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带有时滞的随机区间 Hopfield神经网络的指数稳定性 

张玉民，沈 轶，廖晓昕 

(华中科技大学 控制科学与工程系，湖北 武汉 430074) 

摘要：讨论了带有可变时滞的随机区间 Hopfield神经网络的指数稳定性 ，利用 № 公式和 Lyaponov函数 ，得到 

了几个关于其指数稳定时滞无关和时滞相关的充分性条件，推广了现有文献中关于定常时滞随机神经网络及其确 

定形式的许多结果． 

关键词：随机区间时滞 Hoptield神经网络 ；布朗运动；Itb公式 ；Lyaponov函数；鲁棒稳定性 

1 Introduction 

11le theoretical research on neural network has made 

great progress since it was bom ．In many networks， 

such as in electronic neural networks，time delay can not 

be avoided．In fact，the stochastic perturbations can not 

be avoided eithert卜 13J
． On the other hand，the system 

is unavoidable tmcertalnty，which is due to the existence 

of modeling errors，can also destroy the stability of the 

neural networks．So it is very important to discuss the 

stability and robustness of network against such error and 

fluctuation[ ， ，B1
．
T0 overcome this difficulty．we will 

propose the stochastic interval de layed Hopfield neural 

networks(SIDHNN)，and derive some tabust stability 

criteria for the netw orks． 

Consider an SIDHNN state equation as foilOWS： 

fdu(t)=[一AIU(t)+ (t))]dt+ 

(t， (t)， (t))dw(t)，t≥0， 

(s)= (s)，一r≤ s≤0． 

(1) 

Where A，：={A=diag(口 ) ∈R ： ≤A≤ 

A，i．e． ≤ aii≤ a—ii，i=1，2，⋯，17,}，W 7：={W 

= (w；) ∈R ： ≤W ≤W ，i．e． ；≤嵋 

≤ -r ，i，J=1，2，⋯，n}denote weight matrix， (t) 

= (wl(t)，w2(t)，⋯，w (t))T(m≤ n)is an m—di— 

mensional Brownian motion defined on a complete prob— 

ability space(n，F，P)with a natuial fitrafion{ }I≥o 

(i．e． = {w(s)：0≤s≤t})，and ∈ C([一2r， 

0]；R )， ∈Lk([一2 ，0]；R )is F0一加 一asurable， 
rn 

I—E I (s)12ds<∞． (f)=( l(f)， 2(f)，⋯， 
— r 

(t))， (t)=( l(t—rl(t))， 2(t—r2(t))，⋯， 

(t—r (t))(where—r≤一r (t)≤0，i=1，2， 

⋯ ，n)， ：t x R x R R m，that is (t， ， ’)= 

(o- (t， ， ))ftxm(where r：(t)be similar to (t))． 

Define (f)) = (Ul(f)) (tt2(t)) ( (f)))， 

similar to (t))．Assume，in the whole paper，tho- 
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se (t，·，·)and ·)(nonlinear sigmoidal activation 

function)satisfy 

H1)There exist constants ，0< < ∞， =1，2， 

⋯

，n such that the incremental ratio torfj：R R saris— 

tics 

0≤ ( )一 ( )≤ ( 一 )，V ， ∈R． 

H2)There exist constants ba，Cik，i= 1，2，⋯ ，n， 

k = 1，2，⋯ ，m satisfy 

(￡，xi(f)，辑(￡一 (￡)))≤ba ；(￡)+ ；(￡一 (f))． 
It is known[ that Eq

．(1)has a unique global solution 

on t≥0，which is denoted by u(t； )．Moreover，as- 

sullle also that (t，0，0)三0 for the the sake of stabili- 

ty．Thus system(1)admits all equation solution u(t；0) 

一 0． 

Let -c n'la x {l ；l，l -川v ，i=1,2，⋯，玑 

Similarly we Call define ． 

2 Delay-dependent sufficient criteria 

Theorem 1 Let W = max{ l-， -{『l-}) × ．As- 

sullle that 

n max{口 }Il l1 
m in —II W II >0， (2) 一2(

． 

{旦正 }一 )，u’ 
I≤ ‘《 n 

e = 

『／ 
。 1I 

口 = m ln 

I《 《 

+√n； 砉 +√m； c6 +c 

1一(主城) 一善(三+ Li)ba)， 

p：。 {3e n +蓥( )c )． 
ffa> ，tIleIl for ∈C([一2 ，0]；R“)the zem-solu． 

d0Il of system (1)is global 2nd moment exponential 

stable and almost surely expo nential stable． 

Proof Defin e the Lyapunov function as follows 

( )= 
i= l

( u；+ fui
．
(s)ds)， 

LV(t，u，u )= 

2∑( i (￡)+ (u (￡)))× 

(一 (￡)+∑wbL．(uj(t一 (￡))))+ 

∑∑( f+ )仃 (t，u (t)，uf(t—r：(t)))≤ 

一  

i=l(·一( + ) 一(圭+ ) kffil 6 )× 

E u2i(t)+砉(3e也 n -2 互1+ ) c )× 
sup E u2i(t+ )≤ 

一 口∑E u；(￡)+p∑ sup E u (t+ )． 

By the Razuminkhin-type theory in[14]and condition口 

> ，we can conclude that for every ∈ C([一2r，0]； 

R“)，the zero-solution of system (1)is glohany 2rid 

moment exponential stable and almost surely expo nential 

stable． 

Corollary 1 Let w” =
．

max { }，assul~ that 

=  

凡 ma x }II U 

2(
．

min {alL? }一II W II) 
I≤ ‘≤ n 

e = lna x {( +n *厶 

> 0， 

一 rai n 1一( + ) 一( 地)客6 )， 

p= ma x ～+( 城) c )． 
If口< ，for ∈ C([一2；，0]；R“)the zero-solution 

of system(1)is globally 2nd moment exponential stable 

an d almost surely expo nential stable 

Example 1 Let 

l= 2= 0．5， = 0．0l，Ll= L2= 0．5， 

=  

。03)’ =( ， 
／0．1 —0．1＼ 一 ／0．33 0．14＼ 

一W 【0．05—0．15J 【0．1 0．15J， 一 、． 一．15， 、． ．15， 
／0．01 0．02、 ／0．03 0．O4、 

B 【． ．J，C0 05 0 001 【0．05 0．2／I． 、 ． ． ， 、 ． ． 
By Corollary 1，it is easy to find that口=0．3342，p= 

0．2471．Obviously，口 > ，so this system is glohany 

exponentially robust stable when ∈ C([一0．02，0]， 

R2)． 

Remark 1 As far as the existing papers are con· 

cemed，[15～17]have discussed constant time dehay， 

and those systems are special case of our systems．[17] 

has studied stochastic Hopfield neural networks with two 

variable delays．and the delays are single respectively in 

the certain part and uncertain part．Though this paper 

一 

一 m 
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has discussed the same problem with multi—delays，when 

(t，Ⅱ，u )； 0，we have generalized those certainty 

systems such as【l8，l9]． 

3 Delay-independent sufficient criteria 

Theorem 2 Assume those l， 2，⋯ ， n are non— 

negative numbers and，r∈ [0，1]，let 

o／> +y， (3) 

where o／= min 
i《 i《 

{2 一 +6 ))(6 = 

0，．『：后+1，后+2，⋯，n)，y：
．

m  {∑c )，卢： 

。 { )． ror删 ∈ 
C([一 ，0]； )，zero-solution of system(1)is glob— 

ally 2nd moment exponential stable and almost surely 

expo nential stable． 

The proof is omitted． 

Corollary 2 Define = max { }and 

a =
．
min{2 ai一 ∑( + ))， 
I≤ ‘I∈n 一 l 

{ 砉 )， 
y =

．

m  {∑c )． 

If(3)is satisfied．Theorem l is also true． 
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