′

by

60K30.

06520

2070.

ABSTRACT t

′

X ≡_t t ≥ 0} X = Ω, ^ , P filtration {^_t t ≥ 0} {^_t t ≥ 0} sub-σ ^ X {^_t t ≥ 0}, i.e., X_t ^_t and X_u − X_t ^_t X_{u − t} ≤ t < u. X Xis X_t has

Ee^{i α Xt} = e^{ϕ (α )t} , t ≥ where ϕ (α X X̃ X X̃ X̃

−

X W_t = exp α X_t (α ) , t ≥

Z_t (α ) 0 ∫^t e^{iα Xs} ds − e^{iα Xt} , t ≥ 0 . (2.2)

z = u + iv, then z = (u^2 + v^2 )^{1/2}. α, Z {^_tt ≥ 0}.

Proof. ϕ (α ) ≠ E Z_t of ϕ (α ≤ s < t,

ϕ (α )E s ∫^t e^{iα (Xu − Xs )} du ^ s

= e^{ϕ (α t − s)} − 1 = E[e^{iα (Xt − Xs )} ^_s ] − integrating e^{ϕ (α u − s)} from s to t by e^{iα Xs} ϕ (α ) 0 ∫^s e^{iα Xu} du ^ s measurable).

′ Let_n n ≥ 0} filtration {^_t t ≥ 0} T_0 =_t t ≥ 0} N_t = sup T_n ≤ , t ≥ 0 . (3.1) Let_n n ≥ 0} U_n is ^_{Tn} n ≥_t t ≥ 0}

Y_t = X_t +

k=0Σ^{Nt U}k^{, t ≥ 0 . (3.2)}

X U_n > n and

T_n = inf ≥ 0 X_t +

k=0Σ^{n − 1 U}k^{= 0}, n ≥}

Y_{Tn} − U_n Y n^{th} Y_{Tn} − U_n = Y_{Tn−} X at T_n. T_n n_tt ≥ 0} to {^_tt ≥ 0}_n }

M_t (α ) 0 ∫^t e^{iα Ys} ds + 1 − e^{iα Yt} −_{k=0}Σ^{Nt} (e^{iα (YTk − Uk)} − e^{iα YTk} t ≥ 0 . (3.4)

EN_t t_tt ≥ 0}

{^_t t ≥ 0}. Proof. t ≤ T_{n − 1}, T_{n − 1} < t ≤ T_n and t > T_n

M_{Tn ∧ t} − M_{Tn − 1 ∧ t} = (Z_{Tn ∧ t} − Z_{Tn − 1 ∧ t} )e

iα_{j=0}Σ

n − 1

U_j

where x ∧ y = min ,_t t ≥ 0} {^_t t ≥ 0} T_{n Tn ∧ t}t ≥ 0} U_k is ^_{Tk}

all k e

iα_{j=0}Σ

k− 1

U_j T_n ∧ t − MT_{n − 1} ∧ tt ≥ 0} T_n ∧ tt ≥ 0} are

{^_tt ≥ 0} T_n w.p.1,_tt ≥ 0} n }.

E(M_{Tn ∧ t}^_s ) = M_{Tn ∧ s} . (3.6) Since_{0 ≤ s ≤ t}sup M_s ≤ ϕ (α )t + N(t) + EN(t)

n

′

Let I_{t 0 ≤ s ≤ t}inf X_s and R_t = X_t + I_t , t ≥ 0 . (4.1)

R ≡_tt ≥ 0} the reflected or process X I X_t + I_t ≥ t I R =

R X Y^a U_n = a n Y^a X, U_n = a n and T_n^a = inf ≥ 0 X_t , n ≥ Y_t^a = X_t + I_t^a where I_t^a = a(N_t^a + and N_t^a_n^a } 0 ≤ I_t^a − I_t = Y_t^a − R_t ≤ a t . (4.2) If X EI_t^a and

M_t^a (α ) 0 ∫^t e^{iα Ysa} ds + 1 − e^{iα Yta} It^a_{α a}^{− eiα a)} (4.3)

{^_tt ≥ 0}. Proof. EI_t^a X_n^an ≥ 1} T_n^a < T_{n +1}^a N^a EN_t^a EI_t ≤ EI_t^a ≤ a(EN_t^a + I_t^a = a(N_t^a + EN_t^a a > t >

M_t^a → M_t^0 as a → t_0 t_0 > M_t^a

M_t^0 (α ) 0 ∫^t e^{iα Rs} ds + 1 − e^{iα Rt} + iα It , t ≥ 0 . (4.4)

M^0. If X M_t^0

{^_tt ≥ 0}. Proof. E(M_t^a^_s ) → E(M_t^0^_s ) a → ≤ s < t E(M_t^a^_s ) = M_s^a → M_s^0 a →

When X ^ ^

If X EX_t and EX_t < ET_1^a_1 ϕ ′ Proof. Since X_n^an ≥ 0} < T_n^a < T_{n +1}^a ET_n^a = nET_1^a EX_t , k^{− 1} X_k → EX_1 k EX_t < 0, ET_1^a − a = n^{− 1} X_{Tn}a = (n^{− 1} T_n^a T_n^a )^{− 1} X_{Tn}a → ET_1^aEX_1 n , ET_1^a_1. X EX_t and_t <

t lim Ee^{iα Rt} = ϕ (α ) ′ for 0 .

Proof.^{iα Rt} t ≥ 0} n aN ≥ 0} where Tn^a = inf Xt RT_n^a = 1^a .

Hence,

t lim Ee^{iα Rt} = E ∫_0^{T1} a e^{iα Rs}_1^a

where_1^a ϕ ′ EM_{T1}a_{∧t}^0 = t t t I_t t ϕ (α ) = ϕ (α ) E ∫_0^{T1} a e^{iα Rs} ds iα a ,

0. X 1 a ϕ ′

Let X EX_t and t <_nn ≥ 0} EU_{0 n}n ≥ 0} be X U_0

t lim Ee^{iα Yt} = ϕ (α ) ′ α EU_0 i − Ee^{iα U0} ) . (4.6)

Proof._tt ≥ 0} nn ≥ 0} X U0

t lim Ee^{iα Yt} = ET_1 1 E ∫_0^{T1} e^{iα Ys} (4.7)

Since ET_{1 0} /ϕ ′ U_0 e^{iα U0} α ϕ (α ) ≠ X_t ≠ ϕ (α ) = α ϕ (α ) = X_t has

EX_t < 0. ′ /ϕ (α i − Ee^{iα U0} )/α_0 U_0 P(U_0 > x)_0 Y_t the convolution Y_t has a

U_n = a > n ≥_t^at ≥ 0}

Ee^{iα Yta} − Ee^{iα Rt} ≤ Ee^{iα Yta} − e^{iα Rt} ≤ 2αYt^a − Rt ≤ 2α (4.8) t a → U_0 ≡ a →

Y →^d →^p probability.

(i) P(X_t = ≠ 1,

(ii) n^{− 1} T_n →^p λ^{− 1} as n^{− 1} ,

(iii) Y_t →^d Y as t ,

(iv) n^{− 1}

k=0Σ^{n − 1 eiα YTk →p Eeiα Y+ and n− 1}_{k=0}Σ^{n − 1 eiα (YTk − Uk) →p Eeiα Y− as n}

variables Y^+ and Y^− with EY^+ ≠ EY^− , (v)^{− 1} N_tt ≥ 0} i ϕ ′ /(EY^+ − EY^−

t lim Ee^{iα Yt} = Ee^{iα Y} = ϕ (α ) ′ α (EY^+ − EY^− ) i(Ee^{iα Y−} − Ee^{iα Y+} ) . (5.1)

ϕ (α ) = ϕ (α ) = α ϕ (α ) = X_t α ϕ (α ) = α α Y

If X EX_t and EX_t < ′ /ϕ (α

T_k k ≥ 0} and T_k − Ukk ≥ 0}

Ee^{iα YT0} and Ee^{iα (YT0 − U0 )} as k Y^+ Y_{T0} and Y^− Y_{T0} − U_0

tt ≥ 0}

n^{− 1} i =0Σ n − 1

W_i →^p m W_i with W_i < K for

all i and t^{− 1} N_t →^p λ N_t

t^{− 1} i =0Σ N_t

X_i →^p λ

Proof. Since X_i N_t^{− 1} i =0Σ N_t

X_i t w.p.1.

n^{− 1} i =0Σ n − 1

X_i →^p m,

m N_t^{− 1} i =0Σ N_t

X_i →^p m

(t^{− 1} N_t , N_t^{− 1} i =0Σ N_t

X_i ) →^p (λ , m) .

T_n n t^{− 1} N_t →^p λ as t

t^{− 1}

k=0Σ^{Nt (eiα (YTk − Uk) − eiα YTk ) →p λ (Eeiα Y− − Eeiα Y+ t . (5.2)}

t^{− 1} E

k=0Σ^{Nt (eiα YTk − Uk − eiα YTk ) (Eeiα Y− − Eeiα Y+ t .}

Ee^{iα Yt} → Ee^{iα Y} as t t t ϕ (α )Ee^{iα Y} (Ee^{iα Y−} − Ee^{iα Y+} ) . (5.3) because EM_t = t for M_t ϕ (α α ϕ (α ) ≠ 0. For α ϕ (α ) = α λ EY^+ ≠ EY^− EY^+ − EY^− ).

decomposition). i(Ee^{iα Y−} − Ee^{iα Y+} )/α (EY^+ − EY^−

Y^− ≤_{st} Y^+.

nn ≥ 0}

U_n X_{Tn t ≥}

α (EY^+ − EY^− ) i(Ee^{iα Y−} − Ee^{iα Y+} ) = α EU_0 i − Ee^{iα U0} ) Ee^{iα Y−} . (5.4)

Proof. ∫^∞ e^{iα y}f(y)dy

f(y) = EY^+ − EY^−

P(Y^− ≤ y) − P(Y^+ ≤ y)

P(Y^− ≤ y) ≥ P(Y^+ ≤ y y

Y^− ≤_{st} Y^+

E max{ = ∫_0^∞ P(Y ≥ y)dy

and E min{ E max{ −

∫_0^∞ P(− Y ≥ y)dy ∫^0 P(Y ≤ y)

U_n Y_{Tn} − U_n = X_{Tn} + i =0Σ n − 1

U_{i t} ≥

E k=0Σ^{Nt}e^{iα (YTk − Uk)} − e^{iα YTk}^{= E}_{k=0}Σ^{∞ eiα (YTk − Uk) − eiα Uk} t ≥ = k=0Σ^{∞ Eeiα (YTk − Uk) 1} t ≥^{− Eeiα U0} = E k=0Σ^{Nt eiα (YTk − Uk) − Eeiα U0 ) .}

ϕ (α )Ee^{iα Y} E(e^{iα Y−} − Ee^{iα U0} ) . (5.7) α iϕ ′_0

X EX_t and EX_t < Y R Y R and Y^− U_0. X in not − X X_t ϕ π) = 0.

Hence, ′ /ϕ (α 2π as 2π.

Y L_{t 0≤s≤t s}, t ≥ R_t^0 = Y_t + L_t, t ≥ 0. X R^0

X U_n ≥ n EL_t N_{t t}t ≥ 0} {^_tt ≥ 0} n }

M_t (α )∫_0^te^{iα Rs0} ds + 1 − e^{iα Rt0} −

k=0Σ^{Nt eiα (RTk0 − Uk) − eiα RTk0 + iα L}t^{, t ≥ 0 . (6.1)}

EN_t t_tt ≥ 0} {^_tt ≥ 0}.

Proof. EL_t L_t ≤ I_t t U_n ≥ n w.p.1, Y_t ≥ X_t t EI_t Y^a let R^a Y R^0 T_n^a = ≥ 0 Y_t , n ≥ R_t^a = Y_t + L_t^a where L_t^a = a(N_t^a + N_t^a n a } L_t^a − L_t = R_t^a − R_t^0 ≤ a for all t R_t^a N_t + N_t^a EN_t + EN_t^a a →

X EX_t , EX_t < 0, U_n ≥ n

′ R_t^0 →^d R^0 and t^{− 1} ER_t^0 → t

′ n^{− 1} k = 0Σ n − 1

e^{iα RTk0} →^P Ee^{iα R+} and n^{− 1} k = 0Σ n − 1

e^{iα (RTk0 − Uk)} →^P Ee^{iα R−} as n R^+ and R^− with ER^+ ≠ ER^−

t lim t^{− 1} L_t EX_1 and_tlim t^{− 1} i =0Σ N_t

U_i = )EX_1 (6.2)

Ee^{iα R0} = ϕ (α ) ′ α (ER^+ − ER^− ) i(Ee^{iα R−} − Ee^{iα R+} ) . (6.3)

EX_t ≥ Proof. L_t t N_t + L_t t ′ t^{− 1} iα EL_t t^{− 1} EL_t

t^{− 1} ER_t^0 = EX_1 + t^{− 1} E i =0Σ N_t

U_i + t^{− 1} EL_t ,

where t^{− 1} ER_t^0 → ′,

t lim t^{− 1} E

j=0Σ^{Nt U}j^{EX}1^−_t^{lim t− 1 EL}t^.

α λ .

V

α (ER^+ − ER^− ) i(Ee^{iα R−} − Ee^{iα R+} ) = Ee^{iα V} . (6.4)

Hence, R^0 R π and V V R^− U_0.

Acknowledgment.

References

Maryland.

7, 705-766.

Probability

York.

J. 49 1, 29-66.

R-2

33 L W.

Jumps. 9

York. .

Vacations. 22

System. 22

511

R-3

36

36, 797-806.

23

k=1Σ^{n eiα Yt 1} t = k− 1}^{= eiα Yt − eiα Yt 1} t ≥

k=1Σ^{n eiα (YTk − Uk) 1} t ≥^=_{k=1}Σ^{N(t) ∧ n eiα (YTk − Uk)} = k=0Σ^{N(t) ∧ n eiα (YTk − Uk) −} and k=1Σ^{n eiα YTNt 1} t = k− 1}^+_{k=1}Σ^{n eiα YTk− 1 1} t ≥ = k=1Σ^{n eiα YTk− 1 1} t ≥ k− 1} = k=0Σ^{n − 1 eiα YTk 1} t ≥ = k=0Σ^{N ∧ n eiα YTk − eiα YTn 1} t ≥^{. (A3)}