose on the contrary. Then there exidtsaty
such that#(t*) = I'(N) and.Z (t) < I'(N),t € (-0, t*], in view of (9). Using the condition
M-1s < g(s) < sagain, we getZ (t*) = I'(N) > g(I'(N)), .Z(ty) < M~I(N) < g(I'(N)), which
implies that there existst&” < t* such that# (t**) = g(I'(N)) and.% (t) > g(I'(N)), t € (t*,t*].
This, together with the fact tha# (t) < T(N),t € (-, 1], yieldsg}(Z (1)) > T(N) > .Z(t -
s), s€ [0, ), t € [t*,t*]. Then applying exactly the same argument as)rafid @) yields a
contradiction and thus? (t) < I'(N), t € [tn, tny1). By the method of induction, we conclude

n
FO <MT(W) [ [(1+89. te ltntu) neZ.,
k=0

5
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which implies
(O < MT(to)e ™ [ [ @+60), t=1,

to<ty<t

whereA satisfies §). The proof of Lemma 2.1 is therefore complete. [ |

Corollary 2.1. Leta € R, > 0and M > 1 denote some constants, and functiore f
PC(R, R,) satisfies the following scalar impulsive infinite delayetihtial inequality

D+f(t)sm(t)+ﬁf K F(t-9ds t#t,t>to
0
f(t) < M7 (L), keZ,,

whereX € PC(R,,R,), fow K(s)e"ds < o for some positive constapt > 0. Suppose that
there exists a constamt> 0 such that{ - t,_; < rand

0/+ﬁMf K(s)ds< In_M
0 T
Then _

f(t) < Mf(t))e ™), t > t,,

wheref(ty) = SUP ,<set, F(S), and A € (O, uo] satisfies

A< InTM —a—fM foo?((s)eﬂsds
0

Proof. Letg(s) = M~'sandéy = 0,k € Z, and by Lemma 2.1, we can easily derive the above
result. |

Remark 2.2. Recently, we have derived an exponential estimate of tleeafadlecay of solu-
tions to inequality 8) with a < 0, see 3] for details. The result is given from the impulsive
perturbation point of view, that is, the estimate still roldhen there is no impulsive effects
(i.e., f(t) = f(t.)). Note in this paper, an exponential estimate for inedquél) with « € R

is established from the impulsive control point of view, ttis the solutions of3) without
impulsive effects may be divergent, but it admits an effecéxponential estimate via proper
impulsive control. Such result can be applied to the staddilon problems of unstable systems.

3. Main results

In this section, based on Lemma 2.1, some conditions ergsthim existence and global
exponential stabilization of the unique equilibrium paafitsystem ) are obtained. First, we
present some conditions for the existence and uniquendkg efjuilibrium point, which are
different from those in15].

Theorem 3.1.System(2) has at least one equilibrium point if+ A™*B*L is an M-matrix,
where A=diag(ay, ay, - - - , an), B* = (|bjjl«i;)nxn and L=diag(L1, Lo, - - - , Ln).

6
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Proof. Suppose that* = (uj, us,--- ,uy) € R"is an equilibrium point of systen®]. Then it

satisfies ]
—aiui*+Zbij fJ( f Kij(S)U?dS)-i-Ci =0,1 €A,
i=1 0

n
au — Z bij fj(KijUj*) - =0 i€eA.
=1
Seth(x) = (h(X), Na(X), - -+, ()T, X = (X1, Xa - -+, %a)T € R™, where
hi(x) = Z Doy x;) - i,i €A
-1

Obviously, system2) has an equilibrium poira* if and only if h(u*) = 0. Thus we now only
need to show that equatidiix) = O has at least one solution. Consider a homotopic mapping

H(x, 1) = Ah(X) + (1 - )%, 1 € [0, 1].

It follows that

[H(x, D))" [Ah(X) + (1 — )X]"

[4* -4 (Z' 5 ey, Z' 2 ). Z%IfJ(Kanj)l)T—AC

\%

IV
=
-3

M_
=
1=
Iy
X
|'M
kY E
=
—
X
M
2_
1=
—
%
N—

bni
Z' 41,0 Z' iy, 2 o) - e

=1
= [¥*" - /lA‘lB*L[x]+ - /lA‘lB[f(O)]+ -

= (L- X"+ (1 - ATB* L[N - AB[F(0)]" - c. (10)
where ol el lcyT
1 2 n
B= (|bij|)n><n, C= (a—l, ?2, T, a) .

Sincel — A"1B*L is an M-matrix, there existsh € R} such that{— A1B*L)T > 0. Note that
(I = A1B*L)"! > 0. Then one may define a non-empty set

={xeR": [X" < T+ (- A'B*L)(A'B[(0)]" + ¢)}.
For anyx e dI1, it follows from (10) that

[Hx D" = (1- D[ + A - AB*L)T > 0,2 €[0,1],
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which implies that H(x, 1) # 0, for anyx € oI1 andA € [0, 1], wheredll denotes the boundary
of I1. ThusH(x, 2) is a nonsingular continuous deformation betw&éx) and x on oI1. By
employing topological degree invariance thed#][ we get

degf(x), I1, 0) =degH(x, 1), 11, 0) =degH(x,0),I1,0) = 1

Thus equatiorn(x) = 0 has at least one solution ®h which implies that systen®2} has at
least one equilibrium point, completing the proof. |

Theorem 3.2.Systen{2) has at least one equilibrium point if,fj € A are bounded otR.
Proof. Suppose thaffj| < Mj, j € A. Consider a mappin®(v) = (¥1(v), ¥2(v), - - , ¥a(V))T,
wherev = (Vi, Vo, --- , V)" € A, and

n

lPi(V):Z%fj(KijVj)‘F%, i €A, {XER”'||x||<p ZZ . Z%
=}

j=1 i=1 j=1

It is easy to check that is an invariant set o’. Moreover,¥ : A — A is continuous. By
employing the well-known Brouwer’s fixed point theorem, rdh@xists av* € A such that
Y(v) = v¥, which implies that systen?] has at least one equilibrium point. The proof is
complete. |

Theorem 3.3.Systen(2) has at least one equilibrium point if there exists ve¢®rs,, - - - , 5,)"
€ R" such that

i bij fj(Kij Cj;:éj) = 0, i €A.
|

j=1
Proof. Note thatu* = (uy,uZ,-- -, uy) is an equilibrium point of systen®), which satisfies
n
— U + Z o fj(KijUj*) +¢=0,i€A.
j=1

Letu = %I € A, then we can derive the above result, completing the proof. [ |

Theorem 3.4.Under the conditions in TheoreB1l, 3.2 or 3.3, systenm(2) has a unique equi-
librium point if there exists a& A such thatbjjl«;L; < & forall j € A.

Proof. By Theorem 31, 3.2 or 33, system R) has at least one equilibrium point. For the sake
of uniqueness, suppose that= (uy,u,---,u)) € R"andv* = (v;,v;,---,v;) € R" are the
different equilibrium points of systen2). Then it can be deduced that

n

Z|u —vl_Z”Z IJf K., J Z K” Z“leb.,lkIJ v

]l i=1 j=1

Obviously, it follows from our assumption that there is attadiction in the above inequality.
Thus the uniqueness is proved and the proof is complete. |

8
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Assume that* = (u,u3,---,u%)" is an equilibrium point of systen®). As usual, the
impulsive operator is viewed as a perturbation of the elguiim pointu* defined by

Ui(tk) — Ui(tE) = Iik(ui(tg)) = —’)/ik(Ui(tE) — Ui*), ieA, ke 7., (11)

whereyj, denote some real numbers. Izt u; — u*, then systemd) becomes

zZ(t) = —aizi(t)+2bijgj(meij(s)zj(t—s)ds),titk,tzo,

=1 0
Z(t) = (L-yzt), KeZy, i €A, (12)
¢i(s) = ¢i(9-Uu*, -oc0o<s<O,

where (1, 2, -+ ,¢n) € C and

g,-( fo Kij(9)zi(t - S)ds): fi( fo Kij(97j(t - 9ds+ U'x; )— ().

Obviously, the impulsive stabilization of the equilibriypoint u* of (2) can now be trans-
formed to the impulsive stabilization of the trivial soluiz = 0 of (12). SetYx = (Y, Yok, -« »
yn)" and denote bytg, Ty )kez, the impulsive controller that describes the fact that sy®
will encounter the impulsive effects in terms aflj at timet,. Next we shall present some con-
ditions to design the impulsive controlleg,((y)kz, such that the unstable (non-exponential
stable) system?) becomes globally exponentially stable.

Theorem 3.5. Under the conditions in one of Theore®4-3.4, assume that there exist M
1,7>0 T = (Yuo Y2 > ¥)' € R,k € Z,, and function ge K such that - t,_; < 7,
M-1s<g(s) < s seR,,

S

n
, “ 1.
_m|nai+;(rjr1€i1x|bij|Lj)Mfo A (9ds< Zinfin e

and N
]_[ max 1, Q) < oo, Q= Mmax|l -yl
kel lE
Then syster(R) has a unique equilibrium point which can be globally expdiatly stabilized

via the impulsive controllefty, Ti)kez,. Also, the approximate exponential convergent rate
A € (0, Ag] is derived, which satisfies

1. s . : > .
/l<;lggln@+m|nai—;(r}gxmilej)Mfo X (9)e*ds (13)

Proof. It follows from Theorems 3.1-3.4 that the equilibrium podaitthe system2) exists.
For anyp = (@1, ¢2,---,0n)" € C, letz(t) = (z1,2,---,2,)" be a solution of systemlp)
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through €o, ¢). Calculating the upper right derivative*|z(t)| along the solutions of system
(12), we get

D*z(t) = [ —aiZ(t) +Zbijgj( foo Kij(9)z(t - S)ds) ] sgn(z(t))
=1 0

n )
< _ailzi(t)|+Zbiijf Kij(S)|Zj(t—S)|dS t£t,t>tg, ke Z,. (14)
j=1 0
Choose a Lyapunov function

V(O = Izt = - 1zl te R,
i=1

and define )
V(t) = sup V(s)= sup ( Z 1z(9)| J,t > to.
—oo<s<t —oo<s<t i=1

Then by @4), we obtain the time derivative &f along the solutions oflQ), for t € [ty, tx;1),
keZ.,,

DV = Y D01 < - a1+ Y, Yoy [ Ky(9z-dds
i=1 i=1 i=1 j=1 0
< —ming Z |z (1) + Z(maxbiij) foo H(9) Z |zj(t — 9)|ds
AT i 0 i1
= —mingV(t) + Z(r?axbiij) fm H(V(t - s)ds (15)
ieA — eA 0
On the other hand,
V() = > 1zl = D11 - vz ()] < QM V() < maxL, QM V(). (16)
i=1 i=1

It then follows from (5), (16) and Lemma 2.1 that

V(t) < MV(0)e 1) l_[ max1, Qu, t > to,
k=1

n
D 1z < Milgllee™ ), t > to,
i=1

whereM = []2; max1, QM and2a € (0, Aq] satisfies 13). The proof is complete. |

Corollary 3.1. Under the conditions in Theore8®b, assume that there exist M1 andzr > 0
suchthatt—t.1 <7, |1-7yil < Mtand

. : a In M
—mina +2(r?£x|bij|Lj)Mfo H (ds< —.
I=

10
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Then syster() has a unique equilibrium point which can be globally expdradly stabilized
via the impulsive controllefty, Tk)kez,. AlSO, the approximate exponential convergent rate
A € (0, Ag] is derived, which satisfies

In M
A<
-

n 00
1  — . . . S
+ming, ;(rjngﬂb,”LJ)Mﬁ VACER'R
Proof. Note thatQ, = |[1-yx|M < 1 and letg(s) = M~1s, then we can derive the above result.
[

Remark 3.1. By Theorems 3.1-3.3, it should be noted that the equilibpaimt of systemZ2)
exist but it is not always unique. Theorem 3.5 provides thed@@ns for global exponential
stabilization of the equilibrium point of syster)( which implies the uniqueness of the equi-
librium point. Hence, Theorem 3.5 can be applied to not omdyglobal stabilization problem
but also the uniqueness problem of the equilibrium point.

4. Numerical examples

Example 4.1.Consider an impulsive neural networks model

: ~ ) e Suy(t - s)ds-1
( 3223 ) _ ( g.l _81 )( 3223 )+( _06.51 8; ) } :E‘X’ e‘su:(t— Sdss 2 } +c, (17)

subject to

AUl(tk) _ —Y1k 0 ul(t—) -1
( AUZ(tk) ) B ( 0 —Yok )( Uz(tE) +2 ), keZ,, (18)

whereyy = ya = 5 — 55, t = 0.25k k€ Z, Kjj(9) = e5i,j = 1,2,¢ = (0.1,-0.2)". Then
fiu) =Ju=1], f(u)=u+2, Ly =L, =1, JZ(s) = Kjj(s) = €57 =0.251 < 1 Choose
6;i = 0,i € A. By Theorem 3.3, it is easy to check that systei) (has an equilibrium point
(1,-2)". Numerical result shows that the equilibrium point{2)" of system {7) without
impulsive effects is unstable (see Fig.1.(a)).

Now we claim that systeml{) has a unique equilibrium point (32)" which can be
globally exponentially stabilized by impulsekg). In fact, one may choosé = 1.5 > 1 such

that

n
| w In M
~ming + ' (maxibylL)M | #(9ds= 1.4 < 16219~ .,
e o

T

(o) (o) 1
]—[max{l,gzk} - ]—[1+ 7 <.
k=1 k=1

Then it is easy to check that all conditions of Theorem 3.5satisfied. Therefore, the unique
equilibrium point (1-2)" of system 17) can be globally exponentially stabilized by impulses

11
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(18), which is shown in Fig.1.(b). Also, the approximate expuiad convergent rate is
derived as follows2 € (0, 1) satisfies

A< 17219-15 f e -Vds
0
Remark 4.1. One can observe that condition (3.2) b is not satisfied for modell(7), which
means that the theorems b5 cannot be used to ascertain the existence and stabilityeof t

equilibrium point of model17).

Example 4.2.Consider another impulsive neural networks model

tanh( f 0.65e‘5u1(t—s)ds)
0

( Ua () ) _ ( -03 0 )( uy(t) )+( -1 0.3) . (19)
Ua(t) 0 -02 /| u) 01 1 tanh( f 0.65-U(t - S)ds)
0
subject to
1 _
(M) = (6 50 ) e @
wheret, = 0.1, k € Z,, Kjj(s) = 0.65¢75,i, ] = 1,2. Then fi(u) = f»(u) = tanhg)), L; =

L, =1, %7 =0.65¢517=0.12 15 < 1. By Theorem 3.2, it is obvious that systef®] has an
equilibrium point (Q0)". Numerical result shows that the equilibrium point@ is unstable
(see Fig.2.(a)).

Now we claim that systeni@) has a unique equilibrium point(0)" which can be globally
exponentially stabilized by impulse2Q). In fact, one may choosd = 1.2 > 1 such that

n
. « In M
—ming + Z(max|bi-|L-)M H(s)ds~ 1.36< 1.5193~ ——.
o A a 0 T

Note thatl — v4|M < 1 and by Corollary 3.1, the unique equilibrium point @) of system
(19) can be exponentially stabilized by impuls@€), which is shown in Fig.2.(b). Also, the
approximate exponential convergent ratis derived as follows2 € (0, 1) satisfies

1< 17193-156 f g -0sqg
0

5. Conclusion

From the impulsive control point of view, we have studied st@bilization problem of
neural networks with unbounded continuously distributeldhgs by establishing a new impul-
sive infinite delay differential inequality. Some condit®for the existence, uniqueness and
global exponential stabilization of the equilibrium poiratve been presented. The criteria can
be applied to exponentially stabilize the neural networkk wnbounded delays if they are not
originally stable or exponentially stable. To the best afknowledge, so far few authors have
considered the dynamics of neural networks with unboundgayd via impulsive control.
Two numerical examples have illustrated the effectiveoésise proposed method.

12
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Fig.1. (a) State trajectories of systerh7] without impulsive effects.
(b) State trajectories of impulsive systetrv)-(18).
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Fig.2. (a) State trajectories of systerhdj without impulsive effects.
(b) State trajectories of impulsive systefr®)-(20).
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