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Abstract This paper investigates the existence and uniqueness of solution of the neutral stochastic functional
differential equations with pure jumps (NSFDEwPJs) as well as the boundedness and almost sure exponential
stability. Generally, the classical existence and uniqueness theorem of solution can be obtained under the local
Lipschitz condition and the linear growth condition. But there are many equations which do not obey the
linear growth condition. Therefore, our first aim is to establish new theorems where the linear growth condition
is no longer needed while the up-bound for the diffusion operator will play a leading role. Moreover, we can
also obtain the boundedness of pth moment of the solution and almost sure exponential stability of the trivial
solution under some loose conditions. Finally, we will give two examples to illustrate the effectiveness of our

results.
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1 Introduction

As we know, many real systems will be affected by stochastic factors. So it is necessary for us to consider
the stochastic systems. Of course, there is an extensive literature in this area such as [1-3]. Delayed
systems are suited for describing such systems which do not only depend on the present states but also
the past ones. In this paper we study a class of time delay systems depending on past and present values
but that involves derivatives with delays as well as the function itself. Such systems historically have
been referred to as neutral systems. Moreover, with the development of the stochastic analysis and the
requirements of applications, Poisson jumps are considered by many researchers, see [4,6]. Moreover, there
are practical applications for Poisson jump, such that financial market [5]. In this paper, we consider the
neutral stochastic functional differential equations containing Poisson jumps which are complex equations.
So we have to employ various stochastic analysis tools since we discuss this type of complicated equation
under relatively loose conditions.
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Our paper is motivated by the reference [7], they studied the existence and uniqueness of the solutions
to NSFDEwPJs whose coefficients satisfy the local Lipschitz condition and the linear growth condition.
However, the coefficients of many important equations such as stochastic delay Lotka-Volterra equations
[8] do not satisfy the linear growth condition. So if we could find a wider condition to replace the linear
growth condition, then many problems would be solved. Fortunately, we finally find a more general
test for NSFDEwPJs that covers a wide class of highly nonlinear NSFDEwPJs. Here, we refer to the
literatures [9-12] which also allow that there are high-order terms consisting in their parameters. But
the above papers only focus on the stochastic models containing the continuous Brown motion. So far as
we know, the stochastic models containing Poisson jump have not been investigated.

Based on the above discussion, our first result mainly utilizes the up-bounds for the diffusion operator
to replace the linear growth condition, hence we can also obtain a unique global solution even if the
coefficients of the equation are of highly order. In addition to this, in Section 4, we also utilize the
modified conditions to deal with the asymptotic moment estimation which is also one of our main results.
And moreover, if there exists a trivial solution for an equation, then the trivial solution will be almost
surely exponentially stable. At last, we give two examples to illustrate the effectiveness of our theory.

2 Preliminaries

Throughout this paper, unless otherwise specified, we use the following notations. Let (0, F, {F; }i>0, P)
be a complete probability space with a filtration {F;};>o satisfying the usual conditions (i.e, it is right
continuous and Fy contains all P—null sets). If A is a vector or matrix, A7 denotes its transpose and
its trace norm is denoted by |A4| = /trace(ATA). Let 7 > 0, and denote by D([—7,0]; R") the family
of all right-continuous functions with left limits ¢ from [—7,0] to R™ equipped with the norm ||¢| =
SUP_, oo |9(8)]- Dg_-o denotes the family of all almost surely bounded, Fyp-measurable, D([—7,0]; R™)-
valued random variable £ = {£(0) : —7 < 8 < 0}. E(z) denotes the mathematical expectation of random
variable . Let p > 2, denoted by £[]):0([—T, 0]; R™) the family of all Fy-measurable, D([—,0]; R™)-
valued random variables ¢ = {#(¢) : —7 < 0 < 0} such that Esup_,p<o|#(0)|P < oo. For a,b €
R, a V b(respectively,a A b) means the maximum(respectively, minimum) of a and b.

Let (U,B(U)) be a measurable space and p(t)(t > 0) be the jump at time ¢. Then, for each Borel set
A € B(U — {0}), the Poisson counting measure N is defined by

Np(t, A) = Y Ta(p(s) = #{0 < s <t,p(s) € A},

0<s<t

where I(-) denotes the indicative function and # records the number of the jumps from 0 to ¢t. According
to [13], if we fix ¢t and A, then Nj(¢, A) is a random variable. However, if we fix w € Q and ¢ > 0, then
Nj(t,-)(w) is a measure. Therefore, if we fix A with a Lévy measure w(A), then {Nz(t, A)}+>0 is a Poisson
process with intensity w(A). Moreover, we have

exp(—m(A)t)(m(A)t)"
n!

P(Nﬁ(t’A) =n)= )
and the measure N, satisfying Nj(t, A) = Np(t, A) — w(A)t is a martingale measure.

Let x(t) be an R"-valued stochastic process on ¢t € [—7,00) and z; = {x(t+6) : —7 < 0 <0} fort > 0
be regarded as a D([—, 0]; R™)-valued stochastic PFodeSs. Consider the following NSFDEwPJs

d[z(t) — D(z¢)] = f(t, z¢)dt + /Uh(u, x)Np(dt, du), (1)

where f : Rt x D([-7,0];R") — R™ and h : U x D([-7,0]; R™) — R™ are both Borel-measurable
functions. In order to solve the equation we need to know the initial data, where we assume that the
initial data is given by

xg =& ={&(t): =7 <t <0} € L% ([-7,0]; R").



Why do not include a term $g(t,x_t)dB(t)$
to make it a generalisation of the classical SDEs?  I note in [7] there is no such a term so it will look more different from [7].

The functional $D$ has not been defined. It is better not to use $D$ as it confuses with the space $D$.
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And Np(dt,du) = Ny(dt,du) — m(du)dt is the compensated Poisson random measure.

The classical existence and uniqueness theorem requires the coefficients f, h to satisfy the local Lipschitz
condition and the linear growth condition and the neutral-term D satisfies the contractility condition
(see [7]). In this paper, we retain the contractility condition and the local Lipschitz condition but replace
the linear growth condition by a more general condition. In order to state our condition, we need to
introduce the well-known Lyapunov function and It6 formula.

Let C*2(RT x R"; R") denote the family of all nonnegative functions V (¢,z) on RT x R™ which are
continuously twice differentiable in x and once in ¢, moreover, define

vV (t,x) vV (t,x)

VL(t7x) = ( 81'1 RS ax )7
PVt x
oV (L,
vtz = 200

Then, we can define an operator LV : Rt x D([—7,0]; R") — R for the function V (t,z) € C**(R* x
R™ R") by

LV (t,6) =Vi(t, (0) - D($)) + Va(t, (0) — D(6)) (¢, 6)
" /U V(£ 6(0) — D(6) + h(u.d)) — V(£ 6(0) — D(&))

where t € R*, ¢ € D([—7,0], R™).
Based on this, we can cite the It6 formula

dV (t,x(t) — D(zt)) =LV (¢, x¢)dt + /U[V(tw(t) — D(z¢) + h(u,x¢)) @

— V(t,x(t) — D(x4))]Np(dt, du).

We will need to make the following hypotheses.

Assumption 1. (Local Lipschitz condition) For arbitrary ¢, € D([—7,0]; R™) and ||¢|| V ||¥| < n,
there is a positive constant k, such that

Flot) — Fan B v /U (i, u) — h(ap, ) Pr(du) < kallo — ]2,
where n € Nt t € RY,u € U. Moreover,

L = sup{|f(t,0)| V |h(u,0)] : t 2 0,u € U} < co.

Assumption 2. There are three functions V € C*!(R" x [-7,00); RY), H € C(R"™ x [-T,00); RT)
and non-decreasing function K (t) € C(R™; R"), two probability measure i()rand Z(as well as three
positive constants p(> 2), ¢1, ¢o such that Q

ale” <V(z,t) < colzf?,

for any z € R™ and
0
LV(t,6) <K (D1 + V(1 6(0)) + / V(t+ 0, 6(6))du(6)
L 3)

—T





It is better to make some comment on why keeping this contractility condition?

on which space?
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Assumption 3. (Contractility condition) D(0) = 0 and there is a constant kg € [0,1) such that

EID(¢)]” < kg sup E|¢(0)[",

—7<0<0

In section 3, the proof of our new existence and uniqueness theorem needs that there exists a maximal

local solution for the equation (1) at first. So we should introduce the definition for maximal local solution
and give a lemma about the existence of the maximal local solution.

Definition 1. (Maximal local solution) Let 0 < 0o < [ a.s. be a stopping time. An Fi-adapted,
R™—valued, cadlag process {z(t) : —7 < t < 0} (a cadlag process refers to a stochastic process which
is right continuous and has left limit) is called a local solution to the equation (1) with initial data
x(t) =&(t) on t € [—7,0] if for any stopping time o} < 0 and any ¢ € [0, T

x(t A og) — D(Tins,) = £(0) — D(E) —1-/0 h flxs, s)ds —l—/o ” /U h(zs,u)Np(ds,du),

holds with probability 1. And, moreover if

lim sup|z(t)] = oo, whenever oo < T,
t—00

then {z(t)} is called a maximal local solution of (1) and o+, is called the explosion time.

Lemma 1. If Assumptions 1,3 hold, then for any given initial data &(t) on [—, 0], there exists a unique
maximal local solution to equation (1).
k° € R* is sufficiently large for ||| < k°.

-Next, we consider the following equation:

dla*(t) — D(b)] = fi(t, ab)dt + /U (s 2) N, da), (4)

on t € [0,T] with initial data 2*(¢) = £(¢) on t € [-7,0]. Then, we have
[Fi(t, 0)[* < 20ft, @) = FO D) + 2L < Lo(1 + 1l]*),
where L1 = max{2ky, 2L}. Similarly,

/U (e, 8)[2 < Lo (1 + [[9]1%)-

By Assumption 1, the equation (4) satisfies the global Lipschitz condition and the linear growth
condition. Therefore, according to the literature [7], there is a unique global solution z*(¢) to (4). Then,
we define the stopping time

o = inf{t € [0,T] : [z*(t)| > k},

for k > ko and where we set inf() = oo (as usual @) denotes the empty set) throughout our paper.
Moreover, we can see that
a(t) = 2" (1), —7 <t <oy, (5)

which means that {0} is a nondecreasing sequence and then let limy_,,, = 0 a.s. Consequently, we
define {x(t) : —7 <t < 0o} with z(t) = £(t) on t € [—7,0] and

z(t) = xk(t), t € lok-1,0k), k=1,











There is a problem if this works only for $\fei\in {\cal L}^p_{{cal F}_0…$

Why T and what is the T?

Begin with a new line.

This $z^{[k]}$ is only defined for $z\in R^d$ but not for $D$-valued functions, while both $f$ and $h$ are functionals on $R^+\time D([-\tau,0],R^d)$.
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where g = 0. From (4) and (5), we can obtain

t/\ok tAog
x(t AN ok) — D(Tins,) = £(0) — D(€) + /0 flxs,s)ds + / / (xs,u)Np(ds, du),

for any ¢ € [0,T]. Moreover, if 0o, < T, then

lim sup|z(t)] > lim sup|z(ok)| = lim sup|zx (o) = oo
t—=0co k—o0 k—o0

Hence {z(t) : —7 <t < 05} is @ maximal local solution to (1).

3 The existence and uniqueness theorem

In this section, we prove that there is a unique global solution to the equation (1) if the coefficients of
the equation (1) satisfy the contractility condition, local Lipschitz condition and the Assumption 3.

Theorem 1. Let Assumptions 1,2,3 hold, then for given initial value o = £ € C([—7,0]; R™) , there
exists a unique global solution x(¢;tg,£) to equation (1). Moreover, the solution has the property that

2c t
EV(t,z(t) < (0.5 + c3)eaT ko7 Ji K (p+m)dp.

where
c k p coM
es = T Bl + W
0 0
M = B(V(0,2(0) ~ Do) + K(r) [ Vip.alpDdp+ | H(p(p))dp).

Proof. By Lemma 2.1, there is a unique maximal local solution z(t) on [—7, 0+ ), where o is called
the explosion time. Let ko € R* be sufficiently large for ||¢]] < kY. For any integer k > k°, define

T = inf{t € [0,000) : |2(t)| = K, }
where inf ) = co. Obviously, the sequence {7x} is increasing. So we have a limit 7., = limg_,o 7%, Whence
Too < 0. If we can show that 7., = 0o, then we have 0., = co. Therefore, we only need to devote to

prove 7T, = 00.

For any s > 0, by Ito formula and Assumption 2, we have
V(s,z(s) — D(zs)) =V (0,2(0) — D(xg)) + /S LV (p,x,)dp
/ [ 1V (0.2(0) = Dlay) + 1) = Vip. () = Do )Ly
V(0.0(0) = Dlan)) + [ K(p1+V(p.alp)ldp
; / [ KOV .00+ 001y
- [ Hpatonip + / S H(p+0,2(p+ 0))du(0)dp
/ [ 1V (0.2(0) = Dlay) + b ) = Vip. () = Dl )L, (dp.

At the same time, by the Fubini theorem and the fact that K(t) is a non-decreasing function, thus we
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obtain

[ 5@ [ v+ 0.0+ 0pauorio = [ auo) [ KGV(o-+0.50+0)dp

—T
S

< | K(p+7)Vip,z(p))dp

-7

0
<K [ Vipalo)ds

+ /Os K(p+71)V(p,(p))dp-

Similarly, we have

S

s 0
/0 [ H(p+ 0,000+ ) O)dp < [ Hp, (o),

-7

Substituting (7) and (8) into (6) yields

EV (s A (s A7) — D(@ann)) < M+ E / T K(p DL+ 2V, 2(0)dp.

(9)

where M = E(V(0,2(0) — D(z0)) + K(7) [_V(p,z(p))dp + [°_H(p,z(p))dp). Since ¢1]z|P < V(z,t) <

co|z|P, by inequality (9), we have

SATE
1 Bla(s A7) = Dlans )P < M+ B [ Kp+ 1)1 +2V ()l
0

(10)

Applying elementary inequality |a + b|P < (1 —&)!7P|a|P + ! 7P|b|P for any a,b € R and set & = ko, we

have
2(s)|P < (1= ko) "Pla(s) — D(xs) P + kg "|D(xs)7,

which implies

Elx(s A7i) [P < (1= ko) "PEla(s A7i) — D(wapr )P + kg PE|D(wsnr,) P
< (1= ko) PE|lz(s A1) — D(wopnr, )P + ko sup Elx(s A1y + 0)[P
—7<6<0
< (1= ko) " PE|z(s A1) — D(zspr)|P + ko E|E|IP + ko sup  Elz(u)l?

SuULsATE

< (1= ko) PE|lx(s ATy) — D(xopr,)|P + ko E||E||P + ko sup Elz(u A ).

ous
Then for any t > s, we have

sup Elz(s A1)lP <(1-— ko)l_p sup Elz(s A7) — D(zsnr, )P
0<s<t 0<s<t
+ ko EJE||P + ko sup Elz(s A1i)P,
0<s<t

which implies

k
sup Ela(s Amy)|” < ———E|¢]|” +
0<s<t 1-— ]{70

m OS<uIitE|1’(S A Tk) — D(st/\Tk”p.

By (10) and (12), we have

ko ) M
Eg|P + (0 —ko)?
1 SATE

+ ———— sup E K(p+1)1+2V(p,x dp.
o=k o, B | (p+7)l (p,z(p))]dp

sup Elz(s A1) <
0<s<t 1— ko
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Applying ¢ |z < V(x,t) < ca|z|P once again and by inequality (13), we can obtain

SATE

sup EV (s A7k, 2(s A1) <cs + 2 sup F K(p+ n)[1+2V(p,x(p))]dp
0<s<t c1(1 —ko)P o<s<t Jo

s (14)
sup E | K(p+7)[1+2V(p A1k, z(pATk))]d
ok s B | (p+7)I (p ATy z(p A7i))]dp

C2
<ces+

where ¢ = %EH{H” + %

And inequality (14) implies that

9 t
sup EV(2(s ATy),s ATh) < €3+ —— 2 / K(p+7)[0.5+ sup EV(BA Tk, z(BATk))]dp
0<s<t c1(1—ko)? Jo 0<B<p

By the Gronwall inequality [14], we therefore obtain
2c t
0.5+ EV(z(t A7) t ATi) < (0.5 + c3)emiaiar Jo Kletm)dp,

Consequently,

Clka(Tk < t) < ClE(|{,C(Tk)|pI{Tk < t}) < 61E|{E(t A Tk)|p
2 [T K(ptr)d (15)
S EV(z(tATg), t A1) < (0.5 4 c3)ect=kor Jo BT

Letting k — oo in the above inequality, then we can obtain limy_,o, P(7 < t) = 0. Since ¢ is arbitrary,
we have P(1; < 00) = 0. Hence, 7o, = 00 a.s. And by inequality (15), we have

2c t
EV(t,2(t)) < (0.5 + c3)erit—tow Jo Kltmide,

The proof is completed.

4 Boundedness and almost sure exponential stability for solution

In this section, with the notations introduced in the previous section, we discuss the boundedness of the
pth moment of the solution. Moreover, if x(t) = 0 is the trivial solution, we can also obtain that the
trivial solution is almost surly exponentially stable under certain conditions.

Definition 2. (Almost sure exponential stability) If f(¢,0) = h(u,0) = D(0) =0 for t > 0,u € U.
Then the trivial solution of equation (1) is said to be almost surely exponentially stable if

1
lim sup n log |z(£;0,8)| <0 a.s.

t—o0

for all £ € R™.
Theorem 2. Let Assumptions 1,2,3 hold except (3) which is replaced by
0
LV(t:6) <~ anV (£ 6(0) + a2 [ V(E+6,0(6))du(6)
0 (16)
—H(t,¢(0)) +as [ H(t+0,0(0))dv(0),

-7

where a1 > ag > 0 and a3 € (0,1). Then for any given initial data &, there is a unique global solution
x(t) to equation (1) which has the property that

C(1—ko)'~P

v ko FE p

B < —= 0El¢] )
1— ko
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for any ¢ > 0. Where C' = V(0,2(0) — D(z¢)) + aze*"E fET V(s,z(s))ds + age™ fET H(s,z(s))ds while
€ =e1 ANeg. And &1, g9 satisfy

1T __
a1 — age™tT =0,
EoT
1 — aze™?” =0,

respectively. Moreover,
M

1—0[3'

/oo H(t,(t))dt < (18)
0

where M = E(V(0,z(0) — D(xg)) + a2 fET V(s,x(s))ds + a3 fET H(s,x(s))ds).

Proof.  First, we can observe that (16) is stronger than (3). So, we can obtain that there is a unique
global solution z(t) to equation (1) by Theorem 3.1. By It6 formula and inequality (16), we can compute

E(eE(MT’“)V(t AT, 2(t A7) — D(enr,)) — V(0,2(0) — D(x0))

tATEL tATE
= E/ ee®*V(s,x(s) — D(xg))ds + E/ e LV (s,x5)ds
0 0
tATE tATE
< E/ ee®*V(s,xz(s) — D(xg))ds — alE/ e*V (s, x(s))ds
0 0

tATE 0 tATE
+ agE/ / e V(s+0,z(s + 0))du()ds — E/ e**H(s,z(s))ds
0 -7 0

tAT, 0 (19)
+ agE/ / e H(s+0,x(s+0))dv(0)ds
0 -7
tATE tATE
< E/ ee®’V(s,x(s) — D(xs))ds — oqE/ eV (s, xz(s))ds
0 0
tATE tATE
+ ol eECHIV (s, 2(s))ds — E/ e H(s,z(s))ds
-7 0
tATE
+asE ST H (s, x(s))ds
for any t > 0 and 7 is the same defined as theorem 3.1. We take € = g1 A g9, and €1, &5 satisfy
a; — age®tT =0
1—a3e®?” =0
respectively. Then the inequality (19) leads to
E(eETNV (¢ A i, 2(E A T) — D(2iam,)) <
0 0
V(0,2(0) — D(x0)) + coe”” E V(s,z(s))ds + aze’™ E H(s,z(s)) (20)

tATE tATE
+ €E/ eV (s,z(s) — D(xs))ds = C + EE/ e**V(s,z(s) — D(xs))ds
0 0

where C = V(0,2(0) — D(xg)) + aze"E fET V(s,x(s))ds + aze’™E fET H(s,x(s)).
And by inequality (20) and Fubini theorem [15], we can obtain
BNV (t A1, 2(t A1) — D(Tinr,))

t
<C+ EE/ NIV (5 A iy (s A Tg) — D(Tonr,))ds
0

t
=C+ 5/ E(efNOV (s A1y, 2(5 A i) — D(snr,)))ds,
0
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hence, using the Gronwall inequality [14], we derive that
E(ef TNV (4 A iy 2(t A ) — D(2ar,)) < Cet.

Letting £ — oo, we obtain that

E(V(t,z(t) — D(x))) < C. (21)
By Assumption 2 and inequality (21), we know that
a1 E|x(t) — D(zy)|P < E(V(t,z(t) — D(zy))) < C. (22)

Recall the fundamental inequality : |a + bP < (1 — k)'=P|a|P + k17P|b|P for any a,b € R, p > 1,
k € (0,1). Then,

2(t) = Dl > BOF — ko "IDG)P

23
(1 —ko)t=p (23)
Substituting (23) into (22) yields
C(1 —ko)t=? -
e < R gy (24)
1
By Assumption 3 and the inequality (24), we therefore obtain
C(1 —ko)t=? -
sup Bla(s)p < CLTRT e o BiD@P
0<s<t &1 0<s<t
1—ko)'?
< Cl—ko) 77 + ko sup sup Elz(s+0)|P
&1 0<s<t —7<0<0
1—ko)t=?
< Cl—ko) ™" + ko sup E|z(s)]?
¢ —7<s<t
C(1 — ko)t—?
< SUZBL 2y o(mlele + sup Ble(s)P)
<s<t
for any t > 0, which yields
M + ko E||¢||P
Elz(t)|P < sup Elr(s)|” <
0<s<t 1— ko
and the assertion (17) follows.
To prove the other assertion (15), we apply Itd formula to V (¢, z) directly,
tATE
EV(t A7, x(t A7) — D(x4ar,)) = EV(0,2(0) — D(x0)) + E/ LV (s,xs)ds
0
tATE
< EV(0,2(0) — D(xg)) — alE/ V(s,z(s))ds
0
tATE
+aak | / V(s +6,(s + 0))dp(6)ds (25)
tATE N
+a3E/ H(s+0 x(s+6))dv(0)ds
t/\‘f‘k -
— E/ (s,z(s))ds.
By Fubini theorem [15], we can compute
tATE tATE
/ V(s+60,2(s+0))du(0)ds = / V(s+6,z(s+0))dsdu(8)
0 -7 0
2(5))ds)dp(0) (26)

Tk

_ /_ T
Lo
.

V(
0
V(s,z(s))ds.
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Similarly,
tATE

tATi 0
/0 3 H(s+0,2(s+6))du(0)ds < / H(s,x(s))ds. (27)

—T

Substituting (26) and (27) into (25), we obtain
tATE
EV(t At 2(t A7) — D(@inn,)) < M+ (as — al)E/ V(s, 2(s))ds
0
tATE
+ (a3 — 1)E/ H(s,x(s))ds (28)
0

tATE

<M+ (ag — 1)E/ H(s,x(s))ds
0

where M = E(V(0,2(0) — D(z0)) + a2 fET V(s,z(s))ds + as fET H(s,z(s))ds). Since ag € (0,1) and
V(t,z) = c1]z|P > 0, the inequality (28) yields the assertion (18).

Remark 1. Compared with the other known results, such that [9,11,12], the right side of the inequality
(16) is short of a positive constant. The reason is that our system is a neutral system, we cannot obtain
the same result if there is a positive constant in the right hand of the inequality (16) by our current
technique. That is, we can roughly explain that the positive constant can ”compensate” the neutral
system.

We can obtain the upper bound of the pth moment of the solution from Theorem 4.1. Next, we will
prove that if there is a trivial solution, then the boundedness of the pth moment of the solution implies
the trivial solution is almost surely exponentially stable.

Theorem 3. Let all the assumptions of Theorem 4.1 hold and f(¢,0) = h(u,0) = D(0) = 0 for
t > 0,u € U. Then the trivial solution to the equation (1) is almost surely exponentially stable. That is,
the unique global solution x(¢) has the property that

1
limsup = log|z(¢;0,£)| <0 a.s.

t—o0 t

for all £ € R™.
Proof. If f(t,0) = h(u,0) = D(0) = 0 for ¢t > 0,u € U, then the equation admits a trivial solution

z(t;0) = 0 corresponding to the initial data o = 0.
cl—kg)t—

p
+ko B
For simplify, we set M £ B ——— el . Next, for each n = 1,2,---, and any € > 0, it follows

from Markov inequality [16] and Theorem 4.1 that

Elx(t)P
Plw: |z(t,w)P > e} < Elz®)]" < Me™ "

eETl

for any t € [n — 1,n].
Since Y07y Me™" < oo, by the Borel-Cantelli lemma [14], there is an integer ng such that

|z(®)]P < e a.s.

for all n > ng and t € [n — 1,n]. Then, we can obtain

en

1 1
-1 t)=—1 P < —.
7ol (B)] = Sloglaf)l” < s

Letting n — oo on both sides of inequality (25),

1
limsup = log |z(t)| <

)
t—o0 t

hSA R

which is the required assertion because € > 0 is arbitrary.
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Theorem 4. Let Assumption 1,2,3 hold except (3) which is replaced by
0
LV(t,0) <a - aaV(t.0(0) + az [ V(t+0.0(6))du(6)
o (30)
—H(t,¢(0) +as [ H(t+0,0(0))dv(0) — adV(t, ¢(0) — D(9)),

-7

where « is a constant, and a1 > as > 0,a3 € (0,1), a4 > 0. Then for any given initial data &, there is
a unique global solution z(t) to equation (1) which has the property that

- o ko B[P
1 Elz(t)|? < 31
im sup |z ()] s (—hor T Tk (31)
for any t > 0.
Where £ is the initial date and € = €1 A ea A ay. And e1, 5 satisfy
ap — agetT =0,
1 2 (32)

EoT __
1 — aze™?” =0,

respectively.
If f(¢,0) = h(u,0) = D(0) =0 for t > 0,u € U. Then the trivial solution to the equation (1) is almost
surely exponentially stable. That is, the unique global solution z(t) has the property that

1
lim sup - log |2(¢;0,£)| <0 a.s. (33)

t—o00 t

for all £ € R™.

Proof.  Similar to the proof of Theorem 4.1, we obtain
B(eEMNV (¢ Ay, x(t Ai) — D(ary ) — EV(0,2(0) — D(x))

tATE tATE
= E/ ee®*V(s,x(s) — D(xs))ds + E/ e LV (s,x5)ds
0 0
tATE tATE
< E/ eV (s, z(s))ds + E/ ae’ds
0 0
tATE tATE 0
falE/ eESV(s,x(s))deragE/ / e*V(s+0,2(s + 0))du(0)ds
0 0 -7
tATE tATE 0
— E/ e**H(s,z(s))ds + agE/ / e *H(s+ 0,x(s+0))dv(0)ds
0 0 —T

tATE
- a4E/ e**V(s,x(s) — D(xs))ds
0

0 0
< e’ E V(s,z(s))ds + aze’™E H(s,xz(s))ds

6€t

tATE
+a;~4M—@E/ =V (s, 2(s) — D(xs))ds
0
tATE tATE
— (o — age”)E/ eV (s, z(s))ds — (1 — ageET)E/ e*H(s,z(s))ds
0 0

0 0 et
< aze”E/ V(s,z(s))ds + aze’™"E H(s,z(s))ds + as.
€

—T —T
Taking £k — oo on both sides, then we get

aeet

E(e'V(t,x(t) — D(z¢)) < R+ p (34)
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where R = EV(0,2(0) — D(xg)) + e E fET V(s,z(s))ds + aze’™E f_OT H(s,z(s))ds is a constant. By
inequality (34), we can compute
EV(t,2(t) — D(z;)) < Re~=t + g (35)

Using the following two inequalities, Assumption 3 and inequality (34)

crl(t) — D(w) | <V (¢t 2(t) — D(z1))
e (8)7 < (1= ko) "Pl(t) — D(0)[” + kg P D(a)[”,

we can derive

p (1 - kO)l_p 1-p D
Elz(t)]” < TEV(t,m(t) — D(z¢)) + ko PE[D(z4)]
1—ko)t=?
< %(Re*d + g) +ko sup E|z(t+6)|P
c1 € —7<6<0
for any ¢t > 0. Then
1 —ko)t—P
sup Elz(s)|P é(io)(Refgt + g) + ko sup sup Elz(s+6)P
0<s<t C1 € 0<s<t —7<H<0
1 —ko)t=?
< %(Re—ft + 3 4k sup Elz(s)P (36)
C1 € —7<s<t
(1 — ko)l_p —et o
S—————(Re™™ + 2) + ko El¢]I” + ko sup Ela(s)/”,
C1 9 0<s<t

and inequality (36) implies

Re~ ¢t + 2 ko E|E|P
FElz(t)|P < sup Elz(s)|P < £ .
|z ()] S, |z (s)| A —kr T 1ok

Consequently, we can obtain

. a koE||€[P
1 Elz(t)|P <
msup Ele)" < w0k

which is the assertion (30). The proof of the assertion (33) is similar to the proof of Theorem 4.2.

Remark 2. Note that the right hand of the inequality (30) contains a constant «. That is because
the right side of the inequality also include another negative term —ayV (¢, ¢(0) — D(¢)), which can
”compensate” the constant. Moreover, if o < 0, we can obtain that the pth moment of the solution is
stable.

5 Examples

Example 1. Consider the following equation

0

da(t) = (—%x2(t)+t / (t + 0)d0)dt + Vi [ le(t+9)d9dN(t). (37)

-1

In this example, we set 7 = 1,U = {1}. Define

D(p) =0,

0
fltp) = =5zt +¢ [ (00,

h@wzﬁ/%@w
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Choose V (t,x) = 22, by It6 formula and Holder inequality [14], we can compute

£V(t9) = 200)(~5650) +1 [ ¢(0)a0) + (2(0)+VE [ p(0)a0)

— 2(0) — 2V (0) / (00

0 0

H(0)d6 + 1 / (0)d6)?

-1

= —3(0) + 219(0) /

—1
<20+ [ 0] - 0,
—1
Taking K (t) = 2t, then we can conclude that the equation (37) has a unique global solution for any
given initial data by Theorem 3.1.

Remark 3. Example 1 have checked the conclusion of the Theorem 3.1. Next example will mainly
show the effectiveness of the Theorem 4.1.

Example 2. Let us consider the equation

dlz(t) — ;/0 o(t + 0)d] = (—x(t) — 23(t))dt + % /0 (t+ 0)d9dN (t). (38)

-1 -1

In this example, we set U = {1} and define

for t > 0, € D([—1,0]; R). Then the coefficients satisfy Assumption 1. If we choose p = 2, the holder
inequality [14] yields
BID( = 381 [ 007 < § s Bloo)?,
9 _1<6<0
which implies Assumption 3.
Define V(z) = |z|?> and employing It6 formula, Young inequality [17] and Holder inequality [14], we
can compute

< -l + |/ @~ 160+ 31 [ st

<—5o 2<o>+%/ 060+ [ oo

Applying Theorem 3.1, if we choose H(t,z) = |z|*, then we can obtain that there is a unique global
solution for any given initial data. The conditions in Theorem 4.1 are satisfied when we choose a; =
%, Qg = %, az = % Therefore, if we take £(0) =60+ 1,—1 < 6 < 0, then we can compute C' = 0.986 and
Elz(t)|? < 4.194.

Particularly, the trivial solution z(t) = 0 of equation (38) is almost surely exponentially stable in
theory. Moreover, it can be seen from Figure 1 that the trivial solution is stable.
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Figure 1 Trajectory of state
6 Conclusion

In this paper, the existence and uniqueness of solution of the neutral stochastic functional differential
equations with pure jumps under the local Lipschitz condition and the Khasminskii-type condition has
been solved. There was no need for the linear growth condition, so we could deal with the problems
that the coefficients of the equation are of highly order. Moreover, we obtained the boundness of pth
moment of the solution. And if there was a trivial solution for the equation, we also proved that the
trivial solution is almost surely exponentially stable.
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