2018 4 5 f TR A FFRCE AR F RO May 2018
#35% ®3H Journal of Chongqing Normal University (Natural Science) Vol. 35 No. 3

DOI:10. 11721 /cqnuj20180311

EEMENRMEYT BHENKREBENBN-RERE

3*1\ Hﬂ%a ‘&F’J‘/i%a 75]%}%
(BRI R 2 B b5 2% Bt . EK 401331)

WEINENIFR T AR ENRLYT AW ENEEAGMN-RARE, [TEIER.BLX - X W ARFORXNY B4
MegGHA ZEATHHETHMERTEZRAER WL ERLE. A AAEAR TN NS T E X EET
EXF & (BERIVRBEE LT HHERNERZEWNAN-RARENAN T 244, [(ERIERbH i A oy
Hx T,

KER ALY #HHEWE  MN-RERT;H BT EXHF

hESES 0175 X EARERD A XEHS:1672-6693(2018)03-0101-06

Hopfield 1 28 [ 285 R A8 I A7 THE BRATCAZ A5 5 BGAL B AR A K i A0 Ak Ak B 25 4580 )™ 92 1) 1o
PSS AR FA A T 2 T 2 B RE A8 AT L B e Fh T RO R A A 45 A B DR S e B A R I
s A, Y T AEAR — BRI ST a2 3l i 28 I 45 B9 5 ORI S RE B 2 W 1Y) o DR IG5 BB A S A A R
{14 1 22 000 24 A6 Y 114 30 I3 47 SR ik Bl BF S i AR R

TEFE T R G R E P A FAE A PR SR VE B AR Bz . M SEBR P R ST R W S B, g
il AR A/ N T L R A AN TR 2 T 2 R B 8 5 R DT AN S 25K R 268 3R 8 B AR, b B A IRESHRE
H 20 2 80 AR . Sontag 5 AR AR LM R G UCR A AR ST E X — FEME Lok, THE &2
BN 5 B N AN 22 B R AR TR VAT TIRABEIE . 40l ARy — R R R AR LR R 8 2
AL (A A RS TS E G T — 25 N 0 Sanchez & Perez™ i U B S 45 275 21 4 28 0 2%
TR i A IR ZS S € Ahn " R T Lyapunov 12 B 4R A5 4 A7 I 7 A9 15080 A 28 0 2% 1% i AR S 3R E L Zhu &
Shen" BT T 338 U5 4 28 0 45 (1 4 A RS FRE  SCHR[16-18 TR Lyapunov 32 B R 4r R X 05 i, 43 943 5 T
LA R 4 3 A A 2 0 286 ML R i) BB AEL R 28 19 46 R Cohien-Grossberg i1 45 I 465 1) i AR 25 oo M 19 — 26 78 4
FAE o SR OCT B TR 28 I 4% s A RS FRE PERY RS LL B R

AR SCREIE ST A I A9 52 L7 TR 22 0 265 B0 A RS TR E M . E g L S S — 2 A I T RO A A 22 )
IR RS T AT IR A2 i A IR (o A A5 ORVREL B AN 45 5005 3, 3R A 2% BT 47 IR 28 0 2% A5 2 1) i A -
ARGSTRE WP TE 3 55 A, 45 R etk M T 1 BUAT SCHR 9 A1 ¢ T4

1 M RRE S H &R

ASCIE R,RT GRS |« |0 20 51 7R SEBCHE AR B SEEAE o 2 RROL 8 253 () | RRJL B 7 3 250 o o7 6 P
ATVAT 2 (A) A (O R A | = 20 (ATA) 23 5 RR A0 W A B G 8 00 e K R/ NSRS 8. P>0(=
OFR P LR PR HIEE (EXREEEE) . |y@.0 | ERREmME yG, OB, EXNH: |ya.0| =
YTy (ax) o L7 R JRARASEG BT R u(zx) :RT X Q>R Hh Q= {(x) 20,20 | |20 | <045
E=1,2,=.m}JE R" P EHALE B FIQ M4 FRIF XK B E | Q >0, BN AEA R K |ul. =

xRS EHI:2017-04-05 &= H#:2018-04-23 ) %% H R B 18] - 2018-05-22 10:02
BETIE : FRKAREEH S (No. 11471061) ; T K [ S8 Bl 2% % 4 (No. CQCSTC 2014JCYJA40004) 5 T P 7 5 4 81 3 A BA 31 %1 (No.
CXTDG201602008)
E— BB IM B LI A R S 8 RS, E-mail : sul8725677763@ 126, com; BIEEE M EHF, B HUF . H+E F IR,
E-mail: yangzhch@126. com
W £& H AR 3k - http://kns. enki. net/kems/detail/50. 1165. N. 20180522. 1001. 028. html



102 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 35 %

sup{ lu(o) | t=0}, FEHIH 0 u, & u FERTIR] ¢ B 220 8 A KT R, B 2 s<<t B, w, () =u(s) 2 s> B ,u, (5) =0,
K,KL,K. 53R K WL KL 3L Ko k3t i C=C([—7, 0] X, R NTE[ —7,0] X Q | HELZ K2
B, >0, HIWH N |o]= _sup (J 0] (s,r)go(s,r)) Vo e C,

AR SCE B ST T B AT A4 SR RO 28 1 4%

Iy, (t,x) < 9 Ay, (t,x)
Jt 72 (d'

dx,

j—a,y,u,x) + Eb,,g,<yj<t,x>> + D0, (G () sx) (o x), (1D
j=1 j=1

1y

m

Hpi=1,2.3,.n, 2 s QR BRLERL Ty (0 x) € R RORAE ¢ BF 2], 25 [ 28 5 x € Q ARRYES @ Al

ZIT RS su; jﬂ’ﬁﬁ/\;dm >0 R /l\ffﬁliééfnﬂﬁf?%’??fﬁﬂl%%ﬁ-gj ORRE MG TS R a, >0 R
/TT—'?TEF%%I_JQ%TLEH%%%%}/\E@‘%YRT RO U EZ v /- YA SR 7N BT S M | el | B > o A |
AR 28 0 1 3 422 58 R B 9 0 B 5 o (o) Fn AR B I L HLWE R 0<<c (D) <<z,
j\JTﬁ@JE%éb(l)'aﬁkrﬂEﬁ;iﬁﬂuT:
Iy(t,x) i J (D, Ay (t,x)

(7[ (71-k (71'k

j*Ay(t,x) +Bg (y(t,x)) +Cg(y(t — () ,x)) +ult,x), (2)

P
H y(ox) =y Gax) sy, (o) s sy, o)D) T ouCeox) = Cuy by ) sy (Lox) s oorsu, (o)™, g(y(t,x)) =
(g1 yx)) s gy Cyy (o)) y ooy g oy, (Lo DT A=diag {ay s ass = va, } s B= (b;) s C=(¢;)usns Dy =
diag{dy sdop s+ sd i b o

REOWAE ZERMB R ZEN v (tox) =@, (tax) s (1, x) €[ —7,0] X2, vy, (t,x) =0, (1,x) €
[—7, +o0) XA X H @= (¢ vy o2 L IETHE VIR KRN y(ax. 0.0,

R T ARG FELS S, NG A —E L5,

EX 1 WRAEAE—D KL RE B AI—A K B8k v SHEEE A u(o) FiE—4 o€ C 2 .

lyCtox.p.w |[<plllol.O+7fu ..

W2 S8 2O FR i A-IRSTRE .

BIER 17 X FATE A SRR XY A—A A 18 0 ] X R A ST S8 e >0, 1] 15

XTY+YTX<5XTAX+%YTA’1Y°
53 2" W ALQER, H Q AR B W XHTE ) x € R BT 2
x"ATPAX<<|QAQ '|*x"Px,P=Q"Q.
3138 31 B Q={(x . x| 2 [<Usk=1.2,om} & R" HE A CH i FoQ 1A FIF X B, 52

fERE h() €C' (), HIEH AW h(x) o= NUHJ h2<x>dx<lﬁj (;”lj_dxo
0 C

5128 4N BUE AR AE— AN TS R V(o) LTl R B I AR A B I B AN A

V() < Z[R,,Vj(t) +0, [V, .1+ ], =0
HP R, =0,i77,0,=0,[V, () ], =sup o {V,;(t+)}, ], () =0 B i, j=1,2,n, WREE
ESHA A TER 2= (220,207 W2 ZER + Q,expQe) Nz, < wd vi = 1,2, un » HWIE 41
V(D) <[kexp(—2A) +x () ]z, st €[ —7,0) ]AL, %B AV (O<[kexp(—2) +y () ]z, st =0, HHEE £=>0, (1)

B AR 0 S R, L () = D
— 23[R, +0;]

,0 =0,

2 FELER

ARAT B RS () M A-RES RS, BB (HD 8GR g, (o) G=1,2, ) L0 F &0,
AL o M5 | g Gy ) [<p Ly (2020 |,



%34 KM B AR O T B R A R 103
EIE 1 B (HD B AR AP AE I S e vesveq A FIATSHERE Q, (45
( ﬁz;*““)k —a-te +e' |QBHQ 1H2+€2+€3)+2€§l |QCHQ ' |? exp(iio) <— A, »
St H=dinglpr o op, ) va =3 22 PATARD iy 205 o) i A-BRs s 9.
IER  id P=Q"Q.P AXFRIEE M . % AT Lyapunov ¥Z ¥ ;
V(t):LZ 3 GOPy (0 d. (3
X O X PRI E RS (2D B ¢ KRS, 015
VO | o :LZ Y (1 x)P %dx -
JQyT(t,x)P{iaiﬁ(Dkay;;’ﬁx)j—Ay(t,x)Jng(y(t,x))+Cg(y(t—r(t),x))+u(t,x)}dx 4
P A AR 20 R 25 A s | B 3 ] A5
Jyrors (b ﬂy;;w) =[5 ) e e
—Amin<vk>/2jn((7y;;’k”j P”y“’x) Z} (D‘ JyT(z‘,x)Py(z‘,x)dxo 5
X AE B TE 58 e, e ve, - 3130 1 13120 Z,TLME}@J:
JQ—yTu,x)PAy(t,x)dx:—%Jﬂy%,xxm FAP)y(t, 0 dx <
— A (PA +AP>JQyT<t,x>y<z,x>dx <—%%Jnyw,xmyu,x>dx:
fajﬂyT(t,wa(t,x)dxo (6)

J yT(t,x)PBg(y(z‘,x))dx<51J yT(z,x)Py(t,x)dx+ef1J (PBg (y(t,x))"P'PBg (y(t,x))dx <
Q2 Q2 Qo

sljﬂyT(t,x)Py(t,x)dx +6I1J.ﬂyT(z,x)(BH)TPBHy(t,x)dx <
eljﬂy'r(t,x)Py(t,x)dx+€T1 |OBHQ szny"‘(t,x)Py(t,x)dx,
JnyT(t,x)PCg(y(tfr(t),x))dx <
eZJ.QyT(t,x)Py(t,x)dxJrleJ.Q(PCg(y(t—r(t),x)))TP’lPCg(y(t—z-(t),x))dx <
ng.ﬂyT(t,x)Py(t,x)dxJreZlJ.nyT(tfr(t),x)(CH)TPCHy(zfr(t),x)dx <
egjﬂy"‘(t,x)Py(t,x)dx +¢,'|QCHQ ! szny"‘(t—r(t) JOPy (1 — (1) ,x)dx,

J yT(tax)Pu(l‘vx)dx<€3J yT(t9x>Py(tvx)dx+€:1J uT(tax)Pll(tvx)dxo
Q Q2 Q
LG~ O YA W, 1T 15

(7

8

(€]

Vo | o <— aj y ' (t,x)Py(t,x)dx + SJ y"(t.x)Py(t,x)dx +¢,'|QBHQ H2J y ' (t,x)Py(t,x)dx +
Q2 Q Qo

ezj ¥ (x)Py (tyx)dx 43 | QCHQ ™ HZJ y'(t—7().x)Py(t — (1) . x)dx +
Q

e;;J yT(t,x)Py(t,x)dx—O—sEj T(th)Pu(t,x)dx+2 M
’ k=1

, JyT(t,x)Py(t,x)dx:
l; o

(Z “Aan DOy BHY

k=1 l}z

ey +€3JJ y (t,x)Py (t,x)dx +
2



104 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 35 %

e, [QCHQ ]HZJ y ' —7().x)Py(t —7(t),x)dx Jreg]J u" (t,x)Put,x)dx =
Q2 Qo

2(2 _A%Z(Dk)—aJrel +e ' |OBHQ ' |? +e, +eng %yT(z‘,x)Py(z,x)dx +e§1J u' (t,x)Pu(t,x)dx +
k=1 k Q Q

2¢,' [|QCHQ | Ll %yT(t — (1) s x)Py (t — (1) yx)dx

BTV (O V(D) +q[ V(D +J @) Hoth r = (Z TAninDO IOBHQ ' |* +e. +esj 'q 1=

k=1 Zi
2¢,' |QCHQ ! HZ,J(w:eglJ u' (tyx)Pus,x)dx,
Q2
H 1B 4 CY R — 500 AT VO <[ | ?exp(—A,0) +y (1) Hit 5y (o) — > 4 B2 G 14 386 4 o5 500 5L i

i, <z>=%,f>o,ﬁtﬂﬁ%fi@ﬂ"ﬁﬁzwﬁmzﬁg%z)%ﬁm-%maﬁzD it

/:'_EEE 2 {E%(Hl)ﬁjsﬁn%ﬁﬁEiﬁ € 9;']' s U 7/12 2 Z; 7121 727"' ’717/1%?%‘:
g 0 u 0 0 9
[* Z; — 2a; + Zb,vje,vj -+ Zbﬂeﬁlpf + Ec,vjé’,vj + v, + Ec‘,,é'glp;exp(/\zr)}z,‘ <<— =z,
k=1 3 j=1 j=1 i=1 j=1
W Z& &8 (D) 2w A-IREFERY
JERA ZEUNT Lyapunov ¥Z BR :

\"21¢2; =J yi,x)y (t,x)dx, (10)
0
BEXFQL0) S 5 Y 35 R G5 (D) R o3 % ¢ ok S, Al 45
V.o | :2J YTy DX g :zj y,m,x){z ’ (d,-k Mj—a,.yiu,xw
2 Q2

(7[ =1 axk axh

Zbug <yj(t9x>)+2611g (yj(tif(t)vx))_’_u (t""?)}d'xO (11)
SRR B 5t RS B T
Jﬂy,(z,w;axk(d,k Gl = i) V(de T de

a ) R m a . R m
j V(y,-(t,x)d,»k M) dx—j (d,.k M) Vy, (tax)dx —
Q k=1 Q2 k=1

dx, dx,
' Iyt x)\" 7J' N Iy (t,x)\* _7J' N Iy (t,x))*
Jm(y,»(z,xm,ﬁ . )de ﬂ;d,}( -y jdx— Q;d%( Y jdx, (12)
dJ dJ dJ
sopy=(;0 0 S R BT R
g X2 Cm
Iy (0" (L, yx) v (x) Ay (2sx)
(dik (’)l,k )I::1 (di] 9171 ’d1'2 (’)1,2 ’ ’dmz ‘:)Im ) o
g HE 3, (12) X nT LIS N
~ m 9 s 2 ~ m
2, Iz, ﬂk:l i

Xﬁ?'ff%é@ﬁi%& € 9§ij sUis HH%IIE l,ﬁf/F'

J vi(t, x)Zbl,g](y,(t x))dx < Zb,,el,J yitx)y, (¢, x)deer,,el, fJ yitsx)y; (tyx)dx, (14)
Q2

— =1

ZJ Yy, x) Ecgg](y](t*‘r(z‘),x))dx <
Q =

ZC;]E{,»J vy (tx)dx + ZC;jCZIpr yiG—c@,x)y;(t —c(t,x))dx, (15)
ji=1 2 =1 Q

ZJ y}r(t,x)ui(t,x)dxéuij y}l‘(t,x)yi(t,x)dx+uflj w; (tox)u; (t,x)dx, (16)
Q Q Q
A3 ~A6) XA AQD A, /4



%3 7

B, % AR RN Y o2 WS E A AR A 105

‘7,'(1‘)‘(1)<{ 2 2 *2611"_ ZbijSij‘i_zbj,E;l‘O?_’_ ECUCU+Ui}JﬂyiT(t,x)yi(t,x)dx+
= /

i=1 ji=1

j=1

i=1

i=1

Z(U ,] PJJ yl (t—z‘(t),x)y,(t T(t’x))dx+U,]J u;r(t,x)u,v(l‘,x)dxo
Q0

< ZERI,Vj(Z) +[0,V, (O 1]+ T (o), Hrh,

:fE D g S bey + Dbesol + Dlesty +u.s

ﬁ ji=1

j=1 j=1

Q,'j ::C,']'C;‘lp?s_];(t) ::U71J u?(tax)u,'(l‘sx)dxo

W5 B 4 TRV, (0 < @ |Pe % 4 yo (o) i g (o) S — AN 8 25 Al 70 i 3 38 s 2, B 3. () =
|l
max =0, I SRR 2R 45 R 48 (D) S AR B FRE jiF 5

— D[R, +Q,]

j=1

EOEB T FER 2 P SR T ) =0 WF %R TR 2R ) 4 R G R AR RO AR E AR SCE R AT

T ICHRL3 R B AR E PR A IE
E2 ERRTRARERE
Xk U7 AR A T 5 A A A

R e

[1] HOPFIELD J J, TANK D W. Neurons with graded re-
sponse have collective computational properties like those
of two-stage neurons[J]. Proc Nat Acad Sci,1984,81(10):
3088-3092.

[2] LI X F,DING D. Mean square exponential stability of sto-
chastic Hopfield neural networks with mixed delays[]].
Statistics & Probability Letters,2017,126:88-96.

[3] WANG L S,XU D Y. Global exponential stability of
Hopfield reaction-diffusion neural networks with time-var-
ying delays[J]. Science in China Series F-Information Sci-
ences,2003,46(6) :466-474.

[4] MA Q.FENG G, XU S Y. Delay-dependent stability crite-
ria for reaction-diffusion neural networks with time-varying
delays[J]. IEEE Transactions on Cybernetics,2013,43(6) :
1913-1920.

[5] YANG X S,CAO ] D,YANG Z C. Synchronization of cou-
pled reaction-diffusion neural networks with time-varying
delays via pinning impulsive controller[ J]. STAM]J Control
Optim,2013,51(5) :3486-3510.

[6] XU BB,HUANG Y L,WANG J L,et al. Passivity of line-
arly coupled reaction-diffusion neural networks with switc-
hing topology and time-varying delay[ J ]. Neurocomputing ,
2016,182(19) :274-283.

[7] LU G J. Global exponential stability and periodicity of reac-
tion-diffusion delayed recurrent neural networks with
Dirichlet boundary conditions[]J]. Chaos, Solitons and Frac-
tals,2007,35(1) :116-125.

[8] SONTAG E D. On the input to state stability property[]].
European Journal of Control,1995,1(1) :24-36.

25 S TR B A S L AR 4 Y i A IR S AR

JE P AR PR RO I AR B4, DRI T

Lo s % o 08 22 XU ATT B, 45, LA Al 4 Jok b 2T R G i

i 110 A 28 Y 2 0 e HR) 5 T . EﬁiiﬂLﬁ%%iﬁ( H AR
%),2016,30(9) :143-150.
PU H,JIANG H J,LIU Y M,et al. Exponential synchroni-
zation of neural networks with nonlinear impulsive effects
and mixed time delays[]]. Journal of Chongqing University
of Technology(Natural Science).2016,30(9) :143-150.

[10] 3K B8, IR, A k. B A 70 A i JJk #h Cohen-Grossberg

2 W) 4 B e M 4 A [T, 31 PR TR 2 2 i (A AR R
%),2015,29(3) : 134-140.
ZHANG T.SU Y K,ZHU ]. Exponential stability for im-
pulsive Cohen-Grossberg neural network with infinite dis-
tributed delays [ J]. Journal of Chongqing University of
Technology(Natural Science),2015,29(3) :134-140.

[11] SONTAG E D. Further facts about input-to-state sttabili-
zation[ ] |. IEEE Transaction on Automatic Control,1989,
35(4):473-476.

[12] SANCHEZ E,PEREZ J P. Input-to-state stability(ISS) a-
nalysis for dynamical neural networks[ J]. IEEE Transac-
tions on Circuits Systems I Fundamental Theory Applica-
tions,1999,46(11):1395-1398.

[13] AHN C K. Some new results on stability of Takagi Suge-
no fuzzy Hopfield neural networks[ ] ]. Fuzzy Set and Sys-
tems,2011,179(1):100-111.

[14] ZHU S,SHEN Y. Two algebraic criteria for input-to-state
stability of recurrent neural networks with time-varying
delays[J]. Neural Compute Appl,2013,22(6):1163-1169.

[15] YANG Z C,ZHOU W S,HUANG T W. Exponential in-

put-to-state stability of recurrent neural net-works with



106 Journal of Chongqing Normal University (Natural Science) http://www. cqnuj. cn Vol. 35 No. 3

multiple time-varying delays[]]. Cognitive Neurodynam- neural networks with time-varying delays[ J]. Neurocom-
ics,2014,8(1) :47-54. puting,2014,153:54-61.

[16] L1J J,ZHOU W S, YANG Z C. State estimation and in- [18] YANG Z C,XU D Y. Stability analysis and design of im-
put-to-state stability of impulsive stochastic BAM neural pulsive control systems with time delay[J]. IEEE Trans-
networks with mixed delays[]]. Neurocomputing, 2017, action on Automatic Control,2007,52(8) :1448-1454.
227:37-45. [19] HORN R A, JOHNSON C R. Topic in matrix analysis

[17] ZHOU W S, TENG L Y,XU D Y. Mean-square exponen- [M]. Cambridge: Cambridge University Press,1991.

tially input-to-state stability of tochastic Cohen-Grossberg

Input-to-State Stability of Reaction-Diffusion Neural Networks with Time-Varying Delay

SU Peng, QIU Xiaowei, YANG Zhichun
(School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes It primarily investigate input-to-state stability of reaction-diffusion neural networks with time delay. [ Methods ]
Firstly, a model of reaction-diffusion neural network with time delay is established, in which the active function aren’t required to be
smooth and bounded. Then, by using Lyapunov functions and utilizing delay differential inequality with time-varying input.
[Findings | Several input-to-state stability sufficient conditions are derived for reaction-diffusion neural networks with time delay.
[Conclusions] The results improve and promote the relevant work of the existing literature.

Keywords: reaction-diffusion neural networks; input-to-state stability; delayed differential inequalities; time delay
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