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Global exponential stability of cycle associative neural network

with constant delays

SHI Renxiang”

( School of Mathematical Sciences, Shanghai Jiao Tong University, Shanghai 200240, China )

Abstract: The global exponential stability of cycle associative neural network
with constant delays is discussed. During the discussion, by constructing
homeomorphism mapping, it is demonstrated that there exists an equilibrium
point which is unique for this system, then the global exponential stability of
the unique equilibrium point is testified by constructing proper Lyapunov
function. Similar to previous work about neural network stability, under the
assumption that the activation function about neuron satisfies Lipschitz
condition and the matrix constructed by correlation coefficient satisfies given
condition, the dynamics of global exponential stability for n-layer neural
network with constant delays are obtained. The results contain that when the
passive rate of neuron is sufficiently large, the neural network is global

exponential stable.
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0 Introduction

The dynamical behaviors of delayed neural
networks have attracted increasing interest for

their intense application. Especially, there are

many works about stability of neural
network™*®. In Lits. [ 2-37], the authors
discussed the static network with S-type

In Lit. [4],

discussed the global exponential stability of a

distributed delays. the author

class of neural networks with delays by nature
M-matrix. In Lits. [3-5], the authors discussed
the global exponential stability of the one-layer
neural network. At the same time, the stability
associative neural

of bidirectional memory

networks of the two-layers with delays has also

[6-8]

been studied by many researchers In Lits.

Received by: 2016-10-07; Revised by: 2017-06-20.

[5-6 ] the authors discussed the existence of
equilibrium point and the global exponential
stability by homeomorphism and constructing

proper Lyapunov function. Inspired by above

work, we should discuss the exponential
stability of n-layers mneural networks with
constant delays, which should be taken as

general form for work!,
1 Model and preliminaries

In this paper, we should discuss the cycle
associative neural network of the n-layers with

constant delays:
)
; S SN _
i (D = —ay s 2 O+ w5 (w0
i,=1

2_1))+]1§11); i1:1’2""711
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z(t) - )M 7(t)+2u/7, vy S,(XZ)(M,P),g(t_
=1
T2))+.]522); 2:1’27"’512
4
. . () _
u i”-n(t) = ai”.nui“-n(t)+Ewn.i”.zl Si) (uil.l (t
=1

(
Tn))+]i””); 171 :1’2""3171 (1)
where Aijrs Aijzs **0s A 3 Wiy s Woliyuig s 0
1) (2) (n) (1) (2) L(n)
Wi iy 3 J ’ J : ] " s Sy Tt «\ilu

have the same explanatlon to ais b5 wys Ujis
T T2 s, 5% of system (2. 1) in Lit. [6],
similar to Lit. [ 6], the active function satisfies
There exist some positive

(2) L
‘91290 313*1’2a"'7

the assumption;

constants am s 1y =1,2,

137"'7 a,(ln) ’ Z :172""711 ’ such that
si) () =5 ()
O<)—<a§l);
x—y 2
i,=1,2,,0,, Y2, yER, xFy
U)(I)*é( "(y) ‘
O< \0((2);
x—y 3
i3=1,2,035, Yx,yER, 1‘753/ (2)

s() =5 ()
<———m—— <!
xr—y !
1.1:1729"'911 ’ Vz,‘,yGR, Iiy
Let r=max(z, s75,***»7,) s initial conditions
for network (1) are of the form
¢:(¢1 ¢11 ¢11+| ¢11+12
¢/, ly el ¢/, Fly et )€
C=C([—7,0],Rh " Th)
Where C is the continuous function space with

the norm |¢|,= sup ¢" (OP(). Network (1)

admits a unique solution under ¢,we denote

(, (o) su, (2o ) 5o su, (2, P)) =

Cuy g (@) o () w2, @)

. (o) w ., (2, w, (L))
For simplifying, the dependence on the initial
condition ¢ will not be indicated unless
necessary. In the following, A, AT, A™', A>0

(<0, |A|.. v, f(v) have the same definition
as in Lit. [6].
Denote x=(u;, u, w,) = Cui,

U ).

n

U Ui, U, .2 Ui

Hence,we write network (1) as
il =—Aul +W, 8" (u, (t—7))+JV
zl:_A') +WZS(2> (ug(t_fz))+.](2)

il =—Aul+W, 8" (u, (t—
where A, = diag{a,, » "
caagabe s A,
W, = (U/'l.il iy )/1 X1, 9 W, = (wg,,-z,

(wu.ln,il )/”XII .

) +J"
sap by Ay =diag{a., .
= diag {a.,» ***»a, ., }» and
D T
The definition of global exponential stability
for equilibrium point x™ = (u;’  wuw, -+ u, )
of network (1) is same to definition 2. 1 in Lit.
[6], in order to assure the global exponential
stability for equilibrium point x* = (u;” u;
u, ) of network (1), we give the following
conditions:
positive

For network (1) there exist

diagonal matrices P, =diag{pi" .. p," }, P, =

diag{pi” sos pi) ) oo Py = apil s

positive definite matrices Q,, @, **, @, and

factorization of W, =W W, , W, =W, W, , -,

W,=W_,W,, such that the condition (T) holds
Q, =2P,A, (a'V) ' —P,W,Q, 'W; P,—

WLQ W, >0
(T)  Q,=2P:A;(a?) ' —P;W;Q; 'WiP,—

dlag{p(n) , .

W;ZQ2W22>0
Q,=2P A, (@) '—PW,Q, ‘WP —
712 Q71W712 >0
where (a” ) ' = diag { (a{" )", +o+, (af;) Y,
(a(Z) )7] = diag {((1(?> - L) ((1(9) - }a B

(e )™' = diag {(ai” )7, =, (a,(]”) Y Ys 0
Qs s Qs Wity Wiy Wy Wy ooy, Wi Wy
are constant matrices with appropriate
dimension. Now we give the main results of this
paper.

Theorem 1 For (1), the

assumption (2) and condition (T) hold. Then

network

the neural network (1) has a unique equilibrium
point.

(1), the
assumption (2) and condition (T) hold. Then

Theorem 2 For network

the equilibrium point of neural network (1) is

global exponential stable.
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We should discuss the

uniqueness of the equilibrium point, the global

existence and
exponential stability, and compare our result
with previous results and give an example.

2 The existence and uniqueness of

equilibrium point

For convenience we state the following

lemma, which is special case of lemma (2. 1) in

Lit. [6].
Lemma 1 Given any real vectors X,Y of
appropriate dimensions, then the following

inequality holds
T T
XTY<X X+2 Y'Y

Proof of Theorem 1 Let x™ = (u; u,
u, ) be an equilibrium point of network
(1). Then x~ satisfies
—Au "W S (u, T HJP =0

—Asus "W, (u; D HJP =0

—Au,"TH+W,S” (u'TH+J" =0
Let
H(x)=(H, (x) H,(x) H,(x)"=
(—Au +W, SV (x)+J<"
—Ayu; +W,8% (x)+J%
—Au tW,S" (x)+J")H)T=0 (3)
where §V (x) = (s$" (uy.p) s Cugy o)
§$P(x) = (st Cuyy) 12 Cug )y ey
S (x)= (51" Cuy ) s Gy T
From Lit. [9], if H(x) satisfies H(x) #
H(y, VYx # vy,

|H(x)|— <o, as |x|[|> >, then H (x) is a

RY 7L, and

x, y €

T4 Because the

homeomorphism of R4Y™:*~
solution of Eq. (3) is equilibrium point of
network (1), so we demonstrate that network
(1) has a
demonstrating H (x) is a homeomorphism of
R,
Let S (x) = (S (x> SV (x)

S P (x))7", x and y be two vectors such that
x7#y. Under the

activation functions x 7y imply two cases: (i)

x7y and S(x) —S(y)7#0; (ii) x7y and S(x) —

unique equilibrium point by

assumption (2) on the

S(y)=0, now we write

H (x)—H (y)=—Au,TAu,+W, (S (x)—
Sy

H,(x)—H,(y)=—Au,, T A,u,, +W, (8% (x) —
SP(y)»

H,(x)—H,(y)=—Au, +Au, +W,( S (x)—

Sy €Y
where uy, = (uy .1, w ) = (s
Uiy Y uy, = (uy s, U, .2, )T, uy, = (uy o,

T .. = . T —
u/2-2y) ’ s Uy — (ul.ru’ ulu.m ) ’ uny -

ety 1y U oy )T

First, we consider the case (i). In this
=, n) such that
S® (x)#S™ (y). Multiplying both sides of the

(4) by 2 (8" (x) —

case, there exists £ &€ (1, 2,

first equation in Eq.

S (y))TP,, results in
287 (x) =S (y)"P,(H,(x)—H,(y))=
—2(8" (x)—8 (y)"P, (A u, —Au,)+
2(8" (x) =8 (y))"P,W, (8§ (x)—8" (y))

wi ,) (S Qg ) — S (g 0,)) =

since (u,»1 R

(a1 (S Cay ) =S (a1
we have
(§7(x)—S (NP (Au, —Aju,) =
($”(x)—S" (yH'PA (@) (S (x)—
Sy
Let the Cholesky factorization of Q, be @, =
K'K,. Rewriting W, = (W,; Ki') (K;W,), we
have
2(8 (x) =8 (y)H"P, (H, (x)—H, (y))<<
—2(87 (x)—SY (yNTPA, (@) (S (x)—
S7(y)) 2L (x) =8 (y))"'PW, K ] X
[K\W, SV (x)—S" (y))]
It follows from Lemma 1
2(8" (x) =8 (y))'"P,(H, (x)—H, (y))<
—2(87 (x)—8” (y)HTPA, (@) (87 (x)—
S () +HEST(x)—SV(yN"TPW,0, 7' X
WP, (S (x)—8" (y))+ (S (x)—
Sy WELQW, (8 (x) =SV (y)) (5)
Similarly
2(8" () =S8V (y))"P,(H, (x)—H, ()<
—2(8V ()8 ()P, A (@) (S (x)—
STV (TS ()—=SV (yTPW, 0, X
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WP, (87 (x) =S8 (y))+ (8% (x)—
SP ()" W5LQ.W,, (8% (x)—8% (y)) (6)

28" P (x)—=8"" " (y»'P,(H,(x)—H,(y))<
=28V (x)—=S" P (yN'PA, (@)X
(§" P (x)—=8" V() +HES" V(o) —
SV (yNTPW,Q, ' WL P, (ST (x)—
ST () (S () =8 (y))TWLOW,, X
(§" (x)—8 (y)) (7
which imply that
Yix,y) =287 (x)—8™ (y))T 2(8PV(x)—
SV yn”t 2(8"7 Y (x)—
SV (y))MHdiag{P, ,P; ., ,P,} X
(H(x)—H(y))
Noting that Q, = KK, , -+, Q, = K/K, . from
condition (T) we obtain that
Px,p)<<— SV (x)—SV (TR (§"(x)—
SP(y))— (8P (x)—S® (yH'X
Q,(8P(x)—8SP(y))—+ee—
(§7 (x)—8 (y))"80, (S (x)—
S (y)H<<0 ®
That is H(x)7*H(y). Since diag{P,,P;,-.P,}
is a positive diagonal matrix,we prove that H(x)
—H(y)#0 when x7#y and S(x)#S(y).
Now we consider the case (ii). In view of

x7y and S(x) —S(y)=0,we have

A0 0 0
0 A, 0 0
H(x)—H(y)=— . (x—y)7#0
0O 0 ™~ 0
0 0 0 A,
which implies that H(x)ZH(y) for x7#y.
In the following, we claim that the

condition of Theorem 1 also implies that

|H(x) || o=, as |x| = oo. Setting 7 =0,
inequality (8) yields
Y(x,0)<<— A (S(x)—S0))"(S(x)—80))]
where A, denotes the minimum eigenvalue of
, 2,.
Similar to Lemma 2. 2 in Lit. [6], we obtain
Amin | S() =80 [<<2p [ S(x)—S0) | . X
|HGO —HWO |,
where p=max (p{", -, 1)51” PSPy e, p}f) sttty
P’ sy pi” ) using the fact [S(x)—SW0) . <

|S(x) — SO |,, S| — [s]. <

the positive definite matrices £,, £,, -

|S(x) — S| and [H&x) — HWO)|, <
|HGO ||, +[|HW) |, . we have

Aawin [|SCO || - — A [ SO | - <<2p | H () ||, +
2p|HWO |,
Hence
[HGO ||, =X 1S |2 — A SO || —
2p|HWO) ||, /2p

which implies [|[H(x)[|-—>c°, as [S(x)|—>o. So
we conclude |H(x)|—>co, as |x]|—>co. Hence
we prove that H (x) is homeomorphism of
which

network (1) has an equilibrium point and the

RO Lt

ensures that the mneural

equilibrium point is unique.

3 The global exponential stability of

the equilibrium point

First, we shift the equilibrium point of
network (1) to the origin by the transformation
n@ =w @) —u s v =) —uy e,
v,(t)=u,(t) —u, , network (1) can be rewritten
as

Vi (D=—A v, () +W, fP (v, (t—1,))

Vo () =—A,v, (D W, fP (v, (t—1,)) 0

v, () =—Av,(D+W,f (v (t—1,))
where f (v, (1)) = (f1Y (o, (£))

S Co, ()5 f7 vy () = (17 Coy5 (1))
12 Co s (D)) sy f (0 () = (f17 (o ()
fl(,:') (v,.1(1))). From Eq. (9), we get
ff»z“(viz,g(t))Z.v,(zl)(‘U,»Z_Z(Z)+ui;,2)*s§2”(u,{:_z);
1,=1,2,,1,
F7 o s O =57 (o s (O Ful ) =517 (a5 5
13=1,2,,1;

ffl") (v,l 1 (t)):s;]”) (’U,-] e +u,T,1 ) *.&‘fl”) (u,'xI 1)
11=1,2,,1[,

The Lipschitz condition implies that
ffz”(v,z,g(t))
‘U,‘z_z(t)
_fgzl)(o)zoa i2:1,2,"',l2

f§2> ('U, 5(t))
< 3 3
O\ U;S_g(t)
fff’(O)ZO, iszlaza""l3

SO
~a;, ;

0<<

(2)

=, ;
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£ Co oy ()
! 1 < ),
'U,lvl(t) \a’l ’
flﬁlﬂ)(o):O’ i1:172""9ll

u, ) of network

0<<

Obviously x™ = (u;” u,
(1) is the global exponential stable if and only if
the origin of Eq. (9) is global exponential

stable. Now we consider the origin of Eq. (9).

Proof of Theorem 2 We employ the
following Lyapunov function
Vi) vy ()50, (1) st) =
e Vi (0w, (1) 5+ 5w, (1)) +
Vo () 5w, (8) 52000, () 51 (10

where
Vi (05w, (1) 505w, (1)) =
v (v () + vy (Dvy (1) F o +v) (D, ()
Vo (8) 5wy (£) 5000

SR

Jl ST IR (e () dr +

Zzp(%)J 53 ®

ﬁ T GRS ()

v, ()51 =

fP(sHds +
fff) (s)ds +

10
zzzf“J A (Dds +

J’ FOT o EDRLF™ (v, () dr

First we compute the derivative of V along
trajectories of Eq. (9), then determine positive
constant €, and positive definite matrices R, , R, ,
-, R,.

VO, (0 v (0 e, (0 1) =
Vi (05w (D5 s v, () +
Vo (0 sva (04 s v, (050

where

Vi (D) s (1) s ey, () =

2T (OL—A v (O +W, fV (o (t—7)) ]+

2vi (D[ — A v, () W, fP (v (t—1,)) ]+ oo F
20T (O —Aw, (O +W,f (v t—1,))]

and

Vo (0 (8 3w, (1) s ooy, (1) 1) =

2fPT vy (DI P, L — Ay v, (D) +W, fP (v (1 —
o) 20T (v OOP[—Ayv () +

W, [P (v (t—1y)) ]+ e+
2T P [—Ayw, D) +W, f© (v, (t—1)) ]+
ST OIR fV (v (D)) — f VT (v, (t— 1)) X
R fVwG—o))+ T vy IR, f (wy (1)) —
FOT s =R [P (vy (2 —1y)) + oo+
ST GOR ™ (v (D) — fT (v, (t—1,)) X
R.f" (v (t—7,))
Rewriting Vl as
Vi (05w, (1) 0w, (D)<
—2vi (DA v (D) F2vT (DHAYZATYEW, X
SV (=) —2v] (DAv, (1) +
2v; (DAYPA, WL fP vy (t—1,) ) e —
2y (DA, (D) +2vi (DAYA, VAW, X
S G—,))
It follows from Lemma 1 that
Vi< (DA (D) —vE (DA v, (1) — e —
vy (DAY, (ODFfP T (v, (1—7)) X
WIAT'W, fV (v, G—1,)) +
STy (t—)OWIA, 'W, X
SOy t—1)) e+ T (v (21—
WIA, "W, " (v t—1,))<<
— v (DA v (D —v] (DA, v, (1) — e —
vi (DAY, () ML fPT (v, (t—1,)) X
SO G— )+ P (v (t—1)) X
fO =)+
ST G, D (v (t—7,)) ]
where M = max [ |[WIA'W, |,, |[WiA,'W,|,.
. [wiA,'w, ||, ]J=0. Since
i o o () v (D) =) L (o 2 (00))7 5
b =1,2, 1,
f‘”(v, 3@ s O =) P (o 5 ()75
3=1,2,,1;

7,)) X

I Co oy (D)0, 4 (D= @) TP (o (D)5
i=1,2,,1,
we get
— Ty (D)IP, AL v, (1)<
—fUT G (DIP,AL (@) Y (v, (1)
— [Ty OO P Ay (D
— FOT (o (DIP, AL (@?) T P (v, (1)

7f(”)T<V1 (t))P1A1v1 (t><
7f(“)T(V1 (t))PlAl (a(“) )71f(”) (v1 (t))
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Let the Cholesky factorization of Q,, Q»» **+» Q,

be Ql - KﬁHKl ’ Q2 = K}-Kz ’ ’ Qn = K}‘KH'
ReWriting Wl = ( Wll Kl -t ) ( KIWM ) ’ Wz -
WuK, ) (KeWy )y oy W, = (WK, ') X

(K,W,;), we have
V, < — T, () 2P, A, (@) T Y (v (1)) —
SOT s (D) 2P A5 (@® )7 P (v (1)) — oo —
ST (2P A (@) 7 [ (v (1)) +
2 (fPT (v (D)IP, (W Ky, 1) (KW ) X
SO — )2 (fPT (v (1)) X
P, (W, K, ') (KsWao) f (v, t—13))) F o
20T (v ()HP, (W K, ) (K\W,,) X
SV G—t))) P (v (1)) X
R fP O, () —f P (v, (t—1)) X
R fV,t—o )+ fPT (v (1)) X
R, f2 (y(0))—fPT(v;t—1,)) X
R, [P (y(t—1)) oo+ T (v (1)) X
R, fVr )= f"T (v (t—1,)) X
R, f™ (v (t—1,))
That V; is bounded by LLemma 1.
Voo (0 sy (1) s oee v, (1) s <
— [T [ 2P A, (@) T —P,W,Q; ' X
WP, —R, 1f (v, (1)) — [P (wy (1)) X
[2P,A; (a?) ' —P,W,,Q; 'WL P, —R, | X
fE (D))= —fOT (v (D[ 2P, A, (@™ ) ™ —
PW, Q7 'WHP,—R, 1™ (v, (1)) —
FO T G—o )[R —WLO W, X
P G—)—fPT (v (t—1,)) X
[R,—W5LO.W., [f? (v, (t—1,)) — oo —
T (t—7,))[R, —WLQ,W,, ] X
=,
since £2, >0, 2,>0, -, 2, >0, there exists
e, >0 such that £, —2e,1,, >0, 2, — 2,1, >0,
R, — 2,1, >0. Set Ry =W,LQ Wy, +el, .,
=W5LQW., ted, s =y R=WLOW, +el,

which are positive definite and symmetric
matrices. So

Vo (0 v, (0 40 aw, (D) D <

— [T (D) (R — 26,0, e L) (v, (1)) —
ST (D), =261, +e I, ) [P (vy (1) — - —

f<”)T(V1 (t))(ﬂ,,*ZSQI[I +€21/1 )f(”) (V] (t))i
ng(l)T(vZ (Z’il'l))f(l) (Vz (Z7T1)>7
€2f(Z)T(V3 (l‘ifz))f(b <V3 (l‘ifz))i“'i

e fOT v G— ) (i t—1,)) <
—e, fOT O (O fV (v, (1)) —
& ST (o (D) fP (v, (1)) — 20—
& f T (o (D) f (v () —
& f T, =) fV (v, (1—7)) —
e fPT ) [P (v (1)) — e —
& f T =) 7 (v (t—1,))
Choose &, >0 such that Me; <<e,, we have
V0 (0 51 (D) s oe v, (D D)< — vl (D Ay, (D)
—ev; (DAY, (1) = —ev, (DAY, (1). Leta=

min Cay,y, s Arpas Aizs "t Ayyzs *°0s Aigs s

@, @D g

— (@D
a, 11)7 g—max(a 2Ty, Q1 5Ty LS

9(11”)) and r=max(|R, ||, |R. .-+ | R, [
Obviously, V (v, (£), v, (£), ***
radically

’V7,(f)9t) 1S a

positive definite and unbounded

Lyapunov function. Take ¢e=>0, such that
ee, 1+ epf—e atrfer <0 (1)

We obtain

%(e“V(Vl (@), (1) 5w, (D) W) =
V(0 (1) 2w, (8 v ooe sy, (0 ) +
LV (D 0 (00

ee” L&y (v (D (D) + vy (Dw, () + oo+
.o
v,,<f>v7,<z>)+22p<z>J’2'“ fP(ds +

Jl O IR (v () dr +

ZZ/J(S)J
ﬁ T DR (e e
Zzpmj"l'l

Jl FOT O @IR ™ (v () de] —

2]
F2(Hds +

M (s)ds +

€1 eE’ (V}[‘(t)Alvl (t) + V;‘(l‘)Asz(t) + b +
vi(OAw, (D))
Noting that

5 (1
mej f(l)(s)ds pJ - )a,?;)sdsg
povi (1)
"o o G
2p;?>J f<2> (5)ds < pJ a? sds <
s )y 3
p@v,3 )
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(€3]

v; ,1(’) v
2pfl“J : ffl”)(s)dsé ZPJ 1 (’”sds
0 0

povi (0
where p = max(p{", ,[)f” . P3P, anZ) sty
pin) oo ’pl(:) ) , we haVe

%(@V(m ORIORE

e (ee) +epd —eya) (v (Dv, (1) +
vs (D, (1) -+ v (D, (D)) +

v, (1)) <

ee [J’ JET CoDR fY vy () do +
JI JET g CoR, f (v (0))do -+ +

Jl FT v IR, f (vl(v))d'z/] a2

Integrating both sides of Eq. (12) from 0 to
s, concerned with Eq. (11), similar to Theorem
2.3 in Lit. [6], we obtain
eV (s),vy(s)ye,v,(s),5)
e, (00,00

—Vy (0),v, (0,

Jve"(sel +epl —era) W (Dv, (1) + vi (D, (1) +
0

e T (D, () dE rozefesfjlewv}‘(v)vl (o) +
W (0w, (0) - 4 v (0)w, (0) ) do +

reZefeffJ;ew W (v, (0) + v] (0w, (0) + e -

W (0w, (0))do <

et | e O v () 4 0w (o) oo

—T

v (v, (o) dv= M, |¢|?
Therefore
Vo () svy (1) s oo v, (1) s 1)
(Vv (0), v, (0) 4+, (0,00 +M, |[¢]i)e
Y >0 (13
Vv (0),v,(0),++,v,(0),0) =
&1 (v (0 v, (0)+ 3 (0) vy (0) + oo+

5 (0
y! (0, (0))+ 22;)@[ P ds

i,=1

)
f,m (s)ds + = +

SR
S

Jf ST IR, (v, (0)) do+

)
ffl”) (s)ds +

0
J ST ()R, P (vy () do A ==+ +

2

0
J ST DR, (v (0)dv <

(er +p0+ 10" [@]: = M. | ¢}
According to Eq. (13) and the above

inequality

e [vi (o) ov (1) s v, (O |2

e (WO (D) +Hvi v, (D) F v (D, (D))<

V(V1<t)9vZ<t)9'"9v,,(t)9t><
(M]+M2)“¢“26761

that is,

EXOBACOFEINAC] E= M1+M2 lpl.e
Y>>0 (14

Inequality (14) implies that the origin of

system (9) is global exponential stable.
4 Comparison with previous results

Now we compare our results with the
previous result in Lit, [ 6], where authors gave
a new sufficient condition for the existence,
uniqueness and global stability of the equilibrium
point for BAM neural network with constant

delays:
Q. (D=—au,()+ DJwyst” (2 (t—1)) + T
=1

i: 152"“977

bz, (1) + Ev],s,”(u (t—1))+ T

jzlaza"'am (15)
We could obtain the result in Lit. [ 6] from

our work,when n=2, network (1) is similar to
Eq. (15), Theorems (1), (2) became Lemma
(2.2), Theorem (2.3) in Lit. [6].

Example 1 Assume the parameters in Eq.
(9) are given as follows:
W, =W, ==W, =W, ,=W,,=-=W,=
0 0 0 1
0 0 0 1
0 O 1
0 0 0 1
and A, =A,==A,=dl,.0,=Q,==0Q,=

A,, (@) '=(@?) '=w-=(a") '=P =P,

—e=P, =W, =W,, =+-=W,, =1,, where I, is



kx #

I K ¥ ¥ R

%57 4%

nXn identity matrix. Hence, we have

Q=0Q,=-=0 =2P,A,(aV) " —
P.W, Q, 'W,P,—WLQ\W,,=
2a—1/r 0 0 0
0 2a—1/r O 0
0 0 0
0 0 0 2a—1/r—rn

If «>+n and is sufficiently large, there
exists positive constant r such that 2a—1/r—rn
>0 and 2a—1/r>>0. Hence the condition (T) of
Theorems 1 and 2

system (9) is globally exponential stable.

is satisfied, the origin of

5 Conclusion

We study a class of neural networks with
constant delays in this paper, comparing with
previous work'™, we expand the result of neural

network from 2-layer to n-layer by constructing

Lyapunov function. Our result includes the

result of work in Lit. [6].
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