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We consider a class of neutral stochastic partial differential equations with infinite delay in real separable Hilbert spaces. We derive
the existence and uniqueness of mild solutions under some local Carathéodory-type conditions and also exponential stability in
mean square of mild solutions as well as its sample paths. Some known results are generalized and improved.

1. Introduction

The theory of stochastic partial differential equations
(SPDEs) has recently become an important area of
investigation stimulated by its numerous applications to
problems arising in natural and social sciences. There is
much current interest in studying qualitative properties for
SPDE:s (see, e.g., Caraballo et al. [1], Liu [2], Luo and Liu [3],
Da Prato and Zabczyk [4], Peszat and Zabczyk [5], Wang and
Zhang [6], and references therein). We would like to mention
that the stochastic partial functional differential equations
(SPFDEs) have been considered intensively. For example,
under the global Lipschitz and linear growth conditions,
Govindan [7] showed by the stochastic convolution the
existence, uniqueness, and almost sure exponential stability
of neutral SPDEs with finite delays; Taniguchi et al. [8]
considered the existence and uniqueness of mild solutions
to SPDEs with finite delays by Banach fixed point theorem;
while by imposing a so-called Carathéodory condition on
the nonlinearities, Jiang and Shen [9] studied the existence
and uniqueness of mild solutions for neutral SPFDEs by
successive approximation; Samoilenko et al. [10] investigated
the existence, uniqueness, and controllability results for
neutral SPFDEs.

On the other hand, it is well known that infinite delay
(stochastic) equations have wide application in many areas

[11, 12]. However, as for neutral SPDEs with infinite delay,
as far as we know, there exist only a few results about the
existence and asymptotic behavior of mild solutions. We
mention here the recent papers by Ren and Sun [13] and Li
and Liu [14] considering the existence of solutions of second-
order stochastic evolution equations and neutral stochastic
differential inclusions with infinite delay, respectively; Cui
and Yan [15] investigated the existence and longtime behavior
of mild solutions for a class of neutral stochastic partial
differential equations with infinite delay in distribution,
while Taniguchi [16] concerned the existence and asymptotic
behavior for stochastic evolution equations with infinite
delay.

In this paper, inspired by the aforementioned papers
[13, 15], we consider a class of neutral stochastic partial
differential equations (NSPDEs) with infinite delay. The space
B((—00,0], H) (see Section 2) with some axioms proposed by
Hale and Kato [17] is employed as our phase space. We study
the existence and uniqueness of mild solutions to SPDEs with
infinite delay under some local Carathéodory conditions with
the non-Lipschitz conditions in Bao and Hou [18] and Jiang
and Shen [9] being regarded as special cases and investigate
the longtime behavior of mild solutions as well.

The structure of this paper is as follows. In the next
section, we introduce some necessary notations and prelim-
inaries. The existence and uniqueness of mild solutions are
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discussed in Section 3. The exponential stability in mean
square of mild solutions as well as its sample paths are
presented in Section 4.

2. Preliminaries

For more details on this section, we refer to Da Prato
and Zabczyk [4] and Pazy [19]. Let (H,|- [y, (- -)y) and
(I | |k € ) k) be two separable Hilbert spaces. Z(IK, H)
stands for the set of all linear bounded operators from K into
H, equipped with the usual operator norm || - ||. In this paper,
we use the symbol ||-|| to denote norms of operators regardless
of the spaces involved when no confusion possibly arises.

Let (Q, F,{F,},¢, P) be a filtered complete probability
space satisfying the usual condition, which means that the
filtration is a right continuous increasing family and %,
contains all P-null sets. Let W = (W,),5, be a K-valued
Wiener process defined on (Q, #, {Z,} 5, P) with covariance
operator Q; that is,

E(w (1), x) (w(s), ¥) = tA)(Qx, y)yo %y €K,

@

where Q is a positive, self-adjoint, trace class operator on
[K. Denote by gg(K, H) the space of all Q-Hilbert-Schmidt
operators from K to H with the norm

€ = tr(EQE) <00, EeZ(GH).  (2)

Let A be the infinitesimal generator of an analytic semigroup
S(t) in H. Then (A —«I) is invertible and generates a bounded
analytic semigroup for « > 0 large enough. Suppose that
0 € p(A), where p(A) denotes the resolvent set of A. Then,
for « € (0,1], it is possible to define the fractional power
operator (—A)” as a closed linear invertible operator on its
domain P((—A)"). Furthermore, the subspace 2((—A)%) is
dense in H and the expression

Ixlle = [(=A)*x],  x €D ((-4)), ©)

defines a norm on H, := D((—A)%).

Throughout this paper, we will employ an axiomatic
definition of the phase space 9 introduced by Hale and Kato
(17].

Definition 1. The axioms of the phase space 8((—00,0], H)
(denoted by 98 simply) are established for & ,-measurable,
continuous functions mapping (—00, 0] into H endowed with
anorm || - ||, and 2B satisfies the following axioms:

(Hy) Ifx : (m00,T] — H, T > 0, is continuous on [0, T]
and x, € 3, then, for every t € [0, T], the following
properties hold:

@) x, == x(t +-) € B;

(2) |x(O)] < Hllx,ll 3

(3) llx;ll g < M(t)supoese,lx(s)| + N (#)llxo[l o5, where
H > 0 is a constant, M,N : [0,+00) —
[1,+00) are independent of x(-), and M is
continuous and N is locally bounded.

(H,) The space A is complete.

Abstract and Applied Analysis

Remark 2. For convenience, we replace condition (3) in (H,)
by

3" lxllg < supye,ilx(s)| + Nlxollz where N =
SupgsrN(s).

Example 3. Let (H,|-[y) be a Banach space and ¢ ¢
C((~00,0], H). Assume that & : (-00,0] — (0,+00) is a
continuous function with [ = J‘?OO h(t)dt < +00. Define

ol = sup (Ele @) < oo,
<0
G, = {(p : (—00,0] — H, (4)

0 an1/2
| 1) sup (Blp @) s < +oo}.

-0 $s<0<0

If 6, is endowed with the norm

lole, = |

2\1/2
h(s) sup (E|(p(0)| ) ds, ¢e%, (5
-0 $<0<0
then (6}, |l - "gh) is a Banach space [14] and satisfies the
axioms in Definition 1 with M =, N = 1.

Consider the following NSPDEs with infinite delay in the
form:

d(x(t)+G(t.x,)] = [Ax () +b(t x,)] dt

+o(t,x)dW (), t=0, (6)

x(t)=¢ () e B, t<0,
where x, = {x(t + 0) : —co < 0 < 0} can be regarded as a
AB-valued stochastic process. Assume that
G f:R"x% — H, 0:R"x B — Z(KH)
™)

are appropriate mappings specified later. The initial value ¢ =
{¢(0) : —co < O < 0} is an F j-measurable %-valued random
variable independent of W with finite second moment.

Now we present the definition of the mild solution for (6).

Definition 4. An % ,-adapted H-valued stochastic process

x(t) defined on —co <t < T,0 < T < oo is called the mild
solution for (6) if

(a) x(t) is continuous and {x, : 0 < t < T} is a AB-valued
stochastic process;

(b) IOT |x(u)|},du < 0o almost surely;
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(c) for arbitrary t € [0,T], x(t) satisfies the following
integral equation:

x(t) =S) (¢(0)+G(0,¢) -Gt x,)

- J-tAS(t—s)G(s,xs)ds+JtS(t—s)b(s,xs)ds
0 0

+[[s0-90tm)aw .
0

Xg=¢ € ARB.
(8)

We denote by .# 2((-~00, T], H) the space of all H-valued,
continuous, and F,-adapted processes x = {x(t),—0co < t <
T} such that

(1) x4 = ¢ € B and x(t) is continuous on [0, T'];

(2) for all x € M#*((—co,T], H),

T
IxI: = E||¢|2, + E L |x (£)[2,dt < oco. )

It is obvious that the space /4 2((~00, T], H) is a Banach space
with the norm defined by (9).

3. The Existence and Uniqueness Theorem

In this section, we present our main results on the existence
and uniqueness of the mild solution of (6). We first introduce
the following assumptions.

(A,) Assume that A is the infinitesimal generator of an ana-
lytic semigroup of bounded linear operators {S(¢), t >
0} in H, satisfying

IS@l<e™, 20 (10)

for some y > 0.

(A,) There exist some constants o € (1/2,1] and M5 >
0 such that, for any §,¢ € %, t > 0, we have
G(t’ g)) G(t) ¢) € @((_A)a)) and

|(~A)*G (1.8) - (A G (t.d)|yy < MglE — ¢l (1)
we further assume that G(t,0) = 0, for all t > 0.

(a) There exists a function F : R*xR™ — R such
that F(t, u) is locally integrable in ¢ for any fixed
u > 0 and is continuous, nondecreasing, and
concave in u for each fixed t € [0, T]. Moreover,

(A3)

for any t € [0,T], x € 3, the following
inequality holds:
b (5, %)l + lo (6, %) 2 < F (8 1%, (12)

(b) For any C > 0, the differential equation

du
i CF (t,u) (13)

has a global solution for any initial value u,,.

(A,) (global conditions)

(a) There exists a function Z : R* xR* — R™ such
that Z(¢, u) is locally integrable in ¢ for any fixed
u > 0 and is continuous nondecreasing and
concave in u for each fixed t € [0,T], Z(£,0) = 0
for any t € [0,T]. Moreover, for any ¢ € [0, 7],
x, y € B, the following inequality holds:

|b(t, )~ b(t, y)[i, + ot %) - o (¢, )’)@g
(14)

<Z(tlx-l5)-

(b) For any constant D > 0, if a nonnegative
function u(t) satisfies that

u(t)y<D JtZ(s,u(s))ds, te[0,T], (15)
0

then u(t) = 0 forany ¢ € [0, T.
(A'4) (local conditions)

(a) For any integer N > 0, there exists a function
Zy : R" xR* — R" such that Z(t, u) is
locally integrable in ¢t for any fixed u# > 0 and
is continuous nondecreasing and concave in u
for each fixed t € [0,T], Zy(t,0) = 0 for any
t € [0, T]. Moreover, forany t € [0,T],x, y € B
with [lxz < N, llylg < N, the following
inequality holds:

|b(t, ) = b(t, y)[, + ot %) - o (1, )’)fyg
(16)

< Zy (L1 x-yl%).

(b) For any constant D > 0, if a nonnegative
function u(t) satisfies that

u(t) <D JtZN (s,u(s))ds, tel0,T], 17)
0

then u(t) = 0 forany ¢ € [0, T.
The following lemma that appeared in [19] is useful.

Lemma 5. Under the assumption of (A,), forany 0 < B < 1,
the following equality holds:

S (-Afx = (-AFS(t)x, xeD((-AF),  (8)
and there exists a positive constant Mg such that, for any t > 0,
|=AYs @) < Mgt Pe. (19)

Lemma 6 (Liu [2]). Let T > 0. Suppose A generates a
pseudocontraction Cy-semigroup S(t). That is, ||S(t)] < e,
t > 0, for some « € R. Then the process W;f(t) = Iot S(t -
$)P(s)dW (s) has a continuous modification and there exists a
constant K > 0 such that

t
E sup [W§ (s)|;] <KE L |¢(s)|;gds, te[0,T]. (20)

s€[0,t]



Theorem 7. Let (A,)-(A,) hold. Then the system (6) admits
a unique mild solution x(t) € M (-0, T], H) provided that
8M;_ Mgy T 2a - 1)
1 - Mg [ (=4)™|

+2Mg||(-A) | < 1. (21)
Proof. The proofis similar to the proof of Theorem 3.1in Jiang
and Shen [9], we omit the detail. O
We now state our main theorem in this section.
Theorem 8. Let (A)-(A5), (A'4) and (21) hold. Then the sys-

tem (6) admits a unique mild solution x(t) € M3 ((~00,T], H)
provided that

L:=4M2 M2y T Qa—1) + 4M2|(-A) | < 1. (22)

Proof. Let N be a positive integer and T,, € (0,T). We intro-

duce the sequence of the functions (BN (¢, u)} and {o™ (¢, 1)},
(t,u) € [0, T] x A as follows:

WY (tu) = N

(t:4) b(t,—”‘), lully > N.

lluell

(23)
N

o (t’ u) =1 Nu
(t’ ) > ”M"gg > N.

lleell

Then the functions {b™ (¢, 1)} and {o™ (¢, u)} satisfy assump-
tion (A;), and for any x,y € B, t € [0,T], the following
inequality holds:

|bN (t,x) - bV (t, y)|; + |0N t,x)—a" (t,y)

2
7
(24)

<2V (b lx -l

As a consequence of Theorem 7, there exist the unique mild
solutions x™(¢) and xN*(¢), respectively, to the following
integral equations:

N () =SB (¢0)+G(0,9) -G (t.x)

_JtAS(t—s)G(s,xf])ds
0
+ J:S(t—s)bN (s,xﬁv)ds

+ Jt S(t-s)o (s, x?’) daw (s),
' (25)

AN = S(1) (¢(0) + G (0,4)) - G (£xN)

S

_ JtAS(t—s)G(s,xN”)ds
0

t
+ J S(t-s) pNH (s, xﬁ\m) ds

0

+ J-Ot S(t-s)o'! (s, xﬁ\m) dw (s).
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Define the stopping time
Sy =Ty Ainf{t € [0,T] : |« (1) , = N},

Osr = To Ainf {t € [0,T] : [V (0)] , = N+ 1}, (26)

Ty = Oy A Onyq-

In view of Holder’s inequality (25), we obtain

E ( sup .xN“ (s) - £ (s)ﬁﬂ)

O<s<TyAt

<4E sup |S (s) (G (s, xN“) -G (s, xN))'

0<s<tyAt : : H
s 2
+4E sup J AS(s—u) (G (u, xuNH) -G (u, xfj)) du
0<s<TyAELJO H
S
+4E sup J S(s—u)
0<s<tyAE 1J0
2
X (bN+1 (u, xﬁ”l) —pNH (u, xuN)) du
H
+4E
N
X sup J S(s—u)
0<s<tyAt 1J0
2
X (O’NH (u, MNH) — ! (u, xuN)) dw (u)
H
4
=4)'I,
i=1
(27)
where we have used the fact that for 0 < u < 1y,
pNH (u, xuN) =N (u, xfj) ,
(28)
o™ (ux)) = o™ (u,xy)).
Note that
2 2
xﬁ\m - xi\] 3 < Osslilg)s'xNH (u) - Pl (u)|H. (29)
By assumption (A,), we have
Lo A P MEE sup [ =N
0<s<TAL
(30)

< ||(—A)_“||2MéE sup |xNJr1 (s) = xN (s)';.
0<s<TyAL
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By virtue of Lemma 5, Holder’s inequality together with
assumption (A,) we have

I

<E sup [JOS |AS (s—u) (G (u, xuN”) -G (u, xi\’))'Hdu]z

0<s<T AL

N
< MZM;_E sup J (s — 1)@ D V670 gy,

0<s<TyAt JO
S W N+1 _N|2
—y(s—u +1
X JO e "xu X, "% du

< MéMf_ay_Z“F Q2a-1)E sup |xNJr1 (s) — xN (s)|n2-u'

0<s<tyAt

(31)

Employing assumption (A',), Holder’s inequality, and Jensen’s
inequality, it follows that

I; < E sup

0<s<T AL

y J: |bN+1 (™) = ¥ (u, xij)ﬁdu

s
J e—2y(s—u)du
0

u

1 TNAE ? (32)
_ E L E.bNH (S, xi\Hl) _ bN+1 (S, xi\r)|[]-[]ds
t
: % Jo Znn (S AT\, E xg\:zlv B xg\TN ;) s

Combining Lemma 6 with Jensen’s inequality, there exists a
positive constant K such that

TNAE

2
= KB () = (s ) s
t (33)
N+l N |2

Therefore, for all t € [0, T;,], we have

E ( sup 'xN“ (sAty)—x" (sA ‘rN)|2 )
M

O<s<t

B 4(1/2y + K)
T 1-1L

2

t
N+1 N
J;) ZN+1 (5 A TN’E xs/\‘rN - xs/\TN @) ds

B 4(1/2y + K)
T 1-1

t
X J Znii (S/\TN,
0

E sup 'xN“ (unty)-x" (un TN)|;) ds.
O<us<s

(34)

The assumption (A'4) indicates that
2
E < sup 'xN“ (sATy) = x" (sA TN)|H> =0. (35)
0<s<t
Thus, for a.e. w,
A GEE0)

for 0 <t < Ty A1y (36)

Note that for each w € ), there exists an Ny(w) > 0 such that
0 < T, < 7y, Define x(¢) by

N,

x({t)=x"(t) fortel0,T,]. (37)

Since x(t A Ty) = (A Ty), it holds that

x(tATy) = S(EATY) ($(0) -G (0,9)) + G (EATN X1y, )

ATy
+j AS(t/\TN—s)G(s,xiN)ds
0

tATy
+J S(t/\TN—s)bN(s,xN)ds

s
0

tATN
+J- S(t/\TN—s)aN(s,xﬁ\’)dW(s)
0

= S(tA1y) ($(0) = G(0,4)) + G (t Ay Xypr )

tATN
+J- AS(t ATy —5)G (s x,)ds
0

ATy
+J S(tATy—3)b(s,x,)ds
0

tATN
+J S{tATy—s)o(s,x,)dW (s).
0

(38)
Taking N — 00, we have

x(t) = S(t)(¢(0)+G(0,¢)) - G(t,x,)

—JtAS(t—s)G(s,xs)ds+ JtS(t—s)f(s,xs)ds
0 0

+ JtS(t—$)0(5>xs)dW(5)’
0
(39)

which completes the proof. O

Remark 9. We obtain the existence and uniqueness of mild
solution to (6) under local Carathéodory conditions with the
non-Lipschitz conditions in [9, 18] being regarded as special
cases, which makes it more feasible that the conditions of
solution can be satisfied.

4. Exponential Stability

In this section, we consider the exponential stability in mean
square and almost sure exponential stability of the mild



solutions of (6). For the sake of brevity, we denote by x® or
similar notations the unique mild solution of (6) with the
initial data ¢.

Definition 10. The mild solution x? of (6) is said to be
exponentially asymptotically stable in mean square if there
exist a pair of positive constants & and 8 such that, for any
mild solution y? of (6),

E|x4> (t)—y* (t)l; < oce_ﬁtE"qS - go“%, t>0. (40)

We need the following assumptions before we proceed
further.

(As) For any x, y € 9B, there exist some positive constants

Qg and Q,, such that
bt x) = b (£ )5y < Qullx - ¥l :
41
o (6:) = 0 (6 7)< Qullx = ¥
forallt > 0.

(Ag) There exist some constant &« € (1/2,1] and a
continuous function g such that for any &,¢ € 3,
t>0,

G(t,8),G(t,¢) € D ((-A)%), :
42
|CA*G (1,8 - ~AG (6:¢) < u®) [§ - ¢l

where i : R* — R satisfies u(t) < Qze™™,
d>yp>0.

Qs >0,

The following lemma is needed to consider our results.

Lemma 11 (see [16]). Assume that the semigroup {S(t),t > 0}
is exponentially stable; that is, ||S(¢)| < Me™, t>0, for some
M,y > 0. Then, for any F ,-adapted predictable process © with

_[Ot EIQD(S)I;gds < 00, t 2 0, the following inequality holds:

2 t
< M? J e "IE|® (5)|%ods.
H 0 2
(43)

E rS(t—s)d)(s)dW(s)
0

Now, we state our main result of this section on the
stability in mean square.

Theorem 12. Let x% and y? be two mild solutions of (6)
with the initial data ¢ and ¢, respectively. Assume that (A,),

(A5)-(Ag), and 5QXI(—A)“I” < 1 hold. Then

<s>m) < B Elg-gl, 20
(44)

E ( supe”|x (s) —

0<s<t

10(1 + Qéll(—A)""llz)/(l - 5Qé||(—A)’°‘II2),
= (5M}_ aQGyl 2TQa - 1) + 5p7'Q, + 20Q,)/(1 —
SQGII(—A) “I).

where 3 =

Abstract and Applied Analysis

Proof. Since by assumption, x = x? and y = y? are solutions
of (6), we have

x (@) =S()(¢0)+G(0,¢)) -G(t x,)

—JtAS(t—s)G(s,xs)ds+ JtS(t—s)b(s,xs)ds
0 0

+ JtS(t—s)a(s,xs)dW(S),

0
y(®) =St (90)+G(0,9) -Gt y)

- JtAS(t -$5)G (s, y,)ds + rS(t— )b (s, y;)ds
0 0

+ JtS(t—s)o(s,ys)dW(S)-
0

(45)

Then,

E ( supe”s|x (s) -y (s)|u2_ﬂ)

0<s<t

<5E ( supe’[S(s) [¢ (0) — ¢ (0) + G (0,¢) - G(o,so)]liu)

0<s<t
+5E ( supe”|G (s,x,) - G (s, ys)ﬁu)
0<s<t

+5E AS(s— )(G(u,x,) -G (u, y,))du

)

supe”
0<s<t

)

S(s—u) (b(u,x,)-b(u,y,))du

0<s<t

+5E( supe”

0<s<t

(
(

)

(46)

x r S(s—u)(o(ux,)—0o(uy,))dW (u)
0

We now estimate the terms on the right-hand side of (46).
From assumption (A ;) and (A), we obtain

5Esup e[S (s) [¢ (0) - 9 (0) + G (0,¢) - G (0,9)][7,

0<s<t

< 10Esupe’e ™" (|(/> 0)-¢ (0)||]2-ﬂ +]G (0,¢) - G (0, ﬁo)lil)

0<s<t

<10 (1 + Q?;||(—A)’“||2) E|l¢ - o|%-
(47)

Noting that § > y > 0 and

N+1

X - X

N+1
s (

WM, (s)

Sup 'x
0<u<s
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we have

5E ( supe” |G (s,x,) ~ G (s, ;)| )
H

0<s<t

< sQAl-a7T'E (e o b, -l )
(49)
< sQAl-ar T supee s~

< st l-ar T (e 0 ).
<s<t H

Standard computations involving Hoélder’s inequality and
Lemma 5 yield that

2

)

J: AS(s-u)(G(u,x,)-G(u,y,))du

5E ( supe’”
0<s<t

< 5Esupe’” [L M, _(s— u)“71e7Y(57”)y (u)

O<s<t
2
- vl

N
< SMf_“QZGE [ supe’” J (s — u)X@ Ve v gy

0<s<t 0

S
X J e_"(s_”)e_zaunxu - yu||2%du]
0

<5M; QLY T 2a-1)

X Jt e”E ( sup |x (r) - y(r)|ﬂzﬂ) ds.
0

0<r<s

(50)

Combing assumption (A ;) with Holder’s inequality it follows
that

. 2
5E ( supe’ J S(s—u) (b(u,x,)-b(uy,))du )
0<s<t 0 H
t
< 5Esupe” J ey
0<s<t 0
< [ e ) = b () (5D
0

t
<5p7'Q, L e"E||x, - ys||293ds

t
<597'Q, L e"E ( sup [|x (r) - y (r)“il) ds.

0<r<s

Applying first Lemma 7.2 in [4] and then Lemma 11 we obtain

rs@—uMGOA%J—GOAMdeww

0

5Esupe”

2
0<s<t H

2
<20supe”E

0<s<t

J: S(s—u)(o(ux,)—0o(uy,)dW (u)

H

t
<20Q, | e"Blx, - y.llds

< 20Q, Lt e"E ( sup [|x (r) - y (f)lliu) ds.

0<r<s

(52)
Define

A(t) := Esupe”|x(s) - y (s)ﬁﬂ fort>0.  (53)

0<s<t

Recalling (46), from (47) to (52) we derive that
t
A < BEI - olfy 47 | Ads G0
0

where B = 10(1 + QA=A *I")/(1 - 5QEI(-A)I),
G = (5M;_Qxy' **T(2a - 1) +5y7'Q, + 20Q,) / (1 - 5Q
=A%)

Invoking Gronwall’s Lemma we get

E (Osllgeﬂx (s)-y (s)lnz_n> < Be” E|¢p — (p||293, t>0.
N (55)

This completes the proof. O

Corollary 13. Suppose that all the conditions of Theorem 12
hold. Then for any mild solutions x* and y* of (6)

Bl 0 -5 0f,) < g " Elp- gl t20,
(56)

where 3 and 7 are defined in Theorem 12, y is the constant in
assumption (A ). Consequently, ify > &, then the mild solution
x? is exponentially asymptotically stable in mean square.

Corollary 14. Suppose that all the conditions of Theorem 12
hold. If G(t,0) = b(t,0) = o(t,0) = 0, forallt > 0 and y >
0, then the trial solution of (6) is exponentially asymptotically
stable in mean square.

Finally, we consider the stability of sample path.

Theorem 15. Suppose that all the conditions of Corollary 14
hold, then the sample path of the trial solution of (6) is
exponentially asymptotically stable.

Proof. The method is similar to the proof of Theorem 5.1 in
[7], we omit it here. O
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