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Abstract

This paper investigates a class of stochastic time-varying delay differential equations

(STVDEs) with Poisson jump. By employing the Lyapunov functions method, stochas-

tic analysis and algebraic inequality techniques, the existence of the global solution to

a STVDE with Poisson jump is obtained.
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2. ý��£

PR = (−∞,+∞), R+ = [0,+∞). Rn L«n-�îª�m"é?¿�x ∈ Rn, |x| =
√
xTxL

«Euclid �ê"eA´���þ½Ý
, KAT �LÙ=�, �‖A‖ =
√
λmax(AAT ) L«Ù�

ê, |A| =
√

trace(AAT ). é∀x, y ∈ Rn, 〈x, y〉 ½xT yL«x, y�SÈ"é?¿�a, b ∈ R§a ∨ b =

max{a, b}Úa ∧ b = min{a, b}" (Ω,F , P ) ´�����VÇ�m"�τ > 0§C([−τ, 0];Rn) L«

¤këY�¼êϕ : [−τ, 0] → Rn �8Ü§Ù�ê´‖ϕ‖ = sup−τ≤θ≤0 |ϕ(θ)|"CbF0
(Ω;Rn) ´¤

kF0-�ÿ�k.�C([−τ, 0];R+)¼ê�8Ü"é∀t ≥ 0 Úδ > 0§δ(·) : R+ → [0, δ] ´ëY�¼ê

�δ̇(t) = dδ(t)/dt ≤ δ̄ < 1"�δ(t) ≡ ~ê§δ̄ = 0"

�©�ÄXe�Poissona�p��5�Å�C�¢�©�§µ

dx(t) =[f(x(t), x(t− δ(t)), t) + u(x(t− τ), t)]dt

+ g(x(t), x(t− δ(t)), t)dB(t)

+ h(x(t), x(t− δ(t)), t)dN(t), (2.1)

Ð©�

x0 = ϕ = {x(t) : −δ ≤ t ≤ 0} ∈ CbF0
(Ω;Rn), (2.2)

Ù¥§f, g, h : Rn ×Rn ×R+ → Rn§u : Rn ×R+ → Rn ´Borel-�ÿ¼ê§B(t) ´��IO

�Brown$Ä§N(t) ´��rÝ�λ > 0�PoissonL§"Ñ(t) = N(t)− λt ´Ö��PoissonL§"

ùpb�B(t)ÚN(t)´�pÕá�"é∀t ∈ R+§b� f(0, 0, t) = g(0, 0, t) = h(0, 0, t) = u(0, t) =

0"

�e5ïÄ�§(2.1)�Û)��35"b�é∀x, x̄, y, ȳ ∈ Rn Ú∀t ∈ R+ kXe^�¤á"

b�1: é?¿�¢êh > 0, �3��~êLh > 0 ¦�

|f(x, y, t)− f(x̄, ȳ, t)| ∨ |g(x, y, t)− g(x̄, ȳ, t)|

∨ |h(x, y, t)− h(x̄, ȳ, t)| ≤ Lh(|x− x̄|+ |y − ȳ|), (2.3)
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Ù¥§|x| ∨ |x̄| ∨ |y| ∨ |ȳ| ≤ h"��3���~êβ÷v

|u(x, t)− u(y, t)| ≤ β|x− y|. (2.4)

du(0, t) = 0§?
��

|u(x, t)| ≤ β|x|, ∀(x, t) ∈ Rn ×R+. (2.5)

b�2: b��3�~êK Úqi(i = 1, 2, 3) ÷v

|f(x, y, t)| ≤ K(1 + |x|q1 + |y|q1),

|g(x, y, t)| ≤ K(1 + |x|q2 + |y|q2),

|h(x, y, t)| ≤ K(1 + |x|q3 + |y|q3), (2.6)

ùpq1 ≥ 1§q2 ≥ 1§q3 ≥ 1"

5: eqi = 1(i = 1, 2, 3), K^�(2.6)Ò´�5O�^�"�©�Ä�§�Xê´p��5�§

^�(2.6)´õ�ªO�^��max1≤i≤3{qi} > 1.

-C2,1(Rn×R+;R+)´½Â3Rn×R+þ�¤k�K¼êV (x, t)�8Ü,ùpV (x, t)'ux´

�����§'ut´�����"½Â�fLV : Rn ×Rn ×R+ → R:

LV (x, y, t) =Vt(x, t) + Vx(x, t)f(x, y, t)

+
1

2
trace[gT (x, y, t)Vxx(x, t)g(x, y, t)]

+ λ[V (x+ h(x, y, t), t)− V (x, t)]

Ù¥§

Vt(x, t) =
∂V (x, t)

∂t
, Vx(x, t) =

(
∂V (x, t)

∂x1

, . . .
∂V (x, t)

∂xn

)
,

Vxx(x, t) =

(
∂2V (x, t)

∂xi∂xj

)
n×n

.

|^Itôúª��

V (x(t), t) = V (x(0), 0) +

∫ t

0

LV (x(s), x(s− δ(s)), s)ds+Gt, (2.7)

Ù¥§

Gt =

∫ t

0

Vx(x(s), s)g(x(s), x(s− δ(s)), s)dB(s)

+

∫ t

0

[Vx(x(s) + h(x(s), x(s− δ(s)), s), s)

− Vx(x(s), s)]dÑ(s). (2.8)
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?�Ú§�y�§(2.1)�Û)��35§�IXe^�¤á"

b�3: -H(·) ∈ C(Rn × [−δ,∞);R+)"b��3��¼êV ∈ C2,1(Rn × R+;R+), q ≥
2(q1 ∨ q2 ∨ q3), ±9�êc1, c2, c3, c4 ÷vc3 + c4 < c2, |x|q ≤ V (x, t) ≤ H(x, t),∀(x, t) ∈ Rn ×R+,

LV (x, y, t) + Vx(x, t)u(z, t) ≤ c1 − c2H(x, t) + c3(1 − δ̄)H(y, t − δ(t)) + c4H(z, t − τ),∀(x, y, t) ∈
Rn ×Rn ×R+, z ∈ Rn.

3. Ì�(J

½n eb�1-3 ¤á§K3Ð©^� (2.2)e, � t ≥ −δ�§�§ (2.1)�3�Û)"

y db� 1 ���§(2.1)3 t ∈ [−δ, σe] þk�����ÛÜ) x(t), Ù¥ σe´�»�

m"�e5�yx(t)´�Û�, �Iyσe = ∞"-m0 ´��¿©���ê�÷v‖x0‖ = ‖ϕ‖ =

sup−τ≤s≤0 x(s) < m0"é?¿��êm > m0, ½ÂÊ�σm = inf{t ∈ [0, σe) : |x(t)| ≥ m}"5
½inf ∅ = ∞, ùp∅ ´���8. �âσm�½Â��σm ´4O�§¿�σ∞ = limm→∞ σm ≤ σe"

|^Itôúª, �O�Ñé∀t > 0, k

EV (x(t ∧ σm), t ∧ σm)

= V (x(0), 0) + E

∫ t∧σm

0

[LV (x(s), x(s− δ(s)), s)

+ Vx(x(s), s)u(x(s− τ), s)]ds. (3.1)

$^b�3, ��

EV (x(t ∧ σm), t ∧ σm)

≤ V (x(0), 0) + c1t− c2

∫ t∧σm

0

H(x(s), s)ds

+ c3(1− δ̄)
∫ t∧σm

0

H(x(s− δ(s)), s− δ(s))ds

+ c4

∫ t∧σm

0

H(x(s− τ), s− τ)ds. (3.2)

|^��{§-u = s− δ(s), K

ds = du+ dδ(s) ≤ du+ δ̄ds,

l
ds ≤ 1
1−δ̄du§?
�� ∫ t∧σm

0

H(x(s− δ(s)), s− δ(s))ds

≤ 1

1− δ̄

∫ t∧σm−δ(s)

−δ(s)
H(x(u), u)du.
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qÏ�0 ≤ δ(s) ≤ δ, =−δ(s) ≥ −δ, ¤±∫ t∧σm

0

H(x(s− δ(s)), s− δ(s))ds

≤ 1

1− δ̄

∫ 0

−δ
H(x(s), s)ds+

1

1− δ̄

∫ t∧σm

0

H(x(s), s)ds. (3.3)

Ón§|^��{u = s− τ , ��∫ t∧σm

0

H(x(s− τ), s− τ)ds

=

∫ t∧σm−τ

−τ
H(x(u), u)du

≤
∫ 0

−τ
H(x(s), s)ds+

∫ t∧σm

0

H(x(s), s)ds. (3.4)

ò(3.3)Ú(3.4)�\(3.2)¥�Ñ

EV (x(t ∧ σm), t ∧ σm)

≤ V (x(0), 0) + c3

∫ 0

−δ
H(x(s), s)ds

− (c2 − c3 − c4)

∫ t∧σm

0

H(x(s), s)ds

+ c4

∫ 0

−τ
H(x(s), s)ds+ c1t. (3.5)

Ï�c3 + c4 < c2, �?�Úz{�

EV (x(t ∧ σm), t ∧ σm) ≤M1 + c1t, (3.6)

Ù¥§

M1 =V (x(0), 0) + c3

∫ 0

−δ
H(x(s), s)ds+ c4

∫ 0

−τ
H(x(s), s)ds.

l
��

E[V (x(σm), σm)I{σm≤t}] ≤M1 + c1t.

qÏ�|x|q ≤ V (x, t), ¤±

E[|x(σm)|qI{σm≤t}] ≤M1 + c1t,

dσm�½Â��m
qP (σm ≤ t) ≤ M1 + c1t. �m → ∞, ��P (σ∞ ≤ t) → 0, =σ∞ > t a.s.
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�t→∞, ��σ∞ =∞ a.s. y."
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