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Abstract: In this paper, our aims are to study the stability with general decay rate of hybrid stochastic
fractional differential equations driven by Lévy noise with impulsive effects. Using Lyapunov function,
nonnegative semi-martingale convergence theorem, we obtain the almost sure stability with general decay
rate, including the exponential stability and the polynomial stability. Moreover, we give an upper bound
of each coefficient at any mode according to the theory of M-matrix. Finally, one example is given to show
the effectiveness of the obtained theory.
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1 Introduction

With the wide application of stochastic differential equations driven by Lévy noise in biology, engineering,
finance and economy, more and more experts and scholars pay attention to stochastic differential equations
[1-3]. The stability has become one of the important topics, such as stochastic stability, stochastic asymp-
totic stability, moment exponential stability, almost everywhere stability and mean square polynomial
stability (see [4-9]). Li and Deng [10] studied the almost sure stability with general decay rate of neutral
delay stochastic differential equations with Lévy noise, while Shen et al. [11] studied the stability of solu-
tions of neutral stochastic functional hybrid differential equations with Lévy noise. Shen’s conclusion
is more specific and universal than Deng’s.

As is known to all, the integer order differential equations determine the local characteristics of the
function, while the fractional order differential equations describe the overall information of the function in
the form of weighting, so it is more flexible and widely used in the model. Abouagwa et al. [12] studied the
existence and uniqueness by using Carathéodory approximation under non-Lipschitz conditions. Shen
et al. [13] obtained an averaging principle and stability of hybrid stochastic fractional differential equations
driven by Lévy noise. Recently, the classical mathematical modelling approach coupled with the stochastic
methods were used to develop stochastic dynamic models for financial data (stock price). In order to extend
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this approach to more complex dynamic processes in science and engineering operating under internal
structural and external environmental perturbations, Pedjeu and Ladde [14] modified the existing mathe-
matical models by incorporating certain significant attributable parameters or variables with state vari-
ables, explicitly. Meanwhile, they obtained the existence and uniqueness of the solution by using the
Picard-Lindel successive approximations. This motivates us to initiate to partially characterize intrastruc-
tural and external environmental perturbations by a set of linearly independent time-scales. For example,
t, B(t), t%, N, where B(t) is the standard Wiener process, and N is the Lévy process, a € (0, 1].

In addition, impulsive stochastic differential systems [15-17] with Markovian switching have been
investigated. Zhu [18] has determined the pth moment exponential stability of impulsive stochastic func-
tional differential equations with Markovian switching. Then Kao et al. [19] proved the pth moment expo-
nential stability, almost exponential stability and instability on the basis of predecessors. Tan et al. [20]
discussed the stability of hybrid impulsive and switching stochastic systems with time delay.

However, it is worth mentioning that to the best of our knowledge, the stability with general decay rate
of hybrid stochastic fractional differential equations driven by Lévy noise with impulsive effects has not
been investigated yet and this arouses our interest in research. In order to fill this gap, in this paper,
combined with previous work, we consider the following stochastic differential equations driven by Lévy
noise with impulsive effects

dx(t) = u((t), £, 1)t + b(x(t-), t, rE)AB(E) + o(x(t-), t, r(O)dD®
+ I hX(t-), y, t rO)N (AL, dy), £ # bt 0, »

lyl<c
Ax(t) = L(x(®), &), keN,

where 0 < a < 1, x(0) = xo € R" is the initial value satisfying [E|xo[> < oo, the constant ¢ is the maximum

allowable jump size and the mappings u,0: R" XxR* xS > R, b:R"xR* x 8§ - R™™ h:R" xR x

R* x § — R" are continuous functions. The fixed impulse time sequence {fx} ey Satisfies 0 <ty < t; <---<

te <+, t = 00 (as k = 00), Ax(ty) = L(x(t;), &) denotes the state jumping at impulsive time instant .

Denote by x(t; 0, xo) the solution to the system which is assumed to be right continuous, i.e., x(t) = x(t).
In this paper, we utilize the local Lipschitz condition and a weaker condition to replace the linear

growth condition to obtain a unique global solution for system (1). According to the method of Lyapunov

function, we can prove there is a unique global solution. Then we present a kind of A-type function which
will be introduced in Section 2. By means of nonnegative semi-martingale convergence theorem and

Lyapunov function, we derive a kind of almost sure A-type stability, including almost sure exponential

stability, almost sure polynomial stability and almost sure logarithmic stability. The main features of this

paper are as follows:

(i) The presented hybrid stochastic fractional differential equations driven by Lévy noise with impulsive
effects have not been considered before.

(i) A more general almost sure stability (including almost sure exponential stability, almost sure poly-
nomial stability and almost sure logarithmic stability) problem has been investigated under much
weaker conditions.

(iii) The upper bound of each coefficient at any mode is obtained.

The article is organized as follows. In Section 2, we present several definitions and preliminaries. In Section 3,
the conditions for the existence and uniqueness of the global solution and the sufficient conditions for A-type
stability are established, respectively. In Section 4, we prove the A-type stability about the upper bound
of each coefficient at any mode by using the theory of the M-matrix. Finally, an example is given to illustrate
the obtained theory.
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2 Preliminaries

Throughout this paper, unless otherwise specified, we use the following notations. R" denotes the n-dimen-
sional Euclidean space, and |x| denotes the Euclidean norm of a vector x. R = (-co, +00) and R* = [0, +00).
Diag((;,..., {y) denotes a diagonal matrix with diagonal entries {,, ..., {y. Let (Q, 7, {##}t=0, P) be a complete
probability space with a filtration {F}.( satisfying the usual conditions (i.e., it is right continuous and ¥,
contains all P-null sets). B(t) = (By(t), By(t),...,Bn(t))T be an m-dimensional #;-adapted Brownian motion
defined on the complete probability space (Q, F, -0, P), and N(t, z) be a F;-adapted Poisson random
measure on [0, +00) x R with a o-finite intensity measure v(dz), the compensator martingale measure
N(t, z) satisfies N(dt, dz) = N(dt, dz) — v(dz)dt. Let r(¢t), t > O be a right-continuous Markov chain defined
on the probability space taking values in a finite state § = {1, 2,... N} with generator I' = (y;)nxn given by

P+ ) = jirey = = {0 OB HEED
SREUEE T My v o), ifi =,

where A > 0, and y; > 0 is the transition rate from i to j if i # j while y; = -}, .y;. And we assume that the
Markov chain r(t) is ¥¢-adapted but independent of the Brownian motion B(t).
Next, we give some definitions about fractional calculus and A-type function, which will be used in this

paper.

Definition 2.1. [21] (Riemann-Liouville fractional integrals, Samko et al., 1993): For any a € (0, 1) and
function f € LY[[a, b]; R"], the left-sided and right-sided Riemann-Liouville fractional integrals of order
a are defined for almost all a < t < b by

t

ALA)) = ﬁj(t _seif(s)ds, t>a

a

and

b

)0 = = [(¢- 9 f©)ds, <,
I(a)
t
where I'(a) = J-OOS"‘*le*Sds is the Gamma function and L[a, b] is the space of integrable functions in a finite

interval [a, b] (())f R.

Definition 2.2. [21] (Riemann-Liouville fractional derivatives, Samko et al., 1993): For any « € (0, 1) and
well-defined absolutely continuous function f on an interval [a, b], the left-sided and right-sided Riemann-
Liouville fractional derivatives are defined, respectively, by

t
a 1 f(a) ovapr
(Da+f)(t) = TA-a)| - a)F + j(t s) f (s)ds
and
O
OEDO = | e !@ - O7f/(s)ds |-

Definition 2.3. [22] (Jumarie, 2005): Let o(t) be a continuous function, then its integration with respect to
(dt), 0 < a < 1, is defined by

t

t
'[o(s)(ds)“ = a_[(t - 5)*1g(s)ds.
0

0
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Definition 2.4. The function A : R — (0, c0) is said to be A-type function if the function satisfies the
following three conditions:
(1) It is continuous and nondecreasing in R and differentiable in R*,

2) A(0)=1,A(c0) =coand r = Supgo[%] < 00,

(3) For any s, t > 0, A(t) < A(S)A(t - s).

Remark 2.5. It is obvious that the functions A(t) = e!, A(t) = (1 + t*) and log(1 + t*) are A-type functions
since they satisfy the aforementioned three conditions. Next, we give the definition of the almost sure
stability with general decay rate based on Definition 2.4.

Definition 2.6. Let the function A(t) € C(R*; R*) be a A-type function. Then for any initial x, € R",
the trivial solution is said to be almost surely stable with decay A(t) of order y if

limsupM <-y, as.

toco  10gA()
Remark 2.7. It is obvious that this almost sure A-type stability implies the almost sure exponential stability,
almost sure polynomial stability and almost sure logarithmic stability when A(t) is replaced by e, 1 + t*,
log(1 + t*), respectively. Because we have a wide choice for A-type functions, thus our results will be more
general than some classical results.

Let C>}(R" x R* x § — R*) denote the family of all functions V(x, t, i) on R" x R* x §, which are
continuously twice differentiable in x and once in t. Define three functions LV, L,V, L3V : R" x R* x
S - R by

ul 1

L1V(X’ t’ l) = I/I(Xy ty 1) + ‘/X(X’ ty i)u(x’ ta l) + Z)’UV(X, t! ]) + Etrace [bT(Xy t; i)‘/XX(Xy t) l)b(X, t) l)]y

j=1

L0 6= [ VOcs Ry, 6, 61) = VO 61) = Vil & DROG Y, & DIVEY),

lyl<c
L3V(x, t, 1) = Vi(x, t, Do(x, t, D),

where Vx, £, 1) = 580, Vi, ¢, i) = (YD, WOLD) (g, ) = (L8D)
n nxn

By the generalized 1t6 formula, for t € [tj_y, t;)

t t
VOO, £, 1(6)) = VOG1), b1, 1(E-0) + ILlV(x(s), s, r(s))ds + J-LzV(x(s), s, r(s))ds

ti ti
t

N f alt — YLV (x(s), s, r(s))ds + G(b),

ti

where

t t

G(t) = j Vi(x(s), 5, (8))b(x(s-), 5, (s))dB(s) + j j[V<x(s)+h<x(s—),y, 5, 7(5), 5. 1(5))
G ti lyl<c
- V(x(s), s, r(s)|N(ds, dy).

In fact, if a stochastic process is a martingale, then it is a local martingale. Hence, we can easily know that
{G(t)}¢=0 is a local martingale.
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3 Main result
Before we state our main results in this section, the following hypotheses are imposed.

Assumption 3.1. (Local Lipschitz condition). For arbitrary x, x, € R", and |x| V |x%| < n, there is a positive
constant L, such that

lu(xa, t, i) — uQo, t, )| v |b(x, t, i) — b0, t, )| V |00, t,i) — 00, t, )| V I |h(xa, y, t, 1)
lyl<c

- hOo, y, t, DIv(dy) < Ly(lx - %P).
Assumption 3.2. For any (¢,i) € R x S, u(0, t, i) = b(0, t, i) = 0(0, t, i) = h(0, y, t,i) = 0.
For the stability analysis, Assumption 3.2 implies that x(t) = O is the trivial solution.

Assumption 3.3. There are several nonnegative number C and p,, real number K, and , 1 <u<U,
for positive integer U), a Lyapunov function V € C>(R" x R* x S; R*), such that

(1) lmyy—eo infocrcaVX(0), t, 1) = co.

(il) LiV(x,s,i) + L,V(x,s,i) + a(t — s)*L3;V(x,s,i) < C + Z[u]:lKulxlpu.
(iii) VOe(te) + hx(to), o), b r(te)) < dx(te), &) + V(x(t), bk, T(t0))-

. _ ¢
(1) )00, ) < B, | xeds.

Forany x e R,y e R,0<s< t,ieS.
According to the above assumptions, let us state the following existence and uniqueness theorem:

Theorem 3.4. Assume that Assumptions 3.1-3.3 hold, then for any initial data x, € R", there is a unique
global solution x(t; 0, x(0)) ont > 0O to system (1).

Proof. Applying the standing truncation technique, Assumptions 3.1 and 3.2 admit a unique maximal local
solution to system (1)). Letx(¢)(t < [0, p,,)) be the maximal local solution to system (1) and g, be the explosion
time. And let ag € R* be sufficiently large for |xo| < ao. For any integer a > ay, define the stopping time

7, = infit € [0, 0,); X(O)] > a},

where inf¢ = co. Obviously, the sequence 7, is increasing. So we have a limit 7, = lim,_,,,7;, whence
Teo < 04, If we can show that 7, = 0o a.s., then we have g = oo a.s. Therefore, we only need to devote
to prove 1., = co a.s., which is equivalent to proving that P(r; < t) — 0 as a — oo for any ¢t > 0. In fact,
by the generalized Itd formula, for t € [t;_, t;), we have

IE(IrastV(X(Ta)’ Tas T(Ta)))
< EV(x(t A To), t A Tg 1(t A T2))

tATy tATy
= EVO(0), b, r(t1) + E J LV(x(s), s, r(s))ds + E I LV(x(s), s, r(s))ds

tia ti

2
tAT,
T E I alt — $)LsV(x(s), s, r(s))ds.
o1
By condition (iii), we have
VOt -1 7t5-)) = VOC1) + TaOcCt1)s 60, 61, 7(6)
< d0x(t; 1), 64) + VO 1), 6, 1(t ).
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Hence, for allt > 0,

tAT, tAT,

[E(ITaStV(X(Ta), Tas r(Ta))) <EV(x(0),0,r(0)) + E I LiV(x(s), s, r(s))ds + E I LV (x(s), s, r(s))ds
0 0

tATy
+E f ot - $LVX(S), 5, r(s)ds + Y Ed((t ), ti1) 3)
j:0<tj<t
° U tATy
<EV(x(0),0,7(0)) + Ct + Y KE j x(s)[Peds + Y Ed(x(tjy), ti-1).
u=1 j:0<tj<t

0
For almost all w € Q, there is an integer my = mo(w), for any m > mg and 0 < t A 7, < m, define
tk,,, = max{tk HE P )\ Ta}.

Combining with condition (iv),

t
i vl
S A6, ) = Y, 60 = YA, [ s, (@)
j:0<tj<t j=1 u=1 0
Substituting (4) to (3), for0 < t A T, < m,
U tAT, U i
E (e VX(T), T H(12))) S EV(X(0), 0, 7(0)) + Ct + Y KE I x(s)[Peds + Y BE le(s)lpuds
u=1 0 u=1 0

®)

U t
<EV(K(0), 0,7(0) + Ct + ¥ (K, + B,JE J|x(s)|Puds.
u=1 0
By limyy|—, 0o info<tcco V(X(E), £, 7(t)) = 00, let p, = infiyjzq,0<t<c0V (X(1), £, 7(t)), for a > ao. Therefore, we have
P(ty < ), < B (IetVOU(T), oy 1(1))).-

Using the idea of Theorem 3.1 in [8], letting a — oo, by Fatou’s lemma, we can derive

0<P(t,<t)< lim P(r, < t)

a— oo
t
U
EV(x(0), 0,7(0)) + Ct+ Y°_(Ky+ BE I x(s)|Peds ©
= lim 0
a—oo ],la
=0.
This implies that there exists a unique global solution x(t; 0, x(0)) for system (1). O

Next, in order to obtain sufficient conditions of the almost sure stability with general decay rate,
we need the following lemmas.

Lemma 3.5. [23] Let {M;}t0 be a local martingale and {N};o be a locally bounded predictable process,

t
then the stochastic integral _[ONdes is also a local martingale.

Lemma 3.6. (Nonnegative semi-martingale convergence theorem) [10] Assume {A;} and {U;} are two con-
tinuous predictable increasing processes vanishing at t = 0 a.s. and {M;} is a real-valued continuous local
martingale with My = 0 a.s. Let X(t) be a nonnegative adapted process and ¢ be a nonnegative Fy-measurable
random variable satisfying

X[S€+At—Ut+M[, t>0.
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If Ay, = lim;_ o ,A; < 00, a.s., then, we have

lim supX; < 0, a.s.

t—oo

With these above assumptions and lemmas, we can now state our results about the almost sure stability
with general decay rate.

Theorem 3.7. Let Assumptions 3.1 and 3.2 hold. If there are positive numbers ¢, &, ay, d, q > 2, such that
the functions V(x, t, 1) and L;V (x, t, i)(j = 1, 2, 3) satisfy
(i) alxP < V(x, t,i) < clxP.
(i) LiV(x,s, i) + L,V(x,s, i) + a(t — $)* L3V (x, s, i) < —a|x]> — ap|x|d.
(i) V(x(t) + L(x(t)s to)s tes () < dx(te)s t) + Vx(te)s e, 7(ti))-
1 ¢
(i) B AG-DAC ), 1) < @ A©)lxPds + | A5(s)|xpeds.
j-1 j-1
If there exists a small enough € > 0 such that a; — Gea — az > 0, & — a4 > 0.
Therefore, for any initial data xo, the inequality

lim Supw < _E
t—o0 10gA(t) 2

holds, that is, the trivial solution of system (1) is almost surely stable with decay A(t) of order g
Proof. Note that conditions (i)—(iv) are stronger than Assumption 3.3, so there is a unique global solution

for system (1). Let A(t) be a A-type function, and applying the generalized It6 formula to A5(¢)V (x(t), t, r(t)),
fort e [tj,l, tj)

t
AV ), t, r(t)) = At )V(X(tj-1), i1, T(t-1)) + I S%AS(S)V(X(S), s, r(s))ds

i1
t t

N '[ A(S)LV(x(), s, 7(s))ds + IAe(s)LZV(x(s),s, r(s))ds @
tig g

t
b [ Rt - 9LV, 5, s + M,

tia

where Mé,l = J;t Aé(s)dG(s) is a real-valued continuous local martingale with My =0 by Lemma 3.5.
i1
By condition (iii), we have
(G- V (x(G-1), L1, 1(8-1)) = A5G-V () + LGy, ), ty, 7(ti-1))
<A Dld(X (G2, 1) + Vx(E1), ty, 1(G-1)] (8)
= XDV x(tiL), tiig, (E-1) + A5(4)d(X(E), b-1)-

Hence, for all t > 0, we have

t t
LBV (x(t), t, r(t)) = V(x(0), 0, r(0)) + jS%AS(S)V(X(S), s, r(s))ds + IAS(S)L1V(X(S), s, r(s))ds
0 0

t t
N IAS(s)LZV(x(s),s, r(s))ds I A(s)a(t — )LV (x(s), s, r(s))ds ©)
0 0

+ Y A(o)d(x(t ), tig) + M.

j:0<tj<t
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For almost all w € Q, there is an integer mg = mo(w), for any m > mg and 0 < t < m, define

tkm = max{tk L < t},

while 0 < t < m,

tkm
Y AGAEG ), 1) = Y AGAXE ), G-1)

j:0<tj<t j=1
tkm tkm
<o I/lf(s)lxlzds +a, IAE(S)lxlqu.
0 0

t t
<ag j/\f(s)|x|2ds +a, I/lg(s)|x|qu.
0 0
By condition (ii) and the definition of A-type function, we have

t t
AV (x(t), t, r(t)) <V (x(0), 0, r(0)) + ea J‘AS(S)V(X(S), s, r(s))ds - i I/\E(s)lx(s)Fds
0 0

t t t
e j A(s)[x(9)|9ds + a5 IAf(s)|x(s)|2ds e, I Ae(s)[x(s)|9ds + ML,
0 0 0

Moreover,

t t
AV (O, £, 7(D)) < V(x(0), 0, 1(0)) + ceat j A(s)x(s)Pds — ay IAE(S)lx(s)|2ds
(0] (0]

t t t
- IAS(S)|X(S)|qu + a3 IAE(S)lx(s)|2ds + ay J-/lg(s)lx(s)|qu + M
0 0 0

—_ 217

(10)

(11)

12)

t t
< V(x(0), 0, (0)) — (@ — cea - a;,)_[/\g(s)lx(s)lzds (o - ay) f A(s)x(s)leds + ML,
(0] (0]

Consequently, by inequality & — gea — a3 > 0, &, — a, > 0 and (12) imply
OV (x(t), t, r(t)) < V(x(0), 0, r(0)) + M.
Applying Lemma 3.6, we have
tlirilo supAé(t)V(x(t), t, r(t)) < co, a.s.
Thus, there exists a positive constant H such that for any ¢ > 0,
GO < A2V (x(D), t, r(t)) < H.
Moreover,

2OKOP < 2 < co.
G

Hence,

lim Sup710g|x(t, Xo)| <-£,
t—>0c0 logA(t) 2
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4 Almost surely stable with decay A(t)

We find that conditions (i) and (ii) of Theorem 3.7 are somewhat inconvenient in applications since they are
not related to the coefficient u, b, 0, h explicitly. In this section, we will give the visualized conditions for
the coefficient u, b, g, h to study the A-type stability.

We first recall some definitions and preliminaries.

Definition 4.1. A square matrix A = {a;}y«n is called a Z-matrix if its off-diagonal entries are less than
or equal to zero, namely a; < O fori # j.

Definition 4.2. ((M-matrix) [24]) Let A be a N x N real Z-matrix. And the matrix A is also a nonsingular
M-matrix if it can be expressed in the form A = sI — B while all the elements of B = (b;) are nonnegative
and s > p(B), where I is an identity matrix and p(B) the spectral radius of B.

Noting that if A = {a;}n«y is an M-matrix, then it has positive diagonal entries and nonpositive off-
diagonal entries, that is, a; > 0 while a; > 0,1 # j.

Lemma 4.3. ([24]) If A = {aj}n«n IS a Z-matrix, then the following statements are equivalent:
(1) A is a nonsingular M-matrix.

(2) Every real eigenvalue of A is positive.

(3) All of the principle minors of A are positive.

(4) A exist and its elements are all nonnegative.

Assumption 4.4. For eachi € §,x € R" and 0 < s < t, there exists a positive integer g > 2, suppose the
following conditions hold.
(1) There exist constants a;;, &;; such that

X (u(x, s, 1) + j h(x, v, s, iW(dy)) < ~aalxP + alx]?.
lyl<c

(2) There exist constants S, B;, such that
X (o(x, s, Da(t — s)31 - f h(x, y, s, )v(dy)) < By IxI* - B, x|9.
lyl<c
(3) There exist constants 1, 1;, such that
b(x, s, DI < m|x P + npplx|9.
(4) There exist constants p;;, p;, such that

j Ih(x, ¥, 5, DPV(dY) < py|XP + piylxl?.

lyl<c

Remark 4.5. Note that g > 2 in Assumption 4.4 which means that we can allow the coefficients u, b, o, h
of system (1) to be high-order nonlinear.
Assumption 4.6. According to the definition of M-matrix, let

A = —diag(-2m; + 2B,; + Mgy + Ppys--r—2081 + 2By + Ny + pyy) = T

be a nonsingular M-matrix, where I' = (y;)v«y is given in Section 2. Moreover, from the fourth equivalent
condition in Lemma 4.3, we obtain

(91, 92, ...,HN)T = ﬂ_lT >0,

where 1 = (1,1, ...,DT. That is, 6; > O for alli € S.
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Theorem 4.7. Let Assumptions 3.1-3.2, 4.4 and 4.6 hold. Those constants satisfy the following inequalities
O<acx<a,

where

a= Igisn[ei(_zaiz + 2B, = Ny — PRl

a = max[6;(-20 + 2, — M = p)]-
Then for any given initial data x,, there is a unique global solution x(t; xo) and the trivial solution is almost
surely stable with decay A(t).
Proof. Let function V : R™ x R* x S — R* by V(x, s, i) = 6;x[?, choose two positive numbers ¢ = min;.s{6;},
¢ = max;es{f;}, such that

alxP < V(x, s, i) < glx.

By the definition of operator L;V, j = 1, 2, 3 in Section 2, we obtain

2
Y LiV(x(s), s, i) + a(t - $)*7 L3V (x, s, 1)
j=1
N
= 20xTu(x, s, 1) + 6ilb(x, s, DP + Y yBixP + 26xTa(x, s, Da(t - 5)*!
j=1
w0 [ e ooy, DF - PV - [ 2807hex, s, Du(dy)
lyl<c lyl<c
<

N
267 ux, 5,1+ [ By, 5, DVAD] + ObCx, 5, DP + Yy Bl
j=1

lyl<e

+ 6 I Ih(x, v, s, DPV(dy) + 206T[0(x, 5, a(t — )& - I h(x, y, s, Dv(dy)).

lyl<e lyl<c

By Assumption 4.4, we have

2
YLV (x(s), s, i) + a(t - $)*'LsV(x, s, 1)
-1

N
< 260i(—aulxP + aplx|®) + 26,(By X — Blx19) + 6:(ny X + milx|?) + Bi(oy IXP + pplxlD) + ) yBixP

Y = 13)
= (=20, + 20,8, + Om;, + 91Pf1)|x|2 + Zyijej|x|2 - (=20iai2 + 20,8, — Om;, — Opy)Ix|
j=1
N
= [6i(-2a; + 2/31'1 +np t P,-l) + Zyijej]|x|2 - 6;(=2a;, + zﬁiz - Np - pi2)|x|q-
j=1
By Assumption 4.6, we have
2
Y LiV(x(s), s, i) + a(t - $)* L3V (x, 5, 1) < =[x - 6:(=2ap + 2B, — m, — p)IX| < —|xP2 — alx|d. (14)
j=1

By Assumptions 3.1-3.2, conditions (iii)—(iv) of Assumption 3.3, inequality (14) and Theorem 3.4, there is a
unique global solution for any initial data. By inequality (14) and Theorem 3.7, the trivial solution is almost
surely A-type stable. O
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5 Example

We consider two scalar stochastic fractional hybrid differential equations driven by Lévy noise with impul-
sive effects, and 2-state Markovian switching such that our results have been illustrated simply.

Example 5.1.
dx(t) = uQK(t-), £, )t + bx(t-), £, HO)AB(E) + G0(E-), b, FE)ADR
+ [ hoy 6 ON @y, t# btz 15)

lyl<c

Ax(t) = L(x(t), &), Kk eN,

where a = 0.5, ¢ = 1, and Lévy measure v satisfies v(dy) = |y|dy, r(t) is a Markov chain in the state space
S =1, 2 with the generator I'
-1 1
F = 2 _2 .

Let
u(x, t, 1) = —6x — 3x?, u(x, t,2) = -5x - 1.5x2,
b(x, t,1) = gx + \/Ex%, b(x, t,2) = 0.5x + O.SX%,
olx,t,1) = -2x, o(x, t,2) = =233,
h(x,y,t, 1) = fx%y -2, h(x,y,t,2) = -x.

By computing, we have

an = 8, Qap = -3, a1 = 6, Ay = -1.5,
ﬁn =2, ﬁlZ =0, ﬂ21 =1, .322 =0,
=1 n,=1 Ny = 0.5, 1y, =05,
Py =4 pp=0375 py=1, pyp=0

8 -1 L 1(105 1
A=l2 105) N =5l 2 8

0, =0.1402, 0, = 0.1220.

and

Then we take Lyapunov functions
V(x, t, 1) = 0.1402|x(t)?, V(x,t,2) = 0.1220|x(t)|?,
by Theorem 4.7, we derive that
a=0.305 a=0.6484.
Let
V2
2

L(x(t), ) = ( - l)x + gx(tk —bDh, AS(E) = e0or,

By a simple calculation, we have

ti
k
Aty s ter) = 07X — i), & eO05-0.7x2(¢ — t_y) < 0.7 j €001 2ds,
j=n

g
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which verifies the condition of Theorem 3.7 with

4q=1 a=0305 =0.1402, £€=0.01, a=1 a3=0.7, a,=0.
Moreover,

o — cea — a3 =0.2986 >0, a — a,=0.305>0.

Therefore, system (5.1) is almost surely stable with decay A(t) of order g
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