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Abstract. In this work, we established the approximate controllability of second-order (q ∈ (1, 2])

nonlocal impulsive fractional stochastic differential equations with infinite delay and Poisson jumps in

Hilbert space.The approximate controllability of the established control system is evaluated by using

the q-order cosine family of operators, stochastic analysis techniques, a new set of sufficient conditions

are derived for the approximate controllability. Finally an application is added to illustrate the main

theory.
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1. Introduction

During the last few decades, fractional differential equations and their applications, we refer to the

monographs [20, 23, 30, 37] and references cited therein have occupied a lot of important field that

has become a powerful tool in modeling several complex phenomena in numerous seemingly diverse

and widespread fields of science and engineering [4-11]. Controllability plays a very important role

in various areas of engineering and science. In particular control systems contains many fundamental

problems of control theory such as optimal control, stability can be solved with assumption that the

system is controllable [3, 22]. In the infinite dimensional systems, two basic concepts of controllability

are exact and approximate controllability. This is strongly related to fact that in infinite dimensional

spaces there exist linear subspaces, which are not closed. Exact controllability enables to steer the

system to arbitrary final state while approximate controllability is weaker concept of controllability

and it is possible to steer the system to an arbitrary small neighborhood of the final state (see, for
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example, [4, 12, 26, 42, 46]). Second order integer and fractional order differential systems with im-

pulses has received more and more attention very recently, see the monographs of Lakshmikantham

et al. [21], the papers [2, 15, 24, 29, 39], and the references therein related to this matter. A natural

extension of a deterministic differential equation model is a system of stochastic differential equations

(see the monographs of Astrom [1]), where relevant parameters are modeled as suitable stochastic

processes. This is due to the fact that most problems in real-life situations are basically modeled by

stochastic equations (see [9, 12, 13, 45]) rather than deterministic [10, 19, 36, 37]. The existence and

controllability of second order integer and fractional order stochastic differential equations in infinite

dimensional spaces have been established by many authors [13, 16, 25, 33, 43, 44]. Kexue et al. [19]

studied controllability of nonlocal fractional differential systems of order α ∈ (1, 2] in Banach spaces.

Muthukumar and Thiagu [27] proved the existence of solutions and approximate controllability of

fractional nonlocal stochastic differential equations of order q ∈ (1, 2] with infinite delay and Poisson

jumps in Hilbert spaces by using fixed point theory and natural assumption that the corresponding

linear system is approximately controllable. Hence the problem of existence of solutions and approx-

imate controllability for nonlinear fractional impulsive stochastic differential equations with nonlocal

conditions and infinite delays has been studied by several authors were received significant attention in

modern days (see [9, 10, 12, 35, 40] and references therein). Moreover, fractional stochastic differential

equations with Poisson jumps are discussed by many authors [27, 34, 38, 41].

Motivated by [19, 27, 28, 33], we address the sufficient conditions for ensuring the approximate con-

trollability of second-order (1 < q ≤ 2) nonlocal impulsive fractional stochastic differential equations

with infinite delay and Poisson jumps in Hilbert space described by

cDq
tx(t) = Ax(t) +Bu(t) + f

(
t, xt,

∫ t

0

σ(t, s, xs)ds
)
+

∫ t

−∞
g(τ, xτ )dω(τ)

+

∫
Z

h(t, xt, η)Ñ(dt, dη), t ∈ J := [0, b] \{t1, ..., tn}

x0(t) = ϕ(t) +m(xt1 , ..., xtm)(t), t ∈ (−∞, 0],

x′(0) + n(x) = ξ,

∆x(tk) = Ik(xtk),

∆x′(tk) = Ik(xtk), k = 1, 2, ..., n =: 1, n, (1)
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Fractional stochastic differential equations with Poisson jumps 3

Here, the state variable x(·) takes values in a real separable Hilbert space H with the inner product

⟨·, ·⟩ and norm ∥ · ∥H . The fractional derivative cDq
t , 1 < q ≤ 2 is understood in the Caputo

sense. Let 0 = t0 < t1 < t2 < ... < tn < b be the given time points. Also A : D(A) ⊂ H → H

is the infinitesimal generator of a strongly continuous q-order cosine family Cq(t) on H. Let K be

another separable Hilbert space. Let {ω(t)}t≥0 be a given K-valued Wiener process with a finite

trace nuclear covariance operator Q ≥ 0. Let q̃ = {q̃(t) : t ∈ Dq̃} be a stationary Ft Poisson point

process with characteristic measure λ. Let N(dt, dη) be the Poisson counting measure associated with

q̃. Then N(t, Z) =
∑

s∈Dq̃,s≤t

IZ(q̃(s)) with measurable set Z ∈ B̃(K − {0}), which denotes the Borel

σ-field of K − {0}. Let Ñ(dt, dη) = N(dt, dη) − dtλ(dη) be the compensated Poisson measure that

is independent of ω(t). Let P2([0, b] × Z;H) be the space all mapping χ : [0, b] × Z → H for which∫ b

0

∫
Z
E∥χ(t, η)∥2Hdtλ(dη) <∞. We can define the H-valued stochastic integral

∫ b

0

∫
Z
χ(t, η)Ñ(dt, dη),

which is a centred square integrable martingale. We can also employing the same notation ∥ · ∥ for

the norm of L(K,H), which denotes the space of all bounded operators from K into H. Simply L(H)

if K = H. The histories xt represents the function defined by xt : (−∞, 0] → H, xt(θ) = x(t+ θ), for

t ≥ 0 belong to some phase space B defined axiomatically. Further σ : J×J×B → H, f : J×B×H →

H, g : J × B → LQ(K,H) and h : J × B × Z → H are nonlinear functions. Here LQ(K,H) denotes

the space of all Q-Hilbert Schmidt operators from K into H. Moreover the function m : Hm → H

and and n : H → H,where 0 = t0 < t1 < t2 < ... < tm ≤ T, m ∈ N are continuous functions. For

example

m(xt1 , ..., xtm)(t) =
m∑
i=0

Ciz(ti + t), x ∈ B, t ∈ (−∞, 0],

where Ci(i = 1, 2, ...,m) are constants. Ik and Ik : H → H are appropriate functions. The symbol

∆ζ(t) represents the jump of the function ζ at t which is defined by ∆ζ(t) = ζ(t+) − ζ(t−). The

initial data ϕ = {ϕ(t) : t ∈ (−∞, 0]} is an F0-measurable B-valued stochastic process independent

of Brownian motion {ω(t)} and Poisson point process q̃(·) with finite second moment. Further ξ(t)

is an Ft-measurable H-valued random variable independent of ω(t) and Poisson point process q̃ with

finite second moment. In this work we will employ an axiomatic definition of the phase space B

introduced by Hale and Kato [17]. The axioms of the space B are established for F0- measurable

functions from J0 into H, where J0 := (−∞, 0], endowed with a seminorm ∥ · ∥B and satisfying the

following axioms:
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(a) If x : (−∞, b) → H, b > 0 is continuous on [0, b) and x0 ∈ B, then for each t ∈ [0, b) the

following conditions hold,

i) xt ∈ B,

ii) ∥x(t)∥ ≤ K1∥xt∥B,

iii) ∥xt∥B ≤ K2(t)∥x0∥B + K3(t) sup {∥x(s)∥; 0 ≤ s ≤ b} where K1 > 0 is a constant, K2 :

R+ → R+ is a locally bounded function, K3 : R+ → R+ is a continuous function.

Moreover K1,K2(·),K3(·) are independent of x(·),

(b) For the function x(·) in (a), xt is a B- valued continuous functions on [0, b),

(c) The space B is complete.

Example 1.1. Let r ≥ 0. 1 ≤ q1 <∞ and let h̃ : (−∞, r] → R be a nonnegative measurable function

which satisfies the conditions (H5)− (H12) in the terminology of Hino et al. [18]. Briefly, this means

that h̃ is locally integrable and there is a non-negative, locally bounded function γ on (−∞, 0] such

that h̃(ξ1 + τ1) ≤ γ(ξ1)h̃(τ1) for all ξ1 ≤ 0 and τ1 ∈ (−∞,−r) \ Nξ1 , where Nξ1 ⊆ (−∞,−r)is a set

whose Lebesgue measure zero. We denote by Cr ×Lq1(h̃,H) the set consists of all classes of functions

φ : (−∞, 0] → H such that φ|[−r,0] ∈ C([−r, 0],H), φ(·) is Lebesgue measurable on (−∞,−r), and

h̃∥φ∥q1 is Lebesgue integrable on (−∞,−r). The seminorm is given by

∥φ∥B = sup
−r≤τ1≤0

∥φ(τ1)∥+

( −r∫
−∞

h̃(τ1)∥φ(τ1)∥q1dτ1

) 1
q1

The space Cr × Lq1(h̃,H) satisfies axioms (a)-(c). Moreover when r = 0 and q1 = 2, We can write

K1 = 0, K2(t) = γ(−t) 1
2 and K3(t) = 1 +

(
0∫

−t

h̃(τ1)dτ1

) 1
2

for t ≥ 0 (see [18]).

The B- valued stochastic process xt : Ω → B, t ≥ 0, is defined by setting

xt = {x(t+ s)(w) : s ∈ (−∞, 0]} .

The collection of all strongly measurable, square integrable H valued random variables, denoted by

L2(Ω,F,P;H) ≡ L2(Ω;H), is a Banach space equipped with norm ∥x(·)∥L2 = (E∥x(·;w)∥2H)
1
2 , where

the expectation, E is defined by E(h) =
∫
Ω
h(w)dP. Let J1 = (−∞, b] and C(J1,L2(Ω;H)) be the

Banach space of all continuous maps from J1 into L2(Ω;H) satisfying the condition sup
t∈J1

E∥x(t)∥2 <∞.

Let Z be the closed subspace of all continuous process x that belong to the space C(J1,L2(Ω;H))

consisting of Ft- adapted measurable process and F0- adapted processes ϕ, ξ ∈ L2(Ω,B) and the
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Fractional stochastic differential equations with Poisson jumps 5

restriction x : J → L2(Ω,B) is continuous. Let ∥ · ∥Z be a seminorm in Z defined by

∥x∥2Z = sup
t∈J

∥xt∥2B,

where,

∥xt∥2B ≤ K2E∥ϕ∥2B +K3 sup
0≤s≤b

{
E∥x(s)∥2

}
,

K2 = sup
t∈J

{K2(t)} and K3 = sup
t∈J

{K3(t)}. It is easy to verify that Z furnished with the norm topology

as defined above is a Banach space.

2. Preliminaries

Let (Ω,F,P) be a complete probability space furnished with complete family of right continuous

increasing sub σ-algebras {Ft : t ∈ J} satisfying Ft ⊂ F. An H-valued random variable is an

F-measurable function x(t) : Ω → H and a collection of random variables S = {x(t, w) : Ω →

H|t∈J} is called a stochastic process. Usually, we suppress the dependence on w ∈ Ω and write x(t)

instead of x(t, w) and x(t) : J → H in the place of S. Let βn(t) (n = 1, 2, . . .) be a sequence of

real valued one-dimensional standard Brownian motions mutually independent over (Ω,F,P). Set

ω(t) =
∞∑

n=1

√
λnβn(t)en, t ≥ 0, where λn ≥ 0 (n = 1, 2, . . .) are non-negative real numbers and

{en} (n = 1, 2, . . .) is complete orthonormal basis in K. Let Q ∈ L(K,K) be an operator defined

by Qen = λnen with finite Tr(Q) =
∞∑

n=1
λn < ∞, Tr(Q) denotes the trace of the operator Q.

Then the above K-valued stochastic process ω(t) is called a Q-Wiener process. Let us assume that

Ft = σ(ω(s) : 0 ≤ s ≤ t) is the σ-algebra generated by ω and Ft = F. Let φ ∈ L(K,H) and define

∥φ∥2Q=Tr(φQφ⋆)=
∞∑

n=1
∥
√
λnφen∥2. If ∥φ∥Q < ∞, then φ is called a Q-Hilbert Schmidt operator.

Let LQ(K,H) denotes the space of all Q-Hilbert Schmidt operators φ : K → H. The completion

LQ(K,H) of L(K,H) with respect to the topology induced by a norm ∥ · ∥Q, where ∥φ∥2Q=⟨φ,φ⟩

is a Hilbert space with the above norm topology. Let C be the closed subspace of all continuously

differentiable process that belong to the space C(J,L2(Ω;H)) consisting of Ft-adapted measurable

process such that F0-adapted processes ϕ, ξ ∈ L2(Ω,B).

Let B(H) be the space of all bounded linear operators on H. Let I be the identity operator on H.

If A is a linear operator on H, then R(λ,A) = (λI − A)−1 denotes the resolvent operator of A. We

can use the notation

kβ(t) =
tβ−1

Γ(β)
, t > 0, β > 0
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6 Krishnan Thiagu

where Γ(β) is the Gamma function. If β = 0, we set k0(t) = δ(t), the delta distribution.

Definition 2.1. [19] The Riemann-Liouville fractional integral of order q > 0 is defined by

J q
t x(t) =

∫ t

0

kq(t− s)x(s)ds,

where x(t) ∈ L1([0, b];H).

Definition 2.2. [19] The Riemann-Liouville fractional derivative of order 1 < q ≤ 2 is defined by

Dq
tx(t) =

d2

dt2
J 2−q
t x(t),

where x(t) ∈ L1([0, b];H), Dq
tx(t) ∈ L1([0, b];H).

Definition 2.3. [19] The Caputo fractional derivative of order 1 < q ≤ 2 is defined by

cDq
tx(t) = Dq

t (x(t)− x(0)− x′(0)t),

where x(t) ∈ L1([0, b];H) ∩ C1([0, b];H), Dq
tx(t) ∈ L1([0, b];H).

The Laplace transform for the Riemann-Liouville fractional integral is given by

L[J q
t x(t)] =

1

λq
xL(λ)

where xL(λ) is the Laplace transform of x given by

xL(λ) =

∫ ∞

0

e−λtx(t)dt, Reλ > ω0.

The Laplace transform of the Caputo derivative is given by

L[cDq
tx(t)] = λqxL(λ)− x(0)λq−1 − x′(0)λq−2

Consider a class of fractional differential system with infinite delay

cDq
tx(t) = Ax(t) +Bu(t), t ∈ [0, b],

x(0) = x0 ∈ H,

x′(0) = x1 ∈ H, (2)
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Fractional stochastic differential equations with Poisson jumps 7

where q ∈ (1, 2], cDq
t is the Caputo fractional derivative, A is the infinitesimal generator of a strongly

continuous q-order cosine family {Cq(t)}t≥0 on the Hilbert space H, the state values x(·) takes values

in H, the control function u(·) is given in L2(J, U) of admissible control functions with U, a Hilbert

space, B is a bounded linear operator form U into H.

Definition 2.4. [14] The infinitesimal generator A : H → H of {C(t) : t ∈ R} is given by Ax =

d2

dt2C(t)x|t=0 for all x ∈ D(A) = {x ∈ H : C(·)x ∈ C2(R;H)}. It is known that the infinitesimal

generator A is closed, densely defined operator on H for cosine and corresponding sine families and

their generators.

Definition 2.5. [19] Let q ∈ (1, 2]. A family {Cq(t)}t≥0 ⊂ B(H) is called a solution operator (or

a strongly continuous q-order fractional cosine family) for the above problem (2) if the following

conditions are satisfied

(a) Cq(0) = I, I is the identity operator in H,

(b) Cq(t)x is strongly continuous for t ≥ 0, for every x ∈ H,

(c) Cq(t)D(A) ⊂ D(A) and ACq(t)x0 = Cq(t)Ax0 for all x0 ∈ D(A), t ≥ 0,

(d) Cq(t)x0 is a solution of x(t) = x0 +
∫ t

0
kq(t− s)Ax(s)ds for all x0 ∈ D(A), t ≥ 0.

A is called the infinitesimal generator of Cq(t). The strongly continuous q-order fractional cosine

family is also called q-order cosine family.

The corresponding fractional sine family Sq : R+ → B(H) associated with Cq is defined by Sq(t)x =
t∫
0

Cq(s)xds for t ≥ 0, x ∈ H.

Definition 2.6. The fractional Riemann-Liouville family Tq : R+ → B(H) associated with Cq is

defined by

Tq(t) = J q−1
t Cq(t).

Definition 2.7. The q-order cosine family Cq is called exponentially bounded if there are constants

M ≥ 1 and ω0 ≥ 0 such that

∥Cq(t)∥ ≤Meω0t, t ≥ 0.

An operator A is said to belong to Cq(M,ω0), if the problem (2) has an q - order cosine family Cq(t)

satisfying the above inequality.
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8 Krishnan Thiagu

Assume A ∈ Cq(M,ω0) and let Cq(t) be the corresponding q-order cosine family. Then we have

λq−1R(λq, A)x0 =

∫ ∞

0

e−λtCq(t)x0dt, Reλ > ω0, x0 ∈ H,

λq−2R(λq, A)x0 =

∫ ∞

0

e−λtSq(t)x0dt, Reλ > ω0, x0 ∈ H,

R(λq, A)x0 =

∫ ∞

0

e−λtTq(t)x0dt, Reλ > ω0, x0 ∈ H.

Based on the result in [19], the function x ∈ C([0, b];H) is called a mild solution of (2) if x satisfies

x(t) = Cq(t)x0 + Sq(t)x1 +

∫ t

0

Tq(t− s)Bu(s)ds, t ∈ J.

Also consider the linear equation

cDq
tx(t) = Ax(t) +Bu(t) + f(t) +

∫ t

−∞
g(t)dω(t) +

∫
Z

h(t)Ñ(dt, dη),

+
∑

0<tk<t

Ik(xtk) +
∑

0<tk<t

Ik(xtk), k = 1, n, t ∈ J := [0, b] \{t1, ..., tn}

x0(t) = ϕ(t) +m(xt1 , ..., xtm)(t), t ∈ (−∞, 0],

x′(0) + n(x) = ξ.

Taking Laplace transform, we get

λqx̂(λ)− x(0)λq−1 − x′(0)λq−2

= Ax̂(λ) +Bû(λ) + f̂(λ) +

∫ t

−∞
ĝ(λ)dω(λ) +

∫
Z

ĥ(λ)Ñ(dλ, dη)

+
∑

0<tk<t

Îk(xλk
) +

∑
0<tk<t

Îk(xλk
), k = 1, n,

where x̂(λ), û(λ), f̂(λ), ĝ(λ), ĥ(λ), Îk and Îk are the Laplace transform of x(t), u(t), f(t), g(t), h(t),

Ik and Ik respectively. Then we have

λqx̂(λ) = x(0)λq−1 + x′(0)λq−2 +Ax̂(λ) +Bû(λ) + f̂(λ)

+

∫ t

−∞
ĝ(λ)dω(λ) +

∫
Z

ĥ(λ)Ñ(dλ, dη)

+
∑

0<tk<t

Îk(xλk
) +

∑
0<tk<t

Îk(xλk
), k = 1, n,
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Fractional stochastic differential equations with Poisson jumps 9

Again we can be written as

x(t) = x(0)R(λq, A)λq−1 + x′(0)R(λq, A)λq−2

+Bû(λ)R(λq, A) + f̂(λ)R(λq, A)

+

∫ t

−∞
R(λq, A)ĝ(λ)dω(λ) +

∫
Z

ĥ(λ)R(λq, A)Ñ(dλ, dη)

+
∑

0<tk<t

R(λq, A)Îk(xλk
) +

∑
0<tk<t

R(λq, A)Îk(xλk
), k = 1, n.

From the property of Laplace transform, we get

x(t) = Cq(t)(ϕ(0) +m(xt1 , ..., xtm)(0)) + Sq(t)(ξ − n(x))

+

t∫
0

Tq(t− s)Bu(s)ds+

∫ t

0

Tq(t− s)f(s)ds

+

∫ t

0

Tq(t− s)
[ ∫ t

−∞
g(τ)dω(τ)

]
ds

+

∫ t

0

∫
Z

Tq(t− s)h(s)Ñ(ds, dη)

+
∑

0<tk<t

Tq(t− tk)Ik(xtk) +
∑

0<tk<t

Tq(t− tk)Ik(xtk), k = 1, n.

Definition 2.8. [27] An H-valued stochastic process {x(t) : t ∈ (−∞, b]} is said to be a mild solution

of the system (1) if

(i) x(t) is Ft-adapted and measurable for t ≥ 0,

(ii) x(t) is continuous on [0, b] almost surely and for each s ∈ [0, t), the functions f, g and h are

integrable such that the following stochastic integral equation is satisfied

x(t) = Cq(t)
(
ϕ(0) +m(xt1 , ..., xtm)(0)

)
+ Sq(t)(ξ − n(x))

+

t∫
0

Tq(t− s)f(s, xs,

∫ s

0

σ(s, τ, xτ )dτ)ds+

t∫
0

Tq(t− s)Bu(s)ds

+

t∫
0

Tq(t− s)
[ s∫
−∞

g(τ, xτ )dω(τ)
]
ds

+

t∫
0

∫
Z

Tq(t− s)h(s, xs, η)Ñ(ds, dη)
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10 Krishnan Thiagu

+
∑

0<tk<t

Tq(t− tk)Ik(xtk) +
∑

0<tk<t

Tq(t− tk)Ik(xtk), k = 1, n.

(iii) x0(t) = ϕ(t) +m(xt1 , ..., xtm)(t), t ∈ (−∞, 0], x′(0) + n(x) = ξ.

In order to prove the theorems, we need the following hypotheses:

(H1) A is an infinitesimal operator of a strongly continuous q-order cosine family {Cq(t) : t ≥ 0}

on H. Also ∥Tq(t)∥ ≤ M, ∥Cq(t)∥ ≤ MC and ∥Sq(t)∥ ≤ MS . Moreover the operatorsTq(t),

Cq(t) and Sq(t) are compact for t > 0.

(H2) A is the infinitesimal generator of a strongly continuous q-order fractional cosine family

{Cq(t)}t≥0 on H.

(H3) The operator B is the bounded linear operator from L2(J ;U) to L2(J ;H).

(H4) The functions m : Hm → H and n : H → H are continuous, satisfy the Lipschitz conditions

and there exists positive constant Mm,Mn > 0 such that

E∥m(x)−m(y)∥2H ≤Mm∥x− y∥2B

E∥n(x)− n(y)∥2H ≤Mn∥x− y∥2B

for all x, y ∈ B and t ∈ J .

(H5) The nonlinear functions f, g satisfies the Lipschitz condition and there exists positive constants

Mf1 ,Mf2 ,Mg > 0 such that

∥f(t, φ1, x1)− f(t, φ2, x2)∥2 ≤Mf1∥φ1 − φ2∥2B +Mf2∥x1 − x2∥2H ,

∥g(t, x1)− g(t, x2)∥2 ≤Mg∥x1 − x2∥2B,

for all x1, x2, φ1, φ2 ∈ B and t ∈ J.

(H6) For each φ ∈ B, K1(t) = lim
a→∞

0∫
−a

g(s, φ)dω(s) exists and is continuous. Also there exists a

positive constant Mk such that E∥K1(t)∥2H ≤Mk.

(H7) The nonlinear function h satisfies the Lipschitz condition and there exists a positive constants

Mh, Lh > 0 such that∫
Z

∥h(t, x1, η)− h(t, x2, η)∥2λ(dη)dt ≤Mh∥x1 − x2∥2B,∫
Z

∥h(t, x1, η)− h(t, x2, η)∥4λ(dη)dt ≤ Lh∥x1 − x2∥4B,
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Fractional stochastic differential equations with Poisson jumps 11

for all x1, x2 ∈ B and t ∈ J.

Under the above hypotheses, for each v ∈ L2(0, b;H) there exists a unique mild solution

xt(v) = Cq(t)(ϕ(0) +m(xt1 , ..., xtm)(0)) + Sq(t)(ξ − n(x))

+

t∫
0

Tq(t− s)f
(
s, xs,

∫ s

0

σ(s, τ, xτ )dτ
)
ds+

t∫
0

Tq(t− s)Bu(s)ds

+

t∫
0

Tq(t− s)
[ s∫
−∞

g(τ, xτ )dω(τ)
]
ds+

t∫
0

∫
Z

Tq(t− s)h(s, xs, η)Ñ(ds, dη)

+
∑

0<tk<t

Tq(t− tk)Ik(xtk) +
∑

0<tk<t

Tq(t− tk)Ik(xtk), k = 1, n. (3)

The solution mapping Υ from L2(J ;H) to C(J ;L2(Ω,H)) can be defined by Υ(v)(t) = xt(v)(·). Now

we define the continuous linear operator Θ from L2(J ;H) to L2(Ω,H) by

Θp =

∫ b

0

Tq(b− s)p(s)ds, for p ∈ L2(J ;H).

Definition 2.9. Let the reachable set of the system (1) at time b be Rb(f, g, h) = {xb(Bu); u ∈

L2(J ;U)}, where xt(Bu) is a mild solution which satisfies with v = Bu.

Definition 2.10. The system (1) is said to be approximately controllable on J if Rb(f, g, h) =

L2(Ω,H), where Rb(f, g, h) is the closure of Rb(f, g, h). Therefore, for every ϵ > 0 and Ψ ∈ D(A)

there exists a control u ∈ L2(J ;U) such that

E∥Ψ− Cq(t)
(
ϕ(0) +m(xt1 , ..., xtm)(0)

)
− Sq(t)(ξ − n(x)))

−
∫ t

0

Tq(t− s)
[
f
(
s, xs(Bu),

∫ s

0

σ(s, τ, xτ )dτ
)]
ds

−
∫ t

0

Tq(t− s)
[ ∫ s

−∞
g(τ, xs(Bu))dω(s)

]
ds−

∫ t

0

∫
Z

Tq(t− s)h(s, xs(Bu), η)Ñ(ds, dη)

−
∑

0<tk<t

Tq(t− tk)Ik(xtk)−
∑

0<tk<t

Tq(t− tk)Ik(xtk)−Θ(Bu(s))∥2 < ϵ,

where xt(Bu) is a solution of (1) at time t.

Now, we introduce the following assumptions (see [25, 32]). For any given ϵ > 0 and p(·) ∈ L2(J ;H),

there exists some u(·) ∈ L2(J ;U) such that

(A1) ∥Θp−ΘBu∥H < ϵ,
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12 Krishnan Thiagu

(A2) ∥Bu(·)∥L2(J;H) ≤ q1∥p(·)∥L2(J;H), where q1 is a positive constant independent of p(·),

(A3) the constant q1 satisfies

8q1b
2M2K3(Tr(Q)Mg + (Mh +

√
Lh))

× exp
{
4b2M2{K3(Mf1 l +Mf2K

∗
3) + 2(MK + Tr(Q)MgK3) + 2K3(Mh +

√
Lh)}

}
< 1.

First, we show the approximate controllability of the corresponding deterministic system of (1) with

g = 0 and h = 0.

Lemma 2.11. (see [32]) Under the Hypotheses (H1)− (H7) and (P1), Rb(0, 0) = H.

Proof. Since the domain D(A) of the operator A is dense in H(see [31]), it is sufficient to prove

that D(A) ⊂ Rb(0, 0), that is, for every given ε > 0 and Ψ ∈ D(A) there exists a u(·) ∈ L2(J ;U) such

that

E∥Ψ−K(b;ϕ, ξ)−Θ(Bu)∥2 < ϵ, (4)

where

K(b;ϕ, ξ) = Cq(t)
(
ϕ(0) +m(xt1 , ..., xtm)(0)

)
+ Sq(t)(ξ − n(x)))

+
∑

0<tk<t

Tq(t− tk)Ik(xtk) +
∑

0<tk<t

Tq(t− tk)Ik(xtk)

Let Ψ ∈ D(A), then Ψ − K(b;ϕ, ξ) ∈ D(A). So there exists some p ∈ C1(J ;H) such that Ψ̃ =∫ b

0
Sq(b− s)p(s)ds, where Ψ̃ = Ψ−K(b;ϕ, ξ). The assumption (A1) implies that for any given ϵ > 0,

there exists a control function u(·) ∈ L2(J ;U) such that

E∥Ψ̃−Θ(Bu)∥2 < ϵ.

By putting the value of Ψ̃, we obtain (4), since ϵ is arbitrary. We conclude that Rb(0, 0) ⊂ D(A).

The denseness of the domain D(A) in H implies the approximate controllability of the corresponding

system (1) with g = 0 and h = 0. �
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Fractional stochastic differential equations with Poisson jumps 13

Lemma 2.12. Let u1 and u2 be in L2(J ;U). Then under the Hypotheses (H1) − (H7), the solution

mapping Υ(Bu)(t) = xt(Bu)(t) of (1) satisfies

E∥xt(Bu1)− xt(Bu2)∥2 ≤ 4b2M2 exp
{
4b2M2{K3(Mf1 l +Mf2K

∗
3) + 2(Mk + Tr(Q)MgK3)

+ 2K3(Mh +
√
Lh)}

}
E∥Bu1 −Bu2∥2L2(0,b;H).

Proof. Let y(·, ϕ) : (−∞, b] → L2(Ω, H) be the function defined by

y(t, ϕ) =


ϕ(t), t ∈ J0,

Cq(t)
(
ϕ(0) +m(xt1 , ..., xtm)(0)

)
, t ∈ J

Denote y(t, ϕ) by y(t) with the continuous map t → yt. Next, for each z ∈ C(J ;L2(Ω,H)), z(0) = 0,

we denote z̃ the function defined by z̃(θ) = 0, for θ < 0 and z̃(t) = z(t), for 0 ≤ t ≤ b.

So, if x(v)(t) satisfies (3), we can decompose it as x(v)(t) = z(v)(t)+y(t), for 0 ≤ t ≤ b, which implies

that xt(v) = z̃t(v) + yt, for 0 ≤ t ≤ b and for each v ∈ L2(J ;H) and that the function z(·) satisfies

z(t) = Sq(t)(ξ − n(x))) +

∫ t

0

Tq(t− s)
[
f
(
s, z̃s(v) + ys,

∫ s

0

σ(s, τ, z̃τ (v) + yτ )dτ
)]
ds

+

∫ t

0

Tq(t− s)
[ ∫ s

−∞
g(τ, z̃s(v) + ys)dω(s)

]
ds

+

∫ t

0

Tq(t− s)

∫
Z

h(s, z̃s(v) + ys, η)Ñ(ds, dη)

+

∫ t

0

Tq(t− s)v(s)ds.

Thus for each u1, u2 ∈ L2(J ;U), it is clear that for 0 ≤ t ≤ b,

E∥xt(Bu1)− xt(Bu2)∥2

= E∥(z̃t(Bu1) + yt)− (z̃t(Bu2) + yt)∥2,

≤ E∥z̃t(Bu1)− z̃t(Bu2)∥2,

≤ 4
{
E∥
∫ t

0

Tq(t− s)
([
f
(
s, z̃s(Bu1) + ys,

∫ s

0

σ(s, τ, z̃τ (Bu1) + yτ

)
− f

(
s, z̃s(Bu2) + ys,

∫ s

0

σ(s, τ, z̃τ (Bu2) + yτ )
)]
dτ
)
ds∥2

+ E∥
∫ t

0

Tq(t− s)[g(s, z̃s(Bu1) + ys)− g(s, z̃s(Bu2) + ys)]dω(s)∥2
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14 Krishnan Thiagu

+ E∥
∫ t

0

Tq(t− s)

∫
Z

[h(s, z̃s(Bu1) + ys, η)− h(s, z̃s(Bu2) + ys, η)]Ñ(ds, dη)∥2

+ E∥
∫ t

0

Tq(t− s)[Bu1(s)−Bu2(s)]ds∥2
}
,

≤ 4
{
M2E∥

∫ t

0

[
f
(
s, z̃s(Bu1) + ys,K3(z̃s(Bu1) + ys)

)
− f

(
s, z̃s(Bu2) + ys,K3(z̃s(Bu2) + ys)

)]
ds∥2 +M2b2(2MK + 2Tr(Q)MgK3)

+ b2M2K3(2Mh + 2
√
Lh)
}
E∥x(Bu1)− x(Bu2)∥2 + 4b2M2E∥Bu1 −Bu2∥2L2(0,b;H),

≤ 4
{
b2M2K3(Mf1 l +Mf2K

∗
3)}+M2b2(2MK + 2Tr(Q)MgK3)

+ b2M2K3(2Mh + 2
√
Lh)
}
E∥z(Bu1)− z(Bu2)∥2 + 4b2M2E∥Bu1 −Bu2∥2L2(0,b;H),

≤ 4b2M2
{
K3(Mf1 l +Mf2K

∗
3) + (2MK + 2Tr(Q)MgK3)

+K3(2Mh + 2
√
Lh)
}
E∥z(Bu1)− z(Bu2)∥2 + 4b2M2E∥Bu1 −Bu2∥2L2(0,b;H).

By Gronwall’s inequality

E∥x.(Bu1)− x.(Bu2)∥2

≤ 4b2M2 exp
{
4b2M2{K3(Mf1 l +Mf2K

∗
3) + 2(MK + Tr(Q)MgK3) + 2K3(Mh +

√
Lh)}

}
× E∥Bu1 −Bu2∥2L2(0,b;H). �

Theorem 2.13. Under the Hypotheses (H1)− (H7) and (A1)− (A3), then the system (1) is approxi-

mately controllable on J .

Proof. Since by Lemma 2.11, Rb(0, 0) = H, to prove the approximate controllability of the system

(1) , it is sufficient to show that Rb(0, 0) ⊂ Rb(g, h). For this, let us take Ψ ∈ Rb(0, 0), then, for any

given ϵ > 0, there exists a control function u ∈ L2(J ;U) such that

E∥Ψ−K(b;ϕ, ξ)−Θ(Bu)∥2 < ϵ

25
. (5)

Assume that u1 ∈ L2(J ;U) be arbitrary given. By hypothesis (A2), there exists some u2 ∈ L2(J ;U)

such that

E∥ΘBu−
∫ b

0

Tq(b− s)g(s, xs(Bu1))dω(s)

−
∫ b

0

Tq(b− s)

∫
Z

h(s, xs(Bu1), η)Ñ(ds, dη)−ΘBu2∥2 <
ϵ

25
. (6)
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Fractional stochastic differential equations with Poisson jumps 15

From (5) and (6), we have

E∥Ψ−K(b;ϕ, ξ)−
∫ b

0

Tq(b− s)g(s, xs(Bu1))dω(s)

−
∫ b

0

Tq(b− s)

∫
Z

h(s, xs(Bu1), η)Ñ(ds, dη)−ΘBu2∥2 <
ϵ

24
.

For u2 ∈ L2(J ;U) thus obtained, we determine w2 ∈ L2(J ;U) by hypotheses (A1) and (A2) such that

E∥
∫ b

0

Tq(b− s)[g(s, xs(Bu2))− g(s, xs(Bu1))]dω(s) +

∫ b

0

Tq(b− s)

×
∫
Z

[h(s, xs(Bu2), η)− h(s, xs(Bu1), η)]Ñ(ds, dη)−ΘBw2∥2 <
ϵ

25
,

also, by (A2) and Lemma 2.12, we have

E∥Bw2∥2L2(J;H) ≤ 2q1

{
Tr(Q)

∫ b

0

E∥g(s, xs(Bu2))− g(s, xs(Bu1))∥2ds

+ E∥
∫ b

0

∫
Z

[h(s, xs(Bu2), η)− h(s, xs(Bu1), η)]Ñ(ds, dη)∥2
}
,

≤ 2q1b
2K3

{
Tr(Q)Mg + (Mh +

√
Lh)
}
E∥xt(Bu2)− xt(Bu1)∥2,

≤ 8q1b
2M2K3(Tr(Q)Mg + (Mh +

√
Lh)) exp

{
4b2M2{K3(Mf1 l +Mf2K

∗
3)

+ 2(MK + Tr(Q)MgK3) + 2K3(Mh +
√
Lh)}

}
E∥Bu1 −Bu2∥2L2(0,b;H).

Define u3 = u2 − w2 in L2(J ;U), which has the following property

E∥Ψ−K(b;ϕ, ξ)−
∫ b

0

Tq(b− s)g(s, xs(Bu2))dω(s)−
∫ b

0

Tq(b− s)

×
∫
Z

h(s, xs(Bu2), η)Ñ(ds, dη)−ΘBu3∥2 ≤ 2
{
E∥Ψ−K(b;ϕ, ξ)−

∫ b

0

Tq(b− s)

× g(s, xs(Bu1))dω(s)−
∫ b

0

Tq(b− s)

∫
Z

h(s, xs(Bu1), η)Ñ(ds, dη)−ΘBu2∥2

+ E∥
∫ b

0

Tq(b− s)[g(s, xs(Bu2))− g(s, xs(Bu1))]dω(s) +

∫ b

0

Tq(b− s)

×
∫
Z

[h(s, xs(Bu2), η)− h(s, xs(Bu1), η)]Ñ(ds, dη)−ΘBw2∥2
}
≤
( 1

23
+

1

24

)
ϵ.

By mathematical induction method, there exists a sequence un(·) ∈ L2(J ;U) such that

E∥Ψ−K(b;ϕ, ξ)−
∫ b

0

Tq(b− s)g(s, xs(Bun))dω(s)−
∫ b

0

Tq(b− s)
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16 Krishnan Thiagu

×
∫
Z

h(s, xs(Bun), η)Ñ(ds, dη)−ΘBun+1∥2 ≤
( 1

23
+ · · ·+ 1

2n+2

)
ϵ, n = 1, 2, . . .

E∥Bun+1 −Bun∥2L2(J;H) ≤ 8q1b
2M2K3(Tr(Q)Mg + (Mh +

√
Lh))

× exp
{
4b2M2{K3(Mf1 l +Mf2K

∗
3) + 2(MK + Tr(Q)MgK3)

+ 2K3(Mh +
√
Lh)}

}
E∥Bun −Bun−1∥2L2(J;H).

Clearly, by hypothesis (A3), the sequence {Bun;n = 1, 2, . . .} is a Cauchy sequence in Hilbert space

L2(J ;H) and there exists some v ∈ L2(J ;H) such that lim
n→∞

Bun = v in L2(J ;H). Therefore, for any

given ϵ > 0, there exists some integer Nϵ such that E∥ΘBuNϵ+1 −ΘBuNϵ∥2 < ϵ
22 ,

E∥Ψ−K(b;ϕ, ξ)−
∫ b

0

Tq(b− s)g(s, xs(BuNϵ))dω(s)−
∫ b

0

Tq(b− s)

∫
Z

h(s, xs(BuNϵ), η)

× Ñ(ds, dη)−ΘBuNϵ∥2 ≤ 2
{
E∥Ψ−K(b;ϕ, ξ)−

∫ b

0

Tq(b− s)g(s, xs(BuNϵ))dω(s)

−
∫ b

0

Tq(b− s)

∫
Z

h(s, xs(BuNϵ
), η)Ñ(ds, dη)−ΘBuNϵ+1∥2 + E∥ΘBuNϵ+1 −ΘBuNϵ

∥2

≤ 2
( 1

23
+ . . .+

1

2Nϵ+1

)
ϵ+ 2

( 1

22

)
ϵ.

This means that Ψ ∈ Rb(g, h). Thus Rb(0, 0) ⊂ Rb(g, h), hence the nonlinear system (1) is approxi-

mately controllable on J. �

3. Application

Consider the following stochastic fractional system in the form

cDq
t z(t, ζ) =

∂2

∂x2
z(t, ζ) + a0(t, ζ)z(t, ζ) + k1(t, z(t, ζ)) +

t∫
−∞

a2(s− t)z(s, ζ)ds

+

t∫
−∞

b2(t)b3(s− t)z(s, ζ)dω(s) +

∫
Z

η
( t∫
−∞

a3(s− t)z(s, ζ)ds
)
Ñ(dt, dη)

z(t, 0) = z(t, π) = 0, z′(t, 0) = z′(t, π) = 0, t ∈ J,

z(t, ζ) = ϕ(t, ζ), z′(t, ζ) = ξ(t, ζ), t ∈ (−∞, 0],

z(t, ζ) +
( m∑

i=1

Ciz(ti + t, ζ)
)
(t) = ζ0(t), 0 < ζ < π,
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Fractional stochastic differential equations with Poisson jumps 17

z′(t, 0) = ζ ′(0) +
m∑
i=1

Diζ, 0 < ζ < π,

[z(t+k )− z(t−k )]ζ = Ik(z(tk))ζ =

∫ π

0

ĉk(ζ, z(s, tk))ds, k = 1, 2, ..., n,

[z′(t+k )− z′(t−k )]ζ = Ikz(tk))ζ =

∫ π

0

d̂k(ζ, z(s, tk))ds, k = 1, 2, ..., n, (7)

where cDq
t is the Caputo fractional partial derivative of order 1 < q < 2. ĉk, d̂k are continuous for

k = 1, 2, .., n and Ci, Di, i = 1, 2, ...,m are fixed numbers. Define the operator m : Hm → H by

m(zt1 , zt2 , ..., ztm)(t)=
m∑
i=0

Ciz(ti + t), x ∈ B, t ∈ (−∞, 0] and ∥m(·)∥2H ≤ G. Ik and Ik : H → H are

appropriate functions. Let 0 = t0 < t1 < t2 < ... < tn < b be the given time points and the symbol

∆z(t) represents the jump of the function z at t defined by ∆z(t) = z(t+)− z(t−). Also ω(t) denotes

a standard one-dimensional Wiener process defined on a stochastic basis (Ω,F, {Ft},P). To write the

above system (7) into the abstract form (1), we can choose the space H = L2([0, π]). B is the phase

space. Define A : D(A) ⊆ H → H by Ax = x
′′
, with the domain D(A) = {x ∈ H : x, x′ are absolutely

continuous, x
′′ ∈ H and x(0) = x(π) = 0}. In particular Ax=

∞∑
n=1

−n2⟨x, en⟩en, x ∈ D(A). Then A is

the infinitesimal generator of a strongly continuous cosine family C(t)x=
∞∑

n=1
cos(nt)⟨x, en⟩en, t ∈ R

and the associated sine family in H defined by S(t)x=
∞∑

n=1

sin(nt)
n ⟨x, en⟩en, t ∈ R. From [33], for all

x ∈ H, t ∈ R, ∥S(t)∥ ≤ 1 and ∥C(t)∥ ≤ 1. Hence A consists of eigen values n for n ∈ N, with

associated eigen vectors en(x)=
√

2
π sin(nx), n ∈ N.

For (t, φ) ∈ J × B, we have φ(θ)(·) = ϕ(θ, ·) and φ′(θ)(·) = ξ(θ, ·), (θ, ·) ∈ (−∞, 0] × [0, π]. Let

z(t)(·) = z(t, ·). Let (Ω,F,P) be a complete probability space and {K(t) : t ∈ J} is a Poisson point

process taking values in the space K = [0,∞) with a σ-finite intensity measure λ(dy). The Poisson

counting measure Ñ(dt, dy) is induced by K(·) and the compensating martingale measure is denoted

by Ñ(dt, dy):=N(dt, dy)− dtλ(dy).

For q ∈ (1, 2), A generates a strongly continuous cosine family C(t), it follows from the subordi-

nate principle (see Theorem 3.1, [7]) that A generates a strongly continuous exponentially bounded

fractional cosine family Cq(t) such that Cq(0) = I and

Cq(t) =

∫ ∞

0

φt, q2
(s)C(s)ds, t > 0,

where φt, q2
(s) = t−

q
2 ϱ q

2
(st−

q
2 ) and
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ϱϑ(x) =
∞∑

n=0

(−x)n

n!Γ(−ϑn+ 1− θ)
, (0 < θ < 1).

Assume that the continuous functions f : J ×B → H, k1 : J × J ×B → H, g : J ×B → LQ(K,H),

h : J × B × Z → H, Ik and Ik : H → H are defined by

f(t, φ, ψ)(ζ) = k1(t, φ(0, )) +

t∫
−∞

a2(s)φ(0, ζ)ds, t ≥ 0, ζ ∈ [0, π],

g(t, φ)(ζ) =

t∫
−∞

b2(t)b3(s− t)φ(s, ζ)dω(s), t ≥ 0, ζ ∈ [0, π],

h(t, φ)(ζ) =

t∫
−∞

a3(s− t)φ(s, ζ)ds t ≥ 0, ζ ∈ [0, π],

Ik(φ)(ζ) =

∫ π

0

ĉk(ζ, φ(s, 0))ds, k = 1, 2, ..., n, ζ ∈ [0, π],

Ik(φ)(ζ) =

∫ π

0

d̂k(ζ, φ(s, 0))ds, k = 1, 2, ..., n, ζ ∈ [0, π].

We have the following assumptions

(A1) The function ζ → a0(t, ζ) is continuous for each t ∈ R with a0(t, ζ) ≤ −δ0(δ0 > 0) for all

ζ ∈ [0, π].

(A2) The function k1 : R3 → R is continuous there is a continuous and integrable function m : R →

[0,∞) such that

|k1(t, x, y)| ≤ m(t)(|x|+ |y|), t ≥ 0, (t, x, y) ∈ R3.

(A3) The function a2 : R4 → R is completely continuous and there is a continuous function a :

R2 → R such that

|a2(t, s, x, y)| ≤ a(t, s)|x|, (t, s, x, y) ∈ R4.

(A4) Also the function a2(t, s, x, y) : R4 → R is continuous, strongly measurable and |a(t, s)|2 ≤

γ1α(s) for an integrable function α : R → [0,∞) and a constant γ1 such that

E∥a2(t, s, x, y)∥2H ≤ γ1α(s)Ω1(∥x∥), lim inf
τ→∞

Ω1(τ)

τ
= υ1 <∞.
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(A5) There exists a continuous functions m1 : J → [0,∞) and a continuous non-decreasing function

W : [0,∞) → (0,∞) such that for every (t, φ, y) ∈ J × B ×H, we have

E∥f(t, φ, y)∥2H ≤ m1(t)W (∥φ∥+ ∥y∥), lim inf
τ→∞

W (τ)

τ
= υ0 <∞.

(A6) Using example 1.1, we have

E∥f(t, φ1)− f(t, φ2)∥2H = E

[( π∫
0

∣∣∣∣∣
0∫

−∞

a2(t, s, φ1(s), y)ds− a2(t, s, φ2(s), y)ds

∣∣∣∣∣
2]
dx

) 1
2
]2

≤ E

[( π∫
0

( 0∫
−∞

a(t, s)|φ1(s)− φ2(s)|ds

)2

dx

) 1
2
]2

≤ E

[( 0∫
−∞

(a(t, s))2

h̃(s)
ds

) 1
2
( 0∫

−∞

h̃(s)∥φ1(s)− φ2(s)∥2ds

) 1
2
]2

≤Mf

[
∥φ(0)∥+

( 0∫
−∞

h̃(s)∥φ1(s)− φ2(s)∥2ds

) 1
2
]2

≤Mf∥φ1 − φ2∥2B,

for all (t, φ1),(t, φ2) ∈ J × B, where Mf =

(
0∫

−∞

(a(t,s))2

h̃(s)
ds

) 1
2

<∞.

(A7) For all (t, φ) ∈ J × B, we have

E∥g(t, φ)∥2H = E

[( π∫
0

∣∣∣∣∣
0∫

−∞

b2(t)b3(s)φ(s)(x))ds

∣∣∣∣∣
2]
dx

) 1
2
]2

≤ E

[
∥b2∥∞

( π∫
0

( 0∫
−∞

b3(s)|φ(s)|ds

)2

dx

) 1
2
]2

≤ E

[
∥b2∥∞

( 0∫
−∞

(b3(t, s))
2

h̃(s)
ds

) 1
2
( 0∫

−∞

h̃(s)∥φ(s)∥2ds

) 1
2
]2

≤Mg

[
∥φ(0)∥+

( 0∫
−∞

h̃(s)∥φ(s)∥2ds

) 1
2
]2

≤Mg∥φ∥2B,

where Mg =
( 0∫
−∞

(b3(t,s))
2

h̃(s)
ds

) 1
2

<∞.
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(A8) Also there exists continuous function m2 : J → [0,∞) and continuous non-decreasing function

Ω2 : [0,∞) → (0,∞) such that for every (t, φ) ∈ J × B, we have

E∥h(t, φ, η)∥2H ≤ m2(t)Ω2(∥φ∥2), lim inf
τ→∞

Ω2(τ)

τ
= υ3 <∞,

(A9) The function ĉk : R → R is continuous such that Mĉk =
( ∫ 0

−∞
(ĉk(ζ,φ(s,0)))2

h̃(s)
ds
) 1

2

< ∞, for

every k = 1, 2 . . . n.

(A10) The function d̂k : R → R is continuous such that Md̂k
=
( ∫ 0

−∞
(d̂k(ζ,φ(s,0)))2

h̃(s)
ds
) 1

2

< ∞, for

every k = 1, 2 . . . n.

Moreover, the maps f , g, h ,Ik and Ik are bounded linear operators such that ∥f∥2 ≤Mf , ∥g∥2 ≤

Mg, ∥h∥2 ≤ Nh, ∥Ik∥2 ≤Mĉk and ∥Ik∥2 ≤Md̂k

Now for q = 2, we have

∥ATq(t− s)∥2 ≤ ∥AJ q−1
t Cq(t− s)∥2

≤ ∥ d
2

dt2
J q−1
t Cq(t− s)∥2

≤ ∥ d
2

dt2
J 2−(3−q)
t Cq(t− s)∥2

≤ ∥cD3−q
t Cq(t)∥2

≤ ∥cDtC2(t)∥2

≤ ∥φt,1(s)C(s)∥2

≤ ∥φt,1(s)∥2 = ∥t−1ϱ1(−st−1)∥2 =
∥∥∥1
t

∞∑
n=0

(−1)nsn

tnn!Γ(1− (n+ θ))

∥∥∥2, (0 < θ < 1).

It is clear that the fractional differential system (2) is approximately controllable on J for q = 2.

Hence for q = 2 with the above choices, the system (7) can be rewritten to the abstract form (1) and

all the conditions of Theorem 2.11 and Theorem 2.12 are satisfied. Thus there exists mild soluti8ns

for the system (7). Moreover all the conditions of Theorem 2.13 are satisfied and hence the fractional

stochastic differential system with Poisson jumps (7) is approximately controllable on J.

References

[1] K. J. Astrom, Introduction to stochastic control theory, AcademicPress, NewYork, 1970.

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 
ISSN 2229-5518 20

IJSER © 2021 
http://www.ijser.org

IJSER



Fractional stochastic differential equations with Poisson jumps 21

[2] G. Arthi and K. Balachandran, Controllability of second-order impulsive evolution systems with infinite delay,

Nonlinear Anal., Hybrid Syst., 11 (2014), 139-153.

[3] R. P. Agarwal, D. Baleanu, J.J. Nieto, F. M. Torres and Y. Zhou A survey on fuzzy fractional differential and

optimal control nonlocal evolution equations J. Comput. Appl. Math., Accepted for publication 20-Sept-2017.

[4] H. M. Ahmeda, M. M. El-Borai, H. M. El-Owaidyand A. S. Ghanema, Null controllability of fractional stochastic

delay integrodifferential equations, J. Math. Computer Sci., 19 (2019), 143-150.

[5] B. D. Andrade and J. P. C. D. Santos, Existence of solutions for a fractional neutral integro-differential equations

with unbounded delay, Electron. J. Differ. Equ., 90 (2012), 1-13.

[6] R. P. Agarwal, J. P. C.dos Santos and C. Cuevas, Analytic resolvent operator and existence results for fractional

integro-differetial equations, J. Abstr. Differ. Equ. Appl., 2, 2 (2012), 26-47.

[7] E. G. Bajlekova, Fractional evolution equtions in Banach spaces, Diss. University Press Facilities, Eindhoven Uni-

versity of Technology, 2001.

[8] P. Balasubramaniam, N. Kumaresan, K. Ratnavelu and P. Tamilalagan, local and global existence of mild solution

for impulsive fractional stochastic differential equations, Bull. Malays. Math. Sci. Soc., 38, 2 (2015), 867-884.

[9] A. Boudaoui and A. Slama, Approximate Controllability of Nonlinear Fractional Impulsive Stochastic Differential

Equations with Nonlocal Conditions and Infinite Delay, Nonlinear Dyn. Syst. Theory, 1 (2016), 35-48.

[10] P. Balasubramaniam, V. Vembarasan and T. Senthilkumar, Approximate controallability of impulsive fractional

integro-differential systems with nonlocal conditions in Hilbert space, Numer. Funct. Anal. Optimi., 35 (2014),

177-197.

[11] Y. K. Chang, A. Anguraj and M. Mallika Arjunan, Existence results for impulsive neutral fractional differential

equations with infinite delay, Nonlinear Anal., Hybrid Syst., 2, 1 (2008), 209-218.

[12] A. Chadha, S.N. Bora and R. Sakthivel, Approximate controllability of impulsive stochastic fractional differential

equations with nonlocal conditions, Dyn. Syst. Appl., 1 (2018), 1-29.

[13] D. H. Diem, Existence for a Second-Order Impulsive Neutral Stochastic Integrodifferential Equations with Nonlocal

Conditions and Infinite Delay, Hindawi Publishing Corporation, Chinese Journal of Mathematics, Volume 2014,

Article ID 143860, 13 pages.

[14] H. O. Fattorimi, Second order linear differential equations in Banach spaces, North Holland, Amsterdam, New

York, and London (1985).

[15] E. Hernandez, A Second order impulsive cauchy problem, Inst. J. Math. Sci., 31, 8 (2002), 451-461.

[16] D. D. Huan and H. Gao, Controllability of nonlocal second-order impulsive neutral stochastic functional integro-

differential equations with delay and Poisson jumps, Cogent Engineering 2, 1 (2015): 1065585.

[17] J. K. Hale and J. Kato, Phase space for retarded equations with infinite delay, Funkcial. Ekvac., 21, 1 (1978),

11-41.

[18] Y. Hino, S. Murakami and T. Naito, Functional-differential equations with infinite delay, Lecture Notes in Math-

ematics, Springer, Berlin, vol. 1473 (1991).

[19] L. Kexue, P. Jigen and G. Jinghuai, Controllability of nonlocal fractional differential systems of order α ∈ (1, 2] in

Banach spaces, Rep. Math. Phys., 71, 1 (2013), 33-43.

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 
ISSN 2229-5518 21

IJSER © 2021 
http://www.ijser.org

IJSER



22 Krishnan Thiagu

[20] J. A. Kilbas, H. Srivastava and J. J. Trujillo, Theory and Applications of Fractional DifferentialEquations, Elsevier,

Amesterdam, 2006.

[21] Lakshmikantham, D. Bainov and P. S. Simeonov, Theory of Impulsive Differential Equations, , vol. 6 of Series in

Modern Applied Mathematics, World Scientific Publishing, Teaneck, NJ, USA, 1989.

[22] C.P. Li, and F.R. Zhang A survey on the stability of fractional differential equations, Eur. Phys. J. Special Topics

193, 27-47 (2011).

[23] K. S. Miller and B. Ross, An introduction to the fractional calculus and fractional differential equations, John

Wiley and Sons, Inc., NewYork, 1993.

[24] M. Mallika Arjunan and N.Y. Nadaf, Existence and controllability results for damped second order impulsive

functional differential system with state-dependent delay, Opuscula Math. 34, 3 (2014), 503-522.

[25] P. Muthukumar and C. Rajivganthi, Approximate Controllability of Second-Order Neutral Stochastic Differential

Equations with Infinite Delay and Poisson Jumps, J Syst Sci Complex, 28 (2015): 1033-1048.

[26] P. Muthukumar and K. Thiagu Existence of solutions and approximate controllability of fractional nonlocal neutral

impulsive stochastic differential equations of order 1 < q < 2 with infinite delay and Poisson jumps, J. dyn. control

syst., 23, pages 213-235 (2017).

[27] P. Muthukumar and K.Thiagu, Existence of solutions and approximate controllability of fractional nonlocal sto-

chastic differential equations of order 1 < q ≤ 2 with infinite delay and Poisson jumps, Differ. Eqn. Syst.,volume

26, pages 15-36 (2018).

[28] M. Nadeem and J. Dabas Controllability result of impulsive stochastic fractional functional differential equation

with infinite delay, Int. J. Adv. Appl. Math. and Mech. 2, 1 (2014), 9-18.

[29] S. K. Ntouyas and P. Ch Tsamatos, Globsl existence for second order semilinear ordinary and delay integrodiffer-

ential equations with nonlocal conditions, Applicable Analysis, 67, 3-4 (1997): 245-257.

[30] I. Podlubny, Fractional differential equations: an introduction to fractional derivatives, fractional differential

equations, to methods of their solution and some of their applications, Vol. 198, Academic Press, New York, 1999.

[31] A. Pazy, Semigroups of linear operators and applications to partial differential equations, Springer-Verlag, New

York, 1983.

[32] J. Y. Park and S. N. Kang, Approximate controllability of neutral functional differential system with unbounded

delay, Int. J. Math. Science, 26, 12 (2001), 737-744.

[33] Y. Ren and R. Sakthivel, Existence,uniqueness, and stability of mild solutions for Second-order neutral stochastic

evolution equations with infinite delay and Poisson jumps, J.Math. Phys., 53, 7 (2012), 073517.

[34] C. Rajivganthi, K. Thiagu, P. Muthukumar and P. Balasubramaniam, Existence of solutions and approximate con-

trollability of impulsive fractional stochastic differential systems with infinite delay and poisson jumps, Applications

of Math., 4, 60 (2015), 395-419.

[35] A. Slama and A. Boudaoui, Existence of solutions for nonlinear fractional impulsive stochastic differential equations

with nonlocal conditions and infinite delay, Int. J. differ. eqn. appl., 4 (2014), 185-201.

[36] R. Sakthivel, R. Ganesh, Y. Ren and S.M.Anthoni, Approximate controllability of nonlinear fractional dynamical

systems, Commun. Nonlinear Sci. Numer. Simul., 18, 2 (2013), 3498-3508.

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 
ISSN 2229-5518 22

IJSER © 2021 
http://www.ijser.org

IJSER



Fractional stochastic differential equations with Poisson jumps 23

[37] S. G. Samko, A. A. Kilbas and O.I. Marichev, Fractional Integrals and Derivatives: Theory and Applications,

Gordon and Breach Science Publisher, Yverdon, 1993.

[38] S. Selvarasu, P. Kalamani and M. Mallika Arjunan, Approximate controllability of impulsive fractional stochas-

tic integro-differential systems with state-dependent delay and poisson jumps,Journal of Fractional Calculus and

Applications 2 (2018), 229-254.

[39] S. Sivasankaran, M. Mallika Arjunan and V. Vijayakumar, Existence of global solutions for second order impulsive

abstract partial differential equations, Nonlinear Analysis: Theory, Methods and Applications, 74, 17 (2011), 6747-

6757.

[40] XB. Shu and Q. Wang, The existence and uniqueness of mild solutions for fractional differential equations with

nonlocal conditions of order 1 < α < 2, Comput. Math. Appl., 64, 6 (2012), 2100-2110.

[41] K. Thiagu and P. Muthukumar, Non-Lipschitz Sobolev Type Fractional Neutral Impulsive Stochastic Differential

Equations with Fractional Stochastic Nonlocal Condition, Infinite Delay and Poisson Jumps, Compu. Appl. Math.

Journal, 6, 1 (2020), 1-11.

[42] J. Wang and H. M. Ahmed, Null controllability of nonlocal Hilfer fractional stochastic differential equations,

Miskolc Math. Notes, 18 (2017), 1073-1083

[43] C. Yue, Second-order neutral impulsive stochastic evolution equations with infinite delay, Advances in Difference

Equations, 1 (2014), 1-13.

[44] Z. Yan and X. Jia, Optimal Controls for Fractional Stochastic Functional Differential Equations of Order α ∈ (1, 2],

Bulletin of the Malaysian Mathematical Sciences Society, (2016): 1-26.

[45] Z. Yan and F. Lu, On approximate controllability of fractional stochastic neutral integro-differetial inclusions with

infinite delay, Applicable Anal., 94, 6 (2015), 1235-1258.

[46] X. Zhang, C. Zhu and C. Yuan, Approximate controllability of fractional impulsive evolution systems involving

nonlocal initial conditions, Adv. Diff. Equ., 2015 (2015), pp-14.

International Journal of Scientific & Engineering Research Volume 12, Issue 4, April-2021 
ISSN 2229-5518 23

IJSER © 2021 
http://www.ijser.org

IJSER




