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Abstract
This paper studies the analysis of Trajectory (T-) controllability for the fractional order
neutral stochastic impulsive integrodifferential system involving statedependent delay (SDD) and
impulsive effects. Sufficient conditions are designed to illustrate the evaluation of T-controllability
via Gronwall’s inequality. It is exhibited that the proposed protocol can explicitly drive the
results by Ménch fixed point technique and semigroup theory. As a final point, the derived

scheme is validated through an example.
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1 Introduction

The fractional calculus, which deals with integral and derivatives of noninteger order, is a generalization
of classical calculus. One of the most effective methods for describing long-range interactions, power
laws, long-memory processes, and geometrical scaling rules is fractional calculus. Therefore, fractional
differential equations (FDEs) are the corresponding mathematical models. The variety of applications
of FDEs can be observed, for example, in the fields of mechanics (viscoelasticity theory), biology
(protein modeling), robotics, signal processing, traffic and control systems, finance, and economy. For
more details on FDEs, we refer the reader to the books [Il, 2, B, 4, [5], and the references therein.
Moreover, the stochastic differential systems provide a powerful tool in formulation and analysis

of the phenomenon which fluctuates due to random influences or noise and therefore this theory can



be successfully applied to various problems not only in mathematics but outside also, see [0, [7, 8, O].
For example, the Wiener process is utilized the noise essential to the stock exchange, where the
millions of agents react independently and behave irrationally (see [10]). In recent years, scholars have
focused especially on solving the stochastic dynamical models with mixed fBm, Rosenblatt process,

and Poisson jumps; see [11} 12 [13] 14] and references therein.

On the other hand, the most important aspect of mathematical control theory is delivered by
the notion of controllability. The controllability problem is searching for a suitable control function
that steers the proposed dynamical model to a desired final state. For fractional stochastic evolution
equations, the theory and applications of the existence of mild solutions and controllability are
investigated in [I5]. Ahmed et al. [I6, [17] established the exact null controllability and boundary
controllability of Hilfer fractional stochastic differential equations (SDEs) with fBm.  The
approximate controllability of a semilinear stochastic integrodifferential system with nonlocal
conditions is studied in [I§] by utilizing the Sadovskii’s fixed point theorem. The new notion of
T-controllability was first introduced by Chalishajar et al. [19], to detect for control that steers the
system along a prescribed trajectory to the final state instead of navigating a given initial state to
the required final destination. The advantages of T-controllability include; minimizing the cost
involved in steering the system from an initial state to desired final state and safeguarding the
system. For example, while launching a rocket in space sometimes it may be desirable to have a
precise path along with the desired destination for cost-effectiveness and collision avoidance. So
naturally, T-control is the strongest notion than all other existing control definitions. The first and
second order T-controllability in infinite dimension with numerical simulation was initiated by
Chalishajar et at. [20] 21]. A few years back, Malik and George [22] looked into the T-controllability
of a fractional order system. Recently, Malik and his team [23] 24], studied the T-controllability for
nonlinear FDEs by employing Gronwall’s inequality. Very recently, Chalishajar and his team
25, 26, 27], investigated the T-controllability of stochastic dynamical system with deviated

argument using Rosenblatt process and Poisson jumps.

After the success of theory and applications of fractional calculus for both deterministic and
stochastic systems, how to extend them to the case of involving various delays, naturally became a
predominant research field. Only a few kinds of results have been studied in previous research
regarding the topic of T-controllability for fractional impulsive stochastic systems, particularly with
finite and infinite delays. To best of our knowledge, when the semigroups appeared in above
fractional stochastic neutral integrodifferential systems are noncompact, it is not easy to obtain the
corresponding compact resolvent operators. Also, there is no published paper has considered the
impulsive fractional stochastic neutral integrodifferential systems incorporating time and SDD along

with nonlocal conditions. Motivated by these statements, it is essential to consider this type of
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interesting problem. The analysis also takes into account the contributions, highlighted below:

e A significant number of previous research on fractional systems have been published with delay,
such as finite, infinite, or without delay. Consequently, it is essential to pay consideration attention
to the analysis of fractional stochastic systems with time and SDD.

e Many of previous results on fractional stochastic integrodifferential systems have been published
without taking into account nonlocal and impulsive effects. The study of the T-contollability of
fractional systems involving impulsive and nonlocal behavior is more essential.

e The semigroups appeared in the stochastic systems are compact [28, 29, B0], assuming the
corresponding compact resolvent operator. We have proved the results using noncompact resolvent
operator.

e The aim of this work is to study the mild solutions for a class of T-controllability for the fractional
order neutral stochastic impulsive integrodifferential systems involving nonlocal condition and time
and SDD by using noncompact semigroup in a Hilbert space. Furthermore, under some suitable
assumptions, the considered system’s T-controllability is established using generalized Gronwall’s
inequality.

The article is structured as follows: Section 2 describes the essential preliminaries and some
notations. Section 3 proves the existence of mild solution for fractional order neutral stochastic
impulsive integrodifferential systems involving nonlocal conditions and time and SDD through
Hausdorff measure of noncompactness (HMNC) and the Ménch fixed point theorem. Section 4
demonstrates T-controllability results using Gronwall’s inequality. Section 5 justifies the proposed

theoretical results with the aid of an example.

2 Problem Formulation and Preliminaries

Consider the fractional order neutral stochastic impulsive integrodifferential system involving SDD

and impulsive effects,

D2 () — (np)] = [3(0) + Bu(v) + /0 "M - Om(C, 30)dC] dv
+ n(u,g,p(,,@y)) dw(v), ve 7 =10,b],
D3lo=v, = Tk(3(w)),

30)+pG) = 30=0¢cB. (2.1)

“DS is the Caputo derivative with order a@ € (0,1), the state variable 3(v) in Hilbert space J#.
J represents a separable Hilbert space with || - || . Let w(v),>¢ denotes a Wiener process involving
covariance operator £ > 0 and .# —valued function described on the space (€2, 3, P) with the filtration

3y, v € # generated by Wiener process with the probability measure P on ). & represents an

L)



infinitesimal generator of Cy semigroup 7 (v) for v > 0 on 4, control function u € Lo (7, %),
7% is a Hilbert space and # is a bounded linear operator from % to J¢. 3¢ : (—oo0,b] = J on
the phase space B (defined later) denoted by 3¢(0) = 3(¢ +6) and p : Z x B — (—o0,b] is a
continuous function. Let [ : Z xB — A, m: ¢ xB — A andn: F xXB — Log(H ,H)
be suitable functions and (A(v)),>0 is a bounded linear operator. Let PC (_#,Ls (2,3, P; 7)) =
{3(v) be continuous everywhere except for some vy, where (1) & 3(v, ) exist with 3(v, ) = 3(),
k=1,2,--,m with [j3]lpc = sup,e » [3(v)] < co}. Also, Zy : B — A and 0 = 1yg < vy < -+ <
Um < Um+1 = b. Furthermore, B.(3) denotes the closed-ball with center at 3 and radius t > 0.

Let 9B be a phase space for measurable functions o : _#y = (—00,0] —  with || - || fulfills the

succeeding conditions:

(a) On [0,b), if v : (—o0,b) — 5 is continuous and 7y € B, then the following constraints gets
satisfied for each v € [0,b):
(i) v € B;
(i) IR < Al s
(i) [l < A2()|volls + HA3(v)sup [v(Q)]l; 0 < ¢ < b, where #; > 0 is a constant, .75 :
[0,00) — [0, 00) symbolizes locally bounded function and .#5 : [0,00) — [0,00) is a continuous

function. J#;, 5 and 3 are independent of 3.

(b) B be a complete space.

Assume the S—adapted measurable process 3 : (—oo,b] — J# such that Sp—adapted process

30 = ¢(v) € L2(Q,*B) gives
Ellsull3 < HBE|Sl% + A3 sgﬁ{EHz(C)HQ},
where 5 = sup H#s(v), A3 = sup #3(v).
veJ ve f
Lemma 2.1. [28] For each v € 9, 9 = (—o0,0] and ¢ € B with ¢, € B. Assume that there exists

HP P 0,00) for v € P such that E||, |3 < t%”‘z’(u)EHéH?B Assume the function 3 : (—oo, b] —
A such that 30 = ¢ and 3 € PC(J,Ly) gives

Elscla < (5 +n) Ell9]|% + 7 sup{E|3(0)[|* 6 € [0,max{0,(}]}, ¢ € (—o0,b).
Here n = sup z%”‘i)(y), s = sup Ho(v) and A = sup H3(v).

veED veJ ved

Definition 2.1. [28] The fractional integral of order k > 0, with the lower limit O for a function f,

oy L O
T = g Jy e e V>0

where T'(+) is the gamma function.



Definition 2.2. [28] The Caputo derivative of order k > 0, with the lower limit O for a function f
given by
1 Q)
“Dy = > 0.
0= T |, g
Next, we recall some facts of the HMNC R(-) defined on each bounded subset & of Banach space
X by

N(&) = inf{e > 0; & has a finite € — net in X}.

Lemma 2.2. [25] Let X be a real Banach space and &, % C X be bounded, the following properties
hold:

(1) & is precompact if and only if N(&) = 0;
(2) (&) = R(E) = N(conv&), where & and conv & are the closure and conves hull of &
(3) (&) < N(F) when & C .F;
(4) N(&+ .F) <R(E) +R(F), where & +.F = {x+y; x € R(&), y € R(F)};
(5) R(E)UTF <max{R(&),R(F)};
(6) R(AE) < |AIR(F) for any X € R;
(7) if K CC( ) is bounded, then
N(K(v)) < R(K) forall ve £,

where K(v) = {u(v) : u € K C X}. Further, if K is equicontinuous on ¢, then v — K(v) is
continuous on ¢, and

N(K) =sup{K(v): ve 7}

(8) if K C C( 7;X) is bounded and equicontinuous, then v — X(K(v)) is continuous on ¢ and

N (/OVK(S)ds> < /OVN(K(S))dS,VV € 7,

/OVK(S)ds: {/Oyu(s)ds: ueK};

(9) let {up}y2, be a sequence of Bochner integrable functions from ¢ to X with |lu,(v)| < m(v)
for almost all v € # and every n > 1, where m(v) € L(_Z;R"), then the function ¢(v) =
R({up}n=1) € L(_Z;R") satisfies

2({ [ s nz1f) <2 [Cuas

where
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Lemma 2.3. [25] If K C C(_#; LY(Y,X)), w is a standard Wiener process, then

8 ([ Keat)) < VIRE)).
/Ou K(s)dw(s) = {/OL u(s)dw(s);Vu €K, ve /} ‘

Lemma 2.4. [2]] Suppose that D is a closed convexr subset of X, 0 € D. If the map ® : D — X is

where

continuous and of Monch type, (i.e.) ® satisfies,
M CD, A is countable, A Cco({0}UD(A)),

this implies A is compact, then ® has a fized point in D.

Definition 2.3. A stochastic process 3 : 7 x ‘B — J is known as mild solution for the system

if the subsequent conditions hold:

(i) 3(v) is Sy—adapted and measurable for each v > 0.

(i) For 3(v) € A,

) = U0 [ n(0) ~ 10.5)] + 0 + | "= OV — UG5
"= OV — OB

v

(v = OV (¥ = ) (M — T)m(7, 37)dr) dC

_|_
\%%

+ <v O VW = On (Capcar) ) dw(C)
+ Z U(v — u)TG(m)), v € 7. (2.2)
O<<v

3 Main Results

The following hypotheses are taken into consideration

(H1) 7 is the infinitesimal generator of a Cy- semigroup of bounded linear operators 7 (v) in J#, there
exist constants .4, A and Mg > | 7P| = Mp, |TW)|| < A and || PTW)|| < M1_p, ¥
ve 7.

(H2) (i) [1is continuous and 3 .#; >0 >

e, < 40+ 1613),

IN

2
E Hﬂfﬁ[(v,m) - »@fﬂ[(v’zﬂ)H M3 =320}, 3152 and3€B, ve 7.



(i) 3 a positive function K((v) € L'(_#,RT) for arbitrary bounded subset 2 C .7, the

Hausdorff non-compact measure 3 satisfies

B(r, 2)) < Ki(v) sup B(2(6)).

—1<0<0
(H3) (i) m is continuous and 3 .#y, >0 >
8 2 2
E|o ms)||, < ot (14 1513)
2
E|omv 1) - o mp)| < Auls - 5203 s1.520nd5€B, ve 7.

(i) 3 a positive function Kn(v) € L£'(_#,R") for arbitrary bounded subset 2 C 7, the

Hausdorff non-compact measure 3 satisfies

Bm(r, 2)) < Kn(v) sup [(2(6)).

—t<0<0

(H4) (i) v is continuous and 3 .#, >0 >

N

< M (1+5013)

3 2

EH% u(v,z)H%
2

E | Pulv.s) = ulvza)| < Ml =523, 1,30 and3 €D, ve g,

(i) 3 a positive function K, (v) € L'(_#,RT) for arbitrary bounded subset 2 C 5, the

Hausdorff non-compact measure 3 satisfies

Blu(v, 2)) < Ku(v) sup B(2(0)).

—1<6<0

(H5) Zy : B — S is continuous and 3 .# > 0 such that 3 € B,

BT3P < 4 (Els)%),

A4
lim inf k() = n<oo, k=1,2,---,n.
T—00 T

(H6) n: # x B — S satisfies the following:
(i) Let 3 : (—o0,b) — 4 be such that 30 = ¢ and 3/ ¢ € PC. Also, v — (V) 3p(05,)) 18
measurable on ¢ and for every ( € _#, v — n((,3,) is continuous.

(ii) The continuous non-decreasing function .#, : [0,00) — (0,00) and I3 m: # — [0,00) >
Blln(,)|? < m(v).e (I513) . (3) € 7 x B,
(iii) n is continuous and 3 .#, € £L}(_#,RT) such that
Eln(v,51) — n(v,52) I < lls1 — 3213, 31,32 and 3€ B, ve 7.

(iv) 3 a positive function Ky(v) € L£'(_#,R") for arbitrary bounded subset 2 C J#, the

Hausdorff non-compact measure 3 satisfies

Bn(v, 2)) <Ka(v) ,5391205(”@(9))’ Ky = s Ka(v).

=



Theorem 3.1. If the hypotheses (H1)-(H6) hold, then there exists at least one mild solution of the

system .

Proof. Let B, = {3 € PC(_#,L2)} be the space furnished with uniform convergence topology.
Lemma 2.1 yields that E||3,||% < (/4 + n)E||6||% + #t := t*, we have
(@3)(v) = U) 30— p3) — U0, ¢)] + v, 5) +/0 (v = O V(v = OUC 5¢)dC

v

T /0 "= QI — Q) Bu(Q)dC + /0 (v — OV (v — €) (A(C — 7)m(r 3, )dr) de
+ /O”@—oa—lwu—on(c,ap@,&)) Q)+ Y U= m)TGm).v e 7.

o<y <v

Then the problem of finding mild solution for (2.1)) is reduced to finding the fixed point of ®. Let
B, = {3 € B: |33 <t} stands for the closed ball with center at 3 and radius vt > 0 in B. We may
divide the proof into several steps.

Step 1: We prove that 3 vt 3 ® maps B, into B,.
E[(@3)W)* < 9E[UW)s0ll* + 9E [UW)p(3)[I* + 9E [U)I0, @) + 9E [|i(r, 5.)]>

L OE /0 "= O eV — O 3)

+ OE /Oy(y — O)* V(v — ) Bu(C)

v 2
+ 9E /0 (v =0 V(v —¢) (MNC¢ = m)m(r, 3, )dT) dC

2

+ 9E Z U(v — ) Zu(3(w))

o<y <v

+ 9E /Oy(z/ — O V(v —O)n (C,zp (C3¢) ) dw(C)

< 9MPE|30|? + 9P M (1 + ) + 9ME (0, )| + 945 44(1 + t¥)
9M7 gl *6* ! 9 M g M 67 1Hu||2

(20 — D)I'2(a) (20— 1)T2(a) " £F

9%2/\*b2a—1 gm'%?an—l

2

A1+ 1) +

* 2 *
o - D%(0) I)FQ(Q)///RQ + %) + 9.4 n;//lkt .

If we assume that ®(B,) € B, then for every positive constant v > 0 > E[|®5°||? > t,

v < E(®F)W)|I? < 947E|30]|* + 942 M, (1 + ) + 94 °E |10, D) ||* + 9.4544(1 + )
gﬂf_ﬁ%szail . 9%22%2520( 1 )
(2a — 1)I'2(a) AL+T) (2a — 1)I'2(a) Iulizy +9-4 n;'/m
2y *p2a—1 2K2a—1
9.4-\*b M1+ ) + Im.#~b
(2a — 1) («) (2a — 1) («)

Mo(1+17)
Dividing by t throughout and let v — oo,

%2b2a—1 n
ME g M+ N Mo+ M) + MY |

1<9 %2%#+%52'%[+m( _
k=1



which contradicts our assumption. Thus, ®(B,) C B, V t > 0.

Step 2: We prove that ® is continuous in B,. Let {3,} — 3 in B; (as n — o), then

E[[(25")(v) = (@) )| < 6E|UW) [1(") — p(a)]I* + 6E [ (v, 31) — U, 30)II*

I /OV@ — O V(v — ) [HC5) — HC30))]

2

+ 68| [ =0TV -0) ( / e [m(r,ﬂ)—m(T,aT)]dT) ¢

Y 2
+ 6E /0 (v =) V(=) [“(C’Z’Z(WT)) — n(g“,;,p(mT))} dw(C)

2

+ 6FE Z U(v — )i 3" () — 3(vi)]

O<wy<v

6%2 b2a71

2 *
(2a — 1)I'2(a) A M X Mo+ ]

< [6///2///# + 6.5 +

; 6//12//41%" e

— 0 as n— oo.

Thus E ||(®3")(v) — (®3)(v)]|> = 0 as n — oo which implies ® is continuous.
Step 3: We show that ®(B.) is equicontinuous on 7. Let & < vy < vo < &ky1, k=0,1,2,--- and

3 € ‘B, then for 39,, we have

E[(®3)(v2) = (@3)m)|* < TE[U(v2 = w1) 5o — 1(3) = 10, D)]|I* + TE |12, 30) — (1,500 17

+ T7E /Ovl(m — )t [V (vg — () — AV (v1 — O], 5¢0)dC

+ /0 " = O — (1 — O] V(v — O30
2

n / (v = O V(s — OUC, 30)dC

+ TE

/0”1(V1 = Q)T V(e = ¢) = V(v1 = Q)] Zu(C)d¢

+ " (vr = 0" WV (g — O)Bu(0)

/0 = O V(e — ( /0 “AC - i 5T)d7> dc
[ o [

; / < — O V(- ) ( /0 M- T)m(ﬂzw)d7>

+ TE

+ TE

/ N = O V0 = O = Y~ O (G ) Q)
0



e [ =07 = 0n = 0" V= O (G ()
2

+ /UVZ(VQ — C)a*1V(V2 —()n (C;Zp(g,3<)> dw(C)

1

2

+ TR > U — w) — Ul — v T(3(0)

O<w<v

By the continuity of U(v, () and V(v, () of the assumptions (H1), and by assuming the hypotheses

(H1)-(H5), and Lebesgue dominated convergence theorem, as v, — vy on _#Z,

E [[(®3)(v2) — (®3)(v1)[I> — 0.

This proves that (®B.) is equicontinuous on ¢ .

Step 4: We show that Monch condition holds.

Let B = Co ({0} U (B,)). For any D C B, without loss of generality, we assume that D = {3"}°° ;. It
is obvious that, ® maps D into itself and D C Co ({0} U (B,)) is equicontinuous in _#. Now we show
that 5(D) = 0, where (3 is the HMNC.

Let us consider ¥ = Uy 4+ Uy + W3, where

W) = U)o — pl) — L0, ®)] + 1(v,5(v)) + /0 = OV — QU 3G,
v ¢

) = [w-0m -0 ([ ¢ nmins) )

Uy(v) = /0 = OV - On (Capean ) O+ YD U - mITl3(m)

O<yi<1

By Lemma 2.1 and Lemma 2.7, we have

B < 3 [ 5({ (ot} ) de

IN

///B/ K(Q)_sup B ({520))1) d¢

*//ZBHK[HD(/,RH Sup 5({3 (V) }nz1)

IN

2p2a—1
sy < G K@) s o ({50)7,) dc

200 — 1 tau<9<0 n=1
%252& 1
< TIIK wllci s rt) SUPﬂ({a (V) nz1)
" %2[1204 1 v
B ()} < ﬁﬁ (/VO n (Cv?ﬂp(c,zg)) dC)
2n2a—1
< O g sup B (M)

20& ]. Ve/



Therefore,

BH") () )

IN

BE") @) 12 + 8 {(P23") ()}2) + B ({(Ws") (V) }nly)

.//252&_1 %2620[—1
2 * n 0o
M| Kill 2 g ry + o Rall e pry + ——1Kq sup BH"(W)1z1)

H sup B(D(v)).
ve g

IN

IN

Therefore we have,

B(D) < B (Co({0} UP(D))) = B(®(D)) < H sup B(D(v)) = HB(D) < B(D),

which implies (D) = 0, the set D is a relatively compact set. Thus ® has at least one fixed point 3
in B,. thus the proposed system ([2.1)) has at least one mild solution. This completes the proof.

4 'Trajectory Controllability

The control system ({2.1)) is said to be trajectory controllable on ¢ if for every w € ¥, such that the
mild solution 3(-) of (2.1]) satisfies w(v) = 3(v) almost everywhere.

Definition 4.1. Let w(v) be the given trajectory on v. The control system s said to be T-
controllable on 1, if for every w € V, such that the mild solution 3(.) of satisfies w(v) = 3(v)

almost everywhere.

By applying Gronwall’s inequality, T-controllability of the system ([2.1]) gets satisfied.

Theorem 4.1. If the hypotheses (H1)-(HG) hold, the aforementioned system s T-controllable

on 7.

Proof. For 3 € (0,1), we consider the feedback control u(v) for the prescribed trajectory w(r) on ¢

as

u(v) = P ‘D [w(v) — (v, )] — [dw(u) — /OV Av — )m(C¢, wc)dg“] dv—n (V, wp(v,wu)) dw(v)|.

(4.1)
From ,
Dy () —@w@) = [(ma) — W @)l = &[(v) —@@)]+ /OV Al =€) [m(C, ) — m(C, )] dv

+ [n(’/73p(y,5y)) — II(V, wp(,j’wu))] dw(v).



Let W(v) = 3(v) — w(v),

D W) — [(n.3) — W @)]) = w(v) + /0 A = O (¢, 3¢) — m(Cywe)] dv
+ [9 (V75p(145u)) -9 (V’ wp(l/@u))] dw(v)
AU = T(U(n))

W(0) + [#(3) = (@) = 30— w0 =0.

Therefore the mild solution becomes,
() = U@)p@) - p@)+ U5 - (v,z@))] + /OV(V — QO V(v — O [I(¢5¢) — UC we)] dC

n /OV(V _ OV — ¢) </OC Ay — 1) [m(r,32) — m(r, )] dT> dc + /UV(V _ OV — ¢)
[ (Capcan) =1 (G )| @O+ Y U = mIT((m), ve 7.

o<y <v
Hence the initial data is zero for v € #. Thus we obtain o(v) = 0.

Hence, 3, = 0y + 3, and w, = w, + 0, on Z.

Therefore,

E[¥m)* < 6ENUW) [u(w) - u()]lI* + 6E (v, 30) — v, (@)

v 2
- 6E /0 (v = O LtV — ¢) G, 5¢) — HC, )] de

2

o[-0 -of /ch_ﬂ m(r.37) = iz, )] dr ) dg

2

+ 6E /OV(V —O)* V(v —¢) {n (C,ép(g,z,()) -n (C’wp(ﬁ7wc)):| dw(C)

2
+ 6E|| > Ul - n)Lu(T (1))

O<w<v

6%2b2a71
Za - 1)@ |

< [6.° My + 6.5 M+ 6.4 M) BV (V)| + | MLy My A N M + M) |

VE\I/ 2d
< /0 10(Q)[2de
< @ /0 E||%(0)|%dc,

where

220 ]
(2(6171)@2(01)) [///1275//4 + N M + %n:|

¢ =
V= (6.2t + 6. 40340+ 6.0

/0 "Bl 2.

By generalized Gronwall’s inequality, E||¥(v)|| = 0 a.e. As a result, the system ([2.1)) is T-Controllable

on 7.



5 Example

Consider the stochastic fractional integrodifferential equations with impulses and SDD of the from:

s [s0n0) - [ [T 00 Conons(Gmanad]
= [amsstey+atveo) + [ b= O a6 ]

T [ | atc-mstc - m(u)p(ﬂa(u)n),v)d@ dB(v), v el=[0.b],

—00

Aé(l/k,’l}) = /Vk Ik(yk - C)3(<7U)dva k= 1727 s T

3(1,0) =5(v,m) =0, 3(v,v) = ¢(v,v), —a<v <0, (5.1)

where p; : [0,00) — [0,00), i = 1,2,. Here a,b : R — R are continuous, 0 < v; <vp < -+ < Uy, < b
are prefixed numbers. Let (v) € 2 = L]0, 7] described on (2,3, P) and ¢ € B. Define &/ =
involving (&) = {C € A : (¢ and 8%( are absolutely continuous, %2{,((0) =((m) = O}, then o

generators a strongly continuous semigroup 7 (v), v > 0 given by
V)¢ = Z H(C en) eny C €,

and e, (v) = (2/77)% n(nv), n = 1,2, ..., is orthogonal set of eigenvectors of </. Also, B : % — H#
denotes by Bu(v)(v) = p(v,v), 0 < v < 7w, u € %, where pu : [0,1] x [0,7] — [0, 7] is continuous.
Define the operator [,p: # xB =, n: F xB = Lo(H , ) and Iy : B — H by

(. 6)(v) = /_ /Oﬂbw—c,n,v)a(c,n)dndc,

n(v, d)(v) = / a(v)p(v, v)dC,
@)l

0
Tu(d)(v) = / Tu(~O)d(v,v)dv, k=1,2,...m

—0o0

=
X
&
—
c
N~—
Il

Based on above considerations, we can symbolize (5.1)) in the abstract from

D50~ 1043)] = [#50)+ Bu() + [ A0 = OmiC 300l 1 (1 3p00) i)
Djly=v, = Tk(3(w))
30)+uG) = s30=0¢€B. (5.2)

Besides, [,n,Z; are bounded linear operator, ||[|* < ., |n||*> < 4 and |T||* < %, for every
k=1,2,...,. Then, all the assumptions given in Theorem 3.1 are true and we conclude that equation
has at least one mild solution on _#. In addition, 6///2,//1# +6,///g.///[+6.///2.///k < 1. In the view
of generalized Gronwall’s inequality (Lemma 2.6 in [27]), we get E||¥(v)|| = 0 a.e. and the hypotheses
of Theorem 4.1 are fulfilled, so is T-controllable on _#.
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6 Conclusion

This paper is concerned with the T-controllability of fractional order neutral impulsive stochastic
integrodifferential systems involving SDD and nonlocal conditions. The results are attained and the
T-controllability is constructed and established by semigroup theory, fractional derivatives, fixed point
approach and stochastic analysis techniques. To illustrate the significance of developed result, an
example is included. Furthermore, the contribution of this paper can be extended to damped dynamical
systems with different delay effects.
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