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Aty P25 ARG SR A i 55, H T3 DROs A A ) 352 6 ] [R] 44 S i A AR LU AR 10
SR AT 2 % 1) 2 £ 1 35 i ] 9 210 B G 6 R 22 g ko B Ik 2 o e 22 1 45 7 A
FLRISM , B RERE R M 2 2 AT e AR R i ph e M 2 e L IR i, % BLAT
ok AU, 1 o 28 9 26 R M HEA TS, A A T P B RS

DAL SCHRBIFE ) i 22 R 45, Heh 22 o i RS i i SUEC RIS 21 ek ORI R, PR =2
S AELA 28 P45 L B OR S R 28 I 265 AR A8 1o T 117 22 0, (EL b A L7 T A g BT 11 SRt
STAEMN 2 265 s T A BN e A5 5 A Bl by T A2 (ELA5 5 REAS 517 IR MLRH 007 5 8L, IR L g
18 Ao 342 5 (S0 1) 52 AV M 22 000 2% LA e Dz A8l ) ) S8 AR 34O LT A0k | — B2 35 B 5T
TSR AR I D 2% 1 R P P T SR 10-12 RIS T L2 B 0T v 0 4 (i 2 D0 446 1) A L
PEFNRGSE PE IR, G AR S S8 R P — U580 A5 1. SCHIR [ 13-18 ] 45 1 1 i 252
1) 250 P Ao 220 O 405 e o A 1) — 6 4 5 A 10 T S TR A B 9 BB 43 3381, Boher
SFRESL T I RIARE b SR AR R AR | FRIT ST T A TR P i A ) A A P R 4 SR 4 RS E )
R AESCER[ 21 ] b 2B I8 T IR B, £ 1L AR L BE LA Y5 IR A (leakage time
delay ) SCEA B HONT A 2 (ELA 22 I 8 AR O Y 1 BRSP4 i A A A e — A A2 R AR
SE PRI B AN 2 2RI BGRE R 1 SCRR[ 20 ] 945 2R Biilt , Rakkiyappan 2575 J& T ik of
X A2 AR 28 ) 45 ) 52 WD )T, A 1 ok o A2l 2 I 45 R SR AT 5 TR RS-l A A ARUE
M2 IR F O A AR A ST 2 5 ks AR e Vs of 52 (14 4 100 4 R M Py e i), ST T I
(ALHRHE L A K s s A2 AEL Ao 22 I 2 A G205 1 1 RS RSP 5 A9 A e I —PE AN 42 R AR e 1
78 P0G , B AIHE 1 SCHR[ 22 ] 945

1 fil 2 AR

AR AT B R B L B H i K v A R 28 X 2 AR A
(1) == Cz(t) +Df(z(1)) +Ef(z(t -7)) + H, t#1,,1e Ty,
Az(t,) =z(1,) —z(t, ) =J,(z(1,), sz‘) , t=1,kelZ,,

Hrp, TFRR—DIRBREE B2 S E R WAL EAE= M 74,7, = {t e T,t =0} .1, FRlk
WHFZ R0 =1, <t, < <1, <=, lim_t, =+ o .z(1t) = (z,(t) ,2,(1),,2,(1))" e C"
PR 1 N2 0 A ITCHPRS R f(2(10)) = (fi(z,(0)), fo(z(0)) -, fu(z,(1)))" e C" Fl
fz(t-m)) =izt =7)), filz(t =7y)) o, fi(z,(t = 7)) e C" FoRPZTTEi R
Blor FORBEHEHE WRENHR e T, -7 € T,r > 0.C =diag(c,,c,,+,c,) € R ,¢; > 0
(j=1,2,-,n) Fm HRBHEZASER.D = (d),),, € C™"ME=(e,),, € Cm 43 Fe o
TR W R B F A S U B ] = (b by oo k)" e CF FonINBEI AR M2 J,(+) Fm
TQUITEE @
FRL (1) A0 i 250
z(s) =d(s), se[-7,0],,i=1,2,-n,
o, ¢,(s) 7E[ - 7,01, WA R HIELL
ARSI AT R
(H1) 4 Re(z) FllIm(z) 53 BIF7R S AH 2 BOSCHRRE 38, IR 2 SR PR/ (2) 7T L3R Ky
Ji(z) =ij(Re(z)) +iij(Im(z)), j=1,2,-,n,
HAo ), )R> Rl EXEEN w,,w, € Ryw, # w,, A

(D)
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f;’R(wl) _ij<W2>
= =

wy, —w,

& &,

<fjl(w|) _f}l(wz)

w, = w,

&
(H2) WA SULELRI R 2 W2 - C2 + (D + E)f(2) + H = 0 WL J,(2.,2) = 0.
(H3)  WHRIEREE T HOREE SRR (1) T — R, JEATIA, B (1) < <+ o0 .
EXA 4 TR BT RUR B T4 3y

o(t)=inf{s e T:s >},

SE

p(t)=suptls e T:s <t},
B I bR B AR s e (¢) : T — R,
u(t)=oc(t) —t.
UL EECH T e TR o (o) =6, Bl w(e) = 0, WFR ¢ BAFAHR; R o (1) > 1,
Bl (e) > 0, 0FR e SRAMELAT ; A0SR p (¢) = ¢, FR ¢ RZEFNE ) W p (1) > ¢, FR 1 SR LEH
B 1.
EX 27 WRREf T — RAE T AT LIt A T W2 H% s A AE 2R, )
TR SR vd-TE 20 ord -2 22 PR SR B B IE N
C,=Cy(T)=C,(T,R).
EX 3 FET — REYAFEHN (1) S TAER & > 04748 ¢ (—4F8 U 15
[[fo()) =f()] =)o) =s]I< o) -], s e U.

TE X
1im+(s)%ftm, a(1)=t,
JROEE
() ~f0)
o(t) —t

RS A R rd SRR MR (1) = f(1) A BURE LT
[ f(srds = k(1) = Fa) .
HHRIEN T T
[ sras =mtosin.

X5 2 B (1) TERHRRE E T H2(0) = (5,(0) (1) s 2,(1)
SR (1) HOFLREAR, IRAFERR M > 0, (7%
l2() =21 <M _sup [ (s) |
W, R A BRSP4 2 R4 R, e
lz(t) =21 = (X [Re(5(0)) = Re(Z) | +
> [m(z(0) =Im(5) [* )

n

16 1 = (X [Re((s)) [+ 3 [1m((s0) )

j=1
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SIE 1Y R g (2) :C" — C" AL H R TR A
1) ¢ (z) 76 C" FHGE,
2) limuzuﬂm [(z) || =,
W (z) 7E C" 124 A IR RBLR,
SIFE 27 R f R g REFRIAREE T RIS A AT R )
(f) () = (0 g() +f(a(1))g (1) =g (1) f(1) +g(a(1))f*(1).
5138 3" Hermite %1 [

S = [S“ Slz) <0,
S, Sy,
Hir S| =8,,8, =5,.,8, =S, FHT
1)S, <0,S, -S5,5,)S,, <0,
2)8,<0,S8,,-5,8,'S,, <O0.
SIEE 42 R P e ¢ & —PIEE Hermite 25/, M%) Va,b e C", A

a’b+b'a<a Pa+b"P'b.
S 52 WMEENFEIEMSEW e ¢ W > 0 il EE 0 [a,b] > C",a <b A

U}Kﬂ&)*w(ﬂwuwh)s(b_mﬁw“>qug$.

FE O ARSCHR T R w7 o Il N R R A R M A L B L TR A = B(A > B) #RA - B2

HIEER(EER) A, (A) FIA, (A) BRI A BB KRR /MR (.
2 FE g R

B, FEBBE(HL) BT FRATEAI (1) 2 LSS AR F A3 43, o an F
x*(t) = = Cx(1) +Df"(x(1)) - Df'(y(1)) + E*f*(x(t-7)) -
E'f'(y(t-7)) + H*, t#t,,te Ty, (2)
Ax (1) =x(t,) —x(t,) =J1I:(x(tk_)5xzk’)7 t=t,kelZ,,
y'(t) == Cy(1) +D'f"(x(t)) + D f'(y(1)) + Ef*(x(t -7)) +
E'f' (y(t-7)) + H", t#t,,te Ty, (3)
Ay(t,) =y(t,) —y(t,) :JL(y(lk_),yt;), t=t,kelZ,

3

x(t) =Re(z(t)), y(1) =Im(z(1)),
FUC) =Re(f(+)), f1(+) =Im(f(+)),
D" =Re(D), D' =Im(D), E* =Re(E), E' =Im(E),
H" =Re(H), H =Im(H), J;(*)=Re(J,(*)), J,(+) =Im(J,(*)) .
EFE 1 B HD) BLBRET  EAEEFEU, U, e ¢ FIIEEXN AHEER € R

Hll HlZ
<0 (4)
* HZZ
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II, =I'"RI-U,C-CU; I,=U,(D +E) -CU; ,
I, =U,(D+E) + (D" +E")U, -R,
TR 22 N 25 (1) AEAEPE— (1A A58
2 xRN LY
IERR  ABIR (1) AELEME— 1A 05, BDBRSS o (2) . C" — C",
P(z)=-Cz+ (D+E)f(z) +H (5)
Sk A TR RS
IS AR B,
S R o (2) 1E C" FONEL
Bt z,2 e Cz # 2 MlifF o (2) =4 (2'), WA
0=-C(z-2z') +(D+E)(f(z) -f(z')). (6)
L (6)PAFITRL (z -2') U, + (f(z) -f(z'))"U,, 1%
0=-(z-2)"UC(z-2') +(z-2)"U(D+E)(f(z) -f(z')) -
(f(z) =f(z'))"U,C(z -2') +
(f(z) - f(z")) "U,(D + E)(f(z) - f(2)), (7)
H(7) ALiii &
0=-(z-2)"CU(z-2') + (f(z) -f(z')) (D" +E")U;(z-2') -
(z-2')"CU; (f(z) - f(2')) +
(f(z) —=f(z')) (D" +E")U, (f(z) - f(2')) . (8)
KX (7) L (8) AR, th 5 |3 4 w45
0=-(z-2)"(UC+CU)(z-7') +
(z-2") " [U(D+E) -CU, ](f(z) -f(2")) +
(f(z) =f(z))"[(D" +E")U; -U,Cl(z-2") +
(f(z) —f(z")) "[U(D+E) + (D" +E")U, ](f(z) -f(z')) <
-(z-2)(UC+CU )(z-72') +
(z-2) " [U(D+E) -CU; 137" [(D" +E")U; -U,C](z-2') +
(f(z) —f(2')) "2, (f(z) - f(2')) +
(f(z) —f(z"))"[U(D+E) + (D" +E")U,) [ (f(z) -f(2')) =
(z-2')"2,(z-2') + (f(z) -f(z")) "R(f(z) -f(2")), (9)

5

Y =R-U(D+E)- (D" +E")U, ,
3, =-UC-CU’ +[U(D+E)-CU;3'[(D" +E")U’ -UC].
B, =37 rlmgI# 3 f1x(4) A1 Y, JRIEE Hermite HiF4E.
s (HL) F=C(2) ((3) 0
Sf}‘(x,) - £ (x])

& , <¢", J=12,n, (10)
_ % — .

£y = f1(y])
S e S S,

§JI'_ At S§;+7 j:1’27.“7n' <11>
Yi — Y
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NID]
) = fN ) [< € x -l ], j=1,2,n, (12)
() =) <€y, =y, J=1,2,-n, (13)
Hrp
FEmax{ €7 IET]), € =maxt [E7],[€7]).
FRA
R = £ U = f(E) S gl =) " (5 - 2)
j=1,2,-'n, (14)
Hop g, =max{& &} ,r, WEEHr, > 0, FTLL
(f(z) =f(z')) "R(f(z) - f(2')) <s(z-2') " I"RI(z-2'), (15)
Hopr=(¢.,6,.,6) B2, mz(9) M= (15) 15
(z-2')"3,(z-2') =0, (16)
Hrp
3. =I'"RI'+3,.
eI 3 F () HY, < 0,0l z -2 =0,8(z) £ C" L oNHGS,
B A lim L, [ g(2) | = %
#(2) = (z) —(0)=-Cz+ (D +E)(f(z) - f(0)), (17)
A
(27U, + (f(z) —£(0)) "U,](z) +
$(2) (27U, + (f(z) -f(0))"U,]" =
-2 (U, C+CU )z +z" [U(D +E) - CU; 1(f(z) -f(0)) +
(f(z) =f(0)) "[(D" +E") U/ -U,Clz+
(f(z) =f(0)) "[U,(D +E) + (D" +E")U, | (f(z) -f(0)) <
'3,z + (f(z) = f(0)) "R(f(z) -f(0)) <
¥z <-A,.(-3)1zl". (18)
RIE(18) , Al F3
M =2 lzl17 <202°0, + (f(2) =fO) U, | | (2) || <
2000, I + 1o, 1) Izl () Il - (19)
TR, Mz #00,A
G I ek AV E1 (20)
201U, 1 + 1 "o, )
I, [ z]] — oo B, [ (2) || > o B0 2] — o B, () | — .
g5 EPR D1 1 A1 o (2) 76 C" FU E [RIRBIR  BOBERL (1) A7 ME— R P IR EE.

EE2 IRSFEAEIERE Hermite 5[4 P, P, P, € C”" ,IEEX MR, R, € R ME(E

W Q,,0,,0, € €, [ AEK

P, (I+N,)P,
>0
* P,

(21)
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1 * *
'Qn 'le ? Pz - CQ3 Qz D Qz E
* hsz - Q3 Q]*D Q]*E
. . <0 22
x % @, 0D QE (22)
* * * - RI 0
* * * * - R2

Hor, Hor
Q,=P;,+I"RTI-(1/7)P, - Q,C - CQ,,
Q,=P -0, -CQ,, 2, =pP, +7P, -0/ -0,
0.,.=-(1/7)P, -P, -T"R,T,

MR 22 2% (1) B9 f 24 Rt 1.

IERR 7EERE 1 BOLI AT RE () AME— PR 2 = (£,,4,,-,2)" e C", %

wi(t) =z,(t) = &, filw (1)) =f(z(t)) =f(2), i=1,2,n,

MRS (1) B s 2 BB R, T4

w(t) == Cw(t) + Df(w(t)) +Ef(w(t-71)), t#t,,teTy,

(23)
Aw(i,)=w(t,) —w(t,)=J,(w(z,) ,wtk,), t=t,,kel,,
Hrp, &k k% J, (2 (1) 2-) =N(z(1,) = 2) =Nw (1) LR T(2,2) = 0.
¥ 3 Lyapunov-Krasovskii 7 P ;
V(t)=V1(l) +V2(l>, (24)
Hrp
V1<t)ZW*<t)P1w(t)’
V.(1) =j:f:_ﬁ<w4<s))*Pzw%s)dsda " J':_Tw*(s)P3w(s)ds.
Moy, B IRHERIRL(23) 5K S, G 2 FI5 3 5 ATfs
Vi) = (wi (1)) "Pow(t) +w' (o (1))Pw(1) =
(wi(1)) "Pyow(t) + (w(t) +u()w(2)) "Pw(t) =
(wi(1)) "Pyow(1) +w (O)Pw (1) +u() (w' (1)) "Pw (1) <
(W' (1)) "Pyw(t) + w' ()Pw (1) +a(w'(1)) "Pw(1), (25)

Vi) = (w4 (1)) Pt (0) = [ (wi(e = 60)) "Pow(1 - 0)do +
w (1)Pw(t) —w’ (1 —T)Ijgwu -7)=
r(WA (D) P (1) ~ [ (wH(5)) TPt (s)ds +
w ()Pw(t) —w’ (1 —':)Pgwu -7) S
(WA (1)) “PwA (1) - %j:ﬂ(wﬁ(s))*ds PJ;WA(.s)dS "

W (OPw(1) ~w (1 -7)Pw(t -7) =

T(w' (1)) "P,w (1) —%(w*(t) —w (1 =7))Py(w(t) —w(t-7)) +
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w ()Pw(t) —w (¢t —7)Pw(t —7)=

T(w*(1)) “P,w* (1) +w*(t)(P3 —iszw(t) +
iw*(t)Pzw(t -7) + iw*(t -7)P,w(t) -
T T

w'(t —T)[:_Pz +P3jw(t -7).

Fe=(25) Mi(26) i, 74
VA(t) < (w*(1)) "Pow(t) + w' (t)Pw (1) +

(W (1)) " (P, + 7P)W (1) +w*<z>[P3 —lejwm +
iw*(t)Pzw(t -7) + iw’"(t -T7)P,w(t) -
T T

w'(t —7')[71_P2 +P3jw(t -7T).

g (15) AT
S Ow(@))R, f(w(1)) —w ()" R Tw(1) <O.
EELIwE
fw(it-7))R, fw(t—7)) - w (@t -7)["R,Iw(t -7) <O,
H=(23)71%
0=[-w'(t) —Cw(t) +Df(w(1)) +
Ef(tw(t—7))]1"(Qw*(t) + Qw(t) +Qw(t—7)) +
(Qw*(1) +Qw(1) +Quw (1 —7))"[-w'(1) -
Cw(t) +Df(w(t)) +Ef(w(t—-7))].
T, B (27) L(28) ((29) F1(30) AHAm, AT 45
VA1) < v () Q2u(s),

/\qj
v(t) = (w(e) ,w' (), w(t—71), f(w(t)), f(w(t-7)))",
011 'le 7P2_CQ3 QzD QzE
0 * 022 _Qs QI*D QI*E
Sl xox 02, 0;D Q;E|’
* * * -R, 0
* * * * —R2
911=P3+FR1F_7P2_Q2C_CQ2,912=P1_Qz - CQ0,,
_ N 1 B}
2, =puP, +7P, - Q, _Ql,g_zs:_?Pz_Ps_FRzF-
e (22) F1(31) A

Vi(t) <0, t#t,,teTy, kel,.

(26)

(27)

(28)

(29)

(30)

(31)

(32)
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Me=1, N, KR
P, (I+N,)P,
>0

* P,
S| N ()
o 41> 0
* P x P, * P
P, I+N, *
(* P J >0 P, -(I+N,)"P(I+N,) >0, (33)
T LA
V(t,) =V, (1,) +V,(1,) =
w (t,)Pw(t,) +
J;fj/lg(wd(s))*PzwA(s)dsdH +jt7 w* () Pow(s)ds =
(w(ty) +Nw(t, ) P(w(t,) +Nw(t,)) +
j;j:f_g<wﬁ<s))*Pzwﬁmdsde s Jik:_Tw*(s)P3w(s)ds -
w (t,))(I+N,)"P(I+N,)w(t,) +
[T ) Pwt()dsdo + [ we () Pw()ds <
w (1, )Pw(t, ) +
Ul W) T Powt(s)dsdo +f7 W ()P (s)ds =
Vi(t,) +V,(t,)=V(t,), (34)
2
V() <V(), kelXZ.. (35)

IR (32) F(35) A1, V(¢) 16t e T; F MBS %L, T
V(t) < V(0) =

w(0)P,w(0) + ”0 (W (s)) " Pow (s)dsdf + fo W (s)Pow(s)ds <

LR+ 7 1P+ 712D sup 11600 17 (36)

LW

V(1) = V(1) =w (DPw(1) = A (P) [ w(0) |2, (37)
L

Iwey | < AP+ NP 2Py sup 1) 1 (38)

JA (P

0

W) | <M _sup () 1 (39)
oo

1P +7* 1P, + 7P

A (P
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W E XS, 2 ML (1) ST S A R A R TIEEE,
3 BUEGTEHRT
B e (1) ZERRIFREE T =U = [ 2k, 2k + 1] [ 2 F 2850 bk w55 (8 pl 28 0 285

Hr
1 0 2 +1 -3 -1 -2 i
C: ’D: . ’E= . b
0 1 -2 +1 -1 -1+1i -2
2 +1 -1 0.51
= |, N, = i , 7=0.11,
2 +1 0.51 -0.5

" _ 1 _
/(Re(zj>)_20(‘Re(z/) + 1‘+ ‘Re<zj> 1‘),

Hm(5)) = ([ Tm(z) + 1]+ [Im(z) = 1),

I' = diag(0.04,0.04) , 1, = 0.4k, kelZ,

H IR S, AR B sR AN SR B O B 5 I IE, HTIEUW“ T FHRIRE R e (¢) W 0 <
w(t) <1,F7Aa = 138 MATLAB 314 YALMIP Toolbox , SR i £R P AE MF A5 (4) L (21) F
(22),14%

U
] - 1.1054 - 2.0754i 0.368 5 + 0.853 5i

10° ( 5.3270 - 1.105 41 -2.7745 + 4.341 SiJ

0° x ( 0.3685 - 1.913 1i  1.1054 - 1.338 5ij

U, = 10° x , .
13.741 4 + 29.687 1i - 1.105 4 — 1.105 4i

X (2.228 6 0 j
R =10 x ,
0  3.9874
B 2.508 9 - 0.328 8 + 0.144 6i
1_(—03288 - 0.144 6i 3.809 9 j
0.018 7 - 0.004 8 — 0.000 0i
( 0.004 8 + 0.000 0i 0.032 8 j
0.748 5 - 0.092 6 + 0.044 5i
( 0.092 6 — 0.044 5i 1.054 1 j
1.880 8 + 0.076 2i - 0.194 9 - 0.177 3i
[ 0.3254 - 0.036 2i  2.989 7 - 0.053 7i j ’
0.8852 + 0.087 2i - 0.092 6 — 0.146 Oi
[ 0.1190 - 0.103 2i  1.258 6 — 0.059 7i j
0.068 9 + 0.001 5i  0.070 3 - 0.023 6i
[ 0.107 4 + 0.021 6i 0.104 3 — 0.001 SJ
267.631 9 0
( 274.414 6)
_(217.946 1 0
2 ( 0 212.219 oj'
P 3 1 R B 2 WD AR (1) A7 P — T T L P A R A R AR e L AT 1



PP [E A FBE b s fk v 2 Ll 222 D 0% ) 4 Jey R 1201

JIE7R RS A 5t () B B) i o7 28 PR B UE T P A AR A L ME—E R iRt R G %
5 z,(1) = 0.5 - 0.4i, z,(t) =— 0.4 + 0.5i.

3.0 : " w : : : : 1.5
251 1.0}
£ £ 0.5
S 2.07 S
G G Im(z,(#)
SN Re(z (1) E-051 /""" """ T TT T oo To oo
€ ol S-1.0]
SN e __ 5
2 0.5 Re(z, (%)) E-L5p
_2-(),
0 ] o
-0.5 ‘ : - : : -3.0 : . : : : : :
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t t
(a) ST E] R R N 2 (b) HE B B 6] W) R B 2%
(a) Time responses of the real part (b) Time responses of the imaginary part

B A RS e R B

Fig. 1  Time responses of the state variables
o oy N
4 4 e

ASCHFFE T B ) AR B b EL AT B WA Vi A ok v 2 (L o 42 DX 4% i s T B 6 AS 25K
PR T SET  25 1 T 2 SEA 5 B FEAE I | ME— M N4 SR R E e B A LMI HI38. 3R 45
M55 5 T MATLAB #5419 YALMIP Toolbox SZ3R. A 15 B SZB60IE 1 34545 5 il A Rk,

2% 3k ( References)

(1] BERRUT. dUMoph 2 M4 B Ee (1) [J]. FEBE(A ), 1994, 24(9) ; 902-910. ( LIAO Xi-
ao-xin. The mathematical theory of cellular neural networks I[ J]. Science in China ( Series
A), 1994, 24(9) ; 902-910. (in Chinese) )

(2]  BEEdr. Az Mg mdes e () [J]. hEREA(A ), 1994, 24(10) : 1037-1046. (LIAO
Xiao-xin. The mathematical theory of cellular neural networks II[ J]. Science in China(Series
A), 1994, 24(10) ;. 1037-1046.(in Chinese) )

[3] Arik S. Stability analysis of delayed neural networks[ J|. IEEE Transactions on Circuits and
Systems I. Fundamental Theory and Applications, 2000, 47(7) . 1089-1092.

[4] CAO Jin-de. Exponential stability and periodic solutions of delayed cellular neural networks
[J]. Science China Technological, 2000, 43(3) : 328-336.

[5] SONG Qian-kun. Exponential stability of recurrent neural networks with both time-varying de-
lays and general activation functions via LMI approach[ J]. Neurocomputing, 2008, 71(13/
15) . 2823-2830.

[6] GUAN Zhi-hong, CHEN Guan-rong. On delayed impulsive Hopfield neural networks[ J]. Neu-
ral Networks, 1999, 12(2) . 273-280.

[7] SONG Qian-kun, CAO Jin-de. Impulsive effects on stability of fuzzy Cohen-Grossberg neural
networks with time-varying delays[ J|. IEEE Transactions on Systems, Man, and Cybernet-
ics, Part B: Cybernetics, 2007, 37(3) . 733-741.

[8] Tojtovska B, Jankovi¢ S. General decay stability analysis of impulsive neural networks with



1202

= W K OHL hp ®OR I

[10]

[11]

[16]

[17]

[22]

mixed time delays[ J]. Neurocomputing, 2014, 142, 438-446.

Hirose A. Complex-Valued Neural Networks: Theories and Applications | M]. Singapore:
World Scientific, 2003.

Rao V S H, Murthy G R. Global dynamics of a class of complex valued neural networks[ J].
International Journal of Neural Systems, 2008, 18(2) . 165-171.

ZHOU Wei, Zurada J M. Discrete-time recurrent neural networks with complex-valued linear
threshold neurons[ J]. IEEE Transactions on Circuits and Systems II. Express Briefs, 2009,
56(8) : 669-673.

DUAN Cheng-jun, SONG Qian-kun. Boundedness and stability for discrete-time delayed neu-
ral network with complex-valued linear threshold neurons| J]. Discrete Dynamics in Nature
and Society, 2010, 2010, article ID 368379.

Jankowski S, Lozowski A, Zurada J. Complex-valued multistate neural associative memory
[J]. IEEE Transactions on Neural Networks, 1996, 7(6) : 1491-1496.

Lee D. Relaxation of the stability condition of the complex-valued neural networks| J]. IEEE
Transactions on Neural Networks, 2001, 12(5) ; 1260-1262.

HU Jin, WANG Jun. Global stability of complex-valued recurrent neural networks with time-
delays|[ J |. IEEE Transactions on Neural Networks and Learning Systems, 2012, 23(6):
853-865.

ZHOU Bo, SONG Qian-kun. Boundedness and complete stability of complex-valued neural
networks with time delay[ J]. IEEE Transactions on Neural Networks and Learwing Sys-
tems, 2013, 24(8) . 1227-1238.

ZHANG Zi-ye, LIN Chong, CHEN Bing. Global stability criterion for delayed complex-valued
recurrent neural networks [ J|. IEEE Transactions on Neural Networks and Learning Sys-
tems, 2014, 25(9) . 1704-1708.

FANG Tao, SUN Ji-tao. Stability of complex-valued recurrent neural networks with time-de-
lays[ J|. IEEE Transactions on Neural Networks and Learning Systems, 2014, 25(9) . 1709-
1713.

Hilger S. Analysis on measure chains—a unified approach to continuous and discrete calculus
[J]. Results in Mathematics, 1990, 18(1) . 18-56.

Bohner M, Sree Hari Rao V, Sanyal S. Global stability of complex-valued neural networks on
time scales| J |. Differential Equations and Dynamical Systems, 2011, 19(1/2) . 3-11.
CHEN Xiao-feng, SONG Qian-kun. Global stability of complex-valued neural networks with
both leakage time delay and discrete time delay on time scales| J |. Neurocomputing, 2013,
121 254-264.

Rakkiyappan R, Velmurugan G, LI Xiao-di. Complete stability analysis of complex-valued
neural networks with time delays and impulses| J]. Neural Processing Letters, 2015, 41(3) .
435-468.



P T s i ok e A2 (L 2 ) 2% 194 e JR A 1203

Global Stability of Impulsive Complex-Valued Neural
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Abstract: The global stability of impulsive complex-valued neural networks with time delay on
time scales was investigated. Based on the time scale calculus theory, both the continuous-time
and discrete-time neural networks were described under the same framework. For the consid-
ered complex-valued neural networks, the activation functions need not be bounded. According
to the homeomorphism mapping principle in the complex domain, a sufficient condition for the
existence and uniqueness of the equilibrium point of the addressed complex-valued neural net-
works was proposed in complex-valued linear matrix inequality (LMI). Through the construc-
tion of appropriate Lyapunov-Krasovskii functionals, and with the free weighting matrix method
and matrix inequality technique, a delay-dependent criterion for checking the global stability of
the complex-valued neural networks was established in the complex-valued LMIs. Finally, a

simulation example shows the effectiveness of the obtained results.

Key words: complex-valued neural network; time scale; time delay; impulsive; linear matrix
inequality; global stability
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