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(QF:'{Ft}[>07P) {F}t>0

B(t)= (Bi(t), Ba(t), - Bu(1))" m
R" Euclidean . T> 0, ¢/- T0/ TR ,
= sup_| ¥0)1,C([- TO:R") ¢ - Ch([- TO;R")
C([- TO:R)_ g £={g0.- 1<0<0,

D(R.;R, )= {ne C(R.;R.) ‘Lwrl(t)dtz o%

fTB(t)dt = 1}

L'(R::R.)= {rL-Rﬁ R, I:wt)dz< o%

c k={HECR R )I WO < 01 Y,
Keo= {0 EKI limi(r) = oo

W([- TO;R.) = {BE C([- T.OJ:R.)

de(t) = f(t,x)dt+ g(t,x)dB(1), t 20,
L >0 {x(0): - T<O<Qp= EE€ Ch(/- TO R
f:R.x C([- TO;R") ~ R, g:R.x C([- T,0];R") ~ R™",
X = {x(t+ 0): - TS0 <(} C([- TOJ;R")_ . f.g
(H) f g Borel , =12 .., a> 0
e, 9= f(e,®) Il V llgie, ®) = g(t,®) Il Seall®= &Il
¢ b€ C([- T0/;R" el v el <Lt 20
(t, 9 € Rex C([- TO/;R")

e, 91V llgie, @)l <c[1+ fT Il ®0) IId% .

[6] . (H . () ¢xT
p>0 20
E[ sup | x(0;8)17] < oo
C"*(R,x R"; R, ) t x

V(t,x) € C**(R. x R"; R, ),

[l ¢
Fo
(1)
c> 0
x(t;:8),
V(t,x)

Vi(t,x) = a_V%iL; Vi(t,%) = [aV(L‘ x) OV(t, x) ...aV”~x

ax 1 ’ ax 2 ’ ’ axn

oV
Vxﬁf(t7 x) = [ﬁl] n><n’

LV:Re x C([- T,0/:R") R
LV(t, ®) = Vi(t, ¥0))+ Vi(t, ®(0))f (1, )+

Ttracef &'(1, ®) Vae(1, 9(0) g (1, 9)]"

.
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1 U, VEC"* R xR“R,), ¥, Y2 EL'(R:; R, ), ®, @ € C(R";
R,),a €ED(R.;R,),BEW([- TO:R,), YEC(R:;R,), NV(t,® ER xC([- T0];
Rn,),x E Rn

LU(t, ®) < vi(t), (2)
LV(t, ®) Sva(t) - o #(0)) + fTB(GJ wy( 9(0))d0, (3)
ofx) 2 oo x), (4)
v(t)= LV(t, ®)— o ?(0))+ ftﬁ( 0) ex( ?(0))d0+
| V(. 9(0)) g(1. )17 Za(1) v( U1, %(0))). (5)
kev={v 20 v0)= 00 Zf( . L€ Ch(/- TOLRY). (1) x(t
&)
limU(t, x(1;§)) €kery, as. (6)
EC Cif[- TOLR). x(1:§) (1)
1
tlin(}oU(t,x(t))< 0o, a.s. (7)
U(t,x(t)) = U0, x(0)) + 'rOLU(s,xs)ds+ J:)Ux(s,x(s))g(s, xs)dB(s) =
U0, x(0)) + J:)Yl(s)ds— J‘;[ Yi(s)— LU(s,x,)]ds+
[ ws.atsn et s aans)- (8)
(121 J;wyl(s)ds< o, Yi(s)- LU(s,x,) 20 (8)
(7)

2
j:[ Yo(s)— LV(s,x5) — @(x(s))+ fTB(e) Wy (x(s+ 0))dO+

| Vi(s,x(s))g( s xs) |2] ds < o, as. (9)

Vit,x(t)) = V(0,x(0)) + J:)LV(S, x5 )ds + J:)Vx(s,x(s))g(s,xs)dB(s) =

2 2

Va(s)ds— .H Vo(s) = LV(s,x5) = @1(x(s)) +

0

V(0,x(0)) + IO

fﬁmwwﬁemﬂﬁ_ﬂqmwk

fTB(B) Wy(x( s+ 6))d6] ds + J‘;Vx(s,x.s)g(s,xs)dB(s), (10)
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e 2 [ oaatopase [[orxco- [ Boyoseres 0)ad a-

© t (r+T) Nt

._Twz(x(s))dﬁ Iowl(x(s))ds_ _[T[ijo B(r- s)ds] Wy(x(r))dr 2

® " "+ T

| goax(s)) ds+ J‘Owl(x(s))ds— fT[ | B(r- s)ds] @ (r))dr =

(%

J Cr(x(s)) = afx(s))]ds 20 (11)
(10) M(t)

Vit,x(t))+ M(t) = V(0,x(0)) + .[)Tﬁé(x(s))ds+ J:)Yz(s)ds—
J:)[ Yo(s)— LV(s, x) — @(x(s))+ frﬁ(e)wz(x(s+ 9))d9] ds +

JZVx(S;x(S))g(S:xs)dB(S)' (12)
(3) (1D 2 (12)
J.:[Yz(s)— LV(s,x5) — @1(x(s)) + fTB(e) Wy(x(s+ 0))dOjds < oo, as. (13)
- o< rh'rgN(t) < 0o, a.s. (14)
N(t) = J‘()Vx(s,x(s))g(s,xs)dB(s)’
i 21, T = ird{t 20:1 N(t) | >i}, inff= oo T,
(14) QCOPQ)=1 Vo€ Q i( ),
T(w) = oo i 2i(w), (15)

Vi 20 i 21,

1\ T
EL I Ve(sox(s))g(s.xg) 1 2ds= ETN(t A T) 17 <i?,

t (o]

T.
ELW Vi(s, x(s))g(s,xy) |°ds <7,
, Vi 21,

:| Vo(s, x(s))g(s,x,) |°ds < oo a.s.

QL COP(Q=1 Vo€ i 21,

.wl Vs, x(s, ©))g(s.xi( @) 1*ds < oo, (16)
w€ N , (15 (16

oo

o Valsia(s, @) gl s xi(©)) 1 Mds =

(@)
J:” | Vi(s,x(s, ©))g( s xs( ®))17ds < oor
Py N Q) =1,
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J:) | Vi(s,x(s))g(s, xs) 12ds < o, a. s.
(13 (17 (9
3 kery Z f (6)
(9) 2 (9,

J:oq(t) Y(U(t,x(t)))dt < oo a.s.

1 limU(t, x(1)) < ,a.s., Y€ C(R:;R:),

0 SLimY(U(t, (1)) = ¥(limU(t,x(t))) < o, as.

lim Y(U(t,x(t))) = ¥(limU(t,x(t))) = 0, a.s.
kerY Z f,  (6)

(19) , QC Q P >0 Vo€ Q,
lljrgOY(U(t,x(z,w)))> 0

g >0 T(w)s>0 t 2T(v)
V(U(t x(t, ©)) 2 € o),

'[:(I(t) Y(U(t, x(t, ©)))dt )qw)ﬁ(j)a(t)dt: oo,

(17)

(18)

(19)

(18) . (19
1 1 LaSalle . LaSalle
LaSalle LaSalle [2] [4]

1 1 , kerv= {(}, LEK  V(i,x) €ER XR",
Bl xl) SU(tx), §€ Ci([- TOI:R"), (1) x(t;8) dliml x(e:§)
= 0, a.s, (1

1 1,
2 U, VEC*R xRR, ), vi, 2 EL'(R.;R, ), w1, & € C(R"; R, ),

a €D(R.;R. ), BE W([- TO;R"), By, b, b € K V(s, ®) €ER.x C([- T0J;R"),

x €ER"
LUt, ®) <Yi(t),
Wil xl) SUt,x) Sl xl),

LV(1, ®) S¥a(1)— o 90)) + J:B(e) o 9(0))d0,

o) 2 oo x),

Ya(1)— LV(1, )= o 9(0))+ fTB( 0) wr( ©(0))d0+
| V(. 9(0))g(t, ®) 17 Za(1) (1 ¥(0) 1),

€ Ch(/- TO:RY). (1)  x(1:§
tljngol x(t;€) 1= 0, as

()
(21)
(2)
(2)

(#4)

(%)
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2 U=V, ¥ 1= 2= Y, a(t)= 1, o= &= 0,
3 VEC R xR";R.), YEL (R ;R ), W, By b3 EK, V(¢, ¢ €
R.x C([- T0]; R") x ER"
Wil xl) SV(t,x) S Wl xl), (26)
LV(t, ®) SY(t) N(¥(1)+] Ve(t, 90))g(t. ®) 17= (1 ®0)1)), (27)
E€ Ci([- TO:R), (1) x(1:§
lim | x(t:&) 1= 0, as (28)
2 | 5] [ 6] (20) s LV
> 3 LV ( LV s
), : | Vi(t, ®(0) ) g(t, 917
3 [5] [6]
2
B(t) n Hopfield
dx(t) = (- Dx(t)+ Af(x(t)))dt+ o(t)dB(t), (29)
x= (x1,x2 -,xn) ,D— diag(d1, d2, «-, dn), di> 0,1= 1,2, ..on, A = (aj)nxn €
R™" J(x) = (Fr(x1).fo(x2), s fulxa)) filxi) = (€= e ")/ (v ") 0= 1,
2, s n, ,0ER . [9]~ [11]°
2 G Q
G(— D+ A)+ (- D+ A)"G+ *G=- Q°
Min( Q) 24 11GA I, Hopfield (29)
Vix)= x Gx,
LV(x(t)) = 2x"(t)G(- Dx(t)+ Af(x(t)))+ x'(t)0*Gx(t) =
2x' (1) G(- D+ A)x(t)+ x'(1)0Gx(t)+ 2x"(1) GA(f(x(t) - x(1)) <
= Al Q) 1l x(t) 17+ 411GA Il | x(t) 1% <0,
| Vi(x(t))O(t) 12 =12x"(1)Gox(t) |*= 40°| x'(1) Gx(t) ™
LV(x(t)) SKONA (1 Ve(x(t))oe(t)1*= 40" x"(¢) Gx(t) 1?),
3 (29) .
3 [ 5] [ 6] , LV s 2
(29) R s LV ( ), (29
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Asymptotic Stabilities of Stochastic Functional
Differential Equations

SHEN Yi JIANG Ming hui, LIAO Xiao xin
(Department of Control Science and Engineering, Huazhong University

of Science and Technology , Wuhan 430074, P. R. China)

Abstract: Asymptotic characteristic of the solution of the stochastic functional differential equation
was discussed and sufficient condition was established by multiple Liapunov functions for locating the
limit set of the solution. Moreover, from them many effedive criteria on stochastic asymptotic stabili-
ty, which enable us to construct the Liapunov fundions much more easily in application were ob-
tained. The results show that the well_known dassica theorem on stochastic asymptotic stability is a
special case of our more general results. In the end, application in stochastic Hopfield neural net-

works is given to verify the results.

Key words: stochastic fundional differential equation; stochastic neural network; asymptotic stabili-

ty; semi martingale convergence theoreny I{0lformula



