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Abstract: The robust stability of equilibrium point is studied for bi-directional associative memory neural networks
with parameter uncertainties and time-varying delays. When the activation function satisfies the condition of Lipschitz
continuity, two sufficient conditions are established for the globally robust stability of the equilibrium point by suitably
choosing Lyapunov-Krasovskii functional. The obtained results, which take account of the effects of neural inhibitory and
excitatory on neural networks, are independent of the sizes of the time-varying delays and are easy to be checked by the
interior-point algorithms in MATLAB toolbox. They are compared with prior results in a remark, and are demonstrated by
two numerical examples for their effectiveness.
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INGE

3 by + By (1]3, (03¢ = 7,(8)) + Ui
0;(t) = — [e; + dc; ()], (t)+
S0l + Sy (O] (it — () + T,

25 - R 3K
i(t) = — (A+ Ad)u(t)+
(B + AB)g(u(t —
(t) = — (C+ AC)v(t)+
(D+AD)f(ult —2() +J, (D)

/ﬁ\:qjui, %?’ﬂ‘ﬁ%’éfl}ﬁ‘]’]ﬁ%ﬁ,

(1)) + U,

B = (bij)nxm,
D = (dij)mxn,
7(t) = (n(t), - s 7 (1))7,
2(t) = (21(t), -+, za(t),

A = diag{a, -+ ,a,},
C = diag{cy, - ,cm},
AA = diag{da;(t),- -
AC = diag{dcy(t),- - -
AB = (6bi;(t))nxm,
AD = (0d;;(t))mxn;

Sai(t), de;(t), Oby(t) Fddy(t) /i i A 5
,oa; > 0 Rle; > 0, by, diy K5 MlE £ 58
B, g;() FIfi(c) S ph & oc B sd 56 g(u(t) =
(@ (01(1)), s G (v ()T, Fu(t)) = (fi(ur()),
o Falun )T, U, T RSN AR E, T, (1) >
0, zi(t) >0, 7;(t) Mz;(t) 7327 N AR I i A2
tx, i=1,---,n, j=1,---,m.

Ba& 1 Wbk B (), fi() RAESM, A
W0 < (g;() —g;()/(c =& < df, 0 <
(fr(s) = Fel€))/(s = &) < &f, Hrh, ¢, € R, ¢ #
5,55>0,5,’:>0,k‘—1 en,j =1, ,m.
LA, = diag{d{, -+ ,09}, Ay = dlag{51,~ , n}

®i&2 AA=M,F(t)N,, AC = M.F(t)N,,
AB = M,F(t)N,FIAD = M,F(t)Ng, HH, M,,
N., M., N., M,, N, M, Ny K 505 FE,

y0an(t)},
y0em(t)},

F)RamRmm 2w, HFT(t)F(t) < I, Ihid
R VA SELCN
SIER 11 X P AN E e =X MY, A

YR, Q = QT > 0, AN

2XTPY < YTPTQ-'PY K.
I 23 X FEYEREBEY, F(t), Z Kot

MHBEA = AT, M HAUKAAE IEH Ba > 0Offf

A-XTQX +

BA+a YY" +aZTZ <O, HA+YF()Z +
ZTFT()YT <0, Kth FT(t)F(t) < I.

Lur Aot R BRI T4 50, K AR b A2

B (t) = u(t) — w Ay (t) = v(t) — v*, WA
R
{jf(t)=—(A+AA)~’U(75)+(B+AB)g(y(t—T(t))),
y(t)=—(C+AC)y(t)+(D+AD) f(z(t—=2(1))),
(2)
Hrp:

gyt —7(1))) =
(g1(ya(t = 7u(2))),- -

fx(t = 2(1)) =
(

797n(ym(t - Tm(t))))Ta

(fr(@i(t—21())), -, falyn(t — 2a(1))))",
9i(yi(t — 7i(1))) = Gi(yi(t — (1)) +v7) — ga(v]),
Fe(@r(t—2(t)) = fa(n (t -z () +up) — fie (ug),

<67, 0< fils)/s < O,
,n,t=1,---,m.
AR, B () A RS Pk ) S TR () A
S 1] .
3 EHa 45 R (Robust stability results)
EE 1 EELE) < 1HE0) < 1 R
EIEEXNFAEREP, Q, IEEXN MM E, F, IE%
Hiea, ev, €c, €q, HAF T HILMISHAL:
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—PA—A"P+ A;FA; +e,N'N,,
[PB PM, PM,),
diag{—m E + e, N, Ny, —e,I, —eu 1},
=-QC-C"Q+A,EA, +e.N'N,,
[QD QM. QM,),
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m = min(1 — 7;(1)),

72 = min(1 — 2;(t)),

i=1,--,n, j=1,--,m

ik % &40 T Lyapunov-KrasovskiiiZ pf:

V(t)= <mz+zf €303 (uy(s)ds +

y" (HQy(t +2j JEi 3 (y(5))ds, 5)
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W RFEQ)IMEER (5)K TS
V( ) < =22 () P(A+ AA)z(t)+
2 (t)P(B + AB)g(y(t —
y" (H)Q(C + AC)y(t)+
2yT t)Q(D + AD)f(x(t — 2(t)))—
mg" (y(t —7(1)Eg(y(t — (1)) —
maf T (x(t — 2(t))F f(2(t — 2(t)))+
g (y()Eg(y(t)) + f1 (x(t))F f(x(t)),
(6)
Hrp: E = diag{ey, - e}, F = diag{F, ---,
F, b AR5 B U E L, T A U
2¢T(t)P(B 4+ AB)g(y(t — 7(t)))—
mg* (y(t — (1) Eg(y(t — 7(1))) <

nle(t)P(B + AB)E'(B+ AB)"Px(t), (1)
1

29" ()Q(D + AD) f(x(t — 2(t)))—
nsz(zv(t — 2()Ff(x(t — 2(t))) <
—2y T(t)Q(D + AD)F~1(D + AD)*Qy(t), (8)
g () Eg(y(t) <y (t)AyEAy(t), 9)
fH@®)F f(x(t) <zt () ApFAzz(t).  (10)

B~ RN (6), 13
V(t) <z (t)[-P(A+ AA) —

7()l-

(A+AA)T"P+
;P(B +AB)E-
AfFAfa(t) +y' (1)[-Q(C + AC)—
(C+AC)'Q + AyEA,+

YD+ AD)"Qly(t).

Y

“(B+ AB)"P+

;Q(D + AD)F-

AR, WU T PN S L
— P(A+ AA) — (A+ AA)"P + A FAp+

—P(B+AB)E"Y(B+AB)'P <0, (12)

—Q(C+AC) — (C+ AC)TQ + A EA -+
)

LQD+ AD)FI(D + AD)TQ <0, (13)

WX TAE R (t) # 0Fly(t) # 0, V(1) < 0.
HAMz(t) = y(t) = OB, A HV(E) = 0. R
P Lyapunov £33 P8, RGN IR e 4 R ka e
1.

FR 4 Schurh 5 | U4 5 52815 | #E2, (12) 7

2 HACYAFAE 1E 5 e e, 43R T
~PA—ATP+A;FA; PB ]
BTP -mE
e, [_};M“} [-MTPO] +e, [1\(7)@] [N, 0] +
. [PMZ, 0
€y

Ny

0 ] [MIPO] + & [

} [0N,] <o.
(14)
PR Schurkh 51 14 X (14) 340 T-50(3). 7] 28,
Y HACHAEAE IE 5 e He fE 15 N s
-QC - CT"Q+ AEA, QD N
DTQ —neF
e’ [_%MC

o

] [-MTQO0] +e. HE] [N.0] +

} [MTQO] +eq []\?T] [0N;] <O,
d
(15)
A (13) %7, Y F Schurkh 5 | # DRI (4). X
FE, RGN JR U4 R S B AT 1. HEEE.
it 1 BoEs () < TRZE) < 1 WURAEE

EEXNFAREP, Q, X MM E, F, 13~
RILMIS 37

1
—2PA+ —PBE~ 1BTP—|—AfFAf <0,
771

—2QC + n—QDF‘lDTQ + A EA, <0, (16)
2

W TG 2 £ 45 3l 1 3R i) 4 Jm) W 3 A e 11, 3L
o = min(l — 75(¢)), 72 = min(1 — 2(t)),
i=1,--,n, j=1,---,m.

ERDH, Wik (t) = 7(t) > 0Flzi(t) =
Z(t) > 0, BRI WP &0, WL (2) ] Ko ean T B

=
&(t)=—(A+AA)z(t)+(B+AB)g(y(t—7(1))),
y(t)=—(C+AC)y(t)+(D+AD) f(z(t—=(t))),
(17)

a5 FWE rg e X b i #sd H
T R ZAT), (A 45 XA LRy TR S
— FhLyapunov-Krasovskiiyz p& £ 3, 45 H R F &
Ge(17) 4 e B HR AR IR .

T2 BUET() < TRZ() < 1. WRAGLE
ERMNMAMEP, Q, E, F, \EEXMAMH, L,
M, N, [E%#8e,, ey o, @ =1,---,10, (15 F
[HILMIBR L :
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2 0 0 0 0 0 0 &, 0 0 O,
x 6360, 0 0 0 0 0 0 O
x *x @& 0 0 0 0 0 0 0 O
x % % {2302 0 0 0 0 0 O
x« % % x 2,0 0 0 0 0 O
x x % x x (k0 0 0 0 0 |<0,
x k % % x x O 0 0 0 O
« % % %k % % % 282 0 0
« % % ok x % % x 2,0 0
ok % % ox  x k ok ok (I (2
| * % k% x k %k x % O
(18)

MR GE(IT) I R s 4 & R AR E 1, e
0, =—PAJ2—ATP/2+2,+0, NTN,+a,NTN,,
2,=-QC/2—-C"Q/2+¢c,I +asN N, +asNI N,
23 = FE — M + agN;' Ny,
Q2 = [HM, HM, HD],
2, = diag{—ayl, —asl, 2},
24 = = F 4+ asNg Ny,
25 = —m(PA+¢e,I)+a7NI'N,,
25 = [PMy, ,m PM,],
2 =F — N + agN,; Ny,
2 = [LM,, LM,, 0],
2; = diag{—axI, — asl, 2;},
27 = —mE 4+ asN,) Ny,
25 = —(QC +¢,I) + ay N/ N,
Qs = [QMa, 12QM.., 0],
0, =-ATL+ NA;/2,
6, =10, 0, PM,/2],03
O,=—-C"H + MA,/2,
O5 = —asl,
O¢ = diag{—asl, — a;l},
O; = diag{—agl, — ajol, —ayl},
* LR ITCR KSR, m = 1 — 7(t), n2 =
1—z(t).

UE % &40 R Lyapunov-KrasovskiiiZ pf:

= QMC/27

V(t) =2 (t )PII?( )+ T( )Qy(t)+
ZZI s)ds+
QZI%(”L fi(s)ds+

Lt_;(t) g (y(s))(Eo + E)g(y(s))ds+
uLtg(ﬂ‘fT($(S))(I% + F)f(z(s))ds,  (19)

HHEy, Fo¥s 1E 5 11 € . ¥ & R SGADIM Lk
XTU%*‘%H

V(t) =227 (t) P [ (A+ AA)z(t)+
(B+AB)g(y(t - 7(1) |+
AC)y(t)+

(
(D + AD)f(a(t - <t>>>}

sz(x(t))L[ — (A + Ad)z(t)+
(B+ AB)g(y(t — 7(1))|+
9" (y()(E + Eo)g(y(t))—

)

mg* (y(t = 7(1)))(E + Eo)g(y(t — 7(t)))+
fH ) (F + Fo) f(a(t)-

maf (x(t — Z2(0))(F + Fo) f(2(t — 2()))+
g2t ()z(t) — e,z ()2 (t)+

ey’ (Dy(t) —e,y" (L)y(), (20)

L H = diag{H,, - ,H,,}, L = diag{Ly,---,
L,y WiEH%E, Fii4A=A+AA B=DB+
AB,C =C+ AC, D = D+ AD. #4531 # L IRE
w1, FATER A
— 2T (t)(PA + e, 1)x(t)+
aT(t)PBy(y(t —7(t))) <
g (y(t —7()))BTP(PA +¢,I) ' PBx
g(y(t —7(1))),
—yt (t(QC + e, Dy(t)+
2y ()QD f(x(t — 2(1))) <
fr(a(t —2(1)DTQ(QC + ¢,
fla(t—2(1))),
29" (y(t))HD f(x(t — 2(t)))—
maf T (x(t = 2(1))F f(2(t — 2())) <
g () HDF D Hyly(1),

2f " (x(t)) LBg(y(t — 7(1)))—

ey

1Qbx
(22)

(23)
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mg" (y(t — 7)) Eg(y(t — 7(1))) < 0, = —ATL+ NA; /2,
~ fT(e(t) LBE" BTLf (a(2)), on ~ ©:=QC/2-CTQ/24 el
n O, =-C"H+MA,/2,
0< fH(z()ArNz(t) — fH(x(t)Nf(z(t), (25) Uy = 01 + s NTN, + asNTN, +
0< g™ (y(1)AMy(t) — g" (y(t)) Mg(y(t)). (26) o PAM,MTP/A,
L ) Wy = O3 + asNIN, + au NI N, +
Ey= —B"P(PA +¢,1)"'PB, oz "QM.MTQ/4,
T{l_T _ - U3 = E— M + agN," N, +
Fo= gD H(HC +e,1)" HD, oy 'HM M H + oy '"HM M H,

NP 21)~26)F A T(20), 75
V() <[="() yT(t) g 1) fMa@)] x
él 0 0 ég l’(

0 686 0| [gwun| @
0; 0 0 6] |flz(t)
Hor:
6, =—-PA/2 - ATP/2 +¢,I,
Oy, =—-ATL+NA;/2,
O;=-QC/2-C"Q/2+¢,1,
O,=-C'H+ MA,)2,
Os=E+HDF 'D"H/n, — M +
BTP(PA +¢,I)"'PB/n,
©s=F+LBE'B"L/np, — N +
DTQ(QC +¢,I)*QD/n,.
FR4fE Schurh 5| 3 | B 15280 5] BE2,
6, 0 0 6,
8 gi’; g: 8 <0 (28)
e 0 0 O
ST
(w0 0 0 0 6, 0 0 |
0%, 6, 0 0 0 0 0
0 6f Wy HDB™P 0 0 0
0 0D"H®y 0 0 0 0 | o
00 PB 0 W 0 0 0 ’
T o0 0 0 0 W LBD™Q
00 0 0 0 BTL@m 0
00 0 0 0 QD 0 Wy
' )
Horp:

O, = —PAJ2 — A"P/2 + ¢,1I,

Wy = —moF 4+ as N Ny,

Uss = —mi(PA +e,1) + ag "PM,M," P +
o7 'ni PM M, P+ a;N, N,,

Weo = F — N +a; ' LM, M L +
ag 'LM,M;"L + agN] Ny,

U = = E + agN, Ny,

Ugs = —1p(QC +,1) + oy ' QMM Q +

g QMM Q + aygN N,

kN Schurkh 5 3, Bi#3X(18).  HIFEE.

E1 DRI Ay 5 L el ) 22 3 A7 000 1T o AN AT 6
PRV OO, T S B L PO FH Y ) B i 28, it T 44(2),
SE P2 ANIE . SR T M 45(17), ELAR G FELRTAE B2
T8, AF s B EE H AT AR R M PR s i, X AR T
FRCHEFORS IR PR R E G R

E 2 LA 58 W I 3 ) G 45 3 4 (1) A ST
(L, TP A5 BB, SCHR [P e BELSS T AR (1) 4
e T RS ) T B, R A RS T BB B A
22, T A B8 5 RS A 28 G 1R I8l R0 410 S 9 4% 1) 5 i
SCHR [S100 5 BRI — AN 2 AR EOR 6 5K, 79 81 T 4%
R4 RFasE 783 0. BAR SR (1R B2 5 T
KR I A PR S RO 1 5 I3 B ok, (R REE M T kK
VAT IX SRR S, M TS S N S BIE. T AR SC I HE
T 15 SR S IR AR IS i (R AR (1), () I, T e M B AN 5
A F ARG B 45 HBE S T W0 AE, SRR T 28 o0 ks A
T 285 (V. DR, A SO B IR T R SR e 1
AL, K [3,4,6, 715 T AN FARBCR S RNBOR, &% E i
ISP 1K) TCAE B AR AL (17) 25 T 25T A SRl Ao 7e 43 Fil 4.
BT V8 R A8 2 75 25 5 B0AIF B 15 2% RE T 4 Rk
il R K X 8% P4 S5 i 452 TR B3, AR ST 45 SR R
JERNEHE T SCHR [3,4,6, 719 45 R
4  B{HH) ¥ (Numerical examples)
4.1 #l 1(Example 1)

2 SR 52 OB ) AR Z A 2 ) 2%



426 E U R T R VAR

25 4%

z(t) = — Ax(t) + Bg(y(t — 7)) + U,

J(t) = — Oy(t) + DfGelt— ) + 0.

Hr

A = C = diag{2, 2},

B—D~— [c c ] 7

c —c

gj(u;) = fj(u;) = tanh u;,
U, JRA2GESZH &, 7> 0, 2z > 0T EA .
WMRAEAHERIT AP =Q =1, E=F =1,
W) A PRAUEHE S 1T, Wb 20 A2 |e] < 1. XA
), SCHR (10w BB 2K e| < 1A AT, [FIFE, SC
R 3,411 45 BB TR e < 1A AL, B4R, XA
B1(30), A SCIR)5E PR 5 SCHR (1102 21, STHR (3,4]10)
SE IR MNP T AN R IR A SR i A 78 A 4 A
4.2 i 2(Example 2)

2 R BAREAZ M 48 (17), Hoh S50

A 30,B: 1.2 1.07
03 —-0.3 0.2

D 0.9 0.1 702307
—-0.1 0.1 02

M, — —-0.2 0.2 M, — —-04 04 7
| 0.2 0.2 0.3 0.5
M, = 0.2 0.3 ,F(t) _ |sin t 0 ’
10.1 —-0.3 0 cost
My = |20 N N = N
04 0.3

Mc = Ncde - Nd,Ag - Af - I,
m = 0-5,7’]2 =0.3.

3 FH 2 B ] £
p_ [ 04908 —0.0004
~ [-0.0004  0.6148]°
Q- [0.5474 0.0070]
~10.0070 0.8879]°
[1.8654 0
b= 0 2.0881 ]’
[1.4710 0
E=1o 2.2279 |’

e, = 11062, £, = 0.9140,
€. = 1.1266, ¢4 = 0.8709.
AR, T2 B I 2% 2 4 Jey - Fe e e 1.
5 45 (Conclusion)
AT FT T AR I ¥ AN 3 R[] R AR AZ P 25

2% 1) 4 JR R P 1), S ST T A R A E A K
. TR 45 KA SL T M S H 2 1K R, Hig
5 R I E MR AN S OB S, B 7 AT 5 T IRE
Ry A T PN BUE B 1 IR T T A a5 R A 2K
.
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