Nonlinear Analysis: Modelling and Control
ISSN: 1392-5113

Vilnius ISSN: 2335-8963

nonlinear@mii.vu.lt

Vilniaus Universitetas

Lituania

Uniwersity
Press

Stability of solutions of Caputo fractional
stochastic differential equations*

Xiao, Guanli; Wang, JinRong
Stability of solutions of Caputo fractional stochastic differential equations*

Nonlinear Analysis: Modelling and Control, vol. 26, nim. 4, 2021
Vilniaus Universitetas, Lituania

Disponible en: https://www.redalyc.org/articulo.oa?id=694173200002
DOI: https://doi.org/10.15388/namc.2021.26.22421

Esta obra esta bajo una Licencia Creative Commons Atribucion 4.0 Internacional.

”@é)a\y() _ (;Trg PDF generado a partir de XML-JATS4R por Redalyc

Proyecto académico sin fines de lucro, desarrollado bajo la iniciativa de acceso abierto



https://www.redalyc.org/articulo.oa?id=694173200002
https://doi.org/10.15388/namc.2021.26.22421
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Nonlinear Analysis: Modelling and
Control, vol. 26, nam. 4, 2021

Vilniaus Universitetas, Lituania
Recepcion: 21 Marzo 2020
Revisado: 20 Agosto 2020

Publicacién: 0 lk]u]i() 2021

DOI: https://doi.org/10.15388/
namc.2021.26.22421

Redalyc: https://www.redalyc.org/
articulo.0a?id=694173200002

Stability of solutions of Caputo fractional
stochastic differential equations*

Guanli Xiao glxiaomath@126.com
Guizhou University, China

JinRong Wang sci.jrwang@gzu.edu.cn
Qufu Normal University, China

https://orcid.org/0000-0002-6642-1946

Abstract: In this paper, we study the stability of Caputo-type fractional stochastic
differential equations. Stochastic stability and stochastic asymptotical stability are
shown by stopping time technique. Almost surly exponential stability and .th moment
exponentially stability are derived by a new established It6’s formula of Caputo version.
Numerical examples are given to illustrate the main results.

Keywords: Caputo fractional derivative, stochastic differential equations, stability.
1 Introduction

Recently, fractional derivative is used to study the properties of memory
and genetic for complex systems in different fields of application; see [2,
6]. Wu et al. [23] introduced a new result for Mittag-Lefler stability
analysis of fractional discrete-time neural networks via fixed point
technique. Huang et al. [10] gave the analysis for variableorder fractional
discrete-time recurrent neural networks. For more details on fractional
differential equations, we refer to the monographs [12, 25].

Stochastic is one of the essential properties of the world, and the
stability is a top priority to the system application in practice. Stability
analysis of stochastic systems is very necessary. Lyapunov direct method
and frequency analysis method have been popular among scholars for
their intuitive concept, general method, clear physical meaning and
rigorous theory and have become the main tools to study the stability of
differential systems. At the same time, Burton et al. [3,4,5] presented the
application of fixed point technology to stability analysis and fractional
differential equations. Existence, uniqueness and stability of solutions
to stochastic partial differential equations have been studied by many
researchers; see [2, 8, 15, 17, 20]. Many new achievements have been used
in dealing with stochastic integral and differential equations; see [1, 9,
11, 18, 19, 21, 24]. For more details regarding functional analysis and
mathematical analysis, we refer to [13, 14, 22].

Recently, Doan et al. [8] studied asymptotic separation between
solutions of the following Caputo fractional stochastic differential
equations:
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. dw
“Dg. X (t) = f(t, X (1)) + g(t, X (t)) df).

X{D) = Xo. (1)

t>0, aec(0,1],

where CDa denotes the Caputo fractional derivative, f, g : [0, +o0) X
R > R are measurable functions, and {W (t), t € [0, +0)} is a standard
scalar Brownian motion on an underlying complete filtered probability
space (O, F, F:= {Ft} t € [0, +0), P).

For each t # [0, + o0 ), Xt := L2(Q, Ft, P) denotes the space of all t-
measurable, mean-squared integrable functionsu: Q > Rwith #u#2 =E

| u| 2. A process X: [0, +00) L2(Q, F, P) is called F-adopted if # X(t)
6, t#[0,+).

Doan etal. [8, Thm. 1] applied contraction mapping principle to derive
the existence and uniqueness result of (1) by imposing the Lispschitz
condition on fand g.

Note that asymptotic behavior and exponential stability of fractional
stochastic differential equations in the sense of expected have been
studied in [6, 16]. However, fractional Ité formula of Caputo version,
stochastic stability and stochastic asymptotic stability of (1) in a
probabilistic sense have not been established.

In this paper, we present stochastic stability, stochastic asymptotical
stability, almost surly exponential stability and pth moment exponential
stability for (1). In Section 3, we establish a new established fractional
[td’s formula of Caputo version, and in Section 4 we present the main
results. Numerical simulation illustrates our theoretical results in the final
section.

2 Preliminaries

Definition 1. (See [12].) Let « # (0, 1], T > 0, f: [0, T] > Rbe a
differentiable function. The Caputo fractional derivative of fis defined as

°De, f(t) = l_ﬂ}[ 04, tep)

where I'(2) := [0 oo Ta—1e—7 d7 is Gamma function.
Definition 2. (See [12].) Let & # (0, 1], f: [0, + o0 ) > R. The Caputo
fractional integral of f is defined as

1 L
I5 f(t) = (o) /[t—T)""_lf[T}d’r, t€[0,T].

0
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Definition 3. (See [8].) For each X0 € X0, a F-adopted X is called a
solution of (1) if the following holds for t € [0, +0):

X(t) :== X (t; Xo)

i

= 1 — ) (. X (1)) dr
_X(]_l_l"{ﬂ.} ({[t j -JF(‘Y[ )}d

+ /{t —7)* g(r, X (7)) dW(7)
0 o

we introduce the following assumptions:
(H1) There exists a constant L > 0 such that forall X, X" € R, t €
[0, +<>0),
| £(6X) ~FEX) |+ ] g, X)-gox) | <LX-X],
2)g(-0)is essenuaﬂy bounded, i.e.,

(H

|g(t,0)||__ := esssup |g(t,0)| < +o0,
t[0,+00)

and g( .-, 0) is L2 integrable, i.c., [0 +oo |g(t, 0)]|2dt < +oo.

Lemma 1. (See [8, Thm. 1].) Suppose that (H1) and (H2) hold. Then
for o € (1/2, 1), (1) has a unique solution X(.) € Xt := L2(Q, Ft, P)
given by (2).

Definition 4. (See [15, Def. 2.1].)

(i) The trivial solution of (1) is said to be stochastically stable or stable
in probability if for every pair of ¢ # (0, 1) and r > 0, there exists a 8 = 3(e,
r,0) > OsuchthatP {X | (t) | <r}21¢t20,whenever | X0 | <3d.
Otherwise, it is said to be stochastically unstable.

(ii) The trivial solution of (1) is said to be stochastically asymptotically
stable if it is stochastically stable and, moreover, for every e € (0, 1), there
exists a 00 = 00(¢) > 0 such that P {limt>+o0 X(t) = 0} > 1 ¢ whenever

| X0 | <00and 0 denotes n-dimensional zero vector.

Definition 5. (See [15, Def. 3.1].) The trivial solution of (1) is said to

be almost surely exponentially stable if

lim nup—ln X(t) < a.s.

t——4oo

for all X0 € Rn, where “a.s.” means “almost surely”.
Definition 6. (See [15, Def. 4.1].) The trivial solution of (1) is said to
be pth moment exponentially stable if there is a pair of positive constants
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Aand Csuchthat E( | X(t) | p)<C | X0 | pe—Atforallc>0,X0#
R.If p = 2, then it reduces to exponentially stable in mean square.

Lemma 2. (See [15, Lemma 2.4].) Let F is a o—algebra, and let {Ak} #
F and Yook=1 P(Ak) < +oo. Then P{limk->+co sup Ak} = 0.

3 Itd’s formula of Caputo version

In this part, we introduce the Itd’s formula of Caputo fractional version.
It pointed out the rules for differentiating a function of Caputo fractional
stochastic process.

Let W (t), t > 0, be a standard scalar Brownian motion, and let Y #
C2,1(R x R+, R) denotes the family of all real-valued functions Y (z(.),.)
defined on R x R+ such that they are continuously twice differentiable in
zand oncein t.

Let Z(t), t 2 0, be an Itd process for dZ(t) = £(t)dt + g (¢)dW (),
where f~ # LI(R+, R) and g L2(R+, R).

We recall the standard one-dimensional 1t6 formula.

Lemma 3. (See [15, p. 32, Thm. 6.2].) Let Y () := Y (Z(),) C2,1(RR
+,R). Then Y (t), t = 0 is an Itd process given by

dY (t) = |Yi(Z(1),t) + Yz(Z(2), 1) f(t) + %YZZ(Z(E)‘t)gz(E)]dE

+Yz(Z(t),t)g(t)dW(t) as.

Now, set T > 0. Suppose that X" (t) is an td process for

. - dW(t 1
“D3. X (t) = f(t) +g(t) dt{ :'. te[0,T], ae (5, 1),
3)

with the initial condition X"(0) = XO0.
From Lemma 1, (3) has the following unique solution for t € [0, T ]:
1 t t
\ = S — )L dr ) lg(r (1) ].
X{t)_XD—l-F(O.)(/[t )1 f(r)d +‘[{r Jelg(r) dW( ))
i i

Note that when t € [0, T ], (3) has an equivalent form

dX (t) = X'(t)dt

_‘3'—]_ ‘ ona—2 gy 3 : e 27 (T
=T (({ff ) () d7 +i[(t ) Cg(T)dW( :1) 2‘)

where £ (-.)(t — -)a—2 € L1[0, T ] and g(-.)(t — .-)a—2 & L2[0, T ].
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Now, we are ready to introduce the following fractional It6’s formula
of the Caputo version.

Theorem 1. Let Y () := Y (X°(.),.) # C2,I(RxR+,R). Then Y (.)
is an Ito process given by

dY (X (t),t) = Yy (X(t),t)dt

t

a—1_, % he—2 pr _—
+m})—:()ﬂt),t)/{t—d f(r)drdt
0
t

1 " \ v —2 -

0

Proof. From Lemma 3 via (4) we can derive that

av (X(t),1) = );f” D gt + (a)E'J D ax) + f% (dX (1))
=Y, (X(1), )dt+ X (t),t) / T)dr dt

0

t
a—1,, % =2 A7
+m}x[X{f).t) f{t— T)* " *g(7)dW(7)dt.
0
The proof is completed.

4 Stability results

Letk > 0 be arbitrary, denote Sk := {X(.-) € R: |X(..)| <k}, a/\b denotes
the minimum of a and b, a \/ b denotes the maximum of a and b, I{.-} is
indicative function.

(V1) There exists a positive definite function V. &€ C2,1(Sk x[0, +);
R+) such that for all (X(t), t) € (Sk x [0, +e0)), 0 € (1/2, 1),

LUV (X(1).t) == Ve(X(

F{}

e (X (1), ¢ /f (7),7)(t — 7)*"2dr

< 0.
) (5)

From (V1), V (0, t) = 0, and there is a continuous nondecreasing

function p such that V (X(t), t) = p( | X(t) | ) forall (X(t), t) # (Sk
x [0, + ).

The following result is motivated by [15, p. 111, Thm. 2.2].
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Theorem 2. Assume (H1), (H2) and (V1) hold, & # (1/2, 1). Then the
trivial solution of (1) is stochastically stable.

Proof. Since the proof is similar to [15, p. 111, Thm. 2.2], we only give
the sketch of proofs.

Let ¢ # (0, 1) and r > O be arbitrary and assume that r < k. By the
continuity of V.and V (0, 0) = 0 one can find 8 = 8(¢, r) > 0 such that

(6)

Obviously, 8 < r. Fix X0 # S6 and let  be the first exit time of X(t) from
Sr,ie,n=inf{t>0:X(c) /Sr}.

By Theorem 1, for any t > 0, we can get

Vv [X(?} At),mAt)

TAL

= V(Xy,0) + / Vi(X(s),s)ds
0
nAat

/Ty,\ X(s),s /{3 ) (X (7),7)drds

Oc—l

- 1_(&) Jk\ X(s),s /(s [ (1), 7 )dﬁ (r)d

nAat
=V (X,,0) + / LoV (X(r),7)dr dt

0

()1/ (X(s),s /[3 X(r),7)dW (7)ds.
7)

Take the expectation on (7) and note LaV < 0. By modulus inequality,
foranyt>0,1/2 < a < 1, we can get

&—;}1 (?rLA{X{S} /{S—T“ 2( (7),7)dW(r)d )‘
I‘{a ?}[MUL (/('—T& 29(X(7),7)dW {T))
< 0.

-
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Following the same procedure in the proof of [15, p. 111, Thm. 2.2]
via (6), one has

P{in <t} <e Lett>+oo,ie, P{n < +oo} <.

Then we have P {X(t) < r} > 1 ¢ for all t > 0. By Definition 4(i) the
trivial solution of (1) is stochastically stable.

(V2) The positive definite decreasing function V. € C2,1(Sk x [0,
+00); R+) such that LaV < 0, & € (1/2, 1), where La'V is defined in (5).

From (V2), V (0, t) 0, and there exist continuous nondecreasing
functions p1, u2, u3 such that

(| X(0)]) < V(X(0),t) < pa(]X (1)), LV (X(t),t) < —ps(|X(®)])
for all (X (t),t) € (Si x [0, +00)).

The following result is motivated by [15, p. 112, Thm. 2.3].

Theorem 3. Assume (H1), (H2) and (V2) hold. Then the trivial
solution of (1) is stochastically asymptotically stable.

Proof. From Theorem 2 the trivial solution of (1) is stochastically
stable. Following the same procedure in the proof of [15, p. 112, Thm.
2.3] and using Theorem 1, one can show that there exists 30 = 0(¢) > 0
such that P {limt>+o00 X(t) =0} > 1 -e for | X0 | <80,¢# (0, 1).

Based on Definition 4(ii), the trivial solution of (1) is stochastically
asymptotically stable.

(V3) V# C2,1(Rx [0, + ); R+), and there exist constants c1 > 1, c2
# R, c3 = 0 such that

(i) c1{X(c)] < V (X(t), 1),
(11) LaV (X(t),t) < 2V (X(t ) t),
(iii) [V x (X(t), ©)|2 JO t|g(X(t), t) (s = T )a—2|2 dT 2 3 V 2(X(t), t) for

al X(t) #0,a € (1/2, 1)andt>0

The following result is motivated by [15, p. 121, Thm. 3.3].
Theorem 4. Assume (H1), (H2) and (V 3) hold. Then

I 1-«
z—lﬂ]x uup—]11|X t)| < e, T() (e2 + e3) a,s,(g)

In particular, if ¢2 + ¢3 > 0, the trivial solution of (1) is almost surely
exponentially stable.

Proof. Fix any X0 # 0. From Theorem 1 and (V3)(ii), (iii), for « €
(1/2,1), we have
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/ (Vi(X (s),s)

InV(X(t),t) =V (Xo,0) + V(X(s).s)

ds

a—1 [ Vx(X(s s}fﬂ (X(7),7)(s —7)*2dr
) J V(X(s),s )

a1 [ Vx(X(s),9) [ g(X(r),7)(s = 7)) AW (r)
P(a-)! VX)) h

F LV (X (s), )

< 7
< InV(X,,0) + O

ds.

+&—1f1}1(X s)fﬂ g(X(7),7)(s — 1) Qdﬂ(rj
(@) | (519

Set M (t) = [0 t(Vx (X(s),s) J0sg(X(t),7)(s—T1)a—2dW (1)/V (X(s),
s))ds. Thenletn = 1,2,..... Forarbitrary e € (0, 1), by (V3)(iii) we can get

= c;;t} < E.

L [VR(X(5),9) [ l9(X (1), 7)(s — 1) dr
ﬂ-f{t)—!—u/ DV?(X(s),s) ds

0

P sup
0<t<n

Using Lemma 2, we get that almost surely

t
_ V2(X(s),s) [T |g(X(7),7)(s —T)2"22dr

0 '
= (1 — g)eat. o)
Thus, by (V3)(iii) and (9) we have

1 — o

InV (X(t),t) < InV(Xo,0) — I [e2 + (1= £)es)]t.

Then we can get

1. o 1—a ) InV(Xg,0)
~In} (X(t),t) < — () [e2 + (1 —€)es)] + —
Thus
lim bupllnl (X(t),t) < _1-o [e2 + (1 —2)es].
t—+00 " ()
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Using (V3)(i),

lim sup — lncL|X t}| hm —]111 (X(t) ) < —

t—++o0

Finally, we get

1 1—a-;
Ine; I'(e) *

lim buplln|X t)] < — ez + (1 —¢e)es].

t—+oo

Since ¢ is arbitrarily, we have (8).

Note that cl > 1, then, if 2 + ¢3 > 0, we have - (1/Inc1)((1 - &)/I'(x))
(c2 + ¢3) < 0. By Definition 5 the trivial solution of (1) is almost surely
exponentially stable.

(V4) V # C2,1(Rx [0, + ); R+), and there exist constants c1 > 1, c2
#R, c3 > 0 such that

(i) cI|X(t)| = V (X(t), t) > 0,

(i) LaV (X(t), t) > 2V (X(¢), t),

(iii) |V x (X(¢), £)|2 JO t |g(X(t), t)(s — T )p—1]2 dT < ¢ V 2(X(¢), t) for
allX(t):thndt>O 1/2<a<1.

The following result is motivated by [15, p. 123, Thm. 3.5].
Remark 1. Assume (H1), (H2) and (V4) hold. Then

1 1-
Jim 111f—111|X t)| = “hne T(a) [C;—I—CJ} a.s.(lo)

Ifc2 +c3<0,then-(1/Incl)((1-a)/T(x))(c2 +c3) > 0. Thus, almost
all the sample paths of X(.) will tend to infinity (see (10)), i.., the trivial
solution of (1) is almost surely exponentially unstable.

(H3) The following inequality holds for K > 0:

/f(X(T}._T)(f —7)*72dr < K|X(t)], (X,t) € R x [0,400).
’ (11)
The following result is motivated by [15, p. 128, Thm. 4.2].
Theorem 5. Assume (H1), (H2) and (H3) hold. Then the travail
solution of (1) is pth moment exponentially stable (also almost surely

exponentially stable).
Proof. Letn = 1,2, ......By Theorem 1 and (11), foranyn — 1 <t < n,
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X ()" |XG|P+ p|X 1 ‘/f X(m),7)(s—7)* 2drds

T(J

=

a—1 p—1 a—2 7
+Wh/p|X(S}‘ h/g[X{T},T){s—T) dW(r)ds

a1 /\X(s)\"”ds

<
< | Xo o) .
0

t &
o

+ r(;}l /p|X(s]‘P_l [Q[X{T},T}(s—T)""_zdﬁ"(r) ds

Since 1/2 < a < 1, by modulus inequality we obtain

o —1 ( ; p— r _ -
- p‘X{S}‘ (X(T)J)(s —7)* 2dw (1)ds)
() ﬂ/ (}/
oDyl | X ()P ( [ o(X(r),7)(s =)o dﬁ-’(r)) ds
fr o/ O
<0
Hence,

t
—1
E( sup |X(f}‘ )$|Xg|p+pfiff;,(—a)/ sup |X(s)| )ds
(

0stsn 0stsn

Using Gronwall’s inequality,

1
. p —At
E(D;?ER|X(t)|)a:|XD|Pc A= pgPK-a) >0

By Definition 6 the trivial solution of (1) is pth moment exponentially
stable. Now, let ¢ € (0, 1) be arbitrary, then

P{ sup |X[tj|P > C_“‘_E“} < e(A==)t E( sup | X (t)] )
NL<tsn 0£t€En

= |X(}|PC_E£.
By Lemma 2 we get

sup  |X(8))" €em P9 as.
n—1<i<n
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Consequently, for almostallw € Q,n—-1<t<n,
1 1 p :
?]11|X(t}} <—lX(t))" < ——=A—g)t < ——F.

Hence,

lim bup—111|X{f}| < _)‘Th a.s.

f——400

Since # > 0 is arbitrary, we obtain

f—+40o0

lim sup - ln|X{t}| < —% a.s.

By Definition 5 the trivial solution of (1) is almost surly exponential
stability.

5 Examples

The following result is motivated by [15, p. 121, Thm. 3.3].

Example 1. Consider the stochastic differential equation on

CDg. X (1) = f(X(t).1) +g[X(t},t}d'{§tmﬁ 120, a2 (%1)

X(0) = Xo, (12)

where X0 € Rand X0 # oo, f: RX R+ >R, g: Rx R+ >R
Let the functions f, g satisfy assumptions (H1) and (H2), and for any
t>0,

/f{X{TLT){f- — 1) 2dr < 4o
0 )

Then forany t > 0, there is a pair of positive constants 6 and K such that

K < —7)*2dr + 9 < K.

(14)
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Next, let t > 0, we define
1 t
. a— a—
V (X(t},t):c'Xmlcxp[—Wff(X{T},T)(t—T} Zdr +0|.
0

By (14), for t = 0, we can get
C|X|:ﬂ|c—EK < 1,:’(;{{{}! ﬂ) < ClXHHEEK.

Hence, V is positive definite. Next, by (13), for t > 0, we have

LoV (X(@).1) = C"“”'cxp[—‘:;(—;}l / FX(r),7)(t—7)* 2 dr + 9}

a—1 / R
X (m'{}/f[)({r},r}{t—r) dT—H‘))

+C|X(”|cxp[——ii(;; [f(X(T),T](f—T}Q_Q d'r+|9]

[0

— 1 | 7),7)(t — 1) 2dr
P(a}'ﬂ/f[X( ),7)(t = 1)

X

< —fho KXW -,

NMW an
B0

L " " L s " " " . . _1om L L L L L L L L L |
o &1 00 160 A0 3E 30 30 4 480 A0 i} S0 10 180 20 250 300 30 4000 450 500
tima time

Figure 1
Brownian motion W (t) and white noise dW (t)/dt, t € [0, 500].
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i
o
)

el

L L L L L L L L L L L L |
a Bl 100 150 e u} 20 1] o a0 oo 150 200 250 300 350 400 450 510
time time

Figure 2
Stochastic stability and unstability when o = 1.

From above (V2) holds. By Theorem 2 we can conclude that under (13)
and (14), the trivial solution of (12) is stochastically stable.

Let r and P be constants when ¢ = 1, £ (X, t) = X and g(X, t)
= BX, the solution of (12) can be see in [15, Ex. 5.5]. Our chosen
Brownian motion and white noise are shown in Fig. 1. Using MATLAB
software, trajectories of stochastically stable on r < f2/2 and r > 82/2 and
corresponding unstable results are shown in Fig. 2.

Example 2. We consider the one-dimensional fractional Langevin
equationont > 0

D X(t) = —rX(t) + gdi;t{f} a € (% 1) ,r >0,

X (0) = Xo. -

The solution of (15) can be expressed as

X(t) = Xot* ' Eaa(—rt) + J/{t — 1) Eaa(=r(t —7)*) dW(r), t>0.

E10]

8
Al
B
4 2 \
2
ar M\"H_"'-\—h_,\_..-\_\_
L W
0
2

“a i1 aml 600 Blo 1000 1200 o a0 A0 600 a0 1000 1200
time time

Figure 3

Almost surly exponential stability of fractional Langevin equation when ¢ = 0.6 and 0.7.
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Figure 4

Almost surly exponential stability of fractional Langevin equation when ¢ = 0.8 and 0.9.

If X0 > 0 and X0 # oo, according to the results for asymptotic behavior
of Mittag-LefHler functions in [7], the solution of (15) is exponentially
decaying under the disturbance of white noise.

On the other hand, from Lemma 1 X(t) # t := L2(Q, Ft, P). Since r >
0, we can get

t
/ —r X (7)(t —7)*?d7T < 400, t=0.
0
Obviously, there are a pair of positive constants 6 and K such that

— a-—1

t
— -

* T(a) ./—?‘X{T}[ﬁ—’r) dr+60< K, t=0.

0

A,

From Example 1 the solution of (15) is stochastically stable. Using
MATLAB software, the solution trajectories for & = 0.6, 0.7, 0.8, 0.9 are
shown in Figs. 3 and 4.

When

A
wif

5 & W W & o m W @™o

l¥

L L . :
[a] m 400 B0 [ilui} o 120 1] a 400 ] a0 iom 10
tima tirne

Figure 5
Almost surly exponential stability of fractional Langevin equation
when « = 1 and white noise vanishes in (15) when o = 0.6.
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o = 1, the solution of (15) can be directly expressed as

t
Xt)=Xpe " +0 fe—"”—'*-"dl-i-’{r}‘ t =0,
0
and its trajectory is shown in Fig. 5.

6 Conclusion

This paper studies the stability of Caputo-type fractional stochastic
differential equations. The It6’s formula of Caputo version is established
and used to prove the stochastic stability, stochastic asymptotical stability,
almost surly exponential stability and pth moment exponential stability.
Numerical examples are given to illustrate the stability results.
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