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Asymptotic properties for

neutral stochastic systems with time-varying delay
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Abstract: The asymptotic properties of a class of neutral stochastic systems are discussed. By using Lyapunov function, Itd
formula and super-martingales convergence theorem, sufficient criteria on its almost sure asymptotic properties, p-order mean
asymptotic properties, almost sure polynomial asymptotic stability, p-order mean polynomial asymptotic stability , almost sure ex-
ponential stability and p-order mean exponential stability are obtained . Compared with the classical stochastic stability results, the
proposed stability criteria make the best use of the effects of stochastic disturbed term in stochastic systems and cancel the re-
quirement of the negative definite of LV(diffusion operator) .
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[6(0): -t < 0 <0} . 1% A RMBEBER, A" R
AREE . B A B—ERE, | A FREHE, 4] =
v 1r(ATA).

E eI BA nl AR B L BB R 5

d(x(t) - 6(x(t - 8(¢)))) =

fle,x(t),x(e = 8(2)))de + g(e,x(2),

x(t = 8()))dw(t), t =0, (1)
YA 12(0): -t <0 <0t = 6€ Ch([-v,
0]:®*),8():R,—~[0,7],G:R"—>R",f:R, x R" x
R"—>R", g:R, x R" x R"—>R™"™. 2 f,g MG HE
THIEARIK:

H1) f fl g 3% JEJH#B Lipschitz 4kt X R HEM K
MBI Ve 20,1 = 1,2, fFFE ¢, > O
|t x,y)=f(t,2,5) IV | g(t,x,7)-g(2,%,7) <
cl(|x—i|+|y—y|),‘

Ho x,z,7,7 € RPWHR x|V [zlV [ylV
l7l< 1,6 = 0,3 HIEFFEER ¢ > 0 FHHRIHER
(t,x,y) € R, x R* x R* H FNL
|, )V gl x,y) g el s Txle [y]).
H2) f77E k € (0,1) {#i15%
| 6(x) - G(y)| < klx -yl
MHERE x,y € R* R, H 6(0) =0.

i SCHER (1] 20, % R R HD )RS (1) TE
t=-t DAFTEH (1 6) BB 2R —E S, H
XEE p > 0,7F ¢ = OBl 2 El supllx(S;E)l”]

<<<<<

< ©,
4 CV2(R, x R™,R, ) FAN ¢ —WKBELL TN
x “YOESE AR AE R R BV (s, x) 2K IHTE
V(t,x) € CV*(R, x R;R, ), BX

aV(s,x)
dt ’
V.(t,x) = (avéi;x) IV(t,x) .

PV(t,x)
Vxx(t,x) = ( ax'ax?_c.)
9 xj

H—EEL LV(t,x,y) € C[R,xR* x R:;R] AT
LV(t,x,y) =
Vi(t,x = G(y)) + V.(t,x = G(y))f(t,x,y) +

V(t,x) =

3V(t,x))
ax, 0 9w, )’

nxn

Sule" (1 x5 Vatx = 6(y)g(t,3,9)].
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R*,R,) 8 v (t,x,y) €E Byx R" x R" H

Lv(t,x,y) < n(e) A [9(t) - a(t,x - G(y)) +
|Vx(t,x—G(y))g(t,x,y”z], (2)
Mt v e € Ck(l-7,01E) -
i) }?EEV(t,x(t;E) - G(x(t - 8(2);8))) <
ii) }irBEV(t,x(t;E) - G(x(t -8(2);8))) <

®,a.s.

iii)J:a(t,x(t;E) - G(x(t-08(1);8)))de <
®,a.s. ]

iE ¥ vee ch(l-7,0RY). BB AXK,
N F(2),H

V(e,x(s) = G{x(t - 8(1)))) =

V(0,£(0) - G(&)) +

J;LV(s,x(s),x(s - 8(s)))ds +

[ v.Cerx() = 6Cats - () -
g(x,x(s),x(s = 8(s5)))dw(s) =
V(0,80 - G(&)) + | '7(s)ds -

[0 = 105, x(s)xCs — 8())) 1ds
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g(s,x(s),x(s = 6(s)))dw(s),
EREHEEE A LS 1 PSR DKL
p b scE T 5 ER A HEB S PSR i)
| AYANEN

j;w[q(s)—LV(s,x(s),x(s—8(s)))]ds < ®,a.s.

(3)
—® < limM(t) < o ,a.s. (4)

>

B M) = | Vs,x(5) = 6las - 8())aCs,
x(s),x(s = 8(s)))dw(s) MBI =1, EX
e
7, = infle = 0: | M(2) | = k.

ALAE Inf0 = o (XEHOKRTE) BR o, B
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g(s,x(s),x(s = 8(s)))|%ds =
E[M(t A7) < K
WY - o B, H

B[ *[ Vs, () = 6(x(s = 8(s)))-
0
g(s,x(s),x(s - 6(s5)))|%ds < ¥*

B

[F s 0) = 6xCs = 50D

g(s,x(s),x(s - 8(5)))|%ds < », a.s.
BMAEE O, c 0,P(Q) = 1,50 € O, B

[F s x(s,0) = 6x(s = 0,000

g(s,x(s,0),2(s - 8(5),w))|%ds < =, (6)
HitY w € 2, N Q, B, HR(S), (6) B

ﬁ;nuwumo-cuu-auxw»»
g(s,x(s,w),x(s - 8(s),w))|*ds =
jM“Wvuxua»_cuu-a<>mn

g(s,x(s,w),x(s - 8(s),w))|%ds < .
P NQ) =1,

[T 10Gs0205) = 6als - 8())-

g(s,x'(s),x(s -8(s)))|%s < », a.s. (7)
MR 3), (NEHFMHF Q) BHEL T 1 PEEL i) B
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2 JLRahfR %I 1 R (Almost sure asymptotic
properties)

512 BHHRE, p:[-7,0)—>(0,),5:
R~ [0,7],2:[- 7, ») > R" &4, &FH

— _ o(t) 1
7= G Sk
oy = lim[p(1) [ 2(2) - G(a(t -

XE kR P E, N

SN < =,

o2

Er—g[p(t)h(t),] <1 hr
TIEBH % .
THICK = {p € (R,,R,) | 2(0) = 0, $¥

Wl Ke = {p € Kllimu(r) = @}, Ho = {h €
C(R+,R+)‘}irgh(r) = ®f,
BE1 EIEIEKHT M vee (-7,

0):R"),RGE(1) MM x(2;8) HA M T HREH:R:

a) EFE R € Ho,p € K v (2,x) € R, x
R" A
h()p(lxl) < Vi, x), (8)
my
ll_i}gx(t;f) =0, a.s. (9)
b) HHEEHEE p > 0,y € R, y(t,2) €
R.xR"EF .
1+ ) x|P < V(t,x), (10)
nj
Lr—nlg“(—t’f” Y

<- ", a.s. (11)
> lgt p

) BHERMp > 0.0 < 7 < Llgp f
v(t,x) ER, xR A

el xlP < V(t,x), (12)
m
T;nt'llg.x(t;:fﬂg—pl, a.s. (13)

E EIC x(e5€) R (1),
a) HIH 1 LR i) R&HF®),H
'lirg#(|x(t) - G(x(t-8()N]) =0, as.
M€ K, At
}_132|x(t) - 6(x(t-8(t)) =0, a.s.
NG| 2, ] p = 1,HTi6; = 1 H oy = 0, R
(9) BAL.
b) H5|H 1 gk
& =

E[(m)flx<z)_c(x(z_a(z))){] < ®, as.
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1
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c) M5 1 K&H(12),H
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Hnexp(plS(t)) = max{l,exp(%z') }
BR,E 7 <0, exp(plS(t)) <1< %,fﬁ%’l Y >

0 i exp(plS(t)) < exp(pl‘r) < %,ﬁﬁ(ﬁ o < %ﬁﬁ}
3L BTRA

gg[exp(plt)lx(nl]sl —
- 1
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3 P BB MR (P-order mean asymptot-
ic properties)
B3 RHOWE,p=1,p:[-7,%2)—>(0,
o) #ES,8:R,—~ [0,7],2(t) ¥t = - r B hESE
R —{EFEHLE R, BXt Ve = - c B El2(0)|? < o,
#

o) <
62 = liml p(1)E| 2(2) - 6(2(z - (1)) [?] < =,

EEBH kRSN HD) B k, W

Tl p(E] 5(1) |71 < 531 = kp) 7.
TIE A gt
EE2 HEIHEIEZHET, p=21, M vEC
Ci ([~ 7,013 R"), RE () W x(258) AT
a) HHFEh € Ho S BRE 1 € K, v (1,x)
€R,xR"H
()p(lx]?) < V(t,x),

)

< *®,

e(t) 1

0y =

LU
limE|x(t;$)|” = 0.
b) HREFER y € RV (t,x) ER, xR A
(1+ ) |x|P < V(e,x),
i}

— 1g(Elx(z58)[7)
lim

1>

-7

=

lgt
O) BAHHH » < v < Dlg v (1,0 €
R,x R H

e lx|P < V(t,x),

@lg(E\-x(t;f)]p) -7
EH 2 IFBARL FEE L, A T 1 e
i) 557 3, 8% .
AP ER (1) = (1 =0), 5B 1 &M H2)
B4R (14)

Lv(t,x,y) < 7(t) - alt,x - G(y)) (14)
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