by

and

.

Abstract

k^{th}

W(t t ≥

P(W(t) > E[W(t)^k],

∨ ∨

In

We k^{th} xas m_k(t,x) ≡ E[W(t)^kW = x] = m_k(t + d_k(t,x k^{th} m_k(t nondecreasing in t k k^{th} d_k(t,x nonincreasing in t for k = d_2 (t,x

m_k(t d_k(t,x k =

m_k(t m_k(∞ ) ≡ m_k(∞ , x).

H_k(t) ≡ m_k(t_k(∞ t ≥ m_k(∞ t cdf F f_1 F_e (or

F_e (t) = f_1^{− 1} ∫_0^t − F(u du , t ≥

f_k and f_{ek} k^{th} F and F_e

f_{ek} = f_{k+1} /(k + f_1 . (4)

Let F^{(k)} F_e^{(k)} k^{th} F and F_e

Then

F_e = 1_1 and F_e^{(k+} F_e F^{(k)} . (5)

H_1 (t) = ∫_0^∞ E[W(∞

P(W(∞ ) > y) P(T_{y0} ≤ t)dy = ∫_0^∞ F_{y0} (t)dV_e (y

where V(t) = P(W(∞ ) ≤ t), V_e V, T_{y0}

y F_{y0}

G_1 (t,x) = 1 − x d_1 (t,x)

and G_2 (t,x) = 1 − x^2 d_2 (t,x) . (7)

G_1 (t,x) = x 1 ∫_0^xP[Ty0 ≤ t]dy

where T_{y0} y cdf G_2 G_1 H_i and G_i for i = E[T_{y0}^k

v_k ≡ m_k(∞

h j^{th} H_k v_k ≡ m_k(∞ ) ≡ E[W(∞ )^k k^{th} V v_{ek} be the k^{th} V_e ρ h_{11} = 1 v_{e1} = 1 1 2v^1 v_2 . (9)

h_{11} E[W(t)W = m_1 (∞ ). W^∗ (t t ≥ with W^∗ =^d W(∞ =^d is C_w(t) = E[W^∗ W^∗ (t − (E[W^{∗ 2} , t ≥ is σ_w^2 ≡ 2∫_0^∞ C_w(t)dt

σ_w^2 = 1 v_3 − v_2 v_1

∨ σ_w^2 /VarW^∗ ≡ (v_3 − v_2 v_1 )/ v_2 − v_1^2 t W^∗ W^∗ (t h_{11} in )^{− 2} as 1.

matter.

Let A ≡ {A(t t ≥ ρ .

S_n : n ≥ S S_1 S G ρ 1. be X ≡ {X(t t ≥ X(t) = S_1 + + S_{A(t)} , t ≥ with S_0 = X(t t X be Y ≡ {Y(t t ≥ Y(t) = X(t) − t , t ≥ 0 . (14) be W ≡ {W(t t ≥

W(t) = Y(t) −_{0 ≤ s ≤ t}inf Y(s)

Y(t) + W if_{0 ≤ s ≤ t}inf Y(s) W if_{0 ≤ s ≤ t}inf Y(s) W (15)

where W A(t t ≥ S_n : n ≥ that W Yand W

Y Y

material.

Let m_k(t) ≡ m_k(t,x k^{th} p_0 (t

p_0 (t) ≡ p_0 (t, x) = P(W(t) = 0W = x) . (16) m_k p_0

Benes∨ (1963).

P(W(t) ≤ x

t t

k(t)_k [S^k] . (t) W(∞ ) (W(∞ ) ) = 1.

k k(t) → m_k(∞ ) ≡ E[W(∞ )^k]_k(∞ ) [S^{k+1} ] . S m_k(∞ ) than m_k(t) for t . k^{th} m_k′(t

t^{− 1} (t) t − p_0 (t), m_1′(t) 1 + p_0 (t t >

m_1 (t) = m_1 + ( t + ∫_0^tp_0 (u)du , t > 0 . (18) Since W(t) W(∞ t , p_0 (t) → p_0 (∞ t L W) p_0 (∞ ) = 1 m_1′(t) → t . t

m_0 (∞ ) = =^d distribution. k(t) ≥ 2_k′(t)

m_k′(t) E[S^k] − )km_{k− 1} (t)

j=2Σ^{k− 1}_j^k^{E[Sj ]m}k− j^{(t) . (19)}

k+1 [S^{k+1} ] ≥ 1_{k+1}′ (t) → 0 and

m_k(∞ ) = 1 ρ j=1Σ^k_j^k_{j+1}^{E[Sj+1 ] m}k− j^{(∞ k ≥ 1 . (20)}

m_k(t ) − m_k(t ε by W(t f(ε) = o(ε f(ε)/ 0.

X(t ) − X(t W(t X(t ) − X(t) =^d X(ε order ε A(ε 0 < x

E[W(t )^kW(t) = x > E x + S )^k] + )E x )^k] + o(ε)

j=0Σ^k_j^k^{xj E[Sk− j ] + )xk kxk− 1 + o(ε)} and E[W(t )^kW(t) = E[S^k] + o(ε) .

m_k(t ) − m_k(t)

j=0Σ^k_j^k^{E[Sj ]m}k− j^{(t)}

(21) + )m_k(t) km_{k− 1} (t) − m_k(t) + o(ε) . m_k(t m_{k− 1} (t m_0 (t ε 0. m_{k+1}′ (t E[W^{k+1} ] and E[S^{k+1} ] m_j (t) → m_j (∞ ) j < k E[W^{j+1} ] and E[S^{j+1} ] j ≤ k that m_{k+1}′ (t) → t k k + m_k(t) → m_k(∞ t

m_k(∞ ) = (k + ) ρ E[S^{k+1} ] + (k + ) ρ j=2Σ^k_j^{k+1}^{E[Sj ]m}k+1− j^{(∞ )} = 1 ρ j=2Σ^{k+1}_{k+1}^1_j^{k+1}^{E[Sj ]m}k+1− j^{(∞}

l = j −

k+1 1 j k+1 = l +1 1 l k .

m_k ρ ρ p_0 (t m_k(t ρ , E[S^j ], 1 ≤ j ≤ k p_0.

P(W = = W(t t

F F(∞ ) ≡_tlim F(t) =

Z_1 is another Z_2 by Z_1 ≤_{st} Z_2 E[g(Z_1 ≤ E[g(Z_2 g Z(t t ≥ if Z(t_1 ) ≤_{st} Z(t_2 ≤ t_1 < t_2 (W = = 1 {W(t t ≥ is

Proof. Y(t t ≥

W(t) =^d M(t) ≡_{0 ≤ u ≤ t} Y(u t ≥

when W = M(t t E[g(M(t t g E[g(W(t = E(g(M(t P(W = = p_{00} for p_0 functions m_k(t m_k(∞ ) p_{00} (t t p_{00} = p_{00} (∞ ) = 1

th 0 H_0 (t) = − p_{00} (t /ρ , t ≥ 0 . (23)

p_{00} p p_{00} is ρ p00 (t2 ) − p00 (t1 ) t2 − t1 (24) t_1 and t_2 p_{00}′ p_{00} H_0 H_0 density h_0 with H_0 (t) = ∫_0^th_0 (u)du , t ≥

≤ h_0 (t) ≤ t H_0 t p_{00}

v_k k^{th} V(t) = P(W(∞ ) ≤ t).

[S^{k+1} ]_k 1 = H_{0e}. 2 = H_{1e}.

3 =_3 )H_{2e 3} H_2, where

α_3 = v_3

3v_1 v_2 .

4 =_{4 4} )H_{3e 4} H_{3 4} H_2, where

α_4 = v_4

4v_1 v_3 and β_4 = v_4

6v_2 .

Proof. H_k v_k ≡ m_k(∞ ) E[S^{k+1} ] h_k(t) ≡ m_k′(t)_k(∞ k^{th} H_k h_{ke}(t) = h_{ke} − H_k(t t ≥ h_{ke} h_1 (t)m_1 (∞ ) = m_1′(t) 1 + p_{00} (t) − H_0 (t

h_1 (t)m_1 (∞ )/ h_{0e} (t)_{0e} μ_{0e} ≡ ∫_0^∞_0 (s) = 1_1 = m_1 (∞ )/ρ

h_1 = h_{0e}

H_k for k ≤ th H_0 H_k

H_k at t = H_0.

H_k function p_{00} H_0 p_{00} and H_0 p_{00}

H_0 H_k for k ≤

F f̂ f̂(s) = ∫_0^∞ e^{− st}dF(t

f when F(t) = ∫_0^tf(u)du t then f̂(s) = ∫_0^∞ e^{− st}f(t)

Thus ĝ and ĝ_e G G_e V W(∞ Pollaczek-Khintchine v̂(s) = 1 ĝ_e (s) 1

B b̂ b̂(s) = ĝ(s b̂(s

Let η and ζ η(s) = s ĝ(s ζ(s) = s b̂(s) . (29) η and ζ s, η(ζ(s = s

ζ s (s) ĝ(ζ(s . (31)

ζ T_{x0} x F_{x0} F_{x0} p_{x0} (t) ≡ P(W(t) = 0W = x p_{x0} (t) = (F_{x0} ∗ p_{00} t) ≡ ∫_0^tp_{00} (t − u)dF_{x0} (u

where ∗ t you t]. F_{x0} is f̂_{x0} (s) ≡ ∫_0^∞ e^{− st} dF_{x0} (t) = e^{− xζ(s)} (33)

for ζ p_{x0} (t

p̂_{x0} (s) ≡ ∫_0^∞ e^{− st}p_{x0} (t)dt = ζ(s) e^{− xζ(s)}

W F_0

p̂_0 (s) ≡ ∫_0^∞ e^{− st}p_0 (t)dt = ζ(s) f̂_0 (ζ(s

p_{00}

p̂_{00} (s) ≡ ∫_0^∞ e^{− st}p_{00} (t)dt = ζ(s) 1 = s b̂(s)

1 . (36)

p_{00} p

b̂(s ĝ(ζ(s p̂_{00}

p̂_{00} (s) =

s ĝ ^_{00} (s 1 . (37)

T_{ε0} let F_{ε0} (t

f̂_{ε0} (s f_{ε0} )_k k^{th}

F_{ε0}.

f̂_{ε0} (s) = 1 b̂_e (s) = s )ζ(s) ___________ = v̂(ζ(s = v̂(sf̂_{ε0} (s)/

(b) (F_{ε0} )_e = B_{ee};

(c) ( f_{ε0} )_k b_{ek} ≥ 1.

Proof. and,

f̂_{ε0} (s) = ∫_0^∞ f̂_{x0} (s)dV(s) = ∫_0^∞ e^{− xζ(s)} dV(x) = v̂(ζ(s

v̂(s) =

η(s) )s

f̂_{ε0} (s) = η(ζ(s )ζ(s) ___________ = s )ζ(s) ___________

= s s b̂(s = 1 b̂_e (s

b̂_e (s) = ) s − b̂(s . (41)

ζ̂(s) = sf̂_{ε0} (s)/

1 − F_{ε0} (t) − B_e (t

ĥ_0 (s ĥ_1 (s

ĥ_0 (s) = b̂(s

^_0 (s) = f̂_{ε0} (s) b̂_e (s) = 1 b̂_e (s) b̂_e (s) .

1 (s) = v̂_e (ζ(s = ĥ_{0e} (s) = f̂_{ε0} (s) b̂_{ee} (s) = f̂_{ε0} (s)

( f̂_{ε0} )_e (s) .

Proof.

ĥ_0 (s) = ρ 1 − sp̂_{00} (s)

ĥ_0 (s) = ρ 1 1 − s b̂(s) s = 1 b̂_e (s) b̂_e (s) ,

ĥ_1 (s) = ∫_0^∞ f̂_{y0} (s)dV_e (y) = ∫_0^∞ e^{− yζ(s)} dV_e (y) = v̂_e (ζ(s .

ĥ_1 = ĥ_{0e} c,

ĥ_{0e} (s) = s c − ĥ_0 (s = s c 1 − 1 b̂_e (s) b_e (s) = f̂_{ε0} (s) cb̂_{ee} (s) .

ĥ_{0e} (s) f̂_{ε0} (s b̂_{ee} (s c =

result.

^_{ε0} (s

^_{ε0} (s) = sp̂_{00} (s)/

[δ_0 + p_{00}′ (t / δ_0 p_{00}′ (t) ≤ 0.

k^{th} F f̂ by f_k W(∞ V k^{th} v_k m_k(∞ b_{ek}, h_{0k} and h_{1k} moments v_k g_1 =

v_k = 1 ρ j=1Σ^k_j^k^{g v}k− j^{. (43)}

f̂_{ε0} (s) = v̂(sf̂_{ε0} (s)/ b_{ek} v_k f_{ε0} )_k b_{ek} f_{ε0}^{∗j} )_k k^{th} j F_{ε0} f̂_{ε0} (s)^j f_{ε0} )_k b_{ek} k

B_e. (a) ( f_{ε0} )_k b_{ek} =

j=1Σ^k_j^k_) j^{vj________( f}ε0^{∗j )}k− j^{≥ 1,}

e1 = ρ ) v_1 ,

e2 = ρ )^2 v_2 + 2v_1^2 ,

e3 = ρ )^3 v_3 + 9v_2 v_1 + 6v_1^3 , e4 = ρ )^4 v_4 + 16v_3 v_1 + 12v_2 + 72v_2 v_1^2 + 24v_1^4 . Proof.

f̂_{ε0} (s) =

k=0Σ^{∞ (− k}_{k!}^{ρ beks} k

while

v̂(s) =

k=0Σ^{∞ (− k}_{k!}^{vks} k . (46)

f_{ε0} )_k v_1 v_k

g_1 g_{k+1}

Since b_1 = )^{− 1} and b_{ek} = b_{k+1} /(k + b_1

Corollary._2 = ρ )^2

2v_1 ,

3 = ρ )^3 v_2 + 2v_1^2 ) ,

4 = ρ )^4 v_3 + 9v_2 v_1 + 6v_1^3 )

5 = ρ )^5 v_4 + 16v_3 v_1 + 12v_2 + 72v_2 v_1^2 + 24v_1^4 ) _____________________________________.

f̂_{ε0} (s)ĥ_0 (s) = b̂_e (s

h_{0k} h_{0k} k

0k = b_{ek}

j=1Σ^k_j^k^{b h} k− j)^{, k ≥}

01 = )b_{e1} = ρ v_1

02 = )b_{e2} − 2ρ )b_{e1}^2 = ρ ) v_2

03 =

ρ )^2 v_3 + 3v_2 v_1

04 =

ρ )^3 v_4 + 8v_3 v_1 + 12v_2 v_1^2 + 6v_2.

ρ h_{01}

ρ h_{01} ∫_0^∞ − H_0 (t dt = ∫_0^∞ [_{00} (t dt

=_tlim E[∫_0^t_{{W}∗_{(u) >} − 1_{{W(u) > 0W =} )du ,

B Band W^∗

h_{1k}.

Corollary. (a) h_{11} = 1 1 2v^1 v_2 = 1 v_{e1} ,

(b) h_{12} = )^2 1 3v^1 v_3 + v_2 = )^2 v_{e2} + v_2 ,

(c) h_{13} = )^3 1 4v1 v_4 + 2v_3 + 3v_2 v_1 + 2v_1

3v_2 .

k^{th}

from x T_{x0} x0 are:

f_{x0} )_1 = 1 x ,

f_{x0} )_2 = )^2 x v_1 + x),

f_{x0} )_3 = )^3 x v_2 + 6v_1 (v_1 + x) + x^2 ),

f_{x0} )_4 = )^4 x v_3 + 36v_2 v_1 + 24v_1^3 + 12v_2 x + 36v_1^2 x + 12v_1 x^2 + x^3 ).

Proof. v_i.

h_{1k} = ∫_0^∞ E[T_{y0}^k ]dV_e (y) .

g_i or v_i k

H_k

> 0,

F_{y0} (t) = ≤ t < y

F_{y0}^{( j)} = H_1^{( j)} = 0

≥ 1.

2 = v_{e1}

1_{2( j)} = 0 ≥ 2.

Proof. W(t P[T_{y0} < y] =

H_k^{( j)} k ≠ j ≥ 1.

Let C_w(t c_w(t C_w(t) = W(∞ c_w(t t ≥ 0 . (48) C_w(t c_w(t ∨ C_w(t C_w(t C_w′(t − c_w(t E[S^3 ] W(∞ structure. F f_1 F^∗ F^∗ (t) = f_1^{− 1} ∫_0^tudF(u t ≥ 0 . (49)

f̂^∗ F^∗ F B^∗ B

1 − c_w(t) = U_e (t) and

1 2 (c_s^2 + c_w′(t) = U(t û(s) = b̂^∗ (s f̂_{ε0} (s) b̂_e^∗ (s) (51)

u_1 = )v_1 v_2 − v_1^2 and u_2 = )^2 v_1 v_3 − v_2 v_1

σ_w^2 ≡ 2∫_0^∞ C_w(t) = W(∞ )u_{e1} = 1 v_3 − v_2 v_1

= )^4 ρ 2 )^2

g_{e3} + 2 5 )ρ g_{e1} g_{e2} + 2ρ^2 g_{e1}^3

. (53)

g_{ek} = g_k for

all k, g_3 = 6, g_2 = g_1 = σ_w^2 )/ )^4

û(s) = b(s)h_1 (s).

Proof. Let m̂_1 (s,x m_1 (t,x x.

m̂_1 (s,x) = s x − s^2 ) + s p̂_{x0} (s)

. (54)

Ĉ_w(s

sĈ_w(s) = ∫_0^∞ ^_1 (s,x)xdV(x) − v_1^2 . (55)

sĈ_w(s) = Var W(∞ ) − s )v_1

+ ∫_0^∞ p̂x0 (s)xdV(x) . (56)

Letting

û(s) = )v_1

s ∫_0^∞ p̂x0 (s)xdV(x

sĈ_w(s) = Var W(∞ ) 1 − Var W(∞ )

)v_1 s − û(s

û û

û p̂_{x0} (s) (s)^{− 1} e^{− xζ(s)}

û(s) = )v_1

s ∫_0^∞_{ζ(s)}^{e− xζ(s)} xdV(s) = )v_1 s ζ(s) − 1 dζ d ∫_0^∞ e^{− xζ(s)} dV(s) = )v_1 s ζ(s) − 1 v̂′(ζ(s . (59)

f̂_{ε0} (s) = v̂(ζ(s

v̂′(ζ) = dζ d f̂_{ε0} (s) = dζ d b̂_e (s

(dζ ) 1

= 1 b̂′(s) ρ b̂_e′(s) = 1 b_1 b̂^∗ (s) b_{e1} b̂_e^∗ (s) . (60)

Hence,

û(s) = )v_1 s ζ(s) 1 1 b_1 b̂^∗ (s) ρ b_{e1} b̂_e^∗ (s)

= b̂^∗ (s f̂_{ε0} (s) b_e^∗ (s) ,

)ζ(s) = f̂_{ε0} (s

ρ b_{e1 1} = u_k b̂_e^∗ (s), b̂^∗ (s

f̂_{ε0} (s b_k^∗ = b_{k+1 1} = (k + b_{ek}, b_{ek}^∗ = b_{e(k+ e1} = 2b_{k+2} /(k + b_2 f_{ε0} )_k b_{ek} b_{k+1} /(k + b_1.

Consequently,

u_1 = b_{e1} b_{e2}

− 3ρ b_{e1} = )v_1 v_2 − v_1^2

and

u_2 = b_{e1} b_{e3} − 10ρ b_{e2} + 14ρ^2 b_{e1}^2 = )^2 v_1 v_3 − v_2 v_1 .

d_k(t,x

2 (t,x)

2 = G_{1e}.

Proof. Let d_k′(t,x) = dt d d_k(t,x m′(t,x) = dt d m_k(t,x

d_2′(t,x) ≡ m_2′(t,x) − m_2′(t = m_1 (t_1 − m_1 (t,x

)d_1 (t,x) .

Since d_1 (t,x t, d_2 (t,x t

G_2′(t,x) ≡ dt d G_2 (t,x) = x^2

− d_2′(t,x)

= x^2

)d_1 (t,x) = x ) − G_1 (t,x

Since G_2′(t,x) = c − G_1 (t,x c, G_2 = G_{1e} G_1

g_{11}^x = d_3 (t,x d_1 (t,x

G_i (t,x i =

k^{th} G_i (t,x g_{ik}^x

theorem.

> 0 ≥ 1,

g_{1k}^x = x 1 ∫_0^xE[Ty0^k ]

11 x = ) x ,

12 x = )^2 x v_1 + 3 x

13 x = )^3 x 2 3v_2 + 3v_1^2 + 2v_1 x + 4 x^2

14 x = )^4 x 2v_3 + 18v_2 v_1 + 12v_1^3 + 4v_2 x + 12v_1^2 x + 3v_1 x^2 + 5 x^3

G_k^{( j)} (t,x j^{th} derivative

t of G_k(t,x t.

> 0,

G_1 (t,x) = x 1 p_{x0} (t)

1 x) = )

> 0,

G_2 (t,x) = x ) − G_1 (t,x and

G_2 (t,x) x^2 ) p_{x0} (t

2 x) = )_2 x) )^{2 2}.

Proof.

G_1 (t,x) = dt d 1 − x d_1 (t,x) = x − m_1′(t,x) + m_1′(t

= x 1 − p_{x0} (t) .

G_1 (t,x x.

H_y(t) = P(W(∞ ) > y)

P(W(t) > yW = , t ≥ 0 . (64)

T_{0y}

y,∞ Y 1, Y(t) as t

that T_{0y} P(T_{0y} ) <

T_{0y} T_{0y} .

> 0_y

H_y(t) = P(T_{0y} )

P(T_{0y} ≤ t) = P(T_{0y} ≤ tT_{0y} t > 0 .

Proof. P(W(t) > yW = t P(W(t) > yW = = P(M(t) > y and P(W(∞ ) > y) = P(M(∞ ) > y) . (66) Moreover, M(t) > y T_{0y} ≤ t M(∞ ) > y T_{0y} . T_{0y} y,∞ P(M(t) > y) = P(T_{0y} ≤ t and P(M(∞ ) > y) = P(T_{0y} ) . (68)

H_y

E j=1Σ^{n S}j^{)k] ≤ nkE[Sk] .}

Proof.

E n^{− 1}

j=1Σ^{n S}j^{)k] ≤ n− 1}_{j=1}Σ^{n E[S}j^{k] = E[Sk] .} > 0 E[X(t)^k] ≤ E[A(t)^k]E[S^k] .

Proof. A(t E[X(t)^k] = EE

j=1Σ^{A(t)S}j^{)k}^{A(t ≤ E[A(t)k]E[Sk].} B B [W − t]^+ + 1_{{A(t) − A(t − ≥} (S −^+ ≤ W(t) ≤ W + X(t

j=0Σ^k_j^k^{W − t)+j − e )E S − +(k− j) ] ≤ m}k^{(t)} ≤ j=0Σ^k_j^k^mj^{E[X(t)k− j ] . (69)}

Since E[Z^r ]^1 ≤ E[Z^s ]^1 ≤ r < s (70) Z m_k(t) m_k and E[X(t)^k] E[X(t)^k] if E[S^k E W − t)^{+k}] and E S −^{+k}] E[S^k] E S −^{+k}] . E W − t)^{+k}] E[W^k] . W(t,x W = x W(t W(t W(∞ m_k(t → m_k(∞ t k.

Since Y(t) t W(∞ ) =^d_{t ≥ 0} Y(t

D(t,x) ≡ W(t,x) − W(t D(t,x) → t x Y(t) W(t) W(∞ t W E[D(t,x)^k] ≤ m_k and W(t,x)^k = (W(t + D(t,x^k,

m_k(t,x) =

j=0Σ^k_j^k^{E[W(t j ]E[D(t,x)k− j ]}

and m_k(t) → m_k(∞ t W m_k(∞ ) E[S^{k+1} ]

W(∞

E X^+ )^{k+1} ] there E[S^{k+1} ] .

E[X(ε)^k] E[S^k] + o(ε 0 . Proof. A(ε

E[X(ε)^k] = E[E

j=1Σ^{A(ε) S}j^{)k}^{A(ε}

= E[S_1^k ]P(A(ε) = +

m=2Σ^{∞ E[}_{j=1}Σ^{m S}j k ]P(A(ε) = m

where E[S_1^k ]P(A(ε) = = E[S^k o(ε

m=1Σ^{∞ E}_{j=1}Σ^{m S}j^{)k]P(A(ε) = m) ≤}_{m=2}Σ^{∞ mkE[Sk]}_{m!}^{( )me}

2 E[S^k]e^λ

m=2Σ^{∞ mk}_{m!}^{λ me 2 E[Sk]eλ E[A k] = O(ε2 ) . (72)}

bound m_k(t ) − m_k(t X(t ) − X(t t,t X(ε X(t ) − X(t) W(t m_k(t ) − m_k(t) ≤ E W(t) )^+ + X(ε^k] − E[W(t where E W(t) )^+ + X(s^k] =

j=0Σ^k_j^k^{E W(t) )+j ]E[X(ε)k− j ]}

= E W(t) )^{+k}] +

j=0Σ^{k− 1}_j^k^{E W(t) )+j E[Sk− j ] + o(ε}

= E[W(t)^k] − kεE[W(t)^{k− 1} ]

j=0Σ^{k− 1}_j^k^{E[W(t) j ]E[Sk− j ] + o(ε}

ε E W(t) )^+ + X(ε^k] − E[W(t)^k]

j=0Σ^{k− 1}_j^k^mj^{(t)E[Sk− j ] − km}k− 1^{(t)} as m_k(t ) − m_k(t) ≥ E W(t) + X(ε) ]^{+k}] − E[W(t)^k where

E W(t) + X(ε) )^{+k}] = E W(t) + X(ε) )^{+k}W(t) > P(W(t) >

+ E X(ε) )^{+k}]P(W(t) = . For x, E W(t) + X(ε) )^{+k}W(t) = x] = E x + X(ε) )^k] = j=0Σ^k_j^k^{xj E X(ε) )k− j ]}

= x^k + kx^{k− 1} ( ) +

j=0Σ^{k− 2}_j^k^{xj [ E[Sk− j ] + o(ε}

E X(ε) )^{+k}] E[S^k] + o(ε Hence,

m_k(t ) − m_k(t)

j=1Σ^{k− 2}_j^k^mj^{(t)E[Sk− j ] − )εkm}k− 1^{(t) E[Sk] + o(ε) .}

m_{k+1}′ (t k k+ m_j (t) → m_j (∞ ) j ≤ k m_{k+1}′ (t m_{k+1}′ (∞ E[S^{k+2} ] m_{k+1} (t) → m_{k+1} (∞ m_{k+1}′ (∞ E[S^{k+1} ] E[S^{k+2} ], m_{k+1} (∞ )

S_x = S,x x > 0, E[S_x^k] k W^x(t m_k^x(t) be W(t m_k(t S_x W^x(t) approaches W(t x m_k^x(∞ ) → m_k(∞ x k t = m_{k+1}^x′ (∞ ) → m_{k+1}′ (∞ x .

References

Origin.

Transforms.

Stochastic Models

Maryland.

BENES^∨

BENES^∨ Addison-Wesley,

Adv.

Queues,

Jumps.

Ann.

164.

University.

Queue.

Adv.

TAKA′

TAKA′

TAKA′

TAKA′ York.

167.