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Abstract. In this article, we investigate the existence, uniqueness and stability of mild solutions for a
class of higher-order nonautonomous neutral stochastic differential equations (NSDEs) with infinite delay
driven by Poisson jumps and Rosenblatt process in Hilbert space. More precisely, using semigroup theory
and successive approximation method, we establish a set of sufficient conditions for obtained the required
result. Further, the result is deduced to study the higher-order autonomous system. Finally, examples are
provided to demonstrate the obtain results.

1. Introduction

Noise or arbitry fluctuations are unavoided and omnipresent in nature as well as in man-made systems,
therefore it is better to study the existence, uniqueness of stochastic models rather than deterministic
models. The deterministic system often fluctuates due to environmental noise. So, it is important and
necessary for us to deal with stochastic differential equations (SDEs). The differential equations which
involve randomness in the mathematical description of a given phenomena as known as SDEs. In recent
years, SDEs in both finite and infinite dimensions have attracted much attention in many areas due to their
applications in describing various phenomenon in population dynamics, electrical engineering, ecology;,
medicine biology, and other areas of science and engineering. For good introduction to SDEs and their
applications see [1-4].

Higher-order differential equations capture the dynamic behavior of many natural phenomena and
have found applications in various fields, for example, biology, physics and finance. In many cases, it is
advantageous to treat the higher-order SDEs directly rather than converting them to first-order systems. A
varity of problems arising in mechanics, molecular dynamics, and quantum mechanics can be described in
general by second-order nonlinear differential equations. For instance, it is useful for engineers to model
mechanical vibrations or charge on a capacitor or condenser subjected to white noise excitation through
a second-order SDEs see [9-12, 25-27]. Due to this reason, researchers interest to focus on second-order
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SDEs. In recent years, existence and stability results for second-order SDEs have been considered by many
scholars. Chen [6] discussed the exponential and asymptotical stability for second-order stochastic partial
differential equations with infinite delay. Using Banach fixed point theorem, the sufficient conditions for
the existenc, exponential stability and as well as almost sure exponential stability of SDEs with Poisson
jumps. In the study of Ren and Sakthivel [7], proved the existence and uniqueness of mild solution of
second-order neutral stochastic differential equations (NSDEs) with Poisson jumps under Lipschitz and
non-Lipschitz conditions. In very recently, Dhanalakshmi and Balasubramaniam [8], investigated the
stability of higher-order fractional NSDEs with Poisson jumps and Rosenblatt process via Nussbaum fixed
point theorem.

Nowadays various real-life situations can be modeled by using Poisson jumps. For example, if a system
jumps from a “normal state” to a “other state”, the strength of systems is random. In order to make realistic
model, a jumps term is included in and dynamical systems. Recently, the study of SDEs driven by Poisson
jumps has considerable attentions see [8, 9, 13, 14]. On the other hand, the fractional Brownian motion (fBm)
are utilized largely due to its self-similarity, stationary of increments and long-range dependence, for more
details see [15-17, 24] and the references therein. Firstly, Tudor [18], investigated the Rosenblatt process
which is a self-similar process with stationary increments and it appears as limit of long-range dependent
stationary series in the Non-Central Limit Theorem. Subsequently, Maejima and Tudor [19] established the
new properties of the Rosenblatt distribution. More recently, many researchers, investigated the SDEs with
Rosenblatt process, one can refer the articles [8, 20-23].

Moreover, nonautonomous models are important to deal with the changes in the vital rates through
time as a result of environmetal variation. Besides, to the best of authors” knowledge, there is no paper in
the literature that is involved with the NSDEs with Poisson jumps and Rosenblatt process. Motivated by
this consideration, in this article, we consider the higher-order nonautonomous NSDEs with infinite delay
driven by Poisson jumps and Rosenblatt process.

dlu' ®=ftu)] = AO[u) = Fat,u) |t + 5t u)dt + oft, u)dw(t) + ﬁ (¢, us, N(dt, dn)
o()dZu(b), te[0,T], )

peB, u0)=¢ (1)

+

Up

where A(t) : 2(A(t)) € H — H, a closed linear operator, which generators an evolution operators S(t, s).
The functions f1,7> : [0,T] X % — H, g :[0,T] X 8 — Lg, h:[0,T]x#Ax3 > Hando:[0,T] » Lg are
appropriate mappings specified later. The delay u; : (—oco0,0] — H is defined by u;(0) = u(t + 0) fort > 0
belongs to the phase space 4, which is defined axiomatically. The initial data ¢ = {@(t) : —c0 <t < 0}is an
Fo-measurable, #-valued stochastic process independent of ¢. In N(dt, dn) = N(dt,dn) — dt(Adn) the Poisson

measure N(dt,dn) denotes the Poisson counting measure.

This manuscript is organized as follows: In section 2, basic notations, preliminaries, and some basic re-
sults are recalled to use in the sequel. In section 3, we study the existence and uniqueness of nonautonomous
NSDEs with infinite delays driven by Poisson jumps and Rosenblatt process. In section 4, we study the
stability through the continuous dependence on initial values. In section 5, we prove the autonomous case
of the system. An example are provided to demonstrate the obtain results in section 6 and conclusion is
derived in section 7.

2. Preliminaries

In this section, we introduce notations and preliminary results need to establish our results. Let
(H, ||, < -, >) and (K, |||, < -,- >) denote two real separable Hilbert spaces, with their vectors norms and
their products, respectively. We denote by L(KK;H) the set of all linear bounded operators from K and H,
which is equipped with the usual operator norm ||-||. Let (€, ¥, IP) be a complete filtered probability space
furnished with complete family of right continuous increasing sub o-algebras {J;, t € J} satisfying & C & an
H-valued random variable is an F-measurable function x(f) : O — H, and a collection of random variable
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S ={x(t,w): Q = H: t € J}is called a stochastic process. Let 8,(t)(n = 1,2, ...) be a sequence of real valued
one-dimensional standard Brownian motions independent of (Q2, &, IP). Set w(t) = Y., \/)\_nﬁn(t)Cn(t),t >0,
where, A, > 0 are non-negative real numbers and {(,}(n = 1,2,...) is complete orthonormal basis in K.
Let Q € L(K, H) be an operator defined by QC,, = A,(, with finite Tr(Q) = Y;~; A, < co. Then the above
K-valued stochastic process w(t) is called a Q-Wiener process. Let WV € L?Q(IK, H) and define,

o]

IWIF, = Tr(wQw) = Y INA WP,

n=1

If [W]lg < oo, then V¥ is known as Q-Hilbert Schmidt operator. For more details on concepts and theory
on SDEs, one can refer the articles [7, 8, 13, 24] and references therein. The axioms of the space % are
established for §p-measurable functions from (—o0, 0] into H endowed with a norm |||, which satisfies
the following axioms:
(@) Ifu:(=c0, T] - H, T > 0is such that uy € %, then, for every t € [0, T], the following conditions hold:
(1) us € %,
(1) @Il < m |[uell g,
(i) llrll 5 < M(E) sUPfcoey I14(5)I| + N ltoll 5
where m > 0 is a constant, M,N : [0, +00) — [1,+00), M is continuous, N is locally bounbed, M, N are
independent of u(-).
(b) The space % is complete.
Letu : (—oo, T] — H be an §;-adapted measurable process such that o-adapted process uy = ¢ € Lg(Q, RB)
then

Ellusllos < NE||]|, + M sup E |

0<s<T

where N = SUP4e(o,7] {N(#)} and M = SUP4e(o,7) {M(t)}. Define M?((—co,0), B) be the space of all H-valued
continuous F;-adapted process u = {u(t)}_ ;<1 such that

(1) up = ¢ € % and u(t) is continuous on [0, T]

(2) define the norm ||[lgy in M?((—o0, T], H) by

T
lIxlly, = E||(p||;+Ef0 llu(s)|P? dt < co. @)

Then, M?((—oo, T], H) with the norm is a Banach space.

Definition 2.1. [18] The basic concepts of the Rosenblatt process as for as Wiener integral, let Zp(t) be one-
dimensional Rosenblatt process with the Hurst parameter H € (3,1). Hence the Rosenblatt process with parameter
H> % representation as

Zy(t) = d(H)ftf ta—K(WC)g—K(w C1)dU | dB(C1)dB(Ly)
H = 0 0 0 aﬂ s 18%[ s 61 1 2
where KM (t, s) is defined as
t
KH(t,s) = Cysi ™M f (U -1 U 34U, t > s
. _ H(2H-1)
with Cy = ‘,—)/(Z—ZH,H—%)'

For basic preliminaries and fundamental results on Rosenblatt process can refer the articles therein
[18, 19].

Definition 2.2. Amap S : [0, T]1x [0, T] — L(IH) is said to be an evolution operator for equation (1) if the following
conditions are fulfilled:
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(A1) For each u € H the map (t,s) — S(t, s)u is continuously differentiable and

(i) Foreach t € [0, T], S(¢,t) = 0.

(ii) For all t,s € [0, T] and each u € H, %E(t, S)ulp=s = u and %G(t,s)ult:s = —u.

(A2) Forall s,t € [0,T] if u € 9, then S(t,s)u € 9, the map (t,s) — S(t,s)u is of class €2 and (i) g—;@(t,s)u =
A(t)S(t, s)x.

(ii) £ &(t, s)u = S(t, s)A(s)x.

(iii) 22 &(t, 8)uli=s = 0. 3 2

(A3) 3%for all s,t €[0, T, if x € 9, then £ S(t,5)x € D, there exist 555-C(t, s)x, 553 S(t, s)x and

(i) ﬁ@(t,s)x = A(t) 5, S(t, s)x. Moreover, the map (t,s) — ?I(t)%@(t, S)x is continuous.

(1) 555 G(t, s)x = £ E(t,s)A(s)x.

Moreover, we assume that there exists an evolution operator &(t,s) associated to the operators (%).

Also, we define the operator C(¢,s) = _Bsa(st,s)‘ Furthermore, L > 0 such that

sup ||6(1f,s)||2 <L, and sup ||(€(1E,s)||2 <L

0<s,t<T 0<s,t<T

Definition 2.3. A continuous stochastic process u : (—oo, T] — H is said to be a mild solution of (1) if
(1) u(t) is F-adapted and {u, : t € [0, T1} is B-valued,
o (T
(i) [ (@) < oo, P-as.,
(iii) For each t € [0, T], u(t) satisfies the following integral equation:

t
u) = C(t0)p(0) + S(t,0)[C—Ty(0, )] +Tyls,1s) + fo S(t, 5)i (s, us)ds
t t _
¢ [ s 9n 00 + [ ﬁ St 5, e, )N (s, d)
S(t,5)0(s)AZx(s). 3
v [ s906zue ©
(iv)up =@ € A.

3. Existence and Uniqueness Results

In this section, we prove the existence, uniqueness and stability of mild solutions for nonautonomous
NSDEs with infinite delay driven by Poisson jumps and Rosenblatt process. In order to prove the result,
we impose the conditions as follows:

(H1) The functions f,,f : [0,TIx % - H, g:[0,TIx%# - L3, h:[0,TIx #x3 - Hand o :[0,T] » L)
satisfy Vt € [0, T], x.y € #
2
o)

it =1 I v a0 - ol < xeflx - v

(i ﬁ Io6s, 1) = b6s, v, |* Ay v

2
73 K

1/2
( ﬁ I[56s, %, m) = b, v, )|’ A(dn)dS) < K(IIx -y

2
B’

where x(-) is a concave, nondecreasing, continuous function from R, to IR; such that x(0) = 0, x(9) > 0
for 9 >0.a1ndj(;+ % = oo.

1/2
(iii)( ﬁ ||b<s,x,n>—b(s,y,n>H4A<dn>ds) (e
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(H2) There exists M, > 0 such that Mj, < L foranyx,y € 2

2, §,(0)=0, £20.

st = ot 0 < M e =y
(H3) The functiono : [0,T] — Lé satisfies

2

b
f o(8)AZ(s)

< C(H)*H ( sup IIG(t)IIf,;o K H)J'
te[0,T] Qv

(H4) For all t € [0, T] there exists kg > 0,

¢t O)I* v lla(t, O)I* v L ¢t 0, )||” < xo.

Further, in order to prove the result, let us now introduce the successive approximations as follows:

W(t) = €000+ S(t0)[C-1,0,9)], tel0,T],

t
u”(t) = G(t, 0)([)(0) + G(t, 0) [C — fg(ol (p)] + fg(s’ u;’) + L Q:(t/ S)T(S, u:l_l)dS
t ¢
n—1 ~ n—1 —~
+ fo S(t,s)a(s, ul " )dw(s) + fo ﬂ S(t, s)h(s, u™", mN(ds, dn)
t
+ f &(t,s)o(s)dZy(s).
0
u'ty = @), co<t<0, n>1.

357

Lemma 3.1. Assume that the conditions (H1) — (H4) hold. Then, for all t € [—oco, T],n > 0 there exists a constant

Cy such that E|u"||* < Cy.

Proof: For all t € (—oo, T], the sequence u"(t), n > 1 is bounded. It is obvious that u°(t) € M?((—o, T], H).

By induction, we show that u"(t) € M?((—o0, T],H). Now, we have

E(Osig ||u”(s)||2) < 7LE||p|| + 14LE|ICIP + 14LMy E |||
+ 7M;LE|lu" ()P + 14LTE fo t ([l s + 14072,
+ 14LE fo tK(”ug_1||2)dS+l4LTKO
+ 2ILE fo tK(”u’;1||2)ds+14LT1<0+7LC(H)T2H
< 2emEf +mers s [ () s

where Q; = 7LE |[¢|[* + 14LEITI? + 14LM; E |Jo||* + 14LT2x0 + 28LTxo + 14LT(T + 2)xp + 7LC(H)T?. Given

that x(-) is a concave and x(0) = 0, we can find positive constants 2 and b such that

x(v) <a+bv, forall v>0.
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So, let us derive that
B sup ) < 91 77 + T+ 70 B 71+ 50 o s
0<s<t

< Q, + 7M,E |u|* + 7T + 5)bf (sup [~ s)|| )ds
0

0<s<t

where Q, = & + 7La(2T + 5)T and noting that

IA

E(sup ||u“<s>||2)

0<s<t

Q + 14M,E lg||* + 14M;,E sup [u|]”
0<s<t

+

t
14Lb(2T + 5)TE ||g||* + 14Lb(2T + 5) f E (sup (|u?‘1||2) ds
0 0<s<t

t
T 114Mfy {533 +14Lb(2T + 5) fo E ((?;}; ||u§"1“2) ds}

where Q3 = Q14M; E ”(p||2 + 14Lb(2T + 5)TE “go”z On the other hand, for any k > 1,

mEzp Ol = Bl e
1 ' -1|2
max E sup [1'()° < T%{Q3+14Lb(2T+5) fo E ([l s

t
+ 14LbQ2T +5) f 1ma>§EI|M"(T)||2dS}
0 <n<

IN

ﬁ{% +14L02T + S)2E o] + 4LEICI + 4Li,EJg|[ 17

2
+ 14Lb(2T+5)fmaxE(supllu”(r)ll) }

0<s<t

t 2
Qq +D5f 1rna>;(E(sup ||u"(s)||)
0

<
0<s<t
where 1
2 2
Q = T%{ag +14Lb(Q2T + 5)[2E||p||” + 4LE|IC|I* + LT, E ||| ]T}
_ 14Lb(Q2T +5)
S= T_1an,

t 2
E "SIF] < U+ E "
max (supllu (S)II) < Qu+t 5fofnas>;( (supllu (S)II)

0<s<t 0<s<t

Using the Gronwall inequality in the above inequality, we get

max E (sup ||u”(s)||2) < Que™T.

l<nsk \o<s<t

Since, k is arbitrary, we have

E(sup ||u”(s)||2) <Que™T VO<t<T, n>1.

0<s<t

358
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Hence by the result, we have
2 2 ' 2
Elw? = E|u] + f E|[u(s)|* ds
0

Ellp] + T2ue™" <C1 < o0,

IN

where C; = E ||(p||2 + TQue™T. Hence the proof.

Lemma 3.2. If the assumptions of Lemma 3.1 are satisfied, then there exist positive constants Ca, Cs such that

C fo L (E (||u“+m-1 ) - u"—l(r)|)2)) ds

Cst.

IN

E (supt “u”“”(s) - u”(s)”z)

0<s

IA

E (sup “u”*m(s) — u”(s)||2)

0<s<t
forall 0<t<T,nm>1.

Proof: By the definition of 1", we obtain

E (sup “u””"(s) - u”(s)”z)

0<s<t

< 4E(sup [[fgls, u™) = 1y (s, “H)HZ)

0<s<t

)
¢

+4E| sup fG(t,s)[g(s,u”””_l)—g(s,u”_l)]dw(s)
0

0<s<t

t
+4E| sup f S(t, s)[f(s, u"™™ 1) = (s, u" ")lds
0

0<s<t

]
t —~—

+4E| sup ffG(t,s)[b(s,u“m_l,n)—b(s,u"‘l,n)]N(ds,dn)
0 J3

O<s<t

S t m-1 -1 2
e T e ARG

t
< sz x(2C1)ds = Cst.
0

|

Theorem 3.3. Assume that the assumptions of Lemma 3.1 and Lemma 3.2 are hold. Then, the system (1) has a
unique mild solution of M>((—oo, T], H).

Proof: Step 1: Let us show that u”(t),t € [0, T] is a Cauchy sequence.
Let v1(8) = Cox(8). Choose T; € [0,T] such that v1(C39) < C3 for 9 € [0,T1]. We first introduce two
sequences of functions G m(t),, ,cn, and Pn(t),cn, Y

¢1(t) = Cst,
t
) = L(9))d9,
G (8 fovmb( )
Gun®) = E sup [1"(9) — ' (9)|

0<9<t
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Then (P”(t)ne]l\h is monotonically decreasing when n — oo and 0 < ¢y 4(f) < Py (t) forallm,n > 1, t € [0, T1].
In fact, it is obvious that ¢1,,(f) < ¢1(f) and

G2m(t) = Esup ") - 29I

0<9<t
t
< f wE(Sup " *1(8) — £ (9)I | ds
0 0<9<s
t
< f (r(s))ds
0

Pa(t) < Cst = (),
which implies that ¢>(t) < ¢1(f). Now assume the results holds for 7, then
¢n+1,m(t) = E sup ”um+n+1(9) _ un+1(9)”2

0<9<t

t
> mn d
< j(; V1(¢ : (s))ds

t
< fo V(&u($)ds

t

= ¢n+1(t) < L‘ Vl(@n—l(s))ds
= o).

This shows that ¢,(t) is a nonnegative and decreasing continuous function on [0, T;] by induction on 7, so
we can define a function ¢,(t) by ¢r(t) | ¢(t), and it is easy to verify that ¢(0) = 0 and ¢(¢f) is a continuous
function on [0,T1]. Consequently, ¢(t) = lim,—c ¢Pu(t) = lim,e fot V1(Pu-1(s))ds = fot v1(¢(s))ds. From
¢(0) =0, f0+ vf(%) = +oo together with Bihari inequality, we obtain ¢(f) = 0. Thus 0 < ¢, () < ¢n(b1) — Oas
n — oo. This shows that x"(t), t € [0, T1] is a Cauchy sequence in M?((—o0, T], H). The Borel-Cantelli lemma
shows that as n — oo, u"(f) — u(t) holds uniformly for 0 < t < T. So, taking limits on both sides of (5), for
all —co <t < T, we obtain that u(t) is a solution of (1).

Step 2: Uniqueness Let u(t), v(t) be two solutions of (1). Then the uniqueness is obvious on the interval
[-o0,0], and for 0 < t < T, it is easy to show that by using Lemma 3.2, we have

t
E sup [Ju(s) — v(s)|I* < sz K (sup [lu(r) — v(r)||2) ds.
0

0<s<t 0<r<s

The Bihari inequality yields that
E(sup |[u(s) —o(s)IF) =0, 0<t<T.

0<s<t

Therefore, u(t) = v(t) forall0 <t < T.

4. Stability Results

In this section, we will give the continuous dependence of solutions on the initial value by means of a
corollary of Bihari’s inequality.

Definition 4.1. A mild solution u"(t) with initial value (C,u) is said to be stable in mean square if for all € > 0
there exists 6 > 0 such that
E(sup Huc'”(s) - ug'“(s)”2 <e, when E|IC=E&IP+E|u—-1l <0,
0<s<T

where u"(t) is another solution of (1) with initial value (&, v).
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Lemma 4.2. (Bihari inequality)[5]: Let T > 0 and ug > 0, u(t), v(t) be continuous functions on [0, T]. Let
K:R* — R* be a concave continuous and nondecreasing function such that K(r) > 0 for r > 0. If

u(t)

IA

¢
Ug + f v(H)K(u(s))ds for 0 <t <T,
0

¢
u(t) G! (G(u0)+fv(s)ds)
0

forall t € [0, T] such that

then

IA

t
G(ug) + fo v(s)ds € Dom(G™),

where G(r) = 1r %, for r > 0 and G™! is the inverse function of the G. In particular, if, moreover, uy = 0 and

f0+ 1% = +oo, then u(t) = 0 forall t € [0, T].
Lemma 4.3. [7] Let the assumption of Lemma 4.2 hold. If

ug + f v()K(u(s))ds for 0<t<T,
0

ult) <
then

u(t)y < Gt (G(u0)+ f tv(s)ds), te[0,T]
such that O

G(ug) + j: v(s)ds € Dom(G™),

where G(r) = flr %, for r > 0 and G~ is the inverse function of the G.
Corollary 4.4. [7] Let the assumptions of Lemma 4.2 hold and v(t) > 0 for t € [0, T]. If for all € > 0, there exists
t1 > 0 such that for 0 < ug <€, ftlT v(s)ds < j:) % holds. Then for every t € [t1, T, the estimate u(t) < € holds.

Theorem 4.5. Assume that the condiitions of Theorem 3.3 are satisfied, then the solution of (1) is stable in mean
square.

Proof: Let u“"(s), u**(s) be solutions of (1) with initial value (C, #) and (&, u) respectively. This implies that
u(t) and v(t) be two solutions of (1) with initial value (C, #) and (&, u). Then we have

6L(3 + 2)M; 6L(T+3) [
E| sup |[u(s) — v(s 2)§—9EC—52+— x (|lu(r) = o)) ds
sup l(s) o) | < ——aa—ElC— I + T | (etr) = o)lP)
6L(3+2)M; . . . .
Let x1(9) = L1(9), where « is a concave increasing function from R* to R* such that x(0) = 0,

T-6M;,
x(9) > 0 for 9 > 0 and fo % = +00. Then, x1(9) is concave from R* to R* such that x(0) = 0, x1(8) = x(9)

for0 <9 <1land fo = +00. Now for any € > 0, € = 3¢, we have lim,_,9 fl 2 = co. Then, there is a

s
%(9)

Ki(9)
Eo,'[sitive constant 6 < €1, such that j; ! Kf(%) >T.
e
6L(3 + 2)M;, . ’
O = T M 6M;, ||§01 — Q2
2
3 = Elx-yll,, <=1
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when 9y < 6 < €;. Corollary 4.4, shows that

U odu U odu T
f:o ) - f: K1(9>2T=fo c(s)as.

So, for any t € [0, T], the estimate 9(¢) < e; hold. This completes the proof of the theorem.

5. Autonomous Case

Next, we consider the autonomous case of Equations (1). Put A(¢) = A the higher-order nonautonomous
NSDEs with infinite delay of (1) becomes

d [ (t) - f1(t, )| Wluu(t) — ot u)|dt + Tat, ue)dt + a(t, up)daw(t) + j; B(t, u, MN(dt, dn)
o(DdZu(b), te[0,T], )

peB, u0)=¢ (5)

+

Up

where U is the infinitesimal generator of a strongly continuous cosine family €(t) on IH. Let the functions
f1,72,9,b and ¢ are defined as in equation (1). Now, we will present some facts about cosine families of
operators.

Definition 5.1. The one parameter family {€(t) : t € R} € L(H, H) satisfing that

(1) C€0) =1

(ii) €(t)x is continuous in t on R, for all x € H

(iii) €(t + s5) + C(t — s) = 2€(t)C(s) for all t,s € R is called a strongly continuous cosine family.

Definition 5.2. A continuous stochastic process u : (—oo, T] — H is said to be a mild solution of (5) if
(i) u(t) is F-adapted and {u, : t € [0, T]} is B-valued,

(ii) [ (I < oo, P-a..,

(iii) For each t € [0, T, u(t) satisfies the following integral equation:

t
ut) = COPO) + S0 [T~ 150, )] +Tols, us) + fo S(t — $)i(s, us)ds
¢ ¢ _
+ fOG(t—s)g(s,us)dw(s)+f0Le(t—s)h(s,us,n)N(ds,dn)
t
S(t — AZy(s). 6
v [ sa-90eizue ©)
(iv) uy = € A.

Next, we provide the existence, uniqueness and stability of mild solution to the autonomous NSDEs
with infinite delays of (5).

Theorem 5.3. Assume that the cosine family of operators {€(t) : t € [0, T} on H and the corresponding sine family
{S(t) : t € [0, T} satisfy the conditions

IEHIF <L, ISP <L, t20

for a positive constant L. Further, assume that the conditions (H1) — (H4) hold. Then, there exists a unique mild
solution of (5) in M?((—oo, T], H).
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Proof: First, we consider the sequence of successive approximate as follows:

() = CHPO) + SO [C-Ty0,9)], telo,T],
W) = CWHPO) + S [C - T,(0, )] + Tols, u) + j; C(t — 8)i(s, u" V)ds
t t
_ n-1 _ n-1 _\NJ
+ [)6(1‘ s)a(s, u; )dw(s)+f0f36(t s)h(s,u; ", nN(ds,dn)
t
St - AZ1 (). 7
+ fo (t — )0()AZ(5) )
u'(f) = @), co<t<0, nx>1

The proof of this theorem is similar to that of Theorem 3.3, and one can easily prove that solution of system
(5) and hence, it is omitted.

Theorem 5.4. Let u“"(t) and u"(t) be solutions of (5) with initial value (C, u) and (&, v) respectively. Assume the
assumptions (H1) — (H4) hold. Then, the solution of (5) is stable in mean square.

The proof of this theorem is similar to that of Theorem 4.3, and one can easily prove that solution of
system (5) and hence, it is omitted.

6. Example

In this section, we consider the stochastic wave equation driven by Poisson jumps and Rosenblatt
process of the form

Ix(t, C)
ot

2
;_cz [x(t, Q) = it x(t - 7, 0))] ot

+  falt, x(t — 1), Ot + a(t, x(t — 1), O)dw(t)
+ f B(t, x(t — T)n, ON(dt, dn) + 5(HdZp(t), T >0, t € [0,1],
3

d

- TAl(t/ X(i’ -1 C))]

x(0,0) = (0,0, 0€(-,0], 0<C<2m,
x(t,0) = x(t,2m)=0, te[0,1],
8x((;)t, 9 P(C), 0<C<2m, (8)

where dZy(s) is the Rosenblatt process, f1,f2, g,h and o are appropriate functions. Let H = K = L%(T,0),
where T is defined as the quotient R/27Z and £2(T, €) denotes the Sobolev space of 2rt-periodic functions

x: R — € such that x” € H. Define the operator Ax(C) = (f—gzx(C) with domain 2() = L£*(T, €). It is known
that % is the infinitesimal generator of a strongly continuous cosine function €y(t) and is given by

Co(Hu = Z cos(nt) <u,x, >x,, t€R,
nez.

with corresponding sine function

sin(nt)

So(Hu =t <u,xp > xp +
neZ n#0

<U,x,>x, tek.

Also, % has discrete spectrum and the spectrum of 2 consists of eigenvalues —n? for n € Z, with associated
eigenvectors x,(C) = ﬁemc, n € Z. Furthermore, the set {x, : n € Z} is an orthonormal basis of H. In
particular, Wy = Y.,z —1* < u,x, > x, for u € P(Wy). Also, it is clear that [|€y(t)]| < 1 for all t € R and
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hence €y(-) is uniformly bounded on R and T(¢t,s) : H — H is well defined and satisfies the conditions of
Definition 2.2. Let ¢(0)C = (6, C), (6, C) € (—o0,0] X [0,27], x(t)C = x(t, C).
Define fi,f, : [0,TIx % - H, g: [0,TIx % — L3, h:[0,TIx#Ax3 - Hand o : [0,T] - L) by

fl(t/ x)() = f\l(tl x)(')/ fZ(t/ x)() = fAZ(t/x)()/ g(t/x)() = @(t/ x)(')/ b(t/ x)() = I3(’{-/ x)(')/ and G(t, x)() = 6(t, x)()
Then, the system (8) can be rewritten as the abstract from the system (1). Further, all the assumptions of
Theorem 4.2, have been satisfied, so we can conclude that the mild solution of the system (8) is stable.

7. Conclusion

This manuscript addresses, we investigate the existence, uniqueness and stability of mild solutions for
a class of higher-order nonautonomous NSDEs with infinite delay driven by Poisson jumps and Rosenblatt
process in Hilbert space. More precisely, using semigroup theory and successive approximation method, we
establish a set of sufficient conditions for obtained the required result. Further, the resultis deduced to study
the higher-order autonomous system. Finally, examples are provided to demonstrate the obtain results.
Further, this result could be extended to investigate the controllability of higher-order nonautonomous
NSDEs with infinite delay in future.
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