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BRITJUES, WESh 2B R A TS NENEG SRS RET HENARE,
WA EHEE B A ER B (VISD) AR RR, WERMANEFIIRRLIAMEITH
MHEBEFEZ —. B2, HEMEFGLIFH—LME, mAFRERMBRER, £
ST MW EF A%, WO FRIE T R 2 R4 0 3) 2R TR S B A AR e,
Hep Mg EEERESIREAHEMNERRENXBREZ —. FAHFRARENHEL
&R HEITARBRANER.

Hopfield % #2 M % t T RAR A £ WS 12T MBI HEE N Gttt BAE.
RGFIRIM) MAEZXE, BHT, S [1 — 5] EFF T HEXXFR Hopfield LM 41
WM. X E LR, Y MERYETIE R4/, BAFRER X PR Hopfield A fH£
48 TR SEM L — Bt RS RRRER. RITIUEK (6] B, QR AT <1, WIESFERSFR
HENEEERBEN. RAMENENEYIHAIRS, B TSENAHESHEMNERE,
AT R %N EEEEELAR LR TR, FHAAT A HREEE Hopfield B #
o 4 oy B AT D RARA LR R 8.
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@=—-Bu+Tglult-71))+1, (3)

HA u = [u,uz, - un)’ ., w € R"; B = diag(b,by, - bn) , b = (Ric)™' >0
T = [Tij] S Rnxn , Tij = T,-jci_l H I = [11,12,"'aIn]T € R 5 Ii = L’Ci—l 5 g(U) =
[91(u1), g2(u2), <, gn(un)]” .

2 EEAHREEWNEN L HRE S

B SR [7-9] XX BRETEE Hopfield B9 & R EEHIT T 4047, BRI T MEELEER
FETIER T 2 RiE R e i — B4 & 4.

T 17 #HEMEERELS (3) KW THEH o SHMEBBRER r RS REEREN,
S 4 8 0 A s <j<n( e S, ITl) < 1.

EIE2 WEMERSE 3) XWTHES v MEEFRER - HRLEFHWEREH, W
REEEE o;>0,5=1,2,--,n, WR oTij + 1i, iy lTiyl <0,j=1,2,--,n,

S PR A IE B T L SCHR (8], SEhR LUK (8] A ELEE R M X A T R M PR ) 2 TT LUBRGH
B, AANEEEE =1, j=1,2,---,n, ATEEGITENHEL 1.

it 1 WEMERSE ) AWTHES v MEEFRER r HE2REHIEN, W
REEHREWERDTE, Bl (7)) = maxicjcn(Tiy + 2in) iy [Ti5]) <0

EE3I MHEMERA 3) AWTHER « XEEFFER - 2L RHBHIREMN,
WMRFE-NEZHXHRERE P MI— N EXMAERE D = diag(di,do,---,dn) , di > 0,
i=1,2,---,n, %KY =BP+PB-D-PTMMD'MMTTP RFEW, Hb MM =
diag(8, 85",---,62) .

SEFE 3 WIEHI R WL SCHK (9], ZEEHE 3 MAMT, RINMWMUKEIERIMENE RANTE
Bl Sk &

/\min(z)
201+ 7)g + TAmin (X))’

(4)

a(r) =

e ¢ = max(Amax (P), Amax(D)) > 0 .

WRIEEE 3, FPESZI TS 2 M 3.

Wit 2 WEMKRL 3) RWTHH v WEHERER r HELBIEREY, W
R \RTIBY <1, EA Py = diag(by?, b5, ,b-1) = diag(Ricr, Roca,-- -, Rncn) , Ri e
BRIHE | MWBTH SRR BEREABE, F = maxi<icn (BM) .

#it 3 HERBREMESMERSE (1) ROTHH o WEXFRER r BELBIH
TR, MRS MR RN T AT BRI 5 Rk ST
F%, BT < 1/h, Hb h=F" maxicica(R) .
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Fo 8825 5 B AN N P PEL A TR 3.
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(2) B1 (4) KFTLLE L, MM LM &R TR F R, REMFEESOE B RE T %,
HETIE F AE BIRARTIE) BF, RAAHE RSORS00 [10) 4R —2.

(3) ¥4 maxi<i<n(Ric;) > 1 BF, BIFFEMERIFARRETRIRT 1, M ¢ = max; <i<n(Rici) ,
E i (4) XI5, SR BAR/NEE MR IERRSEEE BT k2, mRESHA
B3 OR339 245 1 i 0 S0 E T

(4) IR maxi<i<n(Rici) <1, Wg=1, HFHE A\nin(Z) SHETHESRANEE
JLFTR, Hith, BTSN AR A ST R B SR B .

(5) MEMZTHEMA BN, BT IENENTEHSERETHI, THT
B R R B SIGE B BT, B M AT IE A A E (AR BTRIER) B2 an i GX AR
Bk [10] W) KR Z MR KWLM ERMARE, MAEHEMENEERSEET
F, MEBRBESEMEEARTEE. BEMEMENERY, RER/NISITHESHRA
H BE R 4 5 ) 4% T REAR S .

MEREHEANEEY, EE 1S 2 MFAMAAXT S ETZ—%, e 3 Wit
MG —E, HEMNEEAAEH.

EMERMERHEIP, B T&RERESI ARSI ER /N, BT BRI
PATE KB, Fril BRIk i FARSE. ol SR [11) X B R B HE 2 5 6 0 4 R
HHTRE AT T 400, TRENSCHER BES—S 00, B2 TEFHEMER.

3 HEZHFEESENEHRT &N

BAVRBENIS M u(t) = ¢(t) T, HP -7 <t <0, o) FELRBERY R
G) REM—THER v, z=u—v, RARLK 3) AETHRETHFBRLA:

z=—-Br+Tg(z(t - 1)), (5)

EHF S = =02 (5) Wi — T4,
FHE4 WERS ) RWTES 2 =0 BEREEREN, WRFE—TIFERE
B P, &

Amax(P)

1/2
Xm_(P—)] < —pa(P(—B + TMMY), (6)

ﬂWﬂmMMWFHWWMMm[

o b= maxcicn{bi) , MM = diag(B, 61, M), pa(A) = maxicica [M(A54)]
R UL R BTG ARERE A B
B A (2 RES RS (6) RN

#(t) = —Bz(t) + TM(z(t — 7))z(t — 1), (7)

A M(z) = diag(Bu(01), Ba(w2), -, Balzn)) . Bi = 22 ¢ (gm, M)

HAIZIN Lyapunov ®#:  V(a) =2TPz, Hd P HE 6) RMMKEREE. 5
RVie) REEMHEZMEBRER. B V(o) It (7) BT 7 1) X e ] 5K S35
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V(z(t)) = 2T (t)Pz(t) + T (t) Pz(t)
=2T)[(-B+TM)"P + P(-B +TM))z(t)
—[z(t) - z(t — )T MTT Px(t) — 2T (t) PTM{z(t) — z(t — 7)),

LR MK M -1) HRAEEX, UTH. BT
7 (O)[(=B + TM)"P + P(-B + TM)]z(t) < 2||z(t)|Pp2(P(-B + TMM)) , ||IPTM]| <
IPTIIIMI < IPTIIMM|L, BrRAE

V(1)) < 2lle@)|*p2(P(=B + TMM)) + 2[z(@)|l|lz(t) — =(t - 1)||IPTM]|
< 2a(®)|Ppa(P(=B + TM™)) + 2l[z(0)llllz(t) — x(t — D)IIPTIIMM]I.

T A ME SRR SOk [11) SR TE 4.1 BUERE, N T RIE, HALMBS. FEYIHE
RA%R (ITM| < |T)IMI < T

BT MM = diag(8M, 62, 851) , T Y = BM +8M/2+ BY -BM)/2, BRA
u2(P(~B + TMM)) < ug(P(=B + TMo)) + B p2(PT) A [IMM|| < || Mol + B Mz,
Mo = diagl(B + B7")/2, (B} + B5) /2, -, (BM + ) /2] R Hih 2 TE i -4 0 B
BY = maxi<icalBM ~ 1) /2] RRMBTH BN BRI, FUSEE 4 9IEREL, R

MERE T R4 R,
EES HERSL (5) AWTHES « =0 22RHIEREN, WRFE—INIRERE

&P, &

Amax (P)
/\min (P)

1/2
u2(PT)B" + | PTYIMM B + | TNIMM)) [ ] / < —p2(P(-B+TMo)). (8)
EIE6 MRS ) AMTES z =0 22 RWEREN, WEFE—MXMKRESEE
B P, {#
Amax<P)] &
Amin (P)
< —p2(P(=B + TMo)). 9)

wo(PTYB + | PTYEY + 1Mol G+ TN B + 1Moll) [

WRIELEREFEFTUE L, XML RSO [11) B4R ERH.

it 4 ELREMERT, B =08, 2% 6) AW THH 2 = 0 RER/INEREN,
MR R LM po(T) < 1/hs HF T = (Ty;) € R, Tij = Tyjets h = maxi<i<n(BMR)) .

I 4 MIERIRA SN, EEE 4P, T r=0, HEFESXHERE P HIEXT
FHERE Po = diag(by, b5, b;") = diag(Ricy, Raca, -, Rucn) BI T,

e 4 BIASCHER [10) BHAEN R AMENERERMERENRTSR. HEE
4 ML 4T UEL, HTFHEMENENEE, FR2RTBEMNFEFRKMNE, HER
KXW & S8 (FE P EREERMHLTHE L) ERB™E., XHEH 6 Fil, hHTHE
BEMRATFREFERM TR TENEE. KUEHE 3" MKMME | Ml . WREH
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FHER RYRTER, TIRKWRLE B R (Mol #ITA/D, ML (9) K% # tag
WE, BHRGHWRERFEREN. £l FAECHFNERGT, TE4N%50E
Fgh, BHE 5. B8 6 AT OHOMERNEERHHELT, BESH. B Em MY
REM, HHX T &R HMESEHEER —EMiEIE X,

4 HENFEELR
R NA BT, 4

1.1193 0.9750 1.0985 1.1635 tanh(0.5022z, )
oo | 04485 —4.68 12805 —1755 () — | tanh(06570z,)
0= | 19675 08515 11154 09605 | > 9 = | tanh(0.3671zs)

0.6942 0.8905 0.3105 2.5092 tanh(0.6442z4)

By = diag(4.2,3.36,4.32,5.232) , IFATHHAEAMBESTE, HNEEI1=0, P=F =
diag(by*, b7, -+, b71) .

(1) IMEBT = 07Ty, B =B, HETTRIEFEIE 1 #1E 8 2 RHIM M EmieEt, miR
e HE 3 Al SR M & N G RIEEGR N, HESE B EITHEN a(r) = 1.0075/(2+4.0157) .

(2) 4 T=Ty B, B=DBb, EXNHEEETARATENERENRERMSF, RMHE
4015, HE <004, RENMEBERELREH, TICHK [11] B0 ToE I
MREHE, WAL ERY.

HATRASCHE (7] B9, HITTIHENMG R, SRIELT LR R IERE.
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STABILITY CONDITIONS OF ASYMMETRIC HOPFIELD
NEURAL NETWORKS WITH TIME-DELAY AND
ITS APPLICATION

Yang Yupu Chen Yajun* Xu Xiaoming

(Department of Automation, Shanghai Jiaotong University, Shanghat 200030)
*(Department of Physics, Sichuan Teachers College. Sichuan, Nanchong 637002)

Abstract In this paper, the global asymptotic stability of equilibrium point for asymmetric
Hopfield neural networks with time-delay is discussed, and the sufficient conditions for global
asymptotic stability of the equilibrium point are obtained. Finally, the applications of these
results in the design and the parameter selection of neural networks are illustrated.

Key words Neural networks, Time-delay, Global asymptotic stability
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