EosE Ha2M BTFREXEER Vol.28 No.2
19994 4 A Journal of UEST of China Apr. 1999

R#5E CNN friREHE"
I oy # 0

(BTFRERENARER BE 6l005D) (MNBATERETFIER BRE 643033)

[BE] HMEATEANBOREB MmN 2N, AAEREEXIH. FREGEARRFX
SMHEIS, AT LA EGE e B RS QRGARE, AL E T EERLARBERT I
ARG RS FA.

* 8 W mreasR%; B FREEXRM RTHE

fESES 0231

H L.O.Chua MM EMKES SN LR, HTHEKRKNMARR, CRASTIERT

MR, PPCivalleri FAIE Y, X TFRARM K AR MBI ZMEDCNN), BRESH
FEME X FRAERE LR A Y, RGERAGE I, B B iR , 768 DONN A2 , B P.P.Civalleri
WA TESEUEMRNFRERN, DONN REMFTHFM. MTEHE CNN M KHLER,
. H.Harrer G T =MEARRMEEER, BIFRA., SREMRGBE, FHit, EHRLE CNN
WERPER, FUEFRXSREAEEYRMIER. TR (7,8 BF5 T HA Il 89 R S R 4 22 K]
4%, BT iRt AR R R R IR B A 2 W 4 RIS AR B A FAEAER
FREORS MR, Sy T R SRR R R 2 PR AR R MR ST 2

1 BRI
SCHR[7] R 2BIA T EA R R R 2%, A TRERNTES &M, AXEIE
AT B I I SR B A 2 R 4 PR AS AR

(m)

G . ” .
d_ijz_ﬁ vt Y A LEDVO+ DAL DV -T)+

cyeN, (0. j) cueN, (i,/)
D B G IO+ Y B jyk V=) + I (1)
cueN, (1, /) cyeN, (i)
1<i<M, 1<j<N, 1<m<2 )
LT el g )
v 0= ) 1<i<M, 1<j<N, 1<m<2 )
1
Favad f(v)=—§([v+1|—|v—1])
WMAFERR A, B
v,(,f?j= vjzlj v,(,2,3= v;'}j I<i<M, 1<j<N €}

7" () B Fdskem, H
@<l 1<iSM, 1<j<N, 1<m<2 @
K DARE, REOFEMFSSEWERE LN, 5],

BRA R SR B 2 P (AT AR 4

v = @™ (1) L~T<t<t, 1<i<M, 1<j<N, 1£m<2 o)

R o) RAFELEH, HiR

1999 £ 1 A 26 BWH
» ER AR EREETINE, 24569871005
4 40% WL PHE



212 BFREREER %288

@ =max{ sup [(p,‘,’"’(to +o) ©)
L] _r<6<0
R T FREER, BITEFRREE—TH, 4

—,, =v(z)
U-DN+y i XA +(1-1)N + x.i 0
= —_ (2

f(x('—l)Nﬂ) = Vo -f(xMN+(I—|)N+_/) Vo

=70 - 7@
Lycon, (D=1, Wavriionns, (0= 1,71)
QYN +k G-D)N+ — AUk, j.D)+ By(i,k, j, 1),
Ay ri-ynk s s-on o = Ak, j, 1) + Bi(iLk, .1,
Qi Nk =1yN+ A Gk, J. D) + By(iLk, j,1),

aMN+(i—l)N+k‘MN+(_/~l)N+I: Azr(i,k, ]vl) + Blr(i’kﬁ ]J) H

X

C—’-————]—x +ME la,fix D +ea, f(x -]+ L@E) i=12--2MN N
dr R = o o ’ T

2 RAEHHRIREMAEMEMEFNERYE
EE 1 RENHIFERARY,
i FAEERLSE, A

x,(H)=x,(t,) exp( IECI' J+% Iexp[— ——J {Z(a,/f(x N +a,f(x,(s—1) +l(s)ds:\
PIHIRERHE, B

Ix, ()] < |x, ()| eXp( C’ ) +% exp[— ’1;—(;) {f( la |7 e, (0 | +a, | £Cx, (s - 7)) I (s)|:|ds <+

o _jexp( J{Z(|a|+|a|)+l}ds<q)+R[Z(' |+|a|+1)}
KO b max {(p ; RE( o+l + ;)} } s

/=1

|x, (< M i=12,--2MN

3 EEMEHRGRREMARHENENEEYE
TEE%%%%(7)B’JE~%@E’J%%&I‘EJ@ iﬁx(t) x, () BREG (MR, MR IEANY

CW 50 x, (t>]+;["u(f () ()= S ON +

a,(f(x,(t =)~ f(x,(t - 1)))] i=12-2MN ®
2MN
EE2 HTRGED), MR- i =122V HE D (|a,|+|a]) < ]E’ W R GE(DHfR

x =x (1) REFISEHEN.
iR 4 z, (D) =x,(t)—x () i=12,---2MN
MR GE(8)2E K

dz 1
cliﬁt) Z (f)+2[a (f(z, (t)+x - f(x N+ a,(f(z,(t- T)+x (t-17))- f(x (t—o)]

J=1

i= 1,2,- - 2MN



E28 T B % RRECNNERREE 213

FAREES % A
=.0= ) o5~ ¢ [
&, [f(zs = 1) + X}(s = 7)) = £(x}(s = T)}ds

WIS, A
12,0 <]z o) exp(

IR_CS J {Mzma” [/(z, () + () = f& (] +

) Z Jlex [ ‘(j][|a,,||f(z,<s> LX) - SN+
oty | £ 2505 = )+ x5 (5 = o) = fixj(s - )| ]ds
£ MRS, T
GO+ x O = f ) s|z, 0 j=1202MN

IES)

SCEROTTE

éo ] + ;—é—.[: exp(_ tRC:VJ [Ia’j“Zj(S), + |a,.j”zj(s - z’)']ds

HES
0| =nO-x 0| <o+ @|<20 (el -Tt])  i=12052MN

t"‘t ZJWN] 1
2pexp| — L —I exp| —
5 0= p( ch 2, %
2¢ t, T <t<1,

550 [z(t)[<p(t) i=12:2MN, t2t,—7, Xj‘p,(t)TﬂIiilTK?f <)

tR_;] [|ag/||z_, (S)| + |aU”zJ (s — T)|]dS 2,

JAQRS —-—p,( )+ Z [Ia,,lpj(t) +lay|p, 0 - r)] ——p 0+ Z [Ia,,|p,(t) + Iaul sup p,(t+ «9)}
B4R, ﬁE?EﬁJ‘/J\E’J £>0, f#

—% +Ce+ ;(|a,j| +|o,|expler)) <0 i=12:--20N )
BE S,(2) = p,(t)exple(t -1, + 7)) t2t, -1, i=12-2MN

PRES ()X RS, FH
2MN
S/(1) < &5,(1) + pl(t)yexple(t — 1, + 7)) < (g - RLC]S,(t) + %Z[l |8, + |, | expler) sup S,(t+ 9)} (10)

Jj=1

THEIEM, SMERI>1, B
S (t)y<2d exp(gr)¢7 i=12,--2MN 1)
St 2ty -t WL, BFLSrelt, -1t ]0, &
S,(0) = p,(tyexple(t — 1, + )] < p,()expler) = 2pexpler) < 2dexpler)p  i=12,,2MN

FARES, BEAGDARBKEBAL, BAFERA & >1,, #

S, (t)=2d exp(gr)(p S, (1)<2d exp(gr)(p 1, <t <y,

S (<2dexpler)p  1,<t<t, jEi, j=12:2MN
HSBHEXATH, S, (0)20. H—HE, HROFK(10), F

1 ] 2MN
S, ()< (_E + EJS,O )+ EZ[|aU|Sj(t1) + |a,.j| exp(gr)_fgep;o St + 0)} <

2d 2MN
ex—g(ez-)g { +C€+qu'+| |exp ):|



214 HEFRE AEER -

FiE, BEOOBSL, Hd > 18,
S,(5) < 2expler)p
T A] A
]z,(t)| = |x, - x,'(t)l <p@®= S,.(t)exp(— ar)exp[— et - to)] <2 exp(gz')(p exp(— gr)exp[— et - to)] =
2pexpl-&(t - 1,)] i=122MN
KRG x = x" (1) RERIEBREEN.

THE3 XTTFRHKED), &
n;,ax 2Nzﬂv[h |;|aﬂ| +Ia |_;|aﬂ|] - %

J=1

TR ST x = x° () B2 AR E .

1 2MN f
i 4 V=52[c23(t)+ k j _Tzf(é’)dé’]

Rk = zf|a_,,.| |V ARG R, SRS
= Z{——z ")+ Z[a,,mz +x)) = f(x)]+
0 f( (1= 7)+ 5,0 = 0) = (5 =Dz + k[0 - - DT <
L, Z[la Il e . |%-|H 2 <0

E_fiﬂ:l:/%% (1) it x = x" (1) REREHEREK.

& % 3 W
1 Chual O, Yang L. Cellular neural networks: theory. IEEE Tran, Circuits Syst, 1988, 35:1 257~1 272
Chua L O, Yang L. Cellular neural networks: applications. IEEE Tran, Circuits Syst, 1988, 35:1 273~1 290
Bgeht. a2 MAaMFRR(]) TEMFAH), 1994, 24(10):1 037~1 046
BrWr. mpeat 2 Mg e 3R R0). FEAFA ), 1994,24(9): 902~910
Civalleri P P, Gilli M, Pandolfi L. On stability of cellular neural networks with delay. IEEE Trans Circuits
Syst, 1993,40(3):157~165
6 Harrer H. Multiple layer discrete-time cellular neural networks using Time-variant templates. IEEE Trans
Circuits Syst, 1993,40(3):191~199
7 Chua L O, Roska T. Cellular neural networks with nonlinear and delay-type template elements. In Proc
CNNA-90, 1990:12~25
8 AT AAWMO MM ZMEHHRTE. LF PR, 1997,252):125~127

h W N



524 E OB % EBE OWRIREE 215
Stability of CNN With Feedback

Wang Yi
(Dept. of Applied Mathematics, UEST of China Chengdu 610054)
Huang Yuanqing
(Dept. of Electron. Eng., SIOLICT Zigong 643033)

Abstract In this paper, the cellular neural networks with feedback and delay is studied. By making
use of the Lyapunov function, the method variation of parameters is given combining with the trick of
inequality analysis. The bounded property of the solution and the asymptotic property of solution for the
cellular neural networks with-feedback and delay are proved. The sufficient condition of stability of
solution for cellular neural networks with feedback of delay is also discussed.

Key works  cellular neural networks;  delay; Lyapunov function;  Stability
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