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Abstract

This paper investigates a class of stochastic functional differential equations with

Markovian switching and Poisson jumps. By means of the Lyapunov function method

and stochastic analysis techniques, this study establishes the existence and unique-

ness of the global solution to such equations, as well as the mean-square exponential

stability and the almost sure stability of the trivial solution.
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2. ý��£

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

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

|A| =
√

trace(AAT )"é ∀x, y ∈ Rn, xT y L« x� y �SÈ"PW ([−τ, 0]; Rn)´½Â3 [−τ, 0]

þ�÷v
∫ 0

−τ η(s)ds = 1�¤k�Kk.� Borel�ÿ¼ê η(s)�8Ü"(Ω,F , P )´�����V

Ç�m"� τ > 0, C([−τ, 0];Rn) L«¤këY�¼ê ϕ : [−τ, 0]→ Rn �8Ü"CbF0
(Ω;Rn)´¤

k F0-�ÿ�k.�C([−τ, 0];R+)¼ê�8Ü,Ù�ê´ ‖ϕ‖ = sup−τ≤θ≤0 |ϕ(θ)|"{r(t)}t≥0 L«

�´��VÇ�mþ���mëYMarkovó,�Ù3��k��G��m S = {1, 2, · · · , N}þ�
�, )¤�Γ = (γij)N×N ÷v

P{r(t+ ∆) = j|r(t) = i} =

γij∆ + o(∆), if i 6= j,

1 + γii∆ + o(∆), if i = j,

Ù¥ ∆ > 0, lim∆→0 o(∆)/∆ = 0, � i 6= j �, γij ≥ 0 L«�´l i � j �=£�Ç§γii =

−
∑

j 6=i γij . r(·)�A�z^��;�þ�mëY��F¼ê§�3 R+ �?¿k�f«mS=�

3k��{üa�(ë�©z [12])"

�©�ÄXe�Markov�� Poissona��Å�¼�©�§µ

dx(t) =f(xt, r(t), t)dt+ g(xt, r(t), t)dB(t) + h(xt, r(t), t)dN(t), t ≥ 0, (2.1)

Ð©�

x0 = ϕ = {ϕ(ρ) : −τ ≤ ρ ≤ 0} ∈ CbF0
(Ω; Rn) Ú r(0) = i0 ∈ S, (2.2)

Ù¥, f, g, h : C([−τ, 0]; Rn) × S × R+ → Rn§xt = {x(t + θ) : −τ ≤ θ ≤ 0} ´ C([−τ, 0]; Rn)

þ����ÅL§§B(t)´��IO� Brown$Ä§N(t)´��rÝ� λ > 0� PoissonL§"

Ñ(t) = N(t)− λt´Ö�� PoissonL§"ùpb�B(t)§N(t)Ú r(t)´�pÕá�"é ∀t ∈ R+

Ú ∀i ∈ S§b� f(0, i, t) = g(0, i, t) = h(0, i, t) = 0"

�e5ïÄ�§ (2.1) �Û)��3��5Ú²�)�­½5"b�é ∀x, x̄, y, ȳ ∈ Rn§

∀t ∈ R+Ú ∀i ∈ S kXeb�^�¤á"
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b�: é?¿�¢ê h > 0, �3��~ê Lh > 0¦�

|f(x, i, t)− f(x̄, i, t)| ∨ |g(x, i, t)− g(x̄, i, t)|

∨ |h(x, i, t)− h(x̄, i, t)| ≤ Lh(|x− x̄|+ |y − ȳ|), (2.3)

Ù¥§|x| ∨ |x̄| ∨ |y| ∨ |ȳ| ≤ h"

- C2,1(Rn ×R+;R+)´½Â3Rn ×R+þ�¤k�K¼ê V (x, t)�8Ü, ùp V (x, t)'u

x´�����§'u t´�����"½Â�f LV : C([−τ, 0]; Rn)× S ×R+ → R:

LV (ϕ, i, t) =Vt(ϕ(0), t) + Vx(ϕ(0), t)f(ϕ, i, t)

+
1

2
trace[gT (ϕ, i, t)Vxx(ϕ(0), t)g(ϕ, i, t)]

+ λ[V (ϕ(0) + h(ϕ, i, t), t)− V (ϕ(0), 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

.

½Â 1 é?¿�Ð©� (2.2)§ek

lim sup
t→∞

1

t
log |x(t)| < 0 a.s.,

K¡ (2.1)�²�)´A�7,­½�"

½Â 2 é?¿�Ð©� (2.2), e�3�é�~ê γ̃ Ú C̃ ÷v

E|x(t)|2 ≤ C̃E‖ϕ‖2e−γ̃t, ∀t ≥ 0,

K¡�§ (2.1)�²�)´þ��ê­½�"

3. Ì�(J

½n b�^� (2.3)¤á"é?¿� (i, t) ∈ S × R+ Ú ϕ ∈ C([−τ, 0];Rn)§e�3�~ê

αk(k = 1, 2, 5, 6)§~ê αk(k = 3, 4)Ú¼ê ηj(·) ∈W ([−τ, 0];Rn) (j = 1, 2, 3, 4) ÷v

2ϕT (0)f(ϕ, i, t) ≤ −α1|ϕ(0)|2 + α2

∫ 0

−τ
|ϕ(s)|2η1(s)ds, (3.4)

2ϕT (0)h(ϕ, i, t) ≤ α3|ϕ(0)|2 + α4

∫ 0

−τ
|ϕ(s)|2η2(s)ds, (3.5)
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|g(ϕ, i, t)|2 ≤ α5

∫ 0

−τ
|ϕ(s)|2η3(s)ds, (3.6)

|h(ϕ, i, t)|2 ≤ α6

∫ 0

−τ
|ϕ(s)|2η4(s)ds, (3.7)

�

α1 > α2 + α5 + λ(α3 + α4 + α6), (3.8)

K�§ (2.1)�3����Û) x(t)(t ≥ −τ)§��§ (2.1)�²�)´A�7,­½�Úþ��ê

­½�"

y² (1) ky�§ (2.1)�²�)´A�7,­½�Úþ��ê­½�"�V (x, t) = x2"O

���

LV (ϕ, i, t) =2ϕT (0)f(ϕ, i, t) + |g(ϕ, i, t)|2 + λ[(ϕ(0) + h(ϕ, i, t))2 − ϕ2(0)]

=2ϕT (0)f(ϕ, i, t) + |g(ϕ, i, t)|2 + λ[2ϕT (0)h(ϕ, i, t) + |h(ϕ, i, t)|2]

≤− α1|ϕ(0)|2 + α2

∫ 0

−τ
|ϕ(s)|2η1(s)ds+ α5

∫ 0

−τ
|ϕ(s)|2η3(s)ds

+ λα6

∫ 0

−τ
|ϕ(s)|2η4(s)ds+ λα3|ϕ(0)|2 + λα4

∫ 0

−τ
|ϕ(s)|2η2(s)ds

=− (α1 − λα3)|ϕ(0)|2 + [α2 + α5 + λ(α4 + α6)]

∫ 0

−τ
|ϕ(s)|2π(s)ds, (3.9)

Ù¥§

π(s) =
α2η1(s) + α5η3(s) + λ[α4η2(s) + α6η4(s)]

α2 + α5 + λ(α4 + α6)
,

´�y
∫ 0

−τ π(s)ds = 1§� π(s) ∈ W ([−τ, 0];Rn)"l
d©z [10]¥½n 1�y²���§ (2.1)

�²�)´A�7,­½�Úþ��ê­½�"

(2) y²�Û)��3��5"db� (2.3)���§ (2.1)3 t ∈ [−δ, σe]þk�����Û
Ü) x(t), Ù¥ σe ´�»�m"�e5�y x(t)´�Û�, �Iyσe = ∞"- m0 ´��¿©�

��ê�|x(0)| < m0"é?¿��êm > m0§½ÂÊ�σm = inf{t ∈ [0, σe) : |x(t)| ≥ m}"5½
inf ∅ =∞§ùp ∅´���8"�â σm �½Â�� σm ´4O�§¿�σ∞ = limm→∞ σm ≤ σe"
dy²(1)���§ (2.1)�²�)´þ��ê­½�§l
�3 C̃1Ú γ̃1÷v

E|x(t)|2 ≤ C̃1E‖ϕ‖2e−γ̃1t <∞(∀t ≥ 0).

qÏ� P(σm ≤ t)E|x(σm)|2 ≤ E|x(t ∧ σm)|2 < ∞, � |x(σm)|2 = m2 → ∞(m → ∞)§¤±

P(σm ≤ t)→ 0(m→∞)§� σ∞ =∞ a. s.. dÊ� σm�½Â�� σe =∞"=§é?¿�Ð©�
(2.2), �§ (2.1)�3����Û)"y."
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