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#)%*+%,#&%'-� . Æ()*%/# [1−5], + !���,$%%-.&0
12/'3%(4!)5!��"0(%"�����%*6+Æ,7-1"./%8��

0( HOPFILD $����%*6+7-0�9:2;7%13 [6−11], <2��""�0
( HOPFILD $3=���%*6+Æ,7-!9:2>?45%64!9:2��5@A
6768*6%0(�/78/%;79-!B9C::;�0D0!;*9E<*=D%

/>1�??+/>8

2 ()*+
<=@>�"0(%"� H $3=���%8A,$

Ci
dui(t)

dt
= −ui(t)

Ri
+

n∑
j=1

Tijgj(uj(t − τ)) +
n∑

j=1

n∑
k=1

Tijkgj(uj(t − τ))gk(uk(t − τ)) + Ii. (2.1)

?B i = 1, 2, · · · , n, Ci > 0, Ri > 0, Ii CF@A! Tij , Tijk 7GÆ����%��,"�B

CD!0( τ ÆD8!HEÆ ui(s) = φi(s), s ∈ [−τ, 0],?B φi(s):[−τ, 0] → R (i = 1, 2, · · · , n)
ÆBFI88JE3=I8 gi(u) (i = 1, 2, · · · , n) F,9-

* KLGGH�MI (10163008) HJIJN
KOLMP2005-05-31, KQKROLMP2006-09-30.
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i) |gi(u)| ≤ Mi, u ∈ R, i = 1, 2, · · · , n;

ii) |g′i(u)| ≤ di(1 + u)−N , u ∈ R, i = 1, 2, · · · , n.

?B08 Mi, dN P)� 0, N 13=%DN688E u∗ = (u∗
1, u

∗
2, · · · , u∗

N)T Æ (2.1) %5@
A! fi(xi(t − τ)) = gi(ui(t − τ)) − gi(u∗

i ), xi(t) = ui(t) − u∗
i (i = 1, 2, · · · , n), NOP

|gi(z)| ≤ di|z|, z ∈ R, i = 1, 2, · · · , n. (2.2)

QR (2.1) STQRSU@%SS

Ci
dxi(t)

dt
= −xi(t)

Ri
+

n∑
j=1

(
Tij +

n∑
k=1

(Tijk + Tikj)ζk

)
fj(xj(t − τ)), i = 1, 2, · · · , n. (2.3)

?B ζk = 2 max(gk(uk(t − τ)), gk(u∗
k)). V

C = diag(C1, C2, · · · , Cn), R = diag(R1, R2, · · · , Rn),

M = diag(M1, M2, · · · , Mn)T, T = (Tij)n×n,

Ti = (Tijk)n×n, i = 1, 2, · · · , n, Π = (T1 + T T
1 , T2 + T T

2 , · · · , Tn + T T
n )T,

ζ = (ζ1, ζ2, · · · , ζn)T, Γ = diag(ζ1, ζ2, · · · , ζn).

x(t) = (x1(t), x2(t), · · · , xn(t))T, D = diag(d1, d2, · · · , dn),

F (x(t − τ)) = (f1(x1(t − τ)), f2(x2(t − τ)), · · · , fn(xn(t − τ)))T.

N (2.3) RST%%SSÆ

C
dx(t)

dt
= −R−1x(t) + (T + ΓTΠ )F (x(t − τ)). (2.4)

>U (2.4) %HEÆ x(t) = φ(t), t ∈ [−τ, 0]. ?B

φ(t) = (φ1(t), φ2(t), · · · , φn(t))T, φi(t) = ϕi(t) − u∗
i , t ∈ [−τ, 0].

2BV6!��W.%T% y ∈ Rn, ‖y‖2 =
√

yTy, ‖A‖2 =
√

λmaxATA. <=U@0(
TIW7UV

x(t) = F (t, xt), (2.5)

SB x(t) WXXX8! xt ∈ C([−γ, 0], Rn) 6/Æ xt(θ) = x(t + θ), θ ∈ [−γ, 0], ?B6/Y
8Æ ‖ϕ‖ = sup

−γ≤θ≤0
‖ϕ(θ)‖.

ZUV (2.5) %[ (t, ϕ), ϕ ∈ ([−γ, 0], Rn) %YÆ xt(t, ϕ) = ϕ 8ÆYZ@[\]%Z5!

6/BFI8 V : R × Rn −→ R � (2.5) %Y%X8Æ

V̇ (t, ϕ(0)) = lim
h→0+

V (t + h, x(t, ϕ)(t + h)) − V (t, ϕ(0))
h

.

-. 1[12] E g : R × C ([−γ, 0], Rn) −→ Rn ^ R × C ([−γ, 0]) B%"_\[S Rn B

%"_\! a, b, w : R+ −→ R+ ÆBF]CI8!B s > 0 0! a(s), b(s), w(s) P)� 0,
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b a(0) = b(0) = 0 , c+^BF]CI8 p(s) > s, s > 0. BFI8 V : R × Rn −→ R d

9 a(‖x‖) ≤ V (t, x) ≤ b(‖x‖), t ∈ R, x ∈ Rn, bB V (t + θ, ϕ(θ)) < p(V (t, ϕ(0))), θ ∈ [−γ, 0],
" V (t, ϕ(0)) ≤ −ω(‖ϕ(0)‖), θ ∈ [−γ, 0], NUV (2.5) %5_Y x = 0 1�_e�*6%!c
s −→ ∞ 0! a(s) −→ ∞, N x = 0 1 (2.5) %�?67`ab8

3 /012345
6. 1 c+^�`D6fc P , Qa08 ε1 > 0, ε2 > 0 d9

λmin

[
PC−1R−1 +

(
PC−1R−1

)T − 1
ε1

PC−1T
(
PC−1T

)T − 1
ε2

‖M‖2PC−2P
]

> λmax

(
ε1In×n + ε2Π TΠ

)
λmax(D2)

λmax(P )
λmin(P )

,

N>U (2.1) %5@A u∗ 16768*6%b9C6870(8/8
7 bdgehicI8 V (t, x) = xT(t)Px(t), a(s) = λmin(P )s2, b(s) = λmax(P )s2, NB

s −→ ∞ 0! a(s) −→ ∞, bf+ a(‖x‖) ≤ V (t, x) ≤ b(‖x‖). d V (t, x) � (2.4) S%YjX
X89

V̇ (t, x) = −xT(t)
(
PC−1R−1 + R−1C−1P

)
x(t) + 2xT(t)

(
PC−1TG + PC−1ΓTΠ

)
G(x(t − τ)).

kgT%e.S 2uTv ≤ εuTu + ε−1vTv, u, v ∈ Rn, ε > 0 (ε ÆW.%08), 9

2xT(t)
(
PC−1T

)
G(x(t − τ))

≤ ε−1
1 xT(t)PC−1TT TC−1Px(t) + +ε1G

T(x(t − τ))G(x(t − τ)).

2xT(t)
(
PC−1ΓTΠ

)
G(x(t − τ))

≤ ε2G
T(x(t − τ))Π TΠ G(x(t − τ)) + ε−1

2 xT(t)
(
PC−1ΓTΓC−1P

)
x(t).

)Æ

ΓTΓ = ‖ζ‖2In×n, ‖ζ‖ ≤ 2‖M‖,
hQ

xT(t)PC−1ΓTΓC−1Px(t) ≤ 4‖M‖2x2(t)PC−2Px(t).

)5

V (t, x) ≤ −xT(t)Ψx(t) + GT(x(t − τ))
(
ε1In×n + ε2Π TΠ

)
G(x(t − τ)),

?B

Ψ = PC−1R−1 + R−1C−1P − ε−1
1 PC−1TT TC−1P − 4ε−1

2 ‖M‖2PC−2P.

lI8 p(s) = qs, ?B08 q > 1, Nf+ p(s) > s, s > 0 8!2 [12] B% Razumikhin 64!
JE

V (t + θ, ϕ(θ)) < p(V (t, ϕ(0))), θ ∈ [−τ, 0],
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N"

‖x(t + θ)‖2 < q
λmax(P )
λmin(P )

‖x(t)‖2, θ ∈ [−τ, 0].

hQ! (2.2) 9

V̇ (t, ϕ(θ)) ≤ −xT(t)Ψx(t) + λmax

(
ε1In×n + ε2Π TΠ

)
GT(x(t − τ))G(x(t − τ)),

≤ −λmin(Ψ)‖x(t)‖2 + λmax

(
ε1In×n + ε2Π TΠ

)
max

1≤i≤n
{dii}2‖x(t − τ)‖2

≤ λmin(Ψ)‖x(t)‖2 + λmax

(
ε1In×n + ε2Π TΠ

)
λmax(D2)q

λmax(P )
λmin(P )

‖x(t)‖2

= −η‖x(t)‖2,

?B

η = λmin(Ψ) − λmax

(
ε1In×n + ε2Π TΠ

)
λmax(D2)q

λmax(P )
λmin(P )

.

!64%9-P!+^08 q > 1 d9 η > 0. clI8 w(s) = ηs2 , NB

V (t + θ, ϕ(θ)) < p(V (t, ϕ(0))), θ ∈ [−τ, 0],

50"

V̇ (t, x) ≤ −η‖x(t)‖2 = −w(‖ϕ(0)‖) < 0.

!a4 1 P>U (2.4) %mY167�_e�*6%8f>U (2.1) %5@A u∗ 167�_
e�*68

#Æ�g!;*'O9E

V̇ (t, x) ≤ −η‖x(t)‖2 ≤ −η

λmax(P )
V (t, x),

λmin(P )‖x(t)‖2 ≤ V (t, x) ≤ V (x(0))e−
η

λmax(P ) t,

‖x(t)‖2 ≤ V (x(0))
λmin(P )

e−
η

λmax(P ) t ≤ λmax(P )
λmin(P )

‖x(0)‖2e−
η

λmax(P ) t,

‖x(t)‖ ≤
(

V (x(0))
λmin(P )

e−
η

λmax(P ) t

) 1
2

≤
√

λmax(P )
λmin(P )

‖x(0)‖e− η
2λmax(P ) t,

?B�W.% t > 0. !5Tn!5@A16768*6%89C68Æ η
2λmax(P ) , <170

(8/%8oh9C6870(8/!"�6%ij+!i;j:klkplm!Æ5;m

8U@JEncV

H(x(t − τ)) = diag

[
g1(x1(t − τ))

x1(t − τ)
,
g2(x2(t − τ))

x2(t − τ)
, · · · ,

gn(xn(t − τ))
xn(t − τ)

]
.
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N (2.4) nTQRS

ẋ(t) = −C−1R−1x(t) + C−1
(
T + ΓTΠ

)
H(x(t − τ))x(t − τ). (3.1)

>U (3.1) %HEÆ

x(t) = ϕ(t), t ∈ [−τ, 0].

6. 2 c+^�`D6fc P , d9

λmin(PC−1R−1 + (PC−1R−1)T)

> 2(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)

·‖D‖
{

1 + τ [‖C−1R−1‖ + (‖C−1T ‖ + ‖C−1‖‖M‖‖Π ‖)‖D‖]q
√

λmax(P )
λmin(P )

}
.

N>U (2.1) %5@A16768*6%!9C68Æ µ
2λmax(P ) , <170(�/%!bqo

=D%/>1�?po%?+/>8?B

µ = λmin

(
PC−1R−1 +

(
PC−1R−1

)T
)
− 2

(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖

−2τ
(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)

·‖D‖[‖C−1R−1‖ +
(‖C−1T ‖ + ‖C−1‖‖M‖‖Π ‖)‖D‖]q√λmax(P )

λmin(P ) .

7 B t ≥ τ 0!)Æ

x(t − τ) = x(t) −
∫ t

t−τ

ẋ(s)ds

= x(t) −
∫ t

t−τ

[
C−1

(
T + ΓTΠ

)
H(x(s − τ))x(s − τ) − C−1R−1x(s)

]
ds.

^rSpA (3.1) 9

ẋ(t) = C−1[(T + ΓTΠ )H(x(t − τ)) − R−1]x(t) − C−1((T + ΓTΠ )

·H(x(t − τ))
∫ t

t−τ

[
C−1(T + ΓTΠ )H(x(s − τ))x(s − τ) − C−1R−1x(s)

]
ds. (3.2)

>U (3.2) %HEÆ

x(s) = ϕ(s), s ∈ [−2τ, 0]. (3.3)

!2 [12] P!c>U (3.2) %mYe�*6!N>U (3.1) %mYe�*68l

V (t, x) = xT(t)Px(t),

Qa

a(s) = λmin(P )s2, b(s) = λmax(P )s2,
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NB s −→ ∞ 0 a(s) −→ ∞, bf+

a(‖x‖) ≤ V (t, x) ≤ b(‖x‖).

q (3.3) %Y� V (t, x) jXX8!q! (2.2) 9

V̇ (t, x) = −x(t)
(
PC−1R−1 + R−1C−1P

)
x(t)

+xT(t)
[
H(x(t − τ))

(
T + ΓTΠ

)T
C−1P − PC−1

(
T + ΓTΠ

)
H(x(t − τ))

]
x(t)

−2xT(t)PC−1
((

T + ΓTΠ
)
H(x(t − τ))

)

·
∫ t

t−τ

[
C−1

(
T + ΓTΠ

)
H(x(s − τ))x(t − τ) − C−1R−1x(s)

]
ds

≤ −λmin

(
PC−1R−1 + R−1C−1P

)‖x(t)‖2

+2
(‖PC−1T ‖ + ‖PC−1‖‖Γ‖T‖Π ‖)‖H(x(t − τ))‖‖x(t)‖2

+2‖x(t)‖(‖PC−1T ‖ + ‖PC−1‖‖ΓT‖‖Π ‖)‖H(x(t − τ))‖

·
∥∥∥∥

∫ t

t−τ

[
C−1

(
T + ΓTΠ

)
H(x(s − τ))x(s − τ) − C−1R−1x(s)

]
ds

∥∥∥∥
≤

[
− λmin

(
PC−1R−1 +

(
PC−1R−1

)T
)

+ 2
(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖

]

·‖x(t)‖2 + 2‖x(t)‖{(‖PC−1‖‖M‖‖Π ‖)‖D‖[‖C−1R−1‖

+
(‖C−1T ‖ + ‖C−1‖‖M‖‖Π ‖)‖D‖]}τ sup

−2τ≤θ≤0
‖x(t + θ)‖.

lI8 ps = q2s , ?B q > 1 , Nf+ ps > s, s > 0. !2 [12] B Razumikhun 64!JE
V ((t + θ), ϕ(θ)) < p(V (t, ϕ(0))), θ ∈ [−2τ, 0] , N

‖x(t + θ)‖ < q

√
λmax(P )
λmin(P )

‖x(t)‖, θ ∈ [−2τ, 0],

V̇ (t, x) ≤ [−λmin(PC−1R−1 + (PC−1R−1)T) + 2(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖]

·‖x(t)‖2 + 2τ

{
(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖[‖C−1R−1‖ +

(‖C−1T ‖

+ ‖C−1‖‖M‖‖Π‖)‖D‖]q
√

λmax(P )
λmin(P )

}
‖x(t)‖2

= −µ‖x(t)‖2.
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?B

µ = λmin(PC−1R−1 + (PC−1R−1)T) + 2(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖

−2τ

{
(‖PC−1T ‖ + ‖PC−1‖‖M‖‖Π ‖)‖D‖[‖C−1R−1‖

+ (‖C−1T ‖ + ‖C−1‖‖M‖‖Π ‖)‖D‖]q
√

λmax(P )
λmin(P )

}
.

!649-P!+^08 q > 1 d9 µ > 0. clI8 w(s) = µs2 , NB V̇ (t + θ, ϕ(θ)) <

p(V (t, ϕ(0))), θ ∈ [−2τ, 0] 0!"

V̇ (t, ϕ(0)) ≤ −µ‖x(t)‖2 = −w(‖ϕ(0)‖).
)5!a4 1 P>U (3.3) %mY67�_e�*6!hQ>U (2.1) %5@A u∗ 67�_
e�*6!qb70(1�/%8r#Æ�g!;*'O9E

V̇ (t, x) ≤ −µ‖x(t)‖2 ≤ −µ

λmax(P )
V (t, x),

λmin(P )‖x(t)‖2 ≤ V (t, x) ≤ V (x(0))e
−µ

λmax(P ) t,

‖x(t)‖2 ≤ V (x(0))
λmin(P )

e
−µ

λmax(P ) t ≤ λmax(P )
λmin(P )

‖x(0)‖2e
−µ

λmax(P ) t,

‖x(t)‖ ≤
(

V (x(0))
λmin(P )

e
−µ

λmax(P ) t

) 1
2

≤
√

λmax(P )
λmin(P )

‖x(0)‖e −µ
2λmax(P ) t.

?B�W.% t > 0, k?e.SsSs8
!5Tn!5@A16768*6%89C68Æ µ

2λmax(P ) , <170(�/%!qb7

0(1po%?+/>8
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GLOBAL EXPONENTIAL STABILITY FOR TWO-ORDER

WAVELET NEURAL NETWORK WITH TIME DELAYS

XIAO Shengzhong

(Guangdong AIB Tech-College, Guangzhou 510507)

Abstract Global exponential stability of equilibrium point for two-order wavelet neural
network with time delays is studied by Lyapunov method. The sufficient conditions of delay-
dependent and delay-independent for global exponential stability of the equilibrium point are
obtained by Razumikhin theory.

Keywords Global exponential stability, wavelet neural network, time delay.


