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Total controllability for noninstantaneous impulsive conformable
fractional evolution system with nonlinear noise and nonlocal
conditions

Hamdy M. Ahmed?

® Department of Physics and Engineering Mathematics, Higher Institute of Engineering, EI-Shorouk Academy, EI-Shorouk City, Cairo, EQypt

Abstract. Noninstantaneous impulsive conformable fractional stochastic differential equation with non-
linear noise and nonlocal condition via Rosenblatt process and Poisson jump is studied in this paper.
Sulfficient conditions for controllability for the considered problem are established. The required results are
obtained based on fractional calculus, stochastic analysis, semigroups and Sadovskii’s fixed point theorem.
In the end paper, an example is provided to illustrate the applicability of the results.

1. Introduction

Stochastic differential equations are the right tool to model the systems with the random effects and
external noises (see [1-10]). Stochastic differential equations with impulse arise from many mathematical
model of physical phenomenon in the field of technology, biology, physics and economics [11-13]. Re-
cently, a novel definition named conformable fractional derivative is introduced in [14]. This new fractional
derivative quickly becomes the subject of many contributions in several areas of science. In short time,
many studies and discussion related to conformable fractional derivative have appeared in several areas
of applications, for example, Won Sang [15] discussed the fractional Newton mechanics with conformable
fractional derivative. Rosales-Garcia et al [16] applied conformable derivative to experimental Newton’s
law of cooling. Abdellatif et al [17] studied the stability of conformable stochastic systems depending on
a parameter. Abdellatif and Mchiri [18] discussed the partial stability of conformable stochastic systems.
Ahmed [19] studied the conformable fractional stochastic differential equations with control function.

On the other hand, controllability problem is searching for a suitable control function that steers the
proposed dynamical model to a desired final state [20-25]. Many authors studied controllability of nonin-
stantaneous impulsive stochastic differential equations, for example, Yan and Yang [26] studied the optimal
controllability of non-instantaneous impulsive partial stochastic differential systems with fractional secto-
rial operators. Balasubramaniam [27] discussed the controllability of semilinear noninstantaneous impul-
sive ABC neutral fractional differential equations. Malik et al [28] obtained the controllability of Sobolev
type fuzzy differential equation with non-instantaneous impulsive condition. Xin et al [29] investigated
the controllability of nonlinear ordinary differential equations with non-instantaneous impulses. But, the
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controllability of noninstantaneous impulsive conformable fractional stochastic differential equation with
Rosenblatt process and Poisson jump via nonlocal condition have not yet been considered in the literature,
and this fact motivates this work.

The purpose of this paper is to study the controllability of noninstantaneous impulsive conformable frac-
tional stochastic differential equation with Rosenblatt process, Poisson jump and nonlocal condition in the
following form

Di y(0) = =Ty(0) + R(o, y(9)) + Qu(0) + I(0, y(9)) %2 + (o, y(0) 2

+ fvh(g, y(0),v)N(dp,dv), o€ (si, 0i+1], i€[0,m] (1)
y(0) = gi(o, y(0), o€ (0si], i€[l,m]

y(0) + ¥(y) = o,

where Dg . isthe conformable fractional derivative with order % < ki <1, -T is the infinitesimal generator of
an analytic semigroup of bounded linear operators A(g), ¢ > 0, on a separable Hilbert space ® with inner
product (.,.) and norm || . || and the control function u(-) is given in L,(J, U), the Hilbert space of admissible
control functions with U a Hilbert space. The symbol Q stands for a bounded linear from U into ® and g; is
noninstataneous impulsive function for alli = 1,2,...,m. Let ] = (0, G] is the time interval where, g;, s; are
fixed number satisfying 0 =s) < 01 <51 <00 <... <Sp-1 < Oy < Sy < Om+1 = G. Let B be another separable
Hilbert space with inner product {.,.)z and norm || . ||z . Suppose {w(0)}s0 is S-Wiener process defined
on (Q, Y, {Y,},20, P) with values in Hilbert space E and {Zy(0)},s0 is S-Rosenblatt process with parameter
H € (},1) defined on (Q, Y, {Y,},s0, P) with values in Hilbert space Y. We are also employing the same
notation || . || for the norm in ®, &, A, L(E, ®) and L(®, A) where L(E, A) and L(®, A) denote respectively
the space of all bounded linear operators from Z into A and @ into A. The functions R, 3, ¢, h, ¢ and g;
are given functions to be defined later.

2. Preliminaries

In this section, some definitions and results are given which will be used throughout this paper.
Definition 2.1 (see [14]). Let 0 < 7 < 1. The conformable fractional derivative of order 7 of a function f(-)
for ¢ > 0 is defined as follows

1) _ . fle+ve™) - 0
=lim :
th v—0 v
For ¢ = 0, we adopt the following definition:

PO _ Q)

=

The fractional integral I"(-) associated with the conformable fractional derivative is defined by

0
I = | "7 f(s)ds.
N fo $171 F(s)ds

Let (€2, Y, P) be a complete probability space equipped with a normal filtration Y,, ¢ € [0, G] where Y, is
the o-algebra generated by random variables {w(s), Zx(s), s € [0, G]} and all P-null sets. Let (V, ®, p(dv)) be
a o-finite measurable space. Given stationary Poisson point process (p,),>0, which is defined on (Q, 7, P)
with values in V and with characteristic measure p. We will denote by N(g, dv) be the counting measure
of p, such that N(g, ©) := E(N(g, ®)) = 0p(®) for ® € W. Define N(g,dv) := N(g,dv) — pA(dv), the Poisson
martingale measure generated by p,.

Fix a time interval [0, G] and let {Zn(0), 0 € [0, G]} represents one-dimensional Rosenblatt process with
parameter H € (1/2,1). The Rosenblatt process with parameter H > 1 can be written as

0 4 4 8KH/ aKH'
zuo=con [ [ I, G G | anane)

1Vy2
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where K'(g, s) is given by

0
Ku(o,s) = CHS%_Hf (v— s)H_%vH‘%dv, fors <y,
S

H(2H-1)

with CH = }MT,H—%)

and (-, -) denotes the Beta function, Kx(g,s) = 0 when o <s,

{B(g), 0 € [0,G]} is a Brownian motion, H" = % and C(H) = ﬁ ,/211?—_1 is a normalizing constant. The
covariance of the Rosenblatt process Zy(p), 0 € [0, G] satisfy

E(Zu(0)Zu(s)) = 3(s* + o™ — |s — o).

Let S € L(®,®) be an operator defined by Se, = A,e, with finite trace Tr(S) = Y.;-q Ay < oo where
Ay 20 (n =1,2,...) are non-negative real numbers and {e,} (n = 1,2, ...) is a complete orthonormal basis in
D.

We define the infinite dimensional S-Rosenblatt process on @ as

Zu(0) = Zs(0) = Y, NAweaza(0)
n=1

where (z,)n>0 is a family of real, independent Rosenblatt process.

In order to define Wiener integrals with respect to the S-Rosenblatt process, we introduce the space L :=
Lg (P, A) of all S-Hilbert Schmidt operators x : @ — A. Werecall that x € L(®, A) is called a S-Hilbert-Schmidt
operator, if

Iy == Y I VAuxel? < oo
n=1

and that the space L) equipped with the inner product (9, x) 9= Y me1{ey, xe,) is a separable Hilbert space.
Let ¢(s); s € [0, G] be a function with values in Lg(d), A), the Wiener integral of ¢ with respect to Zg is defined
by

4 ke 4
[ oz =Y, [ VA G, vn B e)
n=1

where
. ¢ K
KO = [ o050 v

yiVy2

For more details (see [30).
Lemma 2.1 (see [31]). If x : [0,G] — Lg(CD, A) satisfies fOG ||)((S)||io < oo then the above sum in (2.2) is well

defined as A-valued random variable and we have

2 0
E < 2HH ! f ()17 ds.
0

0
fo HSAZia(s)

We suppose that 0 € p(T), the resolvent set of T, and || A(g) ||< M for some constant M > 1 and every ¢ > 0.
The collection of all strongly-measurable, square-integrable, X-valued random variables, denoted by
L(Q, A), is a Banach space equipped with norm

Il () lam= (E Il y(, @) IP)?,

where the expectation, E is defined by E(y) = fQ y(w)dP.
Let C(J, L2(€2, A)) be the Banach space of all continuous maps from | into L,(€), A) satisfying the condition
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sup ., E [l y(0) [P< o.
Define C = {y : y(0) € C(J, L2(Q2, A))}, with norm || - || defined by

I lle = sup Ely(o)P)*.
S

Obviously, C is a Banach space.

We impose the following conditions on data of the problem:

(H1) R : Jx A — Ais a continuous function, and there exists M;, M, > 0 such that the function R satisfies

the Lipschitz condition:

Ell R(o1,y) — R(o2, %) IP< Mi(lo1 — o2l + Ell y = x IP),
for0 < g1, 02 £ G, y, x € A, and the inequality
E [l R0, y) IP< Ma(E ||y II> +1) (2)

holds for (g, y) € | X A.

(H2) The function 3 : ] X A — L(E, A) satisfies the following conditions:

(i) for each ¢ € ], the function J(g,.) : A — L(E,A) is continuous and for each y € A; the function
I(,y): ] = L(E, A) is Y,-measurable;

(ii) for each positive number d € N, there is a positive function h,(-) : (0, G] = R* such that

sup E || I(o,y) I13< ha(o),
IylP<d

the function s — hy(s) € L'((0, G], R) and there exists a A, > 0 such that

- fo" ha(s)ds
1 1 _—

d—oo

=Ay <o, p€(0,G].

(H3) The functiono : [ X A — Lg(CD, A) satisfies the following conditions:

(i) for each g € J, the function o(p,.) : A — Lg(CD, A) is continuous and for each

y € A; the function (., y) : | — Lg(CD, A) is Y ,-measurable;

(ii) for each positive number d € N, there is a positive function /14(:) : (0, G] — R* such that

sup E |l o(o, ) ||igS ha(o),

llxIP><d

the function s — hy(s) € L'((0, G], R) and there exists a Az > 0 such that

. ffogl_ad(s)ds
iminf 2———

d—oo

=A3<OO, QE(O/G]/

(H4) The function /1 : | X A X V — A satisfies the following two conditions:
() The function h(g, .,.) : A X V — Ais continuous.
(ii) for each positive number d € N, there is a positive function x,4(-) : ] = R* such that

sup fv Elli(o, y, 0)I*A(dv) < xa(o),

llxI?<d
the function s — x4(s) € L'((0, G], R*), and there exists a A4 > 0 such that

- I xas)ds
m it ——

lim 7 = A4 <00, p€(0,G].
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(H5) The function g; : (0;,5i] X A — A is continuous and satisfies the following two conditions:
(7)) There exist a constant M3 > 0, such that

Ellgio, YIF < Ms(EllylP +1), Yy eA; o€ (gysil, i=1,2,...,m.
(i7) There exist a constant M4 > 0, such that
Ellgi(o,y) = gio,0)IP <My Elly=xI?, Yy, x€A; o€ (5], i =1,2,...,m.

(H6) The function i : C(J, A) — A satisfies the following two conditions:
(7)) There exist a constant M5 > 0, such that

EllyWIP < Ms(EllylP +1), ¥y € A.
(i7) There exist a constant Mg > 0, such that
Ellp(y) ~ ¢l < Mg Elly - xIP, Yy, x€A.

Definition 2.2. An Y,-adapted stochastic process y(g) : ] — A is said to be a mild solution of problem (1) if
the following stochastic integral equation is verified:

A(F) o - 1+ [ (52) IR 6, yis) + Ques)lds
+ fog 1A (ghh;sr) I (s, y(s))dw(s) + fog 1A (gh;lsh ) a(s, y(8))dZn(s)

+ [2sm1A (@T) J, (s, y(s), )N (s, do), g€ (0, 1]
y(o) = 9i(@;ny(h@)), o€ (oisil, i=1,2,..,m,
A (%) gi(si, y(si)) + fsg s"1A ('ﬂ%) [R(s, y(s)) + Qu(s)] ds

# L0 (52) 36, yo) + [ (52 )ots, vzt
+ [1s1A (@T) [, (s, y(9), ON(s, do), o€ (si,0i), i=1,2,...,m.

3. Main result

In this section, we study the controllability for the system (1).
Definition 3.1. The system (1) is said to be controllable on J, if for every yo, y1 € A, there exists a control
u € L*(J,U) such that the mild solution y(g) of the system (1) satisfies y(G) = y1, where y; and G are the
preassigned terminal state and time respectively.
To establish the result, we need the following additional hypothesis
(H7) The linear operator I1 from U into A defined by

G W oh
ITu :f sh‘lA(G - > )QM(S)ds
0

has an inverse operator I1-! which takes values in L?(J, U)\ ker I'l, where the kernel space of I1is defined by
kerIT = {y € L*(J,U) : I1y = 0} and there exist positive constant Mg, M such that[|QI* = Mg, |[TT7}* = M.
Theorem 3.1. If the assumptions (H1)-(H7) are satisfied. Then, the system (1) is controllable on | provided
that

MHMQM2G2T171
2h—1

2HM2G2H+2h—2 M2G2h—1
A4} 1.

MG M, Tr(S)M>GH!
2n—1 2n—1 2

36{1 ¥ }{Ms +Ma(M? + 1) +

-1 8t o
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and

AMPM,; GP!

61:4M6+ -1

+My(1+4M?) < 1. (4)

Proof. Consider the map U on C defined by

A4 )[yo—¢<y>l+ [ a4 1R 6 ) + Quesds
75 1A( I(s, y(s)da(s) + [ 1A( )a(s Y(8)dZx1(s)

¥ [lsh 1A( g=s )fvh(s 4s), v)N(ds dv), 0 € (0, 01]
(Oy)(o) = gz(@y(@)) o€ (o8], 1=1,2,.
A(—)g,(s,, (s))) +f s 1A( )[‘R(s y(s)) + Qu(s)] ds

# [P (552 ) 86 yeNdaw) + [ 55E ) ols, e)aZu(s)
+f5,95h 1A( = )fvh(s,y(s),v)N(ds,dv), 0€ (si,0ml i=12,...,m

where
Iy = A(S) o - ] = s A (L) Res, y(s)ds
- Oz o 1A(G:‘S:)S(s ys)dw(s) — f; A (L) ols, y(s)dZu(s)
v —fo A (S5 f, hGs, y(s), ©)N(s, o)), 0 € (0, 01]
u(o) =

i - A(—)g«sl,y(s»— L€ 51a (L) Rs, y(s))ds
_ (O A(S52) (s, y(s)das) - f A (S5 ) o5, y(5))dZn(s)

Si

_ (O A(S52) [, s, (), 0)N(ds, dv))(o), 0 € (5iy 0], i=1,2,...,m

Si

It will be shown that the operator O from C into itself has a fixed point.

For each positive integer d, set 9, = {y € C, ||y IIZCS d}.

We claim that there exists a positive number d such that O(p;) C @,. If it is not true, then for each positive
number d, there is a function y,(-) € g4, but O(ys) ¢ 94, that is || (Oy)(0) |Ié> d for some g = g(d) € ], where
o(d) denotes that ¢ is dependent of d.

From (H1)-(H7), we have,

foro e (0, 1]

71

0 n_
| Oya I} < 36sup {E||A(%) [yo — WP +E | fo Sh—1A(0

0e]

+E || fas’” (
0
+E || fgsh 1A( : )S(s y(s))dw(s) |I?

fi _
+E| f = )a(s YNAZu(s) IP

1 J - 2
s fo A( - ) f (s, y(s), 0)N(ds, do) | }

Sh
) R(s, y(s))ds I’

)Qu(S)ds I

:1‘

HS)
=t
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MrM MZGZTzfl
< 36{1 L}{1\42[E||yo||2 +Ms(d + 1)]

21— 1
M2GP-IMy(d+1)  Tr(S)M2GH-1 (©
-1 TR f a(s)ds

dPHM2G2H2=2 G _ M2G2-1 G
e ) s+ | Xd“)dS}

36MpMoM2G¥1E||yy |2

2h—1 ' ®)
From (H5), we have for g € (g;, si]
| Oya I12< sup Ellgi(o, y()I? < Ms(d + 1). (6)

0€]

From (H1)-(H7), we have, for g € (s;, 0i+1]

2 @h_s? 2
IOy llz < 36supiElA gi(si, y(s)ll

o€]

+E ||f i 1A( )‘R(s y(s))ds |> +E ||f - 1A( )Qu(s)ds I

+E||f i 1A(

V| f ’”)A( )a(s YENIZu(s) IP

+f - 1A(th51)fh(s,y(s),v)N(ds,dv) ||2}
S 14

MHMQMZGZH—l )

MG IMo(d +1) | TH(SM2GP
M-1 M-1 f ha(s)ds

ZHM2G2H+ZT1—2 G _ M2G2h—1 G
AT — f ’”W”Wf Xd@ds}

36MpMoM2G¥1E||y ||2 7)
2h—1

Combining (5), (6), (7) in the inequality d <|| (Oy,)(t) ”é then dividing both sides of the inequality by d and
taking the lower limit d — +o0, we get

)f I(7, y(1))dw(t)ds II?

MpMoM?G#-1 MG M,  Tr(S)M?G*1
1+ —— 241
36{ T Ms + MM~ +1) + T T— 2
ZHM2G2H+2h—2 M2G2h—1
A Agp>1
m-1 T a1 }

This contradicts (3). Hence for positive d, O(p,) C 94.
Next we will show that the operator U has a fixed point on g4, which implies that equation (1) has a mild
solution. We decompose O as O = Uj + O,, where the operators O; and O, are defined on g, respectively,

by
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©wE =1 " (2

f@ fi— 1A(

©ay)(o) =

5294

A(%h) [yo — Y (y)] + fog sh—lA(ﬁ)‘R(s, y(s))ds, o€ (0, 01]
91(@,1/(@)) o€ (o5, i=1,2,.
)gl(sl,y(s ))+f s- 1A(

)Ws Yo,
(S (slr l+1]/ i= 1,2,...,7’1’1

*) Quesyds
¥ [fs 1A("” 52)8(5 yEMa(s) + [*s 1A( )o(s YE)AZi(s)
f@ i~ 1A( ;S )fv (s, ¥(s),v)N(ds,dv), 0 € (si, 0i+1], i=0,1,...,m

otherwise.

For g € ], we will show that O; verifies a contraction condition while O is a compact operator.
To prove that O; satisfies a contraction condition, we take y1, y» € g4, then for each g € | and by conditions

(H1), (H5) and (H6)
we have for g € (0, 1]

IA

E || (Oiy1)(e) — (O12)(0) I

IA

for (S (Qi, S,']

E || (O1y1)(e) — (O12)(0) I

and for ¢ € (s;, 0i+1]

O12)(0) I

IA

E |l (Giy1)(o) -

IA

Combining (8), (9) and (10) , we get

Ell Oiy1)(0) - O1y2)(0) I?

therefore,

sup E || (O1y1)(0) -
0€]

(O112)(0) IP< &rsup E || y1(o) —
o€l

{ENY) -y 1
el [ 5 1A( =) 6106 - R s
2 2fi—1
famts + LS e 130 - 120 P, ®
E |l gi(e, y1(9)) = gi(e, y2(0)) I
My Ell yr(0) - va(0) I? 9)
g
4| A(Qh - ](gxsz», i(5) - 91, 125 IF
0 no_ Gl
+4E | f SHA(@ - )[%(sr y1(5)) = R(s, y2(s)))ds |
2 2fi—1
v+ SEEC e 0 - o P 10
2 2fi-1
< amto + BEE 41+ E 110 - o) P
<GUE N yi(0) - 200 I,

v2(0) IP
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hence,

1Oy —Ow IR G llys — 2 I

Thus, O; is a contraction.

To prove that O, is compact, first we prove that O, is continuous on ;.

Let {y,} C 94 with y, — Ain p, and rewrite u(t) = u(t, y) the control function defined above. Then for each
s € J, ya(s) = y(s), and by H2(i), H3(i) and H4(i), we have

(s, yn(s)) = (s, y(s), as n — oo,

o(s, Yn(s)) — o(s, y(s)), as n — oo and

h(s, yn(s),v) = h(s, y(s),v), as n — co.

By the dominated convergence theorem, we have,

0 _oh
102y, - Uzyn%—sup{En f h_lA(ths)Q(u(s,yn)—u(s,y))ds

0€]

+ | 8 1A( )[3(5 Yn(s)) = 3(s, y(s)]da(s)

+ g A( ) (5, Yn(®)) = 05, Y(&))dZe(5)

+ s 1A( )f[h(s Yn(s),0) — h(s, y(s), v)IN(ds, dv) ||2}

as n — oo, that is continuous.
Next we prove that the family {Oyy : y € g4} is an equicontinuous family of functions.
Let e > 0 small, s; < g, < g < 0i+1, then

E |l (C2y)(g5) — O2y)(0a) IP

N i h
<E||fg ’“ { SJ—A(@“hS))Qu(s)dsuz
n_ g o

+) sﬁl(A[QﬁES ]—A(é’gh i ))Qu(s)ds IR
+||f “A[
0n—€ 1 h
+E | f - 1(A[@ - ] - ))5(5 Y (s) P
i
B

s" S
- ]— - ))S<s Y )dw(s) I

J Qu(s)ds |I?

+ | A

Oa—€

g -5
o[ “A(ﬁn ]S(s YOG IF
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LE | f 1(A[ ] “h ))o(s,y(s))dZH(s) P
ol f@x A[QZ
N f - (@Z
£l [ Ce(a [ ] %o )) s sy s oy 2
+||f " [ ; 1] “ ))fvh(s,y(s),v)N(ds,dv) ||2
+ ) f | shlA(%] fv h(s, y(s), v)N(ds, dv) |I* .

We see that E || (O2y)(0p) — (O2y)(0a) |I* tends to zero independently of y € g4 as 08 = 0a, and with €
sufficiently small, since the compactness of A(p) for o > 0 implies the continuity in the uniform operator
topology (see [28]). Similarly, we can prove that the function Oy, y € ¢, are equicontinuous at ¢ = 0.
Hence O, maps g, into a family of equicontinuous functions.

It remains to prove that p(g) = {(O2y)(0) : v € 94} is relatively compact in p,. Obviously, p(0) is relatively
compact in @ .

Lets; < ¢ < pi41 be fixed and let € be a given real number satisfying s; < € < g, for y € p,, we define

—e B o S
oo = [T a(E ausss [ ota (S5 6 vt
0—€ i _ N
+ f S’HA(Q - 5 )g(s, Y($))dZs(s)

o€ _
e [T (5T [ s v oo, o€ s =12 m
S; \%4

Since u(s) is bounded and A(p) is a compact operator, then the set
p(0) = {(G5y)(0) : y € pa} is relatively compact in A for every €, s; < € < o.
Moreover, for every y € ¢4, we have

; ] Q‘*h ))a(s,y(s»dzH(s) P

P4

]G(S y(E)AZu(s) IP

0 7i h
E || Oy — %y < 16sup{E ||f - 1A(Q )Qu(s)ds I
o0—€

o€]

0 h
+E || ’HA ( /- ) 3(s, y(s)da(s) I

+E||f i 1A(

0

0 _
+E || sh_lA(ghTs)j‘;h(s, y(s), U)N(ds, dv) ||2 }

0—€

)O'(S yE)AZu(s) IP

We see that for each y € gy, | Oy — 05 ||zc—> 0 as € — 0*. Therefore, there are relative compact sets arbitrary
close to the set p1(g) = {(O2)(0) : ¥ € 94}, hence the set (o) is also relatively compact in g,.

Thus, by Arzela-Ascoli theorem O, is a compact operator. These arguments enable us to conclude that
O = Uy + O, is a condensing map on ¢,, and by the fixed point theorem of Sadovskii there exists a fixed
point y(-) for O on g,. Thus, the system (1) is controllable on J.
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4. Example

In this section, we present an example to illustrate our main result.
Let us consider the following noninstantaneous impulsive conformable fractional stochastic differential
equation with Rosenblatt process and nonlocal condition:

Dg, (0, 2) + aiy(@, 2) = 372y(,2) + 1(0,2) + e 2y (g, 2) 122

+ s 90,255 + [ (o, y(0,2),0)N(dp,dv), 0€(0,31U (4,2, 0<z<T,
y(o,0) = y(o, n) |(2' ge 0,2], (11)
_ ,l 2
Yo2) =t i, 0e (3,3, 0<z<m,

y(0,2) + Zi=1 ciy(0i,z) = yo(z), 0<z<m,

3
where D, is conformable fractional derivative of order /i = %, w is a Wiener process and Zp is a Rosenblatt
process with Hurst parameter H € (3,1).
Let A = ® = E = U = Ly([0, 7]) and T be defined by Tm = —(%)m with domain D(T) = {£ € A : cE, are

absolutely continuous, and ()& € A, £(0) = &(n) = 0).
Then —T generates a strongly continuous semigroup A(-) which is compact, analytic, and self-adjoint.

Furthermore, —T has discrete spectrum with eigenvalues n?, n € N and the corresponding normalized
[2
e, = y/—sinny, n=1,2,..
T

eigenfunctions given by
In addition (e,).en is a complete orthonormal basis in A. Then
~T& = )" n¥(E enden, & € D(T).

Furthermore, —T is the infinitesimal generator of an analytic semigroup of bounded linear operator, {A(0)} =0
on A and is given by

AMo)e = Z eUE e, E€ A, 020,
n=1

with [[A(g)ll <e™? < 1.
We define the bounded operator Q : U — Aby Q =1L
In order to define the operator S : ® — @, we choose a sequence {A,},en C R*, set Se, = A,e,, and assume

that
Tr(S) = Z VA, < co.
n=1

Wedefine R : [XA > A, JT:[XxA—>LEA),0: XA LYX)h: [ XAXV > A, g1: ZiXxA> A
and i : C(J,A) = Aby A

R y) = e?y(02), Jo @) = (02, oon@E) = 02, h = hoye2)v), (oY) =
Ze (-5 e )l and ¥ = Y2, c;y(0;,2), respectively and | = (0,2]. Then R, J, o, h, g1 and ¢ satisfy

1+|x(o,

(H1)-(H®6),

MG M, Tr(S)M>GH!
2n—1 2n—1 2

2n -1

2HM2G2H+2h—2 M2G2h—1
o1 et 2h—1A4} !

MHMQM2G2T171 5
3641+ —— 27 7 UM+ My(M? +1) +




and
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AMPM,; G2

4M6+ 1

+ My(1+4M?) < 1.

Hence, according to Theorem 3.1, the system (11) is controllable on ] = (0,2].

Conclusion

In this article, By using Sadovskii’s fixed point theorem, fractional calculus and stochastic analysis,
we studied the controllability of noninstantaneous impulsive conformable fractional stochastic differential
equation with nonlinear noise and nonlocal condition via Rosenblatt process and Poisson jump. In the end
paper, an example was provided to illustrate the applicability of the results.
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