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Abstract: The objective of this paper is to investigate the existence and uniqueness theorem for stochastic
partial differential equations with poisson jumps and delays. The existence of mild solutions of the problem
is studied by using a different resolvent operator defined in [1] and fixed point theorem.
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1. Introduction

tochastic differential equation is an emerging field drawing attention from both theoretical and applied
S disciplines, which has been successfully applied to problems in mechanical, electrical, physics,
economics and several fields in engineering. For details see [2,3] and the references therein. Recently a
large number of interesting results of stochastic equations have been reported in [4-8]. Stochastic differential
equations are used in the modeling of real life phenomena, where there is a need for an aspect of randomness
(see [9-11]).

Furthermore, several practical systems (such as sudden price variations due to market crashes,
earthquakes, hurricanes, epidemics, and so on) experiences some jump type stochastic perturbations. The
sample paths are not being continuous, thus it is seize considering stochastic processes with jumps in
describing the models. Generally, the jump models are derived from poisson random measure. The sample
paths of systems being right continuous possess left limits. In the recent trend, researchers are focusing more
on the theory and applications of impulsive stochastic functional differential equations with poisson jumps.
Precisely, existence and stability results on impulsive stochastic functional differential equations with poisson
jumps are found in [12-15] and the references therein. Successively, few works have been reported in the study
of stochastic differential equations with poisson jumps, refer to [13,14,16].

However, motivated by the above consideration, the aim of this paper is to establish the results on
existence and uniqueness for stochastic differential equation with Poisson jumps and delay of the form:

du(t) = [Au(t)+f(t,u(t—p(t)))]dt+g(t,u(t—5(t)))dW(t)+/Zh(t,u(t—a(t)),z)N(dt,dz),
xo = &€ D% ([-7,0]H). 1)

The mappings f : Ry x D([—7,0];H) = H,g: Ry x D([—7,0];H) = LY(K,H),h : Ry x D([—7,0]; H) x
Z — H are Borel measurable, p : Ry — [0,7],6 : Ry — [0,0],0 : Ry — [0, 0] are continuous.

This paper is organized as follows: In Section 2, we give some basic definitions and results, which will be
used in the sequel. In Section 3, the existence result for the system 1 is proved.

2. Preliminaries

Let H and K be a two real separable Hilbert space. Let £L(H, K) denote the space of all bounded linear
operators from H into K, equipped with the usual operator norm ||.|| and we abbreviate this notation to £(H)
when H = K. In this paper, we always use the same symbol ||.|| to denote norms of operators regardless of the
spaces potentially involved when no confusion possibly arises. Let (Q), F, Fi>o,P) be a complete probability
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space with a normal filtration F;>¢ satisfying the usual conditions (i.e. it is increasing and right continuous
while F contains all P null sets).

Let {W(t) : t > 0} denote a K-valued Wiener process defined on the probability space (Q, F, Fi>o,P),
independent of poisson point process with covariance operator Q; that is, E (W(t), x)x (W(s),y)g = (tA
s) (Qx,y)k, for all x,y € K, where Q is a positive, self-adjoint, trace class operator on K. In particular, we
denote W(t) a K-valued Q-Wiener process with respect to F;>o. To define stochastic integrals with respect to
the Q-Wiener process W(t), we introduce the subspace Ky = Q% K of K endowed with the inner product:

=1 =1
<u,v>K0 = <Q 21,Q72 ZJ>K
as a Hilbert space. We assumed that there exists a complete orthonormal system ¢; in K, a bounded sequence
of positive real numbers A; such that Qe; = Aje;, i = 1,2,3, ... and a sequence B;(t),.; of independent standard
—+o00
Brownian motions such that W(t) = Y /A;Bi(t)e; for t > 0 and F; = F/¥, where F is the c-algebra
i=1

generated by W(s) : 0 <s < t.

Suppose {p(t),t >0} is a o-finite stationary F; adapted Poisson point process taking values in
measurable space (U, BU). The random measure N, defind by N, ((0,t] x A) := ¥ Ir(P(s)) for A € B(U)

se(0,t

is called the Poisson random measure induced by P(.), thus, we can define the rrfea]sure N by N(dt,dy) =
N,(dt,dy) — v(dy)dt, where y is the characteristic measure of N, which is called the compensated Poisson
random measure. For a main source for the material on Poisson process and random measure we refer to
[17]. For a Borel set Z € B,(H — {0}), we denote by P2([0, T] x Z;H) the space of all predicable mapping
H:[0,T] x Z x Q) — H for which fot J7E|H(t,v) ||2 dtA(dz) < co. Then one can define the H- valued stochastic
integral

/ot /Z H(t,0)N(dt, dz),

which is a centered square integrable martingale [18]. We always assume that W(t) and N are independent
of Fo. Also S = C([0,4];X) denotes the space of all continuous functions with the norm ||.[|¢(jga,x) =

supefo,a l2(8)[1x-
Consider the following Stochastic partial differential equation driven by Poisson jumps with delays:

du(t) = [Au(t)+f(t,u(t—p(t)))}dt—i—g(t,u(t—(5(t)))dW(t)+/Zh(t,u(t—a(t)),z)N(dt,dz).

The above equation is equivalent to the following integral equation:

t ; ’
MO:=€@+Axmmm+4f&wvmwﬂﬁfégmmfamww@
+ /Of/zh(s,u(s —0(s)),z)N(ds,dz). o

This can be written the following form:

u(t) = f0)+ [ 5= )f(s)ds ®

where,

t t
f) = €O+ [ flsuls—ple)ds+ [ gls,u(s —o(s)aw(s)
t
¥ / / h(s, u(s — 0(s)), ) N(ds, dz).
0Jz
Let us assume that the integral equation (3) has an associated resolvent operator {S(t)},-, on H.

Definition 1. [1] A family (S(#));>0 C £(X) of bounded linear operators in X is called resolvent for (4)(or
solution operator for (4), if the following conditions are satisfied

(S1) S(t) is strongly continuous on R and S(0) = I,
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(S2) S(t) commutes with A, which means that S(t)D(A) C D(A) and AS(t)x = S(t)Ax for all x € D(A) and
t>0;
(S3) The resolvent equation holds

S(H)lx=x+ /Ot As(s)xds.

Definition 2. [1] A resolvent S(t) for (3) is called differentiable, if S(-)x € W1 (R™; X) for each x € D(A) and
there is p4 € Lj,.(R™) such that [|S'()x]| < pa(t)]lx[lp(a) a-e. on RT, for each x € D(A), Where the notation

loc

[D(A)] stands the domain of the operator A provided with the graph norm |[x[|(p(4)) = [|x[| + [ Ax].

Lemma 3. [1] Suppose (3) admits a differentiable resolvent S(t) and if f € C([0,a]; D(A)), then

u(t) = F(£) + /; S'(t—s)f(s)ds, t € [0,4]
is a mild solution of (3).

In order to prove that the existence result of the stochastic partial differential equation with poisson jumps
and delays, we need the following assumptions:

(H1) The mapping f(t,.) and g(,.) satisfies the following Lipschitz and linear growth conditions, for any
x,yc€Handt >0

(%) = F( )l < Ll — ylls ¥ > 0,2,y € H wherely >0,
llg(t,x) —g(t, y)llg < Li||x —ylly YVt > 0,x,y € H whereL, > 0.

(H2) The mapping h(t,.) satisfy global Lipschitz conditions, for any x,y € Hand t > 0
[ Iht,x,2) = h(t,,2) P o(dz) < 13 |x =y Ls > 0.

3. Existence and uniqueness results

In this section, we provide the existence results for (1), this problem is equivalent to the following integral
equation:

ot ot t
ut) = &0+ [ Auds+ [ fls,u(s—p(s))ds+ [ gls,u(s = 5(5))AW(s)
t o,
+/ / h(s,u(s —o(s)),z)N(ds,dz).
0 Jz
By Lemma 2 and the above representation, the mild solution of (1) can be defined as follows:

Definition 4. A stochastic process {u(t),t € [0,T]},0 < T < oo, is called a mild solution of (1) if

1. u(t) is adapted to F;, t > 0;
2. u(t) € Hhas cadlag paths on t € [0, T| almost surely, and for arbitrary 0 <t < T,

u(t) = €O+ [ fls.uts = p()lds+ [ gls,uls = 5(:))Iaw(s)
t N ot ot s
+/0 /Zh[s,u(s—a(s)),z]N(dsdz)+/O s’(t—s)ij(O)ds+/O s’(t‘—s)/0 flT, x(t — p(7))]drds
( t s . t .-s . ~
+/O s'(t—s)/O g[T,u(T—&(T))]dW(T)ds—l—/O s’(t—s)/0 /Zh[T,M(T—U(T)),Z]N(dsdz)ds.

Theorem 5. Assume that (H1) and (H2)are hold, then the problem (1) is a unique mild solution.



Open J. Math. Sci. 2019, 3, 343-348 346

Proof. Define the operator @ : S — S by ®(u)(t) = (t) for t € [—7,0] and for t > 0, defined by

Q)(t) = 0)+ [ flouls —p(o)lds + [ gls,uls ~5(5)))aW ()
[ [ bls,uts - 0(9), ANGsdz) + [ (¢ - 5)2(0)ds
b [ [ fle (e plenands + [t —s) [ glr,ute — o) dw()ds
+./;S’(tfs)'/OS/Zh[T,u(T—U(T)),Z]N(dsdz)ds.

First, we verify that @ is p-th mean continuous on[0, ). Let u € S,t; > 0 and |h| be sufficiently small,
then

7
Ell(@u)(tr + 1) = (@u)(t) 5y < 7771 B+ ) = i) |5
i=1
By using Holders inequalities and the Burkholder-Davies-Gundy inequality, we have

P

Bl 1)~ Bl < B [ glsuts —a6))aw(s) - [ gls,uts — s(s)law(s

H

t+h p
< E|[" sl —s)duts)|
t+h 2/p p/2
< cpE((/tl+ Isls, s ~ 61T ds)
<

t1+h
cp (/tl E||g[s,u(s—5(s))]||gds> 0 as ks
1

Next

E|L(t1+h) — L(0)|h < 2°° 1EH/ (t1+h—s)—s(t; —s) [// 7, u(t —o(1)), ]N(drdz}dsHZ

P
+2P1E

/t:ﬁ s’(t1+h—s)/OS/Zh[r,u(r—a(r)),z]N(dez)ds

—0 as h— 0.

H

Similarly, we can verify that:
E|Li(ty +h) — Li(t) |5 — 0, i=1,3,4,56as h —0, (4)

where ¢, = (p(p —1)/2)P/2. Thus @ is indeed continuous in pth mean on [0, o).
Next, we show that ®(S) C S. It follows from (1), then we have

EN@0O < 8 EGO)I+8" € | [ s uls - pls)lds

P /Otgs [s, 1(s — 6(s))]dW(S) HZ+8p_1EH/Ot/z'h[s,u(s_a(s)),z]N(dsdz) ’

H

t
+8P-1E /s (t—s)¢(0)ds
0

+8P71E H/ot s'(t—s) /Osf['r,u('r —po(7))]dtds Z

18P 1E /Ots t—s) /gTuT— )]dW (7)ds '

H
p 8

=Y Ji(t).

H =1

+8P1E /Ots t—s) / /h[r,u(r—(f(r)),z]N(drdz)ds




Open J. Math. Sci. 2019, 3, 343-348 347

Now we estimate J;,i = 1,2,...,8, then we have
P
Ji(t) < |Igllp < o

Now by (H1), we obtain

; P
R <E | ['17ls,us - p)lds| <Ll .

Now, from the Lemma (Da Prato and Zabczyk [4]) and by the (H1), we have

B0 < [ [ (Blgists — o) @] < et ulf

Similarly, by (H2), we obtain

p p
t 2 t 5
() < e [EL[) [ I uts = o), 2l asotdn)| < tf | [Eluts —clas| < cptf lallhT
By (H1), (H2) and Well known Lemma (Da Prato and Zabczyk [4]), we have

() < 18O I1galiagosze)
p t t
Jot) < 1Y [ gatt=3) [ Ellu(r = p(e)drlfyds < 16O I19allia o)

t s
J(t) < coly [ gt =s) [ Ellu(r = 8(0) Iy dvds < cpLf Jully Tl o

t S g
B < eE | [Coatt=9) [ [ et - o) 21 otzas| < cod Il T ol osen -

From the above estimations, we have || (®x)(t)|| < o0. So we conclude that ®(S) C (S).
Next, we need to show that @ is contraction mapping. Let u,v € S, then we have

E sup [|(Qu)(t) — (Po)(t)]

€loT]
telo,T t ,
<6'"' sup E / (fls,u(s —p(s))] = fls,v(s —p(s))]) ds
t€[0,T] 0 H
oF P
+6'! sup E / (gls, u(s —(s))] — gls, v(s — 6(s))]) AW (s)
tel0,T] 0 H
P
H

+6P—1t:1[(1)%5 /o/z (h[s,u(s — o (s)),z] — h[s,v(s — o(s)),z]) N(ds,dz)

. P
ro ! s | [150-5) |} (e =pe) = flroe = plo)y e as|
+6P1 t:;g] E /Ot S(t—s) [/OS (glT, u(t —8(1))] —g[T,U(T—(S(T))])dW(T)} ds Z

t s - P
9! g | <=0 [ eate ot -btote ot e o]

_ P
<6t sup E[ju(t) (05 T x (LF + +epLE +L5) [1+ 9l o -] -
te|0,T
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If T > 0 is sufficiently small, then we can ensure that

(L{J + +CPL§ + Lg) [1 + ||¢A”L1[O,T];R+] < 1.

We conclude that the operator @ satisfies the contraction mapping principle and hence there exists a

unique mild solutionof (1)on T € [0, T]. O
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