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(t,x) € [0, + o) x R" Lebesgue AW, W A (e,x) W 2.
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MY EHE 1 AT, AT (15) A ME— - o5 B i e 2, IRATRIA T x =2
-z K (15) WARES R R RN 1S

(1) =—dx(1) + iF,.j(xj(t),z) + iGij(xj(t -7.),t), (26)
;H\:EFI J= J=
Fi(x(e) ) = [£5(0)ay fi(z) + (1 =€) ay f(z)] -
[&; (Dayfi(z7) + (1 =€) ay f(z)]
%

Gi(x(t —7),0)=[E,()bg(z(t —7)) + (1 —€())byg(z(t —7))] -
(&7 (D)bsg (57 (1= 7)) + (1 = &7 (6))byg(5 (1 = 7)) ]
FIBBNE,(1) € (1) e [0,1], & (0) =&, (1) =0, AT}
Fy(a(0) 1) =ay f(5) —ay f(z)

. . (27)
G(x(t —7;),t) =bg(z(t —7,)) - bijgfj(zj*(t -7,)).
AE()=0, & (1) =1, 1
{Fij(xj(t>7t):aij f,(z]) _aijfj(zj*)’ | (28)
Gij(xj(t - Tj) 9t) = bﬁgj(zj(t - Tj)) - bijéj(zj*(t - Tj)) .
AE() =1, & (1) =0, 1§
{Fij(xj<t>7t):aij f,(z]) _aijfj(zj*), ” | (29)
G;/(x/(t - Tj) ’t) = b,:j'gj<zj<l - Tj)) - bbjg/(zj(t - Tj)) .
LE () =€ (1) =1, WG
{Fi/(x/(t>,t)=ai,' f,(zj> _aijfj<zj*)’ | | (30)
Gyl (e = 7)) = 0;8(5(1 = 7)) = byg,(z7 (1 = 7)) .
W (27) ~ (30), ATH5
I Fy(x(t),0) | <
max { | a;- fj(zj) —al] fj(zj*) [, | a;j fj(zj) —a;-fj(zj*) I,
lay f(z) = ay f(7) VL ag fi(5) =ay [(57) 1) (31)
K
I Gy(x;(t —7;) 1) | <
max {1 b8 (z(t —7,)) = b&g(z (1t -7)) 1,
| byg(z(t —7,)) =bg(z (1t -7)) 1,
| b;gj(zj(t - Tj)) - bl]g](z]*(t - Tj)) [ )
| byg(z(t —7,)) = bg(z (1 —7))1}. (32)
BRI F (2 () 2 (0) ,0) | ARBE(31) BIRX H, % a; < a;, A
aq fj(zj) - aL, fj(zj* ) = ay[f,(zj) - fj(zj* ) } s
NIIEz]

la; f(z) —a; f(z7) | <a;p |z -z 1. (33)
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aa; < ay,

ay f(z) —ay fi(z) == Lay [i(z) —a; fi(z) ]
Kl A

a;‘ fj(z.f* ) - az;f fj(z.f) < az;f[f.f(zj* ) - f.f(z.f) e

[3¢

| a;j fj(zj) —au fj(zj*) | =I au fj(zj*) —au fj(zj) | < a;j)\jl zlfk -zl. (34)
WA= (33) M (34) , A

| a;jfj(zj) —a;fj(zj*)lSEtij,ujlzj—zj* | . (35)

HefPlHh , FRATAT LA BN AR A A4
| Fo(x () ,0) 1 < aA | x(0) 1,1 Gx(t—7),0) I <bA I x(t-7,)1. (36)
T—HAE RS0 2 R — B0 fa e . B SEH Lyapunov PREL

V)= X8 a0 1+ X[yl 1 ds,

Hrp Yi= Zﬁ.fb.;i)‘i .

j=1

Xt V() ‘Ié—ft(%)iiii Dini 540, Jf4553:0(36)f1
D' V() =sup | 2B (0) [ dix (1) + X F (0.0 4
200(%“ —T) | 2'yi[| ()1 -l x(e-7)1]] =

- iﬁidil x,(e) |+ i iﬁi&ij,ujl xj(t) | +
ic1 ic1 =1

Y iﬁil}ij)\j| a(t-71) 1+ iyi[l ()=l x(t-7)1] =

i=1 j=1

- ZIIBLdzl x, (1) |+ Z Z [Bl(al]l'b] + bL,A]) L x, (1) 1] <

=1 =1
—wz I x(t) I == [|x(2) ||,
=1
Hrp

w = lfggln{lgidi - ;Bj(djilu’ + Bﬁ)‘) } .
I (25), T o > 0. HURET 3 3, Maa&X(14) 2R —8unafe. WX (14)
5 (3) BAME R, #:0(3) e m—2ir e e, O
3 H 45
ARG LA th— A S BR IR UE IR 25 R,
B 1 5 T IR T BE A B A 2R ) 4

x(t)=—Dx(t) +A(x)f(x(t)) +B(x)g(x(t-7)) +s, (37)
Hrp
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{—1, X, > X, -3, X, > %y,
A . . Ay = .
0.5, X, < X, 4, X, < %y,
2, X, > %, -2, X, > %,
by, = . . 21 = . .
3, X, < X, 1, X, < X,

1 .
fi(x)=g,-(x)= e i=1,2.
AR, f Mg YN Lipschitz FESE | H Lipschitz UMM w, = A, = 1/4. 1] HS

|A|max:(2 lj’lBlmax:(S 3)’
4 3 2 4

3.25 -1)
~1.25 6.25)

BHEAUED -1 Al A -1 Bl T ZEEF 50 M- 560 SRS 2, R5(37) & R—
TR E | FR SRR F2 10 Ik 25 0 1O P 0 P 2 R,

D-1Al_A IBLWF:(

max’

0 1 2 3 4 2 3 4
t t
(a) il 1 opx; JCTFHF 1Y SRS A R (b) 1 v sy 6T ] 4 I 2 1
(a) Transient state of x; in example 1 (b) Transient state of x, in example 1
B2 )1 0TI i) A R o 1
Fig.2 Transient states of the neural network in example 1
:l_: N
4 2k ©

ARSCHEH T T AICRH A 3 B M A B2 AR | I T IO B TR AG 3 T s s i 22 X 45, 2B Y
AT SR MRS A AR L E D) 4 R G DE SR Ul R G2 — MR I 2 Lyapunov J53%  (HH T
RRREE LG ARMER HZ Lyapunov J7 ik, IATRH T Filippov #8 ¥ AN E L R G 5%
T AL & R A5 8 T R R 45
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Global Uniform Asymptotic Stability of Memristor-Based

Recurrent Neural Networks With Time Delays

HU Jin, SONG Qian-kun
( Department of Mathematics, Chongqing Jiaotong University,
Chongqing 400074, P. R. China)

Abstract. Memristor is a newly prototyped nonlinear circuit device. Its value is not unique and
changes according to the value of the magnitude and polarity of the voltage applied to it. Due to
this feature, the memristor has the function of memory and broad potential applications of
memristors have been reported in various fields. A simplified mathematical model was proposed
to characterize the pinched hysteresis feature of the memristor and a memristor-based recurrent
neural network model was given. With the theory of differential inclusion, Lyapunov approach
and homeomorphism theory, the existence and uniqueness of the equilibrium point of the model
were obtained, and the global uniform asymptotic stability of memristor-based recurrent neural

networks was also obtained. Finally, the simulation result shows the efficiency of the theorem.

Key words: memristor; recurrent neural network; global uniform asymptotic stability



