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Abstract: This paper investigates a new class of fractional stochastic differential systems
with non-Gaussian processes and Poisson jumps. Firstly, we examine the solvability results
for the considered system. Furthermore, new stability results for the proposed system are
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successive approximation method, and the corollary of the Bihari inequality. Finally, the
validity of the results is proved through an example.
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1. Introduction

Fractional differential equations (FDEs for short) extend classical differential equations
by incorporating derivatives of non-integer order. These equations can describe more
complex phenomena such as memory, hereditary processes, and anomalous diffusion,
which cannot be effectively captured by integer-order derivatives. FDEs have a wide
range of applications across various fields, such as economics, finance, material science,
environmental science, signal processing, engineering, and control theory. For further
information on FDEs, see [1,2] and the references cited within those works. The Caputo
derivative is one of the most commonly used definition [3] of the fractional derivative. It is
particularly useful in modeling physical processes where the initial conditions are specified
in terms of integer-order derivatives, such as in the case of initial-value problems. Shu
and Wang [4] investigated the existence and uniqueness results for FDEs with nonlocal
initial conditions. Fractional stochastic differential equations (FSDEs for short) are a class
of differential equations that combine the concepts of fractional calculus and stochastic pro-
cesses. They are used to model systems that exhibit both random fluctuations (stochasticity)
and memory effects (fractionality). FSDEs are often employed in fields such as physics,
finance, biology, and engineering, where systems experience both uncertainty and long-
range dependencies, such as anomalous diffusion or hereditary behaviors. For more details
on FSDEs, see [5-8] and references therein. FSDEs with Rosenblatt processes and Poisson
jumps extend traditional FSDEs by incorporating more complex forms of randomness, i.e.,
long-range dependence (through the Rosenblatt process) and discontinuous jumps (via
the Poisson process), which are often seen in financial models, biological systems, and
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{CDMK) — Ay(6) + Ay (i, y(0)) + Do,y (x))

physical processes. For more details on such systems, see [9-13] and references therein.
Ren and Sakthivel [14] discussed the stability outcomes for stochastic systems of the second
order with Poisson jumps. The stability concept of fractional stochastic systems presents a
challenging but crucial area of research for modeling real-world phenomena. These systems
capture the complex interplay of long-range dependencies, non-Gaussian randomness, and
discrete jumps, all of which are essential to understanding the behavior of systems subject
to both continuous fluctuations and rare, disruptive events. Investigating their stability re-
quires advanced mathematical techniques, but the insights gained have broad applications
in fields like finance, network theory, and engineering. For more basic facts on stability and
its applications, see [15-18] and the references therein. Sathiyaraj et al. [19] investigated the
stability of Hilfer FSDEs. Agarwal et al. [20] discussed the stability results for impulsive
fractional systems with delay. Despite the growing interest in fractional stochastic systems,
the analysis of their solutions, especially under non-Lipschitz conditions, remains a chal-
lenging task. The existence and uniqueness of mild solutions are fundamental to the study
of such systems, but standard methods like fixed-point approaches may not always apply
in this context. Therefore, motivated by the above facts, we used new techniques, such as
the successive approximation and Gronwall’s inequality, to establish these existence and
stability results.
Based on the above discussions, we consider the fractional stochastic system

dRM (x)

=+ Jy Ba(ey (), N (dre, dE), x € (0,0],

(1)

¥(0) =yo, ¥'(0) =y,

where DY is the Caputo derivative of order 1 < 6 < 2 and the state x(-) € K. A :
D(A) € K — K is a sectorial operator of type (M, x,6,p) defined on K. 73 = [0,b].
R = {RM(x) : k > 0} is a Rosenblatt process that takes values on ) with # € (0.5,1).
The functions Aj, Ay, and Ajz satisfy certain conditions, which will be detailed later.

The paper is organized as follows: In Section 2, we define various preliminaries that
will be used to prove the results. In Section 3, we investigate the existence and stability
results for the considered systems by using successive approximation techniques and
Bihari’s inequality. Finally, in Section 4, an example is provided to demonstrate the validity
of the results.

Remark 1. The key contribution of this work is the exploration of existence and stability results
for a novel class of fractional stochastic differential systems driven by non-Gaussian processes and
Poisson jumps. This is achieved through the application of successive approximation methods and
the Bihari inequality, offering a distinct approach compared with the fixed-point techniques and
stability results available in the literature, as shown in [18-21].

2. Preliminaries

Let IC and ) be real separable Hilbert spaces and L(/C, )’) be the space of all operators
from K to ), which are bounded and linear. For simplicity, for K, Y, and L(K,)), we
used the same norm || - ||. Let (QQ, F, P) be a complete probability space, and for x > 0, F,
denote the o-field generated by P-null sets and {R (k) : B € [0,x]}.

Let § = 4(x),x € Dj; be a stationary JF,-Poisson point process with a characteris-
tic measure 7. Let N (dx,d&) be the Poisson counting measure associated with g, i.e.,
Ni(x, V) = Ypep, p<x Iv(4(B)), with measurable set V € B(K \ {0}), which represents
the Borel o-field of K \ {0}. Let N'(dx,d&) = Ni(dk,d&) — dx(dE) be the compensated
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Poisson measure that is independent of the Rosenblatt process. Let p, ([0, b] x V; K) signify
the space of all predictable mappings A : [0,b] x V — K for which

b
[ [ Bl oy < o

Next, we define the K-valued stochastic integral fob fv x, &)N (dx,dE), which is
a centered square-integrable martingale. Let Q; € L(),)) represents a nonnegative
self-adjoint operator. Let £ = EO(QU 2, K) signify the separable Hilbert space of all
Hilbert-Schmidt operators from Ql/ %Y to K, equipped with the norm

l9l7g = l9Q" %I = Tr(pQig").

Definition 1 ([9]). Let ¢ : [0,b] — cg(g}/zy, K) such that } 322 ||K;{(¢Q%/26j) IL2(0,01,6) <
oo; then, the stochastic integral corresponding to the Rosenblatt process is defined as follows:

i/()x (P(,B)Q%/Zejdr] Z/ / K?—[ ¢Q1/2 ))(xlzxz)dW(X1)dW(x2).
j=

Lemma 1 ([11]). For ¢ : [0,b] — £3(Q?Y,K) such that T2 |9 Q1" ejl| 1w o1, <
holds and for any xq, x2(x2 > x1) € [0, b], we obtain

X2 N 2
E| [~ o(B)dRo,(p)

1

< enlaz = 0P Y [ llo(B)Q} e 2dp.
j=1/m

Iy, ||([)Q1/26]|| is uniformly convergent for x € [0,b], then

2
E

|7 eBraro,(p)

1

<=3 [ p(p) e

The Banach space C(K) formed by all Fi-adapted measurable, K-valued stochastic
processes {y(x) : k € [0,b]} such that y(x) is cadlag on k € [0, b], and the norm defined by

1/2
Ivlle = sup Ely(x)|)
<k<

For 6, > 0, we take Ac = {y € C(K) : |ly[|2 < &>}

Definition 2 ([4]). The Caputo derivative of order 6 for a function & : (0,00) — R can be
written as

DIF() = po—gy | (=B 7" (B)dp, x>0, @

wherem —1 < 0 <m, m € N,and F(x) € C"(0, ).

The Laplace transform of the Caputo derivative of order § > 0 is given as

L(DYZ (1)) (A) = AP (LF) (A Z A=I"YDIF)(0), m—1<6 < m.
j=0
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Definition 3 ([4]). A linear and closed operator A : D(A) C K — K is called the sectorial
operator of type (M, x, 0, p) if there exists M > 0, x € (0,71/2), p € R, such that the 6-resolvent
of A exists outside the sector

p+Vr={p+A": A eC, |Arg(-7%)| < x},
and
A=A < M/IA® —p], A° & p+ V.

Moreover, A is the generator of {7y(x) },>0 on K, where

To(k) = —— [ RO, Apan

Y

Next, the estimates for ||Syp(x)||, ||Qo(x)|, and ||Tg(x)|| are given in the follow-
ing lemmas.

Lemma 2 ([4]). Let A be an operator of type (M, x,0, p). The estimates for ||Sp(x)|| are defined
as follows:

1. Letp > 0. Given @ € (0, 7t), we obtain

. 1/0
&mMM#MWWwwKme)> »

sin (@ — x ]
<
Iset)l < s 1+ o)
r(e)m
+ 7T _ a) 6 7
(1+ pKG)‘COS ’ sin x sin @
_ sin x
for k > 0, where & (x, @) = max {1, il —) @ —x) }
2. Letp < 0.Given @ € (0, 71), we obtain
CASA +170) 00 0
7t|cos | 7T|cosco|’cosL Gw‘ 1+ lple
forx > 0.

Lemma 3 ([4]). Let A be an operator of type (M, x, 0, p). The estimates for || Tg(x) || and || Qg (x)||
are defined as follows:

1. Letp > 0. Given @ € (0, 1), we obtain

, 1/6
m|(1egmes) -
sin (@ — x)

0\1/6,.6—1 (&1 (x,@)(1+px?)]1/?
1Tl < —— (14 pr?) /oo
MKG—l
(14 px?) ’cos ‘ sin x sin @

0
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. 1/6
M 1+'S,1117(D —1|&1(x, @) 0_1
sin (@ — x) 0-1 N
(0+2) (1+px%) 0 k0= 1el&100@) (1+px")

msiny 0
MBI (6)

1Qe(K)] <

_|_

—@|f . 7
(1 +pK9)’COS7TT‘ sin x sin @

_ __sinx__
for k > 0, where &1(x, @) = max {1’ sin (@ — x) }

2. Letp < 0.Given @ € (0, 1), we obtain

eM {(1 +sinw)'/? — 1} M K01
1T < ¥ o |
7|cos | 7T|cosa)|‘cosT‘ +lplx
eM [(1 + sin (i))l/(9 - 1} K oT(0) M 1
1K) < t T—® 8’
‘ 7‘ 1+ |plx
1+= 7t|cos @||cos
ntlcos@| 0 0
forx > 0.

Lemma 4 ([4]). Let A be an operator of type (M, x,0,p). The unique solution of the

Cauchy problem
{CDgy@c) = Ay(x) + G(x), k€ [0,b], 1< 0 <2, o
y(0) = yo, ¥'(0) = y1,
is given by
¥(x) = So(0)yo + Qo0 + [ Tolx ~ HG(B)B,
where
Sp(x) = ﬁ / MAIR(AY, A)dA, Q) = ﬁ / AR (A, A)dA,
Tk = o [ RO A,
where c is a suitable path, with A° & p + V, for A € C.
Proof. By utilizing the Laplace transform, we obtain
LEDIY(x))(A) = A°(Ly)(A) = A1y (0) — A2/ (0).
It follows that
AP (Ly)(A) = A% Ty(0) = 2772y (0) = A(Ly)(A) + (LG)(A). @

From Equation (4), we obtain

(Ly)(A) = (AT = A) AT Ty(0) + 2772y (0) + (£G) (A)]. ®)
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By utilizing the inverse Laplace transform of Equation (5), we obtain

¥(x) = So(0)yo + Qs + [ To(x ~ HIG(B)dp:
O

Definition 4 ([22]). An Fy-adapted stochastic process y € C(K) is said to be a solution of (1),
if y(x) is cadlag on x € [0,b] and, for every x € [0,b], y satisfies y(0) = yo, y'(0) = y1, and

¥ = S0+ Qolx)a+ [ Ttk — PAB(BNAB+ [ Talx — B)da(B,y(B)dR¥(B)
w7 [ Tatc— B)8a(,y(B), )N (dp, )

Definition 5 ([14]). A solution y of (1) is called stable in mean square if, for any € > 0, there exists
© > 0 such that

Elly(x) = 9(0)[|> < e, whenever Ellyo — fol* +Ellyr — f1]* < ©,
where 1) is another solution of (1), with §(0) = 9o and §'(0) = 1.

3. Stability Results

We make the following assumptions:

[A1]: The operators Sy(x), Qg(x), and Ty(x) are compact in D (.A) such that

sup [[Sp(r) || <M, sup [|Qp(x)[| < M, sup [|Tp(x)|| < M.
ke keJy k€T

[A2]: The functions Ay : [0,1] x K — Kand A, : [0,b] x K — Eg(Q%/zy,lC) are measurable
and satisfy, for all « € [0,b],y1,12 € K,

E[[ A1 (1) = A1 (6, y2) 2V El| A2k, 1) = Ba(,2) |2 < ¥ (Ellys — 2 ?),

where ¥(+) is a concave, non-decreasing, and continuous function from R* to R™

such that ¥(0) = 0, ¥(B) > 0 for p > 0,and [, ‘;(’[;) =00

[A3]: The function Az : [0,b] x K x V — K is measurable and satisfies, for x € [0,],
vy y2 €K,

[, BI85, 1,8) = 80,2, €) [0(d2)
1/2
V([ B18a0s3,0) ~ At O 0(a) ) < ¥ (Bl — i),
and
1/2
([E1sapoln@) < ¥,

[A4]: For all « € [0, b], there exists a constant Ay > 0 such that

Bl (02 B2 02 v ( [ Elas(x,0,8)[Pr(de) ) < Aa.
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Elly" ()|

IN

Let us define the successive approximation sequence as follows:

) = Sp(x)yo+ Qo(x)ya

y"(x) = Se(x)yo + Le(K)y1
£ [ Tale— BBy BB+ [ Tols — Bra(py" T (B)ARY (B)
[0 [ Tate—B)8a(,y" (), N (B dE), k€ (0.6, m=12,.... (6)

Lemma 5. Suppose that assumptions [A1]-[A4] hold. Then, there exists a constant 6, > 0 such
that ||ly™(|3 < &,, for all m > 0.
Proof. For x € [0, ], we obtain
E|ly°(x)|I? E||Sp(x)yo + Qo (1)1
2M2Ellyol® + 2MPE |y ||

Hence, we obtain
1212 < 2MPE|lyol* + 2ME|jy: ||* = 41

This shows that y° € C(K). Now, for m > 1, we obtain, by utilizing Holder s inequality,

K 2
SE]S5(6)30 + Qu(wh*+ 48| [ T — B)a (B4 (6)dp

2

4EH [ Totx = Baa(p v B)aRY(p)

2

4EH /OK /v To(x — B)As(B,y™ (), &)N (dB, d¢)
401+ 4M2 [l (By" ) (B))|2dp

AMe ™1 [VE|a(y" 1 (B))Ifigd

4<:M2<_/0 " [ Elas(,y"8),2) Po(a)ap

/ K‘F(Ellyml(ﬁ)llz)dﬁ>

401+ M2 ["E|A(B,y" 1 (B)) — M(B,0)|Pap -+ 8M%D [ “Ella(B,0)|dp
BMEcu? L [ VB a8y (B) ~ Ba(B,0)|3gap

8MZe? 1 [ ) s (B, 0)]1240p
4CM? (2 | [ B8, (8), ) — 83(,0,8) Py (de)dp
2 [ [ Elas(p,0.0)Pn(de)ap+ | K‘I’(Ellyml(ﬁ)llz)dﬁ>

K
46, + 8M?2b /0 ¥ (E[ly" 1 (8) ) 4B + BMPA,

K
8M2cp b1 /O Y(E [y 1(B)|[2)dp + 8M2cyb?H Ay
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+o4acM? (3 /()K‘P(Ellym’l(ﬁ)lf)dﬁ +2bAA>«

Hence, we obtain

K
Ely" ()2 < ho+m [ ¥(Ely" " (8)]2)de,
where hy = 461 + 8M?(b? 4 cyb*M 4 Cb)Ap, by = M?(8b + 8cyb* '~ +12C). Because
Y¥(-) is concave and ¥(0) = 0, there are constants y; and y; such that

Y(B) = p1 + 2P, forall p > 0.

Hence, we obtain

Elly" (x)|?

IN

o+ [ (s + maElly" " (B)2) dp

K
o gz || Elly™ (8|,

IA

and

K
sup E[ly"(s)|? < hz+hluz/0 sup E|ly"™ " (r)|*dp,

0<s<x 0<r<p
where hy = ho + hip1b. On the other hand, for any n > 1,
1%

max sup E|ly" 1(s)]2 < E[y*(s)|F + max sup Elly"(s)

1<m<n 0<s<x 0<s<x

and we obtain

K
max  sup Elly"(x)|? < h2+h1y2b51+h1y2/ max  sup E|y"(r)|2dx
lsmsn g<y<x 0 l=m=n g<p<x
K
< n h/ E|ly™ (r)|[2dx,
< hs+hy | max  sup lly™ (r)||7dx

SN oo<r<x

where h3 = hy + hipabdq, hy = hypy. Since n is arbitrary, by Gronwall’s inequality, we obtain

sup Elly"(x)[> < hzet =5, < oo,
0<x<xk

Hence, we obtain |[y" |2 < &, for allm > 0. Thus, y™ € A¢. O

Lemma 6. Suppose that the assumptions of Lemma 5 hold; then, there exist constants 3 > 0 and
84 > 0 such that for all k € [0,b] and m,h > 1,

K
sup E[ly" " (x) —y" (x)[* < (53/ ‘I’< sup E[ly" " (r) —y’”‘l(r)Hz) dx.
0<x<k 0 0<r<x
and

sup Ely" " (x) = y" (x)|* < dyx.

0<x<k

Proof. By the definition of y™, for any m,h > 1 and « € [0, b], we obtain
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sup Efly" " (x) -y (x)|?

0<x<xk

K
<3M?b [ sup Bl (r,y" T (r) = A,y (1) |Pdx

0 0<r<x
K
+ 3M2ep bR / sup E[[Aa(r,y" H1(r) = Malr,y" (1) [2gdx
0 o<r<x

+3CM2</ / sup E[[As(r,y" (1), &) = Ba(r,y" 71 (r), §)IPn (dE)dx

Vo<r<x

1/2
*A(A“WWM(WhWM%me%mmwwﬂ m)

0<r<x

< 3M2b/K‘Y< sup Efly"*"1(r) —y’”l(r)Hz)dx
0

0<r<x

K
+ 3./\/12ch27{*1/0 ‘I’< sup E||y™h=1(r) — yml(r)”z) dx

0<r<x

K
+ 6C/\/l2/ ‘I’< sup Elly" ™ 1(r) —y’"l(r)Hz)dx
0 0<r<x

0<r<x

K
S@/W<wpmw%1m—w1mﬁyn
0
where 83 = 3M?2b + 3M?2cyb?" =1 + 6CM?2. Next, we obtain

K
sup E[ly" " (x) —y"(x)[> < 53/ ‘I’<sup Ellym+h‘1(r)—ym‘l(r)Hz)dx
0<x<x 0 0<r<x

K

S 53/ ‘P(252)dx
0

= 04K,

where 64 = §3%Y(25;). O

Theorem 1. Suppose that the assumptions of Lemmas 5 and 6 are satisfied; then, the successive
approximation sequence y™ (m € N) converges to a unique mild solution y(x) € Ac.

Proof. Step 1. Prove that {y"(x) : x € [0,b]} is a Cauchy sequence. Let uq(v) = 3% (v).
Choose ¢1 € [0, D] such that uy (d4v) < &4 for v € [0, c1]. We first introduce two sequences of
functions {wy (x) } men and {wy, j (1) } 1y nen as

K
wy(k) = 4k, me(K):/O w1 (wp (v))dv,
wp() = sup Elly™"(v) —y" ()|
0<v<k
Next, we obtain
wip(c) = sup B[y (v) —y'(v)|* < d4x = wi(x),

0<v<xk
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y(k) =

and
wy(x) = sup E[y*(v) -y ()
0<v<k
K

< | u1< sup [}y () y1<v>||2>dx
0 0<v<x

< /K U1 (w1 (x))dx = wa(x) < 64k = wy (k).
0

Hence, we obtain
wo () < wa(k) < wy(x).

Let the results be true for m; then,

Wnsip(K) = sup By (w) -y ()2
0<v<k
K
< | u1<sup E|ym+h<v>—ym<v>||2>dx
0 0<v<x
K K
< [ n(n(0))dr = () < [ in(@n-1(0)dx = o).

This implies that wy, () is a decreasing, continuous and nonnegative function on
[0, c1] by induction on m. Hence, the function w(x) is defined as

w(x) = lim wn(x) = lim & [“¥(p1(0)dx =& [ ¥(w(x)dx, 0<x <ar
By using the Bihari inequality [5], we obtain that w(x) = 0 for all 0 < x < b. Thus,
0 < wmm(x) < wm(c1) = 0asn — co.
This shows that {y™(x) : x € [0,b]} is a Cauchy sequence on A¢. Now, by using

the Borel-Cantelli Lemma, we obtain that as m — oo " (k) — y(x) holds uniformly for
k € [0,b]. By taking limits on both sides of Equation (6), we obtain

So()yo + Qo (x)y1 + /OK To(x — B)A1(B,y(B))dp + /OK To(x — B)A2(B,y(B))dR™(B)

+ /OK /V To(x — B)As(B,y(B), &N (dB, dE).

Step 2. Let y; and y; be two solutions of system (1). For x € [0, b], we obtain, similar to
Lemma 6,

sup By (x) — 1a()]* < &3 /()"T( sup Elyi(r) - yz<r>||2>dx.

0<x<«k 0<r<x

By using the Bihari inequality [5], we obtain supy_ ., E|ly1(x) — y2(x) |> = 0. Thus,
y1(x) = y2(x) forx € [0,0]. O

Theorem 2. Suppose that the assumptions of Theorem 1 are satisfied; then, the mild solution of
system (1) is stable in mean square.

Proof. For initial data yy and 7, let y(x) and 7(x) be the solution of (1), respectively. For
k € [0, b], we obtain
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sup Elly(x) —

0<x<xk

‘Dly(x,0) =

<

()17

8M?E|lyo — fol|* + 8MElly1 — 1|

IN

+ 4M2b/OK‘If< sup Elly(r) y:(r)||2>dx

0<r<x
(r )||2>dx

< 8MA(Elyo — doll* +Ellyr — 01 ]) +6’o/0 ‘1’< sup Elly(r) —?(T)Hz) dx,

0<r<x

0<r<x

y(r
K
+ 8CM2/0 ‘I’(sup E|ly(r) ||2>

0<r<x

n 4M2ch2H‘1/O (sup E|ly(r) —

where ¢y = 4M?b + 4 M?cy b1 4 8CM?2. Let ¥ (w) = ep¥(w); here, ¥ is a increasing
and concave function from R* to R such that ¥(0) = 0, ¥(w) > 0 for w > 0 and

f0+ WZ’) = +o0. Hence, ¥1(w) is also a concave function from R* to R™ such that

dw

¥1(0) =0, ¥(w) > ¥(1)w, forany 0 < w < 1and [, = ~+oo0. Therefore, for any

; Y1 (w)
€ > 0,61 = €/2, we have lim,_( fxel ¥ EZU) = +o0. Thus, there is a positive constant
1
® < €7 such that
€
1 dw > b,
o Yi(w)

From the Corollary of the Bihari inequality [5], let

wo = 8M*(Ellyo — JolI* + Ellyr — 1111%), and w(x) = sup E[ly(x) - §(x)|?,
0<x<k
and v(x) = 1. Therefore, when wy < ® < ¢, the Corollary of the Bihari inequality [5]

shows that
€1 dw €1 dw

_ >
w Y1(y) — Js Yi(w)
Thus, for any « € [0, ], the estimate w(x) < €, holds. Hence, system (1) is stable in

>b= /Ob v(x)dx.

mean square. []

4. Applications
4.1. Numerical Example

Consider the following system:

Py(i,0) | e "(1+y(x0) | 2(e7 % +y(x,0) dR™ (x)

902 2+ |y(x,0)] 1+ 2ex dx
+ [y e ¥ cos(x) (1 + y(x, 0))ZN (dx,dE), x € [0,1] ¢ € [0, 7], 7)

y(x,0) = 0 =y(x, ),
y(0,0) =yo(e), ¥'(0,0) = y1(0), ¢ € [0, 7],

where ¢DY is the Caputo derivative of order 1 < 8 < 2 and R (x) is the Rosenblatt process
with Hurstindex 1/2 < H < 1. Let Q1 =1, Y =R, A; = 1, )\j = 0,and j > 1. Let
K = L2[0, 7t], and define the operator A : D(A) C K — K by

Ap = p" with®(A) = {p € K : p, p’ areabsolutely continuous, p” € K and p(0) = p(r) = 0}.
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A is generator of a resolvent family {7g(x) : ¥ > 0} and dense in the space K. By
Theorems 3.3 and 3.4 (see [4]), we obtain M = 3. Define the functions as follows:

2(e ¥ +y(x,0))
1+ 2e*

e *(2+y(x,0))
2+ [y(x, 0)]

Ai(x,y) = , Mo(,y) = . Da(r,y,8) = e > cos(x)(1+ y(x,0))¢.

We have a concave, continuous, and non-decreasing function ¥ = 7 : Rt — Rt with

I(@) =@ >0, for@ > 0,Z(0) = 0,and f. %D = 0. Next, we obtain

e 2K
E[81(6y1(x,0) = A1, y2(c,0) |2 < ——Ely1(x,0) — ya(r0)

I”?

IN

1
1 Ellya(ee) = ya(e )2,

4
El[A2(x,y1(x,0)) = Aok 20, )7y < gy Bllva( @) —vale Q)

A

< 4E[ly1(x,0) — y2(x, 0)|I%,

and

4e—l6K
2 -2 2
E[[M1(k, 0)[F <™ <1, and E[|As(x,0) [ < At 202 <4

We assume that [, ¢257(d¢) < 1and [}, £*(d¢) < 1. Next, we obtain
[ Ell83(c,y1(x,0), ) = Aa(,y2(x, 0),€) Pn(d2) v
1/2
(/VEHAS(K/% (x,0)¢) — As(szz(KzQ)/§)||477(d§)> < Ellyi(x,0) —ya(x,0)[1%,

and [}, E[|A3(x,0,8)||?7(dE) < 1. We obtain Ay = 1. All the assumptions of Theorem (2)
are satisfied. Hence, the successive approximations sequence y”, m = 0,1,2, - - - converges
to the unique stable mild solution of system (7) on [0, 1].

4.2. Application

Motivated by the designs presented in references [23,24], we introduced a new filter
pattern for our system (1), which is displayed as follows.

Figure 1 illustrates the basic structure of the block diagram, which helps improve the
solution’s efficiency while minimizing input requirements and is detailed as follows:

1. Product Modulator (PM for short)-1 receives the inputs y(f) and A; and produces the

outputas A1 (B, y(B)).
2. PM-2 receives the inputs y() and A, and produces the output as Ay (B, y(B)).
3. PM-3 receives the inputs [, N (dB,d¢) and Az and produces the output as IS
83(B,y(B), &) N (dp, 2).
4.  PM-4 receives the inputs y; and Qy(x) at x = 0 and produces the output as Qy(x)y;.
5. PM-5 receives the inputs yp and Sy(x) at k = 0 and produces the output as Sp(x)yo.
6.  Here, the integrators compute the integral of

72— ) 81(8,(8)) + da(,y(8)) + [ 2a(5,y(), NP, ) ),

over the time period «.
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1. Theinputs Tg(x — B

Furthermore,

and A1(B,y(B)) are combined and multiplied with an output of

integrator over (0, x).

2. Theinputs Tg(x — ) and Ay (B, y(B)) are combined and multiplied with an output of
integrator over (0, x) with respect to R7 (B).

3. Theinputs Tg(x — ) and [, A3(B,y(B), &) N (dB,d) are combined and multiplied

with an output of integrator over (0, k).

~— — — —

Finally, all the outputs from the integrators are sent to the summing network. As a
result, the output y(x) is obtained, which is bounded and stable in mean square.

To(k —B)
o1 ,
;: Integrator .
yp)
1o
i
y(B)
J 2
H() '
1 &rcap, e
| Qo(x)
x;’ S T -/”‘;4- y(x) output
| Selx).

o )

Figure 1. Filter system.

Yo

5. Conclusions

This paper presents a novel class of fractional stochastic differential systems driven by
non-Gaussian processes and Poisson jumps. The successive approximation technique is
employed to derive new constructive results regarding the existence and stability of the
proposed system. To demonstrate the effectiveness of these results, an illustrative example
is provided. As a potential avenue for future research, we encourage further exploration of
fractional stochastic differential systems incorporating non-Gaussian processes, Poisson
jumps, impulsive effects, and delays.
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