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Abstract

This paper is devoted to studying global asymptotic stability of cellular neural networks with pe-
riodic coefficients and multi-proportional delays. Firstly, through studying the asymptotic stability
of the differential inequality, we give the asymptotic stability criterion of a class of periodic func-
tional differential equations. Secondly, we obtain an integral average criterion for global asymp-
totic stability of the cellular neural networks by means of the result we obtain and the nonlinear
measure method, and our study result is partial generalization of some existing results. Finally, we
use an example to illustrate the correctness of our result.

Keywords

Global Asymptotic Stability, Cellular Neural Networks, Periodic Coefficients, Multi-Proportional
Delays, Integral Average Criterion

JEVEA 25 L BB i 4R B 42 P 4% 2 SR i AR /B 1
HY S5 AE N
0, ARF HEE, REH

K K EBe, PRt 7%
CERAER .

ESIF: EME, BI%E57, HEAE, RS FEYIZ LG I i 4 A o 2 0 29% 4 JR A AR I T R D). S R
%3k, 2016, 5(4): 705-715. http://dx.doi.org/10.12677/aam.2016.54082



http://www.hanspub.org/journal/aam
http://dx.doi.org/10.12677/aam.2016.54082
http://dx.doi.org/10.12677/aam.2016.54082
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

FAME 5

Email: ‘xlsung@chd.edu.cn

Wk HEA: 20164E11A5H; BB 20164E11H19H; &ATHEA: 20164E11H28H

=

AXBATHAHE R RENZ LI A Mg 2 REnifaett. 5%, Bdmams 1%
XKLL e, RIS H—RAMZ RO TRNSNERE AN ; K, FIRREITRE LSRN
FERMEME T, RING B IZRMEME R 2RI AR, RITKBT AL RREIAE MRS RO
ST BJE, —MBITARRA AR IR R IER .

XK ia
EREERENE, ARHENS, AR SRR, R-FHRER

1. 518

[KI24 Chua F1 Yang 7E[1] [2]H 51 N 020 B 28 X 45 R s A2 200 B 2 [B] 7R S e e i, i H B 0T 40
BANEAE S A B RS s 1, P Ve B 5 T KRR B A B S, il IR AT A B A0 k. H AT
W 2% CL B D S TR AG e L AR . AR A AR A B A S [3] o R i A2 i 22 0 4 B T
F T S2BR I T3, (HRA 5% LA AL i 7 2 3R 2 S EUR G A R [4], XS BR R AR E 1L
VP2 SEBR L B T BB 3 5 DLLS] [6] [7] [8] [91e AN T — AR MM, LU AT B [ i BE A Ab 2,
BR] g3 S Bt iy 2 o SR I AR (19 [10] . 7E[10] [11] [12] [13]H T2 43 31— 1 L 451 ik iy 20 B4 28 I 4% (1 R P
W FEZ) g5, YRR G5 R BE R IR IR 2 P 2 141 NSRRI 28 36 o 2 ULt ) B 1 iR
otk B DR MM e 2B 15 ek, ST AR Biagn i eh 2 M 45 i SR G A vr 2 055
(45 B [15]-[23] . SR R IXS w5 6 JE 1 2R H0R0 22 LU 3] s i 110 40 L o £ D) 266 FF) A s TR AT 45 58 o STk
[241% e it i o sl AN 2t 1 — Ah AR 231 S I, 5 FLIZ A v I £ B Byt A SR 55 o ) 4 e e 2
W 2% 4 SR T RS E VE[16] [25]. UL, ASSCEUI T FE A F 1128 B0M 22 AT Iy 200 i soh 22 00 45 1
A JE T RS E M, B HET DA B0 B b 22 I 2 RS e PR B U5 R
2. RBER

RS T A I R BN 2 LU A8 B o 200 B Ao 40 DX 2 B

% (t)=—d; (t)x, (0*2[% (01 (% (6) +by (1) 05 (% (pt)) + (t)hj(xj(qjt))}tli(t), t>1, O

j=1

X (s)=¢(s), r<s<il, i=12,-,n,
Horpr, n RORME P E TN G X (t) R | MG TR I ZIEPIRES: d, (1) R ABIAT KSR
K, FoRIEAE ay(t)» by (1), o (1) A1 () BRI (t) FEELER AL 1, (1) Zonsh i p;, M
%%%%MN%H¥,ﬁHﬁEO<W%<Lrzgmqu,%uﬂmﬁ,ﬁ@—mﬁawm
(1—qj)t—>+oo: f,, g, Mh, FoRARLNE BT R AL

N TSR () I FRE M, BT R B



FAME 5

(H)BoF % £, g, fth 7E R _E42J7) Lipschitz #4E, Hrij=12,-
3. MEHIR
n 24 R 20 R BT ], S SO |, :i|xi|, Forf = (%, %0 %) € R" . K T ZIEBI(1)
R, RIS T LU FE S B T
dz (t
el F(t)(z(t)) G (1)(2(pt) 2(at). 151

( ) O0<r<s<],

@

ﬁ¢,Qhﬂﬂw§%%ﬁthﬁM% EEAINSE S, F(1),G(t):Q >R Lipschitz K 4E0
WHLENE T, QN R"HIF T4,
FEX L. [26]UTRAF(E AR AT S B M, (SRR T T (1)1 > RV G 2
[TOC)-TOO), <M=y, xyeQ.

JFRT (t) 7£ Q L Lipschitz %4k, M FRVT (t) # Lipschiz # %, # %
L)~ s TOW-TOW

X, YEQ, y#X "X - y"l

MT (t) 72 Q L5/ Lipschiz % 4.
FEX 2.[27] F(1): Q>R 2—AMEEMEET, 5 tHRIMHEL
M (T(0)= sup TOTO) sion(x-y))

X,yeQ, y#x "X — y"1

NF () EQ BRI AEZIENE .
FES 3. [241002R f () I T ISR, A
1 +T
m[faﬂ:?j: f(s)ds
g f (t) BRI T2 1R
N TARRITTREQ)RIFSENE, FATSEHT I T H 3 A A E It
x(t)<-a(t)x(t)+b(t )sup x(s), t>1,

®3)
x(s)=¢(s)>0, 0<z<t<],
o, a(t)Mb(t) RAMAT BESER, HHb(t)>0
1% 1. wRa(t)-b(t)=4>0, [)—IMJ/\T%F:_EE(\?)E@T EAGER, JFHA
x(t) <Mt supx(s), t=1, (4)
1 . N 1Y
ﬂ#wn:u&uxﬁ),5:@Tua»,auy@ﬁﬁaayma{;j = (1) AR

7<s<l

A A
ﬁ%:éﬁ@U:BGJ+ﬂ—A,E¢A>B>O,ﬁMﬁW(MzBGJI%E}J>m
T T

T



FAME 5

A
£(0)=B-A<0. lklzjﬁiA—BGj = A A SR R
1Y 1Y
a(t)—b(t)(—) za(t)—b(t)(—J S A(t)26>0. B, Hr<t<1 x(t)< M supx(s) Az,
T T 7<s<1

t>1H @) RA R, W —EHEE—At,>1, LY t<t, 1A x(t) <Mt supx(s), 3 H

7<s<1

X(t) =Mt supx(s) . A(3)FRATAT LLIFH:

7<s<1

tga

X(ty) < x(L)e +j:° e_ﬁoa(“)d“b(s) sup x(v)ds

TSSV<S

<x(1) g A L% e’moa(“)d“b(s) M sup x (V) sup (v) “ds

7<v<l 7S<V<S

<x(l)e” Pl Lt“ e’moa(”)d”b(s) M sup x(v)(rs)’ds

r<v<l

_[0a(u)-2 _[0a(u)-2 o
<M sup X(S)t—a‘o I:e fi°a(u)—du +j:0e [ a(u)—du (a(s)—éjds}

7<s<1
~[0au)-2au ~[0a(u)-Lau
=M sup x(s)t™™® {e ey +(1—e e, H
7<s<1

=M sup x(s)t™®

7<s<1

315 X(ty) = MU sup X(s) . FFLA)IUR S, BIRA AR s 3) SR M R 2 1

7<s<1

512 2. R m[a(t)]>m[b(t)]Je" AL, Jh A=max{4(1)) A(t):a(t)—:l[a(t)}b(t), WA

AAEXQ)RILFRER, HHAZEM, 6> 04k, H s Nrig
ma(t)] (1Y)

W 4 y(t)=x(t)eo ™, i1 m[A(t)]=0. JFHMIERIL <t, . H [ 2(u)du< AT . L,

FIAR, B=min{b(t)} .

Y()=(A(0)x(1)+ x(1) ™"
b0 0 e s e
w0 R0 sl et




FAME 5

BEymla(t)]>m{b(t)]e" . @51 1A%, {74 5,M, >0, ff

y(t) <Mt supx(s),t=1.

7<s<1

. > m[a(t)} ar( 1 ) 3 BB
st g, =min{o(0) - 80 R0 (e &j = s(t) HOHL B s (1) FE t =t IR

mla(t)] (1))
b@”[m[bal}—e [;j J_@” ©)
Bk s, <5, HE(G)F(6)FATH LS 2]
5O:b(t0) m[a(t)]_eAT (E)O >B m[a(t)]_eAT (lj =5
m[b(t)] T m[b(t)] T
RATIE, FIs, >0 . MutRuls(t)7Eb(t) B/ B EME. A
y(t) < Mgt sup x(s) < Mot~ supx(s), t 21,

7<s<1

i, B 6, =s(t,). AN

t supx(s)< Mt supx(s), HftM = MoeTfle T

7<s<1 7<s<1

~Jig Alu)du

ek x(t)=y(t)e U < Mge

B 1. M[28]HH) Halanay ASFAECH, AT ER a(t)>b(t) XAt #MRAL, F 5 E
m[a(t)]>m[b(t)]e" ML, BIATAEI%E A A IR . BoAN, BRATERI th T s,
FEMEE T AEX W IARETERE .

B 1. ARAFAEN fAERE A=diag(a,,a,,-,a,) (& > 0,i=12,--,n), ff

M| M,y (FOA) [+m] L (G(1)A) e <0 )

m M, (F(t)A 1
Slmax{MAl(Q)(F(t)Aﬁ [ A(Q)( (t) )J LAl(Q)(G(t)A)}(mina,) ,

t>1 m[LAf1(Q) (G (t) A):| I<i<n
TRz BR 53 T7 AR (2) A2 WA A AE 1 - R 0, SR x (1) 5y (t) R ITARQR)WIME 5N ¢,y e C ([z’,l] Q)
FIf, TRAAEAEM > 0 x(t), y(t) 2
[x(t) -y (b)], < Mt~ sup

7<s<1

#(s)-y (s), . t=1. (®)

Hrb s AU

B [ m |:MA’1(Q) (F (t) A)} ST (EJOJ =5 (9)



FAME 5

d"Zd(tt)"l < <dZd(tt) ,5|gn(z(t))
= (F(1)(x(1)) - F (t)(y(£)) + G (1) (x(pt), x(at) - G (t) (y(pt). y(qt)), sign(z(1)))
= (F (1) (Aax(1)) - F(t)(AA y(t)), Slgn(A 2(1)))

-G (t)(AA ™ (y(pt). y(at))) sign(A 2 (1))
<(F(t)(Aax t))—F( )( y(t)). sign(A2(1)))
t)(AA (x(pt), x(at))) - G (t)(AA (y(pt), y(at))). sign (A2 (1))
S[Mm)(F(t)A)IIZ(t)IL+LA-1<Q)(C5(t JA)supz(s) IIJ(LL}LQ a)

w512 2 LR RAF(T) AT 15

J2(0)], <Mt Tsigl"z(s)"l t>1, (10)

2 (8) T
4. FEER

T HRRBR) A REERERE, 4 F () =(R(t).F (1), F(t
G (1) =(G(1).G, (1),++,G, (1) s, F(D)(x) =, (1) x+ 23, (1) F,(x)

~—
—~
~—
~—
-
>
|

EH 2. BB(H)ROL, JFHAFEa >0(i=1,2,---,n) f&
o= d (1)t - H OlL (1)dt - esﬂz f“ t) L (00)+[c; (D[ Le (R) ]t >0, (1)
Hrfti=12,n, Tmﬁﬁldi():aji t), by (1), ;i (1) A1, (1) HIRIHA,

S, = tméén{ci{di (t) _Zl a, Ua“ (0L ( fi)+%(|bji (O La (9))+ Jei (V)] L (y ))m :

a
1& a1 aj T
kz?él‘g G ;J.O |bji(t)|LR(gi)+|Cii(t)|LR(hi)dt °
LML) & RUHTR R . R, MR X(), y(t) ABRQBIEN gy eC([r1],R")
fift, MAHFAEM > 073 x(t), y(t) e

maxL a

[x(t) =y (t), <M t sup||¢ w(s), t=1. (12)

Hrb s AT

B [1 —e™' (lm =5 (13)
k T



%

R, A
o= i, {52 by 0] (0) e O (1)
iEB: 4 A=diag(a,.a,,.a,) . C=diag(c’,c,"¢.") o M4, MHIHM X yeR"
(AF (1)(Aicy) - AF (t)(A"Cx) sign(y - X))
<Za{—|d (-n S O e, o x,)\}
sgai{-aﬁc;ldi t|yi-xi|+§a;c; lay (t)| L ( f, |yj-xj|}
~-Se 001 (6)3 2 0 x|
N
[, (AF (1)(A'cy) - AF (t)(A7Cx),sign(y - x) ) dt
<-Sa)[80-L (1) ey 0f e -x| =Ty
[Fgt m[ M, (AF (1) A'C) <1
|ac (t)(A7cy)- Ac (t)(A'cx)|,

n X i {bij (t)[gj<a}lc}lyj> 9, (aJ c;'x, )J+Cij (t)[hj(ajflcj—lyj) (aJ c;'X )J}‘

CPSGE
[, |AG (1) (A"cy) - AG (1) (A™Cx)| dt
- éciljgii[|bii (O] (9) e (D] () Jaely; = x|
Sg@%{_c [ Hb |dt+LR(hj)I;|Cij(t)|dtJ}g|yj‘Xj|o
S 2L @)Ly 0 )y 0y,
s

m[ L. (AG(t)AC)] 3%2@%{2—:ci1[LR (9;)f. [os (V)]dt+Le (ny) . Jes (t)|dt}} —k .



FAME 5

_meMG%QAﬂ>£
mL.(G(t)A)] k-
ARt FATATLMRE k 721 = iy I B SR, Wt
=2ei 2L o) b (e L ()

lo

T

cy, (D]t |

BT M, (F(t) < max

I<i<n,t>1

R &

S, = max {—MRn (AR (1) AC)—% L. (A'G(1) AC)} <S,.

t>1

WA (1LY T LA 2
m[LRn(AG(t)A*C)}H&st[L (AG(t)A’lC)}

Sm[LRn(AG(t)A’lc)]+e m[ ]
<-l+e% _l%c*:—;[LR(gio)J'; o |dt+L( )_[ ¢y, (1) |dt}
.[ d'o Z%J-o al'o (t)| LR(f'O)dt

HU A LT, AR (), §(0) RAMAT 4.7 e C([r,1] R By FIE B4 7 B

dzd_(tt) = AF (t) A7C(z(t)) + AG(t) A"C(z(pt.at)), t=1,
2(s)=¢(s)eC([r.1,R"), r<s<i,

(14)

||”( || <Mt sup

r<s<i

MR x(t), y(t) REB()MIMR, 4 X(t)=CAX(t) Fl y(t)=CHAy(t) st Mo 77 2 (14) I .
HERERY (1) 4 R nE AR E /Y, JF HA (12) 3UaL
YE 2: GEER 2 45 TR JE YT AR HOR 2 BB S T A o 228 D 246 i R U A R M ) — AP R
Iﬁk[m}ﬁﬂnaﬁ%tl:%ﬂwrﬁéﬁﬂﬁ’mﬁa%Héﬁé}%ﬁmﬁ% PEARLE, FATRORIAY R AR iR, ?ﬂdl]ﬁ’]*ﬁmiuﬁﬂ
FEE AL 101/ EATES o SCHR[25]1 40 B 1 8 Bl A RO B P 2 I 25 B O RROE I, S 2 A EL, FRATI4L
B CLI i, RDTE TS, A EABRATT R T A BT Y o

5. BUERH
{5l 25 R8T THI P 440 L Ao 22 P 2%
X(t)=-D(t)x(t)+A(t) f (x(t))+B(t)g(x(pt))+C(t)h(x(at))+1(t). t=1,

x(s)=¢(s), r<s<i,

b(s)-v(s) . t=1.

(15)

Hri=12, f;(x)=tanhx, g, ( |X+]4 x- ]4 (x)= tanh ,j=12, MxeR,

)



FAME 5

OH o CE I S (o R b

t):[1.6sin2(5nt) 1.4} C(t):[l.Z 1.85in2(5nt)} ':(8}

B

—~

-0.4 1.2 -0.4 2.4
WESHBE =02, L(f)=1, LR(gj)zé, LR(hj)zi, j=12.

Ha =2, a=5, i&ﬁi:ifrﬁﬁC:(l.Tl,Z.O’l)T, k=0785, S,=0510, #

@ =], d,(t)dt- i:ij;a ,)dt - eSZTZ [ [ by (1)L (9,) + ¢ (1) L () ]t = 0.158 > 0,
= [ dy (t)dt- g_;aﬂ() L (f,)dt- eﬂ}j j b2 (1)L (9) + ;5 (1) Ly (,)]dt =0.131> 0.

UL, R x (), y(t) RS IR, IE A% BT ¢ Ay B X (1), y(t) 2
B (0= 3 (0] Py (0)= ()] < M 27 sup [(5) = (5)], t=1
Hrbs MR
0.85[%— g1 -5’5j =0
(IR o 200 M Aot 20 D) 265 (15) PO AR (D RSCADU AL P& 1
6. &

AT A 2 EG B IR i ) SO 200 M o 2 0 246 1) 4 JRIRIEC AR SE HEAT T RITSL . FRAT IR T e A5
MR ET AR E PEAEI, SR AR B ¥ LA bR ooy 5 RE A 20 LU A8 B i 20 B 4o 22 19X 2% )T A
PEAEN, 25 M5EsE 1 IUA R e AR

2

x1
x2
1.5¢ g
1H 4
N
X 0.5H .
i
X
oL
-0.5 4
-1 1 1 1 I 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
i Tt

Figure 1. Simulation of cellular neural network (15)

Bl 1. @Rtz L (15)MRIRIMT R

)



FAME 5

24

i

ASSCAG B B o F SRR 564 (11201038),  BRIEET5 AERHOHT 2 I H (2014KIXX-55), K2R L

B AR 55 3 4 T 7% 45 (310812163504, 310812151004) 1117 [

L& #Ek (References)

[1]
[2]
[3]
[4]
[5]
[6]
71
[8]
[9]
[10]
[11]
[12]
[13]
[14]

[15]

[16]
[17]
(18]
[19]
[20]
[21]

[22]

Chua, L.O. and Yang, L. (1988) Cellular Neural Network: Theory. IEEE Transactions on Circuits and System, 35,
1257-1272. https://doi.org/10.1109/31.7600

Chua, L.O. and Yang, L. (1988) Cellular Neural Network: Applications. IEEE Transactions on Circuits and System, 35,
1273-1290. https://doi.org/10.1109/31.7601

Civalleri, P.P., Gilli, M. and Pandolfi, L. (1993) On Stability of Cellular Neural Networks with Delay. IEEE Transac-
tions on Circuits and Systems, |. Regular Papers, 40, 157-164. https://doi.org/10.1109/81.222796

Chen, W.H. and Zheng, W.X. (2010) A New Method for Complete Stability Analysis of Cellular Neural Networks
with Time Delay. IEEE Transactions on Neural Networks, 21, 1126-1138. https://doi.org/10.1109/TNN.2010.2048925
Ockendon, J.R. and Tayler, A.B. (1971) The Dynamics of a Current Collection System for an Electric Locomotive.
Proceedings of the Royal Society A, 322, 447-468. https://doi.org/10.1098/rspa.1971.0078

Fox, L., Mayers, D.F., Ockendon, J.R. and Tayler, A.B. (1971) On a Functional-differential Equation. Journal of the
Institute of Mathematics and Its Applications, 8, 271-307. https://doi.org/10.1093/imamat/8.3.271

Derfel, G.A. (1982) On the Behavior of the Solutions of Functional and Functional-differential Equations with Several
Deviating Arguments. Ukrainian Mathematical Journal, 34, 286-291. https://doi.org/10.1007/BF01682121

Derfel, G.A. (1990) Kato Problem for Functional-Differential Equations and Difference Schrodinger Operators. Oper-
ator Theory, 46, 319-321. https://doi.org/10.1007/978-3-0348-7306-2_31

Tan, M. (2006) Feedback Stabilization of Linear Systems with Proportional Time Delay. Information and Control, 35,
690-694.

Song, X.L., Zhao, P., Xing, Z.W. and Peng, J.G. (2016) Global Asymptotic Stability of CNNs with Impulses and Mul-
ti-proportional Delays. Mathematical Methods in the Applied Science, 39, 722-733. https://doi.org/10.1002/mma.3515
Zhang, Y.Y. and Zhou, L.Q. (2012) Exponential Stability of a Class of Cellular Neural Networks with Multi-Panto-
graph Delays. Acta Electronica Sinica, 40, 1159-1163.

Zhou, L.Q. (2013) Delay-Dependent Exponential Stability of Cellular Neural Networks with Multi-Proportional De-
lays. Neural Processing Letters, 38, 347-359. https://doi.org/10.1007/s11063-012-9271-8

Zhou, L.Q. and Liu, J.R. (2013) Global Asymptotic Stability of a Class of Cellular Neural Networks with Proportional
Delays. Chinese Journal of Engineering Mathematics, 5, 673-682.

Gopalsamy, K. (1992) Stability and Oscillations in Delay Differential Equations of Populations Dynamics. Kluwer,
Dordrecht. https://doi.org/10.1007/978-94-015-7920-9

Wang, H., Li, C.D. and Xu, H.B. (2010) Existence and Global Exponential Stability of Periodic Solution of Cellular
Neural Network with Delay and Impulses. Results in Mathematics, 58, 191-204.
https://doi.ora/10.1007/s00025-010-0048-y

Lisena, B. (2014) Average Criteria for Periodic Neural Networks with Delay. Discrete and Continuous Dynamical
Systems Series B, 19, 761-773. https://doi.org/10.3934/dcdsb.2014.19.761

Yang, Y.Q. and Cao, J.D. (2007) Stability and Periodic Neural Networks with Impulsive Effects. Nonlinear Analysis:
Real World Applications, 8, 362-374. https://doi.org/10.1016/j.nonrwa.2005.11.004

Shao, Y.F. (2011) Exponential Stability of Periodic Neural Networks with Impulsive Effects and Time-varying Delays.
Applied Mathematics and Computation, 217, 6893-6899. https://doi.org/10.1016/j.amc.2011.01.068

Liu, H.F. and Wang, L. (2006) Globally Exponential Stability and Periodic Solutions of CNNs with Variable Coeffi-
cients and Variable Delays. Chaos, Solutions and Fractals, 29, 1137-1141. https://doi.org/10.1016/j.chaos.2005.08.120

Gu, H.B., Jiang, H.J. and Teng, Z.D. (2008) Stability and Periodicity in High-Order Neural Networks with Impulsive
Effects. Nonlinear Analysis, 68, 3186-3200. https://doi.org/10.1016/j.na.2007.03.024

Jiang, H.J., Li, Z.M. and Teng, Z.D. (2003) Boundedness and Stability for Non-Autonomous Cellular Neural Networks
with Delay. Physics Letters A, 306, 313-325. https://doi.org/10.1016/S0375-9601(02)01608-0

Long, S.J. and Xu, D.Y. (2013) Global Exponential Stability of Non-Autonomous Cellular Neural Networks with Im-
pulses and Time-Varying Delays. Communications in Nonlinear Science and Numerical Simulation, 18, 1463-1472.



https://doi.org/10.1109/31.7600
https://doi.org/10.1109/31.7601
https://doi.org/10.1109/81.222796
https://doi.org/10.1109/TNN.2010.2048925
https://doi.org/10.1098/rspa.1971.0078
https://doi.org/10.1093/imamat/8.3.271
https://doi.org/10.1007/BF01682121
https://doi.org/10.1007/978-3-0348-7306-2_31
https://doi.org/10.1002/mma.3515
https://doi.org/10.1007/s11063-012-9271-8
https://doi.org/10.1007/978-94-015-7920-9
https://doi.org/10.1007/s00025-010-0048-y
https://doi.org/10.3934/dcdsb.2014.19.761
https://doi.org/10.1016/j.nonrwa.2005.11.004
https://doi.org/10.1016/j.amc.2011.01.068
https://doi.org/10.1016/j.chaos.2005.08.120
https://doi.org/10.1016/j.na.2007.03.024
https://doi.org/10.1016/S0375-9601(02)01608-0

FAME 5

https://doi.org/10.1016/j.cnsns.2012.10.015

[23] Wang, J.L., Jiang, H.J., Hu C. and Ma T.L. (2014) Convergence Behavior of Delayed Discrete Cellular Neural Net-
work without Periodic Coefficients. Neural Network, 53, 61-68. https://doi.org/10.1016/j.neunet.2014.01.007
[24] Lisena, B. (2013) Asymptotic Properties in a Delay Differential Inequality with Periodic Coefficients. Mediterranean
Journal of Mathematics, 10, 1717-1730. https://doi.org/10.1007/s00009-013-0261-5
[25] Song, X.L., Zhao, P. and Wang, X.W. (2015) An Average Criterion for Global Exponential Stability of Periodic CNNs
with Delay and Impulses. Chinese Journal of Engineering Mathematics, 32, 608-622.
[26] Soderlind, G. (1984) On Nonlinear Difference and Differential Equations. BIT Numerical Mathematics, 24, 667-680.
https://doi.org/10.1007/BF01934923
[27] Peng, J.G., Qiao, H. and Xu, Z.B. (2002) A New Approach to Stability of Neural Networks with Time-Varying Delays.
Neural Networks, 15, 95-103. https://doi.org/10.1016/S0893-6080(01)00095-8
[28] Wen, L., Yu, Y. and Wang, W. (2008) Generalized Halanay Inequalities for Dissipativity of Volterra Functional Dif-
ferential Equations. Journal of Mathematical Analysis and Applications, 347, 169-178.
https://doi.org/10.1016/j.jmaa.2008.05.007
L
LY
Hans iXllh
BT BeARE K =2 0 T AR S5

BRmar A RS (QQ. WfE . MRAE &)
A UG HC B A& 3 11

24 /NS DA PSR 6 TR BT A 55 1)

TR UF IO TE 28 B0 S

AV FAT PR

HIPIG 2%

A 2% 75 o NI IR

NogapwhpRE

AEE S http://www.hanspub.org/Submission.aspx
HATFIIEAS : aam@hanspub.org

)


https://doi.org/10.1016/j.cnsns.2012.10.015
https://doi.org/10.1016/j.neunet.2014.01.007
https://doi.org/10.1007/s00009-013-0261-5
https://doi.org/10.1007/BF01934923
https://doi.org/10.1016/S0893-6080(01)00095-8
https://doi.org/10.1016/j.jmaa.2008.05.007
http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	An Average Criterion for Global Asymptotic Stability of Periodic Multi-Proportional Delayed Cellular Neural Networks
	Abstract
	Keywords
	周期多比例时滞细胞神经网络全局渐近稳定性的平均准则
	摘  要
	关键词
	1. 引言
	2. 模型描述
	3. 预备知识
	4. 主要结果
	5. 数值算例
	6. 结论
	致  谢
	参考文献 (References)

