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Abstract. In this paper, we prove the existence, uniqueness and stability of solutions of
neutral stochastic infinite delay differential equations with Poisson jumps and Markovian
switching in the phase space BC' ((—oo, 0J; §Rd) which is the family of bounded continuous
Revalued functions ¢ defined on (—oc,0] with norm ||¢|| = sup_co<s<o |©(8)| under non-
Lipschitz condition and weakened linear growth condition. The solutions are constructed by
the successive approximation method. Also we prove the continuous dependence of solutions

on the initial value.

1. INTRODUCTION

Stochastic delay differential equations have many applications in econom-
ics, biology, medicine and finance. Many of the processes either natural or
manual involve time delays and they are dependent on the impact of the past.
Indeed, stochastic delay differential equations as the stochastic models appear
frequently in applied research and the related study has received considerable
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attention. Stability of stochastic differential equations is essential to avoid pos-
sible explosion of solutions. Mao [1] discussed stochastic functional differential
equations under uniform Lipschitz condition and linear growth condition on
the coefficients. Liu and Xia [2] investigated the exponential stability in mean
square of neutral stochastic functional differential equations. In contrast to
these theoretical studies there appear several papers on numerical stability of
stochastic differential equations see [3, 4, 5] and references therein.

The Poisson jumps become very popular in recent years, because it is ex-
tensively used to model many of the phenomena arising in the areas such as
economics, finance, physics, biology, medicine and other sciences. For exam-
ple, a system jumps from a "normal state” to a ”bad state”, the strength
of system is of random. It is natural and necessary to include jumps term
in the stochastic delay differential equations. Fixed point method was first
introduced by Liu et al.[6] to study the stability problem of neutral stochas-
tic delay differential equations with Poisson jumps. Another important kind
of stochastic functional differential equations is the neutral stochastic func-
tional differential equations with finite delay which could be used in chemical
engineering and aeroelasticity [7]. Wei and Wang [8] and Zhou and Xue [9]
established the existence and uniqueness of solutions to the neutral stochastic
functional differential equations with infinite delay. Ayoola and Gbolagade
ivestigated the existence, uniqueness and stability of strong solutions of quan-
tum stochastic differential equations [16]. In [10, 11], the authors have studied
the existence, uniqueness and stability of solutions to neutral stochastic func-
tional differential equations with infinite delay under non-Lipschitz condition
and weakened linear growth condition.

The hybrid systems driven by continuous-time Markov chains have been
used to model many practical systems where they may experience abrupt
changes in their structure and parameters caused by phenomena such as com-
ponent failures or repairs, changing subsystem interconnections, and abrupt
environmental disturbances. The hybrid systems combine a part of the state
that takes values continuously and another part of the state that takes discrete
values. One of the important classes of the hybrid systems is the stochastic
delay differential equations(SDDEs) with Markovian switching.

Motivated by the above work [10, 11], in this paper, we prove the existence,
uniqueness and stability of solutions of neutral stochastic infinite delay differ-
ential equations with Poisson jumps and Markovian switching (NSIDDEPM)
in the phase space BC ((—oo, 0]; §Rd) under non-Lipschitz condition and weak-
ened linear growth condition. The solution is constructed by the successive
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approximation technique. Furthermore, we prove the continuous dependence
of solutions on the initial value.

2. PRELIMINARIES AND NOTATIONS

Let {Q,F, P} be a complete probability space with a filtration {F;},~,
(where ty > 0) satisfying the usual conditions, that is, the filtration is right
continuous and Fy contains all P-null sets. Let { W (t) = (W1(t), Wa(t),--- ,
W)t > 0} denote a standard m-dimensional Wiener process defined on

the probability space. Let BC ((—oo,O]; Rd) denotes the family of bounded
continuous R?-value functions ¢ defined on (—oo, 0] with norm ||¢||=sup_sc<s<o
l(0)|, where |.| is the Euclidean norm in R%, i.e., || = VaTx (x e RY). If A
is a vector or matrix, its trace norm is defined by |A| = /trace (AT A). De-
note by M? ((—oo, 0]; ?Rd) the family of all F;,-measurable, R%-valued process
U(t) = Y(t,w), t € (—00,0] such that E [°__ |4(t)[2dt < co.

Let {v (dt,du),t € Ry, u € R} be a centered Poisson random measure with
parameter 7 (du) dt. Let r(t) , t > 0, be a right-continuous Markov chain on
the probability space taking values in a finite state space S = {1,2,..., N}
with generator I' = (7;5) v v given by

PArt+4) =lr®) :i}:{ ’IYiﬂ‘AVZAOS-AO)(A) iﬁiij

where A > 0. Here ~;; > 0 is the transition rate from i to j if ¢ # j while
Yii = — > j; Vij- We assume that the Markov chain r(.) is independent of the
Brownian motion w(.). It is known that almost every sample path of () is
a right-continuous step function with a finite number of simple jumps in any
finite subinterval of R ;. As for r(t), the following lemma is satisfied (see[14]).

Lemma 2.1. Given h > 0, then {rﬁ =r(nh),n= 0,1,2,...} is a discrete
Markov chain with the one-step transition probability matriz

P(h) = (P (h) gy = €.

Since the 7;; are independent of z, the paths of Markov chain r can be
generated independent of x and, in fact, before computing x. It is well known
that r(t) is ergodic Markov chain and that there is a sequence {73}, of stop-
ping times such that to = 79 < 71 < 72 < ... < T — 0o and 7(t) is a constant
on every interval [7x, Tg11), i.e., for every k > 0, r(t) = r(7) on t € [Tk, Th+1)
(see[15]).
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Consider the following d-dimensional neutral stochastic infinite delay dif-
ferential equations with Poisson jumps and Markovian switching of the form

d[X(t) — Gt X, r(t))]
= (t,Xy,r(t) dt+ g (t, Xy, r(t) dW ()
+/+Ooh(t,Xt,u)6(dt,du), to <t<T, (2.1)

where X; = {X (t +6) : —oo < 6 < 0} can be regarded as a BC ((—o0,0]; R¢)-
value stochastic process and

£+ [to,T] x BC ((—oo,O];%Rd> x5 — R
g : [to, T] x BC ((—oo,()]; &ed) xS = RPxm.

h: [to, T] x BC ((—oo,()];afed) x R — R,

and
G : [to, T| x BC ((—oo,O];%d) xS — Rl

be Borel measurable.

Let ©(dt,du) = v (dt,du) — w(du)dt be a compensated Poisson random
measure which is independent of {IWW(¢)} and we assume that fj;o m(du) < 0.
The initial value of (2.1) is given by

Xy, = €= {£(0) : —00 < 0 <0} (2.2)

is JFi,-measurable, BC ((—oo,O];?Rd)—value random variable such that £ €
M2 ((—o0,0];R9).

Definition 2.2. R%value stochastic process X (t) defined on —oo < t < T is
called the solution of NSIDDEPM (2.1) with initial value (2.2), if
(i) X (t) is continuous and for all ¢ty <t < T, X(t) is Fr-adapted.
(i) £ (&, Xe,r(£)} € £1 (ft0, T)3 R , g (8, X1, 7(0)} € £2 ([to, T) s R™)
and {h (t, Xy, w)} € £3 ([to, T] x R; RY) .
(iii) Xy, =&, foreach to <t < T,

t
X(t) = £0)+G(t, Xe,r(t) — G (to, & r(to)) + t f (s, Xs,7(s)) ds

+/tg(5,X5,r(3))dW(s)+/t:/;ooh(s,Xs,u)z7(ds,du) a.s.

to
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Definition 2.3. X (#) is called as a unique solution, if any other solution X (#)
is distinguishable with X (¢), that is

P(X(t)=X(t), forall—oco <t <T) = 1.
To establish the existence of solution of (2.1) with initial vaue (2.2), we

assume the following conditions:
(H1): For all p,9 € BC ((—oo,O]; ?Rd), t € [to,T] and i € S, it follows

’f(ta @, 7’) - f(tywai)|2 \ ’g(tv @, l) - g(tv¢a 7’)|2
+o0o
v/ It 0, 0) — h(t, ) 2 m(du) < w(lp — B]?),

—0oQ
where k(.) is a concave nondecreasing function from Ry to Ry such
that £(0) = 0, k(u) > 0 for v > 0 and [, % = 0.
(H2): For all t € [tg, T), it follows that f(t,0,1),g(t,0,7), h(t,0,u) € L>
and 7 € S, such that

—+o0
#6001V 90,0 v [ h(t.0.0) x(dw) < K.

— o0
where K > 0 is a constant.
(H3): For any ¢,¢ € BC ((—o0,0];R?), t € [to,T] and i € S, there
exists a positive number Ky such that Ky < % such that

|G (t,0,1) — G(t,9,1)° < Kolly — |

Remark 2.4. The importance of the above types of conditions are discussed
in [10].

In order to obtain the uniqueness of solutions, we use the Bihari inequality
proved in [12].

Lemma 2.5. (Bihari inequality) Let T > 0 and ug > 0, u(t), v(t) be contin-
uous functions on [0,T]. Let k : Ry — Ry be a concave continuous nonde-
creasing function such that k(r) > 0 for r > 0. If

u(t) < wug+ /tv(s)f@(u(s))ds forall 0<t<T,
0
then
t
u(t) <Gt <G(uo) +/ v(s)ds)
0
for all such t € [0,T] that

G(uo) + /Otv(s)ds € Dom (G™1)
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where G(r) = f K‘f‘;), r >0 and G is the inverse function of G. In partic-

ular, if, moreover, ug = 0 and f0+ % =00, then u(t) =0 for all0 <t <T.

For establishing the stability of solutions, we give a generalization of Bihari
inequality which appeared in [[13],Lemma 3.2] and its corollary.

Lemma 2.6. Let the assumptions of Lemma 2.5 hold. If
T
u (t) < g —I—/ v(s)k (u(s))ds forall 0<t<T,
t
then
T
u(t) < G <G(u0) + / v(s)ds)
t
for all such t € [0,T)] that
T
G (up) —I—/ v(s)ds € Dom (G™1)
¢

where G(r) = f chz), r >0 and G~ is the inverse function of G.

Corollary 2.7. Let the assumptions of Lemma 2.5 hold and v(t) > 0 for
t € [0,T]. If for all € > 0, there exists t1 > 0 such that for 0 < uy < €,

}{gl;)(s)ds < [u K‘%‘;) holds. Then for every t € [t1,T], the estimate u(t) < €
olds.

3. EXISTENCE AND UNIQUENESS OF SOLUTIONS

Now we prove the existence and uniqueness theorem to the equation (2.1)
with initial value (2.2) under the above non-Lipschitz condition and the weak-
ened linear growth condition.

Theorem 3.1. Assume that (H1), (H2) and (H3) hold. Then, there exists a
unique solution to NSIDDEPM (2.1) with initial value (2.2).

To prove the above theorem, we first consider Eq.(2.1) on t € [to, 71 A T.
The solution of Eq.(2.1) on t € [tg, 71 AT] is denoted by X™(¢). Now we have
to prove several lemmas. For that we need the following definition.
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Definition 3.2. Let (X™)%(t) = £(0) and (X™)2 =&, (n = 1,2,...). Then
the Picard sequence is

(X™)"(t) = G (t, (X™){, o)
= 5(0) -G (t0> (XTl)?O) ZO)
t

+ / Fl 03 i) ds + [ g (s (X)) dIV ()

to

+oo
// LX) B (ds,du), to<t< T AT. (3.1)
to
Lemma 3.3. Under the assumptions of Theorem 3.1 , for allt € (—oo, 1 AT},
n>1,
BI(X™)" (1) < ¢y, (3.2)
where C is a positive constant.

Proof. Obviously, (X™)°(t) € M? ((—oo, 71 AT]; RY).
By induction, (X™)"(t) € M?((—oo,71 AT);RY). In fact, from (3.1) and
r(t) = 1ip for t € [to, 71 AT, we have

B sw (X))

to<s<t

< 5E[ sup |G(s, (X™)5,i0) — G(to, (X™)7 i )‘2]

t0<s<t
t 2
+5E |€(0)* +5E / £ (s, (X™)07 o) ds
t
t ’ 2
+5E | [ g (s, (X™)27 o) dW(s)
2

+5F

+oo
// (X ) (ds, du)
to

From Hélder inequality, we get

B sw |67

to<s<t

< 52 sup [cls (Xﬁ)’;,m—G(to,<Xﬂ>:g,io>\2] +5EIEO)P

to<s<t

+5((i AT) —to) E }f( (X271 dg) — £ (5,0,40) + f (s,0,40)|” ds
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+5E \g( (X7)27 i) — g (5.0,40) + g (5.,0,40)[* ds
+oo 9
+5E/ / s, (X™)0~ u)—h(s,O,u)+h(s,0,u)| 7 (du) ds
to

10Ky B [ sup H(X“)?Hz] T (10Ko + 5) B ||

to<s<t

+10((r1 AT) —to) E/ (‘f (s, (X™)2 o) — f (870,i0)|2 +|f (5’0,i0)|2) ds

to

+108 (\g( (X™)2 L i0) — g (5, 0,i0)|* + g (5,0, ) [2) ds
+oo
+10E/ / 5. (X2 ) — B (s,0,) >+ [h (s,0,w)?) 7 (du) ds
to

10Ky P [ sup (X)) ] T (10Ko + 5) B ||

to<s<t
+10((7’1 AN T) —to+ 2) ((Tl AN T) — to) K

F10((r AT) — to +2) E/tt K (H(XTI)’;_1H2> ds. (3.4)

B[ s x| < B[ sup J @)+ Bl

to<s<t to<s<t

We obtain

B s (X))

to<s<t
< 10Ky E [ sup \(X“)”(S)|2] 1 (20K, +5) E ]
to<s<t
F10((M AT) —to +2) (T —to) K

F10 (1 AT) — to + 2) E/tt K (H(Xﬁ)?*l HQ) ds. (3.5)

Given that k(.) is concave and k(0) = 0, we can find a pair of positive constants
a and b such that

k(u) < a+bu, forall u>0.

So, we have

(1-10K0) E | sup r<Xﬂ>”<s>F] SC+10<<nAT)—to+2>bE/ttWX“)?‘lHst-

to<s<t
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Note that

E X’T1 n—1 2
max, (X" (s)|

2

_ maX{E|§<0)’2aE ‘(X‘rl)l(s) o E ’(XTl)kl(S)‘Q}

2

<max{EIEOF B @ o |0 Bl

2 2
< B2 + max B|(X™)"(5).

It follows that

max F | su X™ (s 2]
s | s (X7 (5)

10((ry AT) —tg+2)b /TMT [ 2}
<C+ max F | su X™)(s dt.
- (1 —10Ky) . 1<n<k togspgt‘( )" (s)l

From Grownwall’s inequality and since k is arbitrary, we have

10(( AT) —to+2)b
(1— 10Ko)

E|(X™) (1) < cexp( (n AT) - to>) ,

to<t<m AT, n>1.

So, the proof is completed with C1 =Cexp (W ((mAT) — t0)>. O

Lemma 3.4. Under the assumptions of Theorem 8.1, there exists a positive
constant Cy such that

B[ sup [ ) - 7))

to<s<t

< [ (B (s jxny e - o) ) ds 60

0<r<s

forallto <t<m AT, n,m>1.
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Proof. From (3.1), we have

(X)) — (X)) (8)
G(t, Xn n+m - ) G(t, (Xﬁ)?,io)

+/ XT1 n+m 1’7;0) _f(S, (XTl)gL_l,/iO)] dS

to

~+

~+

+/t [g (37 (XT1)n+mfl,Z~0) —g (S, (Xn)gfljio)] dW(s)
/t /_—i—oo XTl n+m 1 u) —h (S, (X’Tl)?—l7u):| 7 (ds,du).
So,

B (X7 (1) = (X7 (@)

<AE|G (1, (X™)[™ i) — G (¢, (X)) do)|

2

t
4| [ [ (X i) = f (5, (X)) s

2

e / [ (5, (X702 i) — g (s, (X721 i) ] dW (s)

+4F / /+OO XT1 n+m 1 u) —h(S, (XTI)?_l,U)] ’lN)(dS,du)
< 4BK [0 = (X0

+4(t—t) E |f( (X)) — f (s, (X271 ig) | ds
+4E / 19 (5. XTl)”+m_1,i0) g (s, (X)L i) s
+4E/t /+OO (T ) — b (s, (X”)?_l,u)ﬁﬂ'(du) ds.
o J—
Thus, we obtain

B[ sup [ - ()9

to<s<t

4((m ANT) — 2 t
= ! 1(/1\—)4K§())+ )E/to “(H(X“)?m‘l - (Xn)?_1||2> ds

2
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From Jensen’s inequality, we get

E| sup |(X7)(s) - <Xﬂ>“<s>!2]

to<s<t
4((7’1/\T)—t0+2)/t ( 1 . 2)
< k| E su xmyrtm=Loy _(xmyn=1(y ds.
(e oy R GRS R ORISR U]
If we choose Cy = W, we can show that the lemma holds. O

Lemma 3.5. Under the assumptions of Theorem 3.1 , there exists a positive
constant C3 such that

E | sup [(X7)"7(s) = (X7)"(5)]°

< Cs(t —to) (3.7)

forallty <t<m AT, n,m>1.

Define

p1(t) = C3 (t —to),

onia(t) = Oy / 5 (pn(s) ds, n>1,

to

nm(t) =FE < sup ’(Xn)""'m(r) - (X“)”(r)|2) , n,m > 1.

to<r<t
Choose T € [tg, 71 AT) such that Cor(Cs(t —tg)) < Cs for all to <t < T.
Lemma 3.6. There exists a positive tg < 11 < AT such that for alln,m > 1,
0 < @pam(t) < on(t) < @pa(t) < ... < ei(?) (3.8)
forall tg <t <Tj.

The proofs of Lemmas 3.5 and 3.6 are similar to Lemmas 9 and 10 of [10]
and hence they are omitted.

Proof of Theorem 3.1. B
Uniqueness: Let X™ (¢) and X™ (¢) be two solutions of (2.1) on [tg, 71 A T].
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Then we have

E|IX"() - X" = E’G(t,X“(t),io)—G(t,X“(t),z’o)

t _
o [ 1 X ) = (5,5 )] s

to

t _
+/t [g (s, X7, ip) — g (S,X;l,ig)] dW (s)

2

0
t +oo
+/ / [h (s, X' u) — h (s, X', u)] 0 (ds, du)
tg J —o0
So, we derive

B[ s X7~ X7
to<s<t
t
<AKOE | X = X1 P +4(mAT) —to+2)E | & (HX; . \\2) ds
to

< 4KoFE [ sup | X" (s) — X“(S)|2]

to<s<t
t
+4 (L AT) —to+2) E/ K (HX;l - X;HZ) ds.
to
From Jensen’s inequality, we get

E[ sup | X7 (s) —Xﬁ(s)ﬂ

to<s<t
4 T) — 2) (1 _
< (e (- 52)) o

4((rmp ANT) — t _
< (« 1(?_)4K§‘))+2) /ton<Etos§28|XTl(r)—X“(r)‘Q) ds.

Bihari inequality yields

E | sup ’X“(s) - Xﬁ(s)ﬂ =0, to<t<(m AT).
to<s<t

The above expression means that X7 (t) = X _(t) forall tg <t < (rp AT).

Therefore, for all —oo <t < (1 AT), X™(t) = X7 (¢) a.s.

We now consider Eq.(2.1) on [ A T, A T]. Following the same path of
the above proof, we can obtain that Eq.(2.1) has a unique solution X™(¢) on
[11 AT, 9 AT]. Repeating this procedure, we get Eq.(2.1) has a unique solution
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X(t) on [0,T]. This establish the uniqueness.

Existence: We claim
E[ sup |(X™)"™7(s) — (Xﬁ)n(s)\?] ~0
to<s<t
forall to <t < Ty <, AT, as n,m — oo. Note that ¢, is continuous on

[to, T1]. Note also that for each n > 1, ¢,(.) is decreasing on [to,T1], and for
each t, p,(t) is a decreasing sequence. Therefore, we can define the function

o(t) as
o) = Tim (t) = lim Cy / < (pnr(9)ds = Co [ w(o(s)) ds

n—o0 n—oo t
0

for all tg <t < Tj. Bihari inequality implies that ¢(¢) = 0 for all ¢ty <t < T7.
Now, from Lemma 3.6, we have
Pnn(t) < sup @n(t) < p(T1) =0
to<t<T
as n — oo. That is (X™)"(¢) is a Cauchy sequence in L? on (—oo,T1]. From
Lemma 3.3, we can easily derive

E|XT(t)]* < C,

where C' is a positive constant.

Using the property of the function to (.), we can obtain that for all ¢y <
t < Tla
2

E — 0, as n — o0,

18 G5 (X7 2i0) = 1 (5, (X)) ds

to

2
— 0, as n — oo,

t

E [ ( (Xﬁ)?,io) _9(87(X7—1)37i0)] dW(s)

2
— 0, as n — oo.

/to/m (X2 u) = B (s, (X, )] © (ds, du)

For all ¢y <t < T3, taking limits on both sides of (3.1), we have
lim [X7(t) = G (L, (X™)f, o))

t
=¢(0) —T}EEOG(tO,(Xn)%,iO) + ) S (s, (X™)2 7o) ds
t
+ lim g (s, (X™)5 " ig) dW (s)

n—oo

+oo
+lim// L(XTY2 ) § (ds, du)
to

n—oo
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That is

(X))
= 5(0) + G(t7 (XTl)taiO) - G(tovfai(]) + f(S, (XTl)saZ.O) ds
t +oo
+/t g (s, (X™)s,i0) dW (s /t/ (X5, u) 0 (ds, du) .

The above expression demonstrates that X™ (¢) is one solution of (2.1) with
initial value (2.2) on [tg, T1]. By iteration, the existence of solutions to (2.1)
on [tg, 71 A T] can be obtained. O

We now consider Eq.(2.1) on [y A T, 72 A T]. Following the same way
of the above proof, we can obtain that Eq.(2.1) has a solution X™(¢) on
[11 AT, 72 ANT]. Repeating this procedure, the existence of solutions X (¢) on
[0,T] can be obtained.

4. STABILITY OF SOLUTIONS

In this section, we study the continuous dependence of solutions on the
initial value by means of the Corollary 2.7.

Definition 4.1. A solution X¢(¢) of NSIDDEPM (2.1) with initial value (2.2)
is said to be stable in mean square if for all € > 0 there exists > 0 such that

2
E|XS(t)— X"(t)| <e, when E|&—n|* <4,

where X"(t) is another solution of NSIDDEPM (2.1) with initial value 7 de-
fined in (2.2).

Theorem 4.2. Assume the hypotheses of Theorem 3.1 are satisfied, then the
solution of NSIDDEPM (2.1) is stable in mean square.

Proof. By assumptions, X™ and Y7 are two solutions of (2.1) on [tg, 71 A T]
with initial value £ and 7, respectively. We have

XT(t) = £(0) + G (t, X{*,d0) — G (o, €, o)

t t
+ f@XQM%+/g®X&MﬂW$
to to

+oo
—I-/ / h(s, X', u)v(ds,du), to<t<m AT, as. (4.1)
to [e%s}
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and

Y7 (t) =n(0)+ G (t, Y, io) — G (to,m, o)
t t
+ f(svifsﬁyi()) d5+/ 9(57}/;1,2.0) dW(S)
to

to
t +oo
+/ / h(s,Y',u)v(ds,du), to<t<m AT, as. (4.2)
to (o)

Subtracting equation (4.2) from equation (4.1), we get
XT(t) =Y (t)
=&§(0) =n(0) + G (t, X[ io) = G

(taY;Tl’iO)
t
- (G (to’fvio) - G(t()vnaio)) +/ (f (57X:9r1’i0) - f (57}/;T17i0)) ds
to

t
4 / (g.(5, X7 i) — g (5, Y1 ig)) AW (s)
to

+oo
+/ / (h(s, X', u) —h(s, Y, u)) 0 (ds,du), to <t <1 AT, a.s.
to
So, using the same arguments as Lemma 3.3, we have

B | s X7 Y7 (0]

to<s<t
10 9 5((MAT)—ty+2) 2
< ——F|¢- E (XTI_YT1 >d
e Il€E —nll” + (1= 5Ko) . | X3 S| s
10
< 171‘3 1€ = nlf”
T)—1t 2
5 ((7-1 A ) 0o+ )E <E sup ’Xﬁ (7,) _ymn (7,)|2> ds.
(1 —-5Kp) to to<r<s

Let k1 (u) = Wn(u), for k is a concave increasing function from R

to R4 such that £(0) =0, k(u) > 0 for u > 0 and [, % = +00. So, K1(u) is
obviously a concave function from $ to R such that £1(0) = 0, k(u) > k1(u),
for any 0 < u < 1 and f0+ o u) = +00. So, for any € > 0, €; a %e, we have
limg o [ —m ™

5! ,ﬂd&) > (1 AT) — to. From Corollary 2.7, let ug = = 5K0E||€ nll?,

u(t) =FE [supt0<s<t | X (s) — Y“(s)ﬂ, v(t) = 1, when up < § < €, we have
[or d 0 >[5! o (u > (mAT)—t glATfu(s)ds. So, for any t € [to, (1 AT)],

uo Nl

= +4o00. So, there is a positive constant § < €; such that
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the estimate u(f) < e; holds. This implies that the solution of NSIDDEPM
(2.1) is stable in mean square on [tg, 71 AT

Now we consider Eq.(2.1) on [ AT, 7 AT]. Following the same way of the
above proof, we can obtain that the solution of NSIDDEPM (2.1) is stable
in mean square on [11 AT, 72 A T]. Repeating this procedure, the solution of
NSIDDEPM (2.1) is stable in mean square on [tg, T'|. This completes the proof
of the theorem. 4
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