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On Nonlocal Neutral Stochastic Integro
Differential Equations with Impulsive Random
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Abstract In this work, we discuss the existence and continuous dependence
on initial data of solutions for non-local random impulsive neutral stochastic
integrodifferential delayed equations. First, we prove the existence of mild
solutions to the equations by using Krasnoselskii’s-Schaefer type fixed point
theorem. Next, we prove the continuous dependence on initial data results
under the Lipschitz condition on a bounded and closed interval. Finally, we
propose an example to validate the obtained results.
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1. Introduction

The theory of neutral differential equations (NDES) in Banach spaces has been stud-
ied by several authors [7], [9], [10], [12]. A neutral functional differential equation is
one that includes both the current state of the system and the implied derivatives of
the past history or functionals of the past history. When dealing with problems in-
volving electric networks with lossless transmission lines, NDEs are required. Such
networks first appeared, for instance, in high-speed computers where switching cir-
cuits were connected by lossless transmission lines. The problem’s importance stems
from the fact that it differs from the traditional initial condition in that it is more
general and has a finer influence. The presence of solutions for neutral functional
integrodifferential equations (IDEs) in Banach spaces was investigated by the au-
thors [11], [13], [30]. The authors [5], [14], [29] proved that several classes of IDEs
in abstract spaces exist as well as controllability results.

The impulses are either deterministic or random in that they occur at prede-
termined times or at random periods. There are numerous articles that examine
the qualitative characteristics of fixed-type impulses [3], [4], [8], [15], [21], [24], [25],
[26], [31]. but few that examine random-type impulses. The first random impul-
sive ordinary differential equations (ODEs) were presented by Wu and Meng [16],
who also investigated the boundedness of these models’ solutions using Liapunov’s
direct function. Some qualitative characteristics of differential equations (DEs)
with random impulses have been researched by Wu et al. [17], [18], [22]. Angura]
et al. [2] established the stability of random impulsive stochastic functional DEs
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driven by Poisson jumps with finite delays by using Banach fixed point theorem. Li
et al. [19] investigated the existence and Hyers-Ulam (HU) stability of mild solutions
for random impulsive stochastic functional ODEs using Krasnoselskii’s fixed point
theorem. In Baleanu et al. [6] the existence, uniqueness, and HU (Hyers-Ulam)
stability of random impulsive stochastic IDEs with nonlocal conditions have been
investigated. By using Banach fixed point theorem,

d(z(t)) = [Az(t) + f(t, 2) —l—/o k(t — s)z(s)ds|dt + g(t, z)dW (t), t > to, t # og,

z(oq) = bq(dq)z(og), q=1,2,...,

20 = 21, +1(2).

Motivated by the above works, this paper aims to fill this gap by investigating the
existence and continuous dependence on initial data of solutions of non-local random
impulsive neutral stochastic integrodifferential equations (NRINSIDEs) with finite
delays. By using Krasnoselskii’s-Schaefer type fixed point theorem.

We consider the following NRINSIDEs with finite delays of the type

dlz(t) + h(t, z)] = [f(t, ) + /0 k(t, s, z5)ds|dt + g(t, z)dW (t), (1.1)

2(0q) = bq(0g)2(0y ), 4 =1,2,..., (1.2)

2to +1r(2) =20 =0={0(0): =6 <6 <0}, (1.3)

where J, is random variable defined from Q to D, def (0,dq) for ¢ = 1,2,..., 0 <

d, < co. Moreover, suppose that §, and J, are independent of each other as ¢ # j for

1,7=1,2.... Here f : [to, T] X € = R h: [to, T|x€ =R, g: [tg, T] x Ex — RI>X™

k:fto,T] x [to, T] x € = R4 r: € — € and b, : D, — R¥? are Borel measurable
functions, and z; is R%valued stochastic process such that

ze={z2(t+8): =6 <0 <0}, 2 € R%

We assume that og = tg and 0, = 04—1 + 74 for ¢ = 1,2,.... Obviously, {0y} is a
process with independent increments. The impulsive moments o, from a strictly

increasing sequence, i.e 0 = 09 < 01 < 03 < ... < lim o, = 00, and z(0,) =
qHOO

. lim Oz(t). Denote by {G(t),t > 0} the simple counting process generated by
—og—

{04}, let {K(t),t > 0} be a given m-dimensional Wiener process, and denote S,El)
the o-algebra generated by {G(t),t > 0}. Denote S?) the o-algebra generated by
{K(s),s < t}.

For considering the main Eq. (1.1), we have

d(z(0)) = 0.

Here, extra conditions have to be imposed to guarantee the existence of a solution,

so we refer to Lemmas 3.1, 3.2 and 4.1 in [27], and also, see Lemma 3.4 in [28].

Highlights:

1. This work extends the work of A. Vinodkumar. [6].

2. Time delay of NRINSIDEs is taken care of by the prescribed phase space B.
The structure of this article is as follows. In section 2, we mention some concepts

and principles. Section 3 discusses the existence of solutions for NRINSIDEs with
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finite delays. Section 4 studies continuous dependence on initial data of NRINSIDESs
with finite delays. An example to illustrate the obtained results is given in section
5. Finally, section 6 gives the conclusion with acknowledgements of the study.

2. Preliminaries and notations

Suppose that (€, §¢, P) is a probability space with filtration {F:}, ¢ > 0 fulfilling
5 = &(tl) U SEQ). Let £7 = (Q,R?) be the collection of all strongly measurable,
p'" integrable, §; measurable, R%-random variables in z with the norm ||z]|¢, =
(E|z[|¥)}/?, where the expectation E is denoted by Ez = [, zdP. Suppose that

8 > 0 and denote the Banach space of all piecewise continuous R%valued stochastic
process {o(t), t € [=4,0]} by €([—6,0], £(2, R?)) random variables equipped with
the norm

1/p
folle = (s Elwor) "
—6<6<0
The initial data
ztg +1(2)=20=0={c(f): =6 <0 <0} (2.1)
is an §y, - measurable, R%-valued random variable such that E||o||? < oco.

Definition 2.1. For a given T € (tg,c0), an R%valued stochastic process z(t) on
to —0 <t < T is called the solution to equations (1.1)-(1.3) with the initial data
(2.1), if for each to <t < T, 21, = 0, {21, hto<t<T 18 Fe-adapted and

q

2(t) =) [H b,(8,)0(0) = r(2) + h(0,0) — [ b.(8.)h(t, 2)

q=0 Li=1 1=1
q q o, t
+ZHbJ(5J)/ f(s,zs)ds—l—/ f(s,25)ds
1=1 3= Tr—1 Tq
q q o, s t s
STI00) [ [ kesmdsds+ [ [ ks zdeds
1=1 j=1 0,170 o4 J0
q q o ¢
+ZHb3(5J)/ g(s,zs)dW(S)—i—/ g(s,zs)dW(s)]I[Uq,gqﬂ)(t),
1=1 y=1 Or—1 gq

q
where [ b,(0,) = bg(6¢)bg—1(6g—1), ..-b,(d,), and I.(.) is the index function, i.e.,

J=

o=, 15

Lemma 2.1. [23] For any p > 1 and for any predictable process z € £%. . [0,T],
the inequality holds,

sup E[|z(t)dw(®)[” < (p/2(p — 1))”/2(/ (E||=(s)[[")¥7ds)"?, t € [0,7].
s€0,t] 0
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Lemma 2.2. [20] (Krasnoselskiis-Schaefer type Fized Point Theorem): Let X be
a Banach space and Let P and @ be two operator satisfying:

(1) P is a contraction mapping, and

(2) Q is completely continuous.

Then, either

(a) the operator Pz + Qz = z has a solution, or

(b) the set @ = {v € X : A\p(}) + AQu = v,0 < X\ < 1} is unbounded.

3. Main results

We may take into consideration the following hypotheses:

(A1): The functions h : [tg,T] x € — R? and f : [to,T] x € — R? There ex-
ist positive constants Ly > 0, Ly > 0 and Ly > 0 such that,
E|[A(t, 1) — h(t, ¥2)||P < LpE[lv1 — 2g,
Ellh(t, ¥)|I” < LaE[[¢ [
Ellf(t,41) — f(t, )| < LyE[[¢r — 2llg,

Ellf(t, V)P < LiE|[¢|7.

(A2): The function g : [tg, T] x C — R¥™ fulfills:
(I) For each t € [tg, T}, the function g(t,.) : C — R¥*™ is continuous, and for each
1 € C, the function g(.,v) : [to, T] — R?™ is measurable.

(IT)There exists a continuous function m(t) : [tg,T] — [0,400), and a L? inte-
grable, continuous, increasing function © : [0, +00) — [0, +00) such that

Ellg(t, )P < m(t)O(([¥[e),

for arbitrary (t,v) € [to, T] x C,m* = sup,¢p, 71 m(t), and the function © satisfies

lim inf o(7)
T—00 T

=7 < o00.

(A3): The function k : [tg, 7] x [to,T] x € — R?, there exists a positive constant
Lj, > 0 such that,

t
/0 E||k(t, s, 1) — k(t, 5, 62) |7 < LiEller — a2,

t
|l s, 0l < LBz
0
for all t € [to, T] and 1,12 and @ € €.
a

(A4): The condition max{] ||b,(r,)||} < oc. That is to say, there exists a constant

(20 R
C > 0 such that

(mdl T} <c
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(A5): The function r : € — € is continuous and there exists some constant L, > 0
such that,

EHT(t, 11[}1) - T(t, ¢2)Hp S LTE”¢1 - 1/’2”]&7
Ellr(t, )P < LE|l¢|g,
for all t € [tg, T] and 1,12 and ¢ € €.

Theorem 3.1. Assume that the assumptions (A1)-(A5) are satisfied. Then there
exists at least one mild solution to systems (1.1)-(1.3) provided that

APLC(L, + L) + 477 max{1, C}(t — to)P(Ly + Ly) < 1.

Proof. Let B be the phase space B = €([tg — 6, T], £7(Q, R?)) endowed with the
norm

Izl = sup |zl
t€(to,T]
where || z]|e = sup_s<,<; E[l2[|P. Denote B,, = {z € B, ||z||)3 < m}, which is the
closed ball with Center z and radius m > 0. For any initial value (¢, 2q,) with
to > 0 and 2y € B, we define the operator S : B — B by

(S2)(t) =

(t) —qr(t), t € (=00, to]
q;o 115:(3)0(0) = 7(t) + h(0,0)

= L bl(@)A(t, zt)+zZUHZbJ(TJ)f " f(s,25)ds

+ [ (s, )ds+§ JHZ by(0) [T o k(sis,z)dsds + [1 [ k(s <, 2)ds
+Z§1]131b](6j) J7 a(s,2)dW (s) + [ (s, 2)dW ()| g, 1) (1), t € [E0, T].

Then the problem of finding mild solutions for problems (1.1)-(1.3) is reduced to
finding the fixed point of S. Decomposing the operator S, we obtain

H=>" [H hi(7:)a(0) — 7(t) + h(0, o)

q=0 ~i=1

+/ f(s,25)ds — [[oul(6)h(t z) + > [ ] hi(m) " (s, 2)ds

q 1=1 i=1 j=u Ti-1
a q
—|—2th (75 / /0 k(s,s,zc) dgds—l—/ / 8,6, 2 dgds}I[gq ain) (1)
=1 j=1

t

i

@0 =3[ TTntw |

q=0 “i=1 j=1i -1

(s,zs)dW(s)—F/

9q

g(s, zé)dW(s)} Loy 00:1) (t).

We divide the proof into the following steps:
Step 1. We prove that P is a contraction mapping.
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Let z,w € B, and t € [ty — 7,T]. Then

E[[(Pz)(t) = (Pw)@®)[]”

<4 1E[max{H||b ][ = @t o)
#7728 [mas L TT I} ] 100020~ 000 0)]

2

44P— 1E|:max{ ,H||b] |H [ IIf(s,25)— f(s7ws)||dsI[aq,aq+l)(t)]

=)

g p t s p
#r 8 {1 TT I | | [ 0020 =20 58T, 0
’ 1=y to

<APTICLE|z — wlfg + 477 CLAE| 2 — wllg
+20 "  max{1, CH(t—to)" LfEl|zs—w, |[hds-+4"~" max{1, CH(t—to)" LyE| 2 —ws [ 2ds
< APTIC(Ly + L) + 477 max{1, C}(t — to)"(Ly + L) |2t — well,

where

Izt —willg = sup Elz(t+0) —wt+0)" = sup E|z(s)—w(s)|”. (3.1)
te[—7,0] te(to—T,t]

Taking the supremum over z, by (6), we obtain

1(P2)(t) + (P2) )] < Gllz — w3,
where G = 4P71C(L, + Lp,) + 477  max{1, C}(t — to)P(Ls + Ly).
Since 0 < GG < 1. P is a contraction on B,..
Step 2. Next, we prove that Q is completely continuous.
Step 2.1. We first prove that Q is continuous on B,..
Let {z"} C B, with 2™ — 2z (as n — o). For t € [tg,T], and by the continu-
ity of g in (A2)(I), we have

E[(Q=") (1) + (Qu)(®)» < B 3° [z I htr) [ To(s,22) — g(s, 20)] A1V (s)

q=0 Li=1j=1

p

+ [ o, - g(s,zs>]dw<s>]f[aq,am><t>

q

t
< max{1, C}(t — to)”Lp/ lg(s, 28) — g(s, 25) [P ds
to

—>0asn— oo.

Thus
E[(Qz")(t) + (Qz)()z —= 0 (n — o),
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and Q is continuous on B,.

Step 2.2. We prove that Q maps bounded sets B, into equicontinuous sets of
B,.
Since B is a piecewise space, we assume that o, < t; < t2 < 0¢41, ¢ =1,2,3,....
and z € B,.. Then for any fixed z € B,., by using hypotheses (A2)—(A4) and lemma
2.2, we have

oo

Z/ 2 [g(svZS)dW(S)I[aq,aq+1)(t2)

q=0""

p

E[(Qz)(t1)+(Qu)(t2)||P = 2°7'E

to
<2t - 0L, [ el )rds

t1
— 0 as (tz — tl).

Thus, Q maps bounded sets B, into equicontinuous sets of B,..
Step 2.3. We prove that Q(B,) is uniformly bounded. It follows from

q
sup E|[(Qz)t)|[P = sup E [ h; (T; / g(s,z5s)dW (s
e 1(Qz2) ()]l i P ZIJH i) - [g(s,25)dW (s)

p

. / [9(5, 2)dW ()T, o1 ()

q
p

< sup max{l,C}EH/ (8, 25)AW (8) L[5y 41) ()
t€lto,T]

< max{1, CHT — to)?>Ly||m*| 1, O(r).
Then {Q(B,)} is uniformly bounded.

Step 2.4. We show that @ maps B, into a precompact set for every ¢ € [to, T].
Let tg < t < T be fixed and let € be a positive real number such that 0 < e <t —tg.
For z € B,., we consider that

@0 =3 | ST [ losman

t—e
+/ [g(s, zs)dW(s)} I[gq’gqﬂ)(t), t € (to,t —€). (3.2)
Oq
The set Uc(t) = (Q°2)(t) : z € B, is relatively compact in B for every € € (0,t —tg).
We then have

P

E[(Qz)(t) + Q=()[" <E (8, 2)dW () [y.0411) (1)

< (e)P/?7'L, t m*O(r)ds. (3.3)

t—e
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As € — 0, the right hand side of the inequality (8) tends to zero. Thus, there are
precompact sets arbitrarily close to the set U(t) = {(Qz)(t) : z € B,.}, and U(¢) is
relatively compact in B. Thus, by the Arzela-Ascoli theorem, we deuce that @ is
compact, and @ is completely continuous.
Let

M, = 67~ CIE|r(0)]|” + LuElo )],

My = 6p710(L7. + Lh),
M3 = 67~ max{1,C}(t — to)P.

To apply the Krasnoselskii-Schaefer theorem, it remains to show that the set

QS) = {z() : /\P(i

is bounded for A € (0,1). To this end, let 2(.) € Q(S). Then AP(%) + A\Qz = 2 for
some A € (0,1) and

)+ AQz = 2}

Elz()[" < IA\EH(P(i))(t) + (@)

<E[(P(5)®) + Q)]

For every t € [to, T, we have

El|z(t)|? < 5P~ E

3 {i{l hi(r:)o(0) — r(t) + (0, o)

q=0

SIS TIne [ s %

q=

p
‘ + 5" 'E

(=)

t =~ P
+/ f(s,A)ds}J[gq,aw)(t)H + 577
oq q=0

J
/ / (s,6, = dqu+// (5,6, d§d5:|1[aq,a'q+1)()

Z[ZHh g / C g5 2 )dW(s)

q=0 *i=1 j=1 -1

+ /at Q(S»Zs)dW(S)] Lo 0000 (1)

q

P

+5P7IE

p

6

where

= s { T ] o) =) 0.0

CIE[o(O" + LrE[|z]|P] + CLaE[ o],
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= 1_1 I} e 17 < CLE
=& max {1 Hnb H [ /t:Euf(s,zmdsf[aq,gqm(t)r

< max{1,C}(t — to)’Ly||zs||%,

P T I

=]

< max{1, CHt — to) Lil=4l.
=& max {1 Hnb }] [ /t:Eng(s,zs>||dW<s>I[aq,oq+l><t>}p

t
< max{1, C}(t — to)?/>' L, / m(t)O(]|212)ds
to

Elz(0)[” < 5"~ C[E[o(0)|IP+L,E||2|["]+57 = CLyEl|o||P+57~ CLyEl| 2 [
+527 Y max{1, C}(t — to)P L;E||zs|/5ds + 57! max{1, C}(t — to)”

t
< LB + 5 max{L, €Yt — 0L, [ m(®6 (| [2)ds
to
Thus

sup  E[z(8)[|” < 577 C[E[|o(0)|[P+LrEl|o|[P]+57~  C(Ly+Ln)E|| 215
SE[t—T,t]

+ 57 " max{1,C}(t —to)?(Ly + L) sup E|z]%
sE€[t—0,t]

t

+5p_1max{1,0}(T—to)p/g_le/ sup m(t)O([|zs|¢)ds
to tE[tO,T]

lz®) < 57~ CE|o(0)||P + LuE[lo["] + 6"~ C(Ly + Lp)El| 2| + 577" max{1, C}

*

_m__
to [12slle

where L, = (p(p — 1)/2)P/2. Notice that SUPse(to, 7] Ell2elle = subrepry—r ) 12817
< |Iz(t)|Iz, and by (A4)(II), we get

X(t = to)?[Ly + Ly + (t — to)?* 2L, O(ll2slle)ds] Bl s 1,

2(8)]% < My + ME||z4]|% + M3 [Ly + Ly, + (t — to)?/ > >Lym* ] E| 2|5,

p My
Il < "
1— [My + M3 (Ls + Ly + (t — to)?/>~2Lym*)]
This, implies that the set Q(S) = {2(.) : AP(%)+AQz = z} is bounded for A € (0,1).
Hence, by Krasnoselskii-Schaefer fixed point theorem, S has a fixed point, which is
the required mild solution of equations (1.1)-(1.3). O
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Next, we use the Banach contraction principle to give another proof of existence
for the solution of equations (1.1)-(1.3). We make the following assumption:

(A’4) For the continuous g € £P([tp,T] x € — RI*™) | there exists a positive
constant L, > 0 such that

Ellg(t,v1) = g(¢, )P < LgEllvhr — talfe,

for all ¢ € [to, T] and 1,12 € €. Under the assumptions (A1), (A3) and (A’4). We
have the following theorem.

Theorem 3.2. If the hypotheses (A1), (A3) and (A'4) hold, then there exists a
unique mild solution to equations (1.1)-(1.3).

Proof. For any initial value (tg,20) to < 0 20 € B,, we define the operator
S : B — B as follows: (Sz)(t+to) = o(¢) € £P(Q,C), t € [to, T).

(S2)(t) = Z [H hi(1:)o(0) — r(t) + h(0,0) — Hbz[(dz)h(t, 2t)
q=0 “i=1 1=1
+ZHbJ / fszsds—i—/ fszsds—i—ZHbj
x/oi /(k:(sgzgdgds—&—// sgzgdgds—&—ZHb
oi—1 70 i=1 j=1

X /”i g(S,ZS)dW(s)Jr/ g(s,zs)dW(s)} I[Umgqﬂ)(t), t € [to, T,

EJ|(52)(1) - <Sw;<t>p |
T} [ir-r @i, e, 0]

< 5PT 11@[

p

{11
#5715 | o H I} 100,200,000
T | [ ese-sewoe]

+5p_1E[Hi13X{1,£[||hJ |H [/ / E|k(s,s,2:)— (s,g,wg)Hdcdsr
7218 e {1 T} | [ ot 2ot ]

<5PICLE|z — w|b + 5P OLLE||z — w|f + 57~ max{1, C}
x (t —to)PLyE||zs — ws|/hds + 57~ max{1, C}(t — to)” LiE|| 2
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— w||hds + 5P max{1, C}(t — to)P/? L, L,E|zs — wg|/5ds
< {5P7'C(L, + Lp) + 57" max{1, C}[(t — to)’ Ly + (t — to)" Ly,
+(t—to)"?LyLy|} sup E|z(t+60) —w(t+0)|%

0€[—46,0]

< [5”‘1C(LT + L) + 57  max{1, C}[(t — to)" Ly + (t — to)" Ly

+(t— to)p/szLg]] sup  Elz(s) — w(s)|%.
s€[t—a,t]

Taking the supremum over ¢, we get
1(S2)(t) — (Sw)(®) Iz < UTE|[2(s) — w(s)l[
with
A(T) = 6P~ *C(Ly+Ly) +6~  max{1, C}(t—to)PLy+(t—to)’ L+ (t—to)"/*L,L,].

By taking a suitable 0 < 77 < T sufficiently small where 2A(7) < 1, hence S is a
contraction on By,. Sz = z is a unique solution of equations (1.1)-(1.3) by Banach
fixed point theorem. O

4. Continuous dependence on initial data
Theorem 4.1. If the assumptions of Theorem 3.2 are satisfied and

27~ 1 max{1,C} [(L1 + Ly)(t — to)? + Ly L3(t — to)p/z] <1,

then Yo, € B and for the corresponding mild solutions z, Z of equations (1.1)-(1.3)
the following inequality holds
L1
<
1— (L. +M[(T —to)P(Ly + Li) + (T — to)?/2LyLy))

Iz = wllz Efoy — o2])?,

where £, = 5°71C(1 + Ly), £, =57 1C(L, + Ly) and M = 5P~ max{1,C}.

Proof. Let 0,6 € B be arbitrary functions and let z,Z be the mild solutions of
equations (1.1)-(1.3). Then we have

+[1(0,01) = h(0,02)] + [ (6 [1(t, 20) — h(t, w)]
1=1

S TIb6) / " (s ) — f(s.we)lds + / (s, 22) — F(s,ws)]ds

Tq

+ [ZHbJ(éj)/m s[k(57§72’g) — k(s,s,w)]dsds
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+ / /0 T(s,6,%) k(s,c,wcﬂdc] + {iﬁ%@ /

1=1 y3=1 g

l9(s, z5)
2—1

t p

~ oo, w () + [ lg(s,2) - g(aws>1dw<s>]]f[oq,gq+l><t>

Then,

E||2(t) — w(®)|[P < 57~ C(1 + Ly)Eloy — oo]?
+ 5P CLE|z — w|f? + 5P~ CPLLE||2(t) — w(t)|?

+5P1 max{l,C’}(tfto)pflLf/ E[[z(s) — w(s)[|ds

to

5P max{1, O}t — to)"~ L / El|2(s) — w(s)||"ds

to

t
+ 5~ max{1, C}(t - to)p/Q_ngLp/ E||2(s) — w(s)|[Pds.

to

Furthermore,
sup E[[z(t) — w(t)[|?
SE[t—T,t]

<571C(1 + Lp)E| oy — oa|? + 5P7YC(L, + L) sup E|z(t) — w(t)|]?
teft—T,t]

t

5 max{L, O}t — to)P 'L / sup  El|z(s) — w(s)||Pds
to sE[t—T,t]
t

+ 57"t max{1, O}(t — to)P "Ly, / sup [E||z(s) — w(s)||Pds
to SE[t—T,t]
t
+ 577  max{1, O}(t — to)p/QfngLp/ sup [El||z(s) — w(s)||Pds.
to SE[t—T,t]
Define the function y : [-7,7] — R by
y(t) = {supE|z; —w¢||P : =7 < s < t}, t € [0,T].
Let t* € [—7,t] be such that
y(t) = Ef|zp- — w7,

If t* € [0,t], then from the above, we have

y(t) = El|ze» — wi-||P < Loy — 0[P
+ 577 C(Ly + Ln)El|z — w]|P + (T — to)? " (Ly + L)

t* t*
< [ Bl = s+ M 102 L [ Bl = s

L5 L5
y(t) < L.E|lor— ool [P+Loy(t) + (T —t0)P (Ly+ L)y (t) +MM(T —to)*/2 L, Lyy(t),
y(t) < LaE|joy —oa|P + [L‘ﬁim(T—to)”(Lf+Lk)+§m(T—to)P/2LpLg] |z —w||k%.
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Hence, we get,

£,

Iz —wlp <
1— (€, +M[(T — to)?(Ly + Ly + (T — to)?/?LyLs])

E”O’l — 0_2”1)‘

O

5. An example

The considered NRINSIDEs with finite delays is of the form

o+ | i w@:c+0)| | [ Oa WO+ + [ Oa / C wl0):(¢+ )

-«

+ {/O ug(0)2(¢ + 9)]dW(C), t>to, t# Co

—

2(0q) = bg(dg)z(0,), ¢=1,2,...,

Z(O)"i_zcz(rz,z) =20, 0<71 <r... <1 < T (5.1)

2

Let @ > 0, z be R-valued stochastic process, and o € €([—4,0], £2(Q, R)). §, is

defined from €2 to D, def (0,dq) for ¢ = 1,2,.... Suppose that 7, follows Erlang

distribution and let J, and 6, be independent of each other as 2 # 7 for 2,7 = 1,2....
Qo=09<0o1<0oy<..andog=0q1+7,for¢g=1,2,.... Let W(t) € R be a one-
dimensional Brownian motions, where b is a function of q. uy,uz,us : [-6,0] = R
are continuous functions. Define h : [y, T] x € — R, f : [¢,T] x € — R4,
g:[Co, TIx €= R>*M r: € = €& k:[T]x [, T] x€— Rland P : [¢o, T] ¥
¢ x4 — R% and b, : D, — R4 by

0 0

h(C,2(O)() = / w(0)=(C +0)d8(), (¢ 2(0))() = / us(6)=(C + 0)d6 (),

—Q —x

0 0
k(C,Z(C))(-)Z/ uz(0)z(C + 0)do(.), Q(C,Z(C))(-)Z/ ua(0)z(¢ + 0)do(.).

— —

For z(t + 0) € €, we suppose that the following conditions hold:
q
(1) max{[] Ella,(6,)[1} < oo,
) =1

@) [0 ur(6)2a0, [° us(6)2d6, [° us(0)2d0 < [°_ us(6)2d0 < [°_ us(0)2d0 < oo.

Suppose that the states (1) and (2) are obtained from which we can prove that
the assumptions (A1)-(A5) hold. As a result, the systems (1.1)-(1.3) have a unique
mild solution z.

6. Conclusion

This article is devoted to discussing the existence and continuous dependence on
initial data. First, we use Krasnoselskii’s-Schaefer type fixed point theorem to
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demonstrate the existence of mild solutions to equations (1.1)-(1.3). Next, we ex-
amine the continuous dependence of solutions on the initial data. In addition, this
result could be extended to investigate the controllability of random impulsive neu-
tral stochastic differential equations with finite/infinite state-dependent delay in
the future. The fractional order of NRINSDEs with Poisson jumps would be quite
interesting. This will be the focus of future research.
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