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Abstract . Hopfield neural networks are usually discussed under the assumption that all output response functions are
smooth and monotone increasing. However, output responses are nonsmooth in most practical applications. In this paper,
continuous differentiable conditios of output response functions of Hopfied neural networks in usual papers is reduced to
Lipschitz condition. A theorem on globally exponential convergence of solutions of the networks is shown by a Lapunov
functional. Some new criteria on globally exponential stability of the networks are obtained. These results greatly improve

the main results of recent related papers.

Key words: Hopficld neural networks; globally exponential convergence; globally exponentially stable; equilibrium

point; Lipschitz condition

1 3| & (Introduction)
2001 4, SCER [ 1] iFie T RO B M

Hopfield ## 25 4%
du, (1) u(t) & .
C ETR R, +; Ta+l, 1 =1,2,-,n.

(1)
Ho =g(0w),T = (7)) . BEL(1) BIXEK
¥ C, > 0,R, >0,4, > 0 [ MENESGFEEA
BN g R—R(: =12, ,n) HHEWTF =
AMMERE HL) g ELW; H2) g, R EHR; H3)
3 B g ERARIH Yu, € R.g/(w,) >0 H
HR R i B
THEHMNMERSHIRSCER (1R EESR.

Lemma I & Theorem 1.

USCRR H 9 - 2003 - 10 —09; Y iB 3R H 3 - 2005 - 04 -20.

S1) fAR%HRNL g, (i = 1,2,++,n) WL BTH
M#&fFHL) ~H3) ,MARZ 1) BB

82) MR (D) = 2, [(T+T)] < h,b =
1/ max sup[ A,Rig/(z) ], W% T4E A L,(i =
1,2,,n) , RGE() HHE—HRFER v = (v,
u, ,ouy ) e B FAFEER y = 1 FHMT
Vez0,YVu = (0,7 ¢ R", £4
(1) BIBIE u(t; uo) R

luCtsug) —u® 1< nyllug - u® ||exp<—”7'~f>.
T

(2)
Hef: = min inf[1 - ARu(T)" g/(2)] 2 0,

l=izn

w(T)" = max(0,u(T)) HH 7 = llgi)s'(RiCi).

EEME: R FREKPERESWUNTNE; BEXRREE S LS VI H (20040816012).



B2

4% 55 % : Hopfield 4% i) 2R B8 21 303

A SCH SEET 78 S1) i, & HY) BRMER)
HHM)FRZLDER. B, {ERE H2)HH
3T H3) BIA B g, 12 Lipschitz %44, 4 S1)
SERMFIRESR. A, S2) M &AM asa X
RIMIAL. H Bl A ST RR S RBE T X F1n
T Hopfield #£2 F4& ity JL NS

du,(t) _
Pode T
_wlt) + iT..g.(uA(t)) +1,,i=1,2,-n
R = b S

i

C

(3)
WG, 0 T MBS X A UGS R e Eg , A— 1P F
WA A SO SE B 5 00 PR O T RO
EX1 M E e MAELZELRR BWA
Lipschitz & {4/, MNP EHE—-NHE k H158 Va,,
%oe R g(n ) -g(a,) | < kle —n, | FREH
k BpR¥ g 1 Lipschitz F ¥, 41 2 k = infla e R*;
lg(x) -g(x,) IS alx -x|, V2,5 e R
AMEF 1) £ R & Lipschitz £ {4f) ofi
PO R ERE SR 2) R &M H3) B
g WFER Wi & Lipschitz &4 (AR, £ R LW E
Lipschitz 2% {4 i of B0 R 06 7 & 244 H3 ). B A R4S

sl g(x) = 2ol pn g

Lipschitz Z&4+{B7 R AR RES: AT

B 2™ &t () = (u (1), (1),
u (1)) B—MRE(CEMRLE (D) HRKE(3)) #
— MR X REWAR R 2 RAE BT w7 (o)
M, WRFEERa > 0 M = 1 FHEME—
But) He =z 00t fHA

lu(e) —u” (6) < Mu(0) - u”(0) ™

HF u-u'l= /Z(u, -u’ )

AZF(OHEEEC)H—DEER v = (u),
uy ,oou) ) AR ERERREN, WRZRE
LREERRT u” 1.

2 FELREHEIFRA(Main results and their
proof)

He 98 Brouwer Az S #, 7] LUV LM HELE T
R 5E THL A 1 R

EE1 AEELE Q) P, PR H E
g (u,) #ER FERFHESE MNZRERZVEHE 1T

(4)

W

XEERRY K S1) i Lemma 1 44 HI) 48
A g BETT W L, H3) Bl B g WL
Lipschitz Z&/43F H 08 B &4 H2) , 304 S1) 24
RIS 5. P e B2 S2) M —Fiict

EE2 BRRZKQ) ME DN g, #W
JE Lipschitz £&44, a0 5

2 .
; O IT 1+ AR T < fvi=1,2,0000m,

(5)
MAELEFANE e >0 MM = 1 FHESFFREN)
BTN —XF A w(e) Fo(e) X TF Ve = 0B, A
luCe) —v(t) | < M|u(0) - o(0)e™. (6)
Hip k, & g, B Lipschitz & .
iE RIS, TBRBIFI/DE & > 0 #H1G4F
FEAN(i=1,2,,n), A

S 1
j; Ak | T, |+ Ak | T, ) < 2(R—i -&C). (7)

B w(e) = (u (1) ,uy(2),+,u, ()" Fo(t) =
(v, (8) 0y (8) o0, (1)) ARG (1) WAEE—X
B FEAN G =12,,0), F

Ci(u; (1) —v(8))" =

_u(t) vl 3

Z Tg‘[gj(Ajuj(t) ) —gj()\jvj(t) ).

Ri
(8)
S B Lyapunov B W(1) = 2> Clu(2) -
b, (1) X ¢ 2 0, 4
dW(t)
dt u(t) —v(t)
Y L (1) ~ () (i (1) -
b(0) +eu(t) =0,(1))*] =
3 () SN

S T (a(8) - g (A ()] +
gCi(ui(t) - ui(t))2} =

eh‘i {_ (_R}_ —Sci)(ui(t) —vi(t))2 +
Z | T, [l g, (A ;(2)) —g; (A (2)) lu,(6) v () [ 1<

ezmi[_ (R}—- - eC)(u,(t) —v () +

i=1



304 B oH = 5 m H 823 %
d Cu;C £) =0,())F + (uy(£) —0,(2))* _ 5 LA S R e RRBRER.
;Aikj|Tif| 2 I< 3 5] F (Example )

2et " 1 n
SEIS -2 -0 + 3 (AT, |+
i=1 i i=1

Ak T D () =0,(1))* <0,
BY W(e) EXFKE0, + o) LREBEIIBBE. A

S min (G} - flu(e) - o0) [P <

ZC(u(t) —o(1))%™ =
W(t) < W(0) = —ZC( (0) -2,(0))’

—~ min

> min {61+ u(0) ~v(0) |1
i

il
lu(t) =o(e) | M{lu(0) - v(0) [le™.
HEM 1 MK 6), T HEES T —EH:
B3 BREFRLE()MENH LWL g 7ER
L RA FHHE W Lipschitz &4, 1R % F 47

“,n), 7ﬁZ()u!s|T|+;urc|T|) <

2/R;, W T E M4 IE%ISBE_L

1° Z%(1) HHE—FEER; 2° RE(D) KNG
—AMEER A R B R T X M — A . B, R
M —SE45 R 2 RIS BT E K.

YA, R FEA LA, =1, WIRIEEM
1 FEH 3, F 5 3 MES R T L.

it 1 X TFRAEG), MREAH WA g,
R AR A%, WEREEDH -V A,

Hit 2 BRREZKO)KE MWL g R
A A H W B Lipschitz &, MR\ A i, &

5 (1T, |+ k1T, 1) < o, RS A1

i(i = 1,2,

W v LR REDHEN.
MR £,(3) = 3| +1]= |5 - 1])

LR (3) BAFR MM 2 M. Hi, A
#ik 3 B (7). B—DXRERHEHE

Tg(x) = (x4 1= |x - 1) MBXFEAL,

51T, | < L, AR W (3) A e

Bl BT SI455K K Hopfield #£2 p 45 (&

FETA B 40 i o 22 4 )
du,
de | 2 0qqm(®)
du, __[0 4][u2(l) *
dt

1 ~0.5778(u, () 0.1
[—0.5 ][g(uz(z))]+[o.2]'

(9)
S g () = 2l = 10= - 10,0 = 1,2

PR R R4 (9) R HH i L e 3 8 (e, ) g () 38
S HTER FARTR, BOREER S1) A1 S2) 3 I iz
FELTAM -FHR, BRA LHPHARETR
LRIGRIREN. B2, A SRR 3 WRIAE RS
A ME— P I L R 2 RR R E ).
B b A WILE,F
C,=C=1,T, =1,

T, =T, =-0.5,Ty =3,
1 1
- = ‘*:4
R, 2’R2
1
B [T, 1+ |T,|l=15<2 =+,

Rl
1
| T, |+ | Ty | =3.5 <4 =

2

REHEE 3, RE () BME K PH R v
u, ) R SR RERRE .
AT, B HEERGRE(9) M T4

gt = (0,0.2)" HEZREKWEMN
u (1) = Ae™” + Be™*¥,

{uz(t) =-7.54e"* = 2.5Be™ 1+ 0.2.

(10)
HAAMBERIEEFE T, M TFRSE) BT
B uw() = (0, (), ,(0))" 4 =00,%
lu(e) —u* 1< u(0) —u*lle™™ (11)
4 £ iE (Conclusion)

AT SERY Hopfield FRI4% 5% H i 17 iR
eI RIELL T, X5 HA B A9 % 42 %) Hopfield ™
SO SR EEME— M 2 RIS E T T
VHE. FEA R AT fe] HoAth 2% 4 WAE L T, B 55 S0k
[1]sh it i Hopfield [ £ i) 4 4 i )0 B e 4%

= (U’I* ’



#2280

4 FE B4 . Hopfield P48 2 Rfs et 305

PFEZAEIG , B3 7 3CHR0 1 ] H 4 %8 B 58 @A R Y
U 5o B 5710 B T 45 30 B4 40 8 A R A P A A
{6, #£ F & R) Hopfield R4, 05414 i e

7 PR 50 BT O ¥ 2R A g (w))

lu, = 1]), MFTHSH LR (1) B 1988 4F L.
O. Chua I L. Yang JIriiF 53 9 40 o #p 22 W 48 AR 30 ( B
SCHR[4,5]) . BRI, LA 33 Fohly o ) o7 bR 4 i 2
PR AITE T AR N P I E B MR T TR,

£ % 3k (References) :

[1] CAO Iinde. Global exponential stability of Hopfield neural networks
[I].Int J of Systems Science 2001 ,32(2) ;233 -236.

[2] ZHANG Qiang, WEI Xiaopeng, XU Jin. Global exponential sta-
bility of Hopfield neural networks with continuously distributed
delays [ J]. Physics Letters A,2003,315:431 - 436.

1
= 2(lui+1|—

(3] Fkahl, B2, SFFi€. Hopfiled 145 W45 R 4 i) & R B8
A Hr[ ], G 5N A, 2003, 20(2) 1180 - 184.
(ZHANG Jiye,DAI Huanyun, WU Pingbo. Global stability anal-
ysis in Hopfield neural networks [ 1]. Control Theory & Applica-
tions ,2003,20(2) 180 - 184. )

[4] CHUA L O, YANG L. Cellular neural networks: theory {J].
IEEE Trans on Circuits Systems 1988 ,35(10) ;1257 -1272.

[5] TAKAHASHI N. A new sufficient condition for complete stabili-
ty of cellular neural networks with delay [ J]. IEEE Trans on Cir-
cuits Systems I, Fundamental Theory and Applications, 2000,
47(6) ;793 - 799.

& w4

RIEE  (1956—) B, #MB. L, FEWTR I A ARINER
A 2 4 B FLIRAT o 0 #Eie 5 B A L E-mail ; 2py6940 @ si-
na. con. cn;

it  (1940—) 5, #4818 £ 4 TR, RO N
TitE S MA&EY: it E-mail; Shxinsun@ uestc. edu. cn.



