by 1 2

________________ 1 2

Abstract

t

t

t ρ t

( t t asymptotic

ρ

t

correct both as t t ρ ρ

G(t m_2 is ρ ĝ(s) = 0 ∫^∞ e^{− st} dG(t G.

B(t b̂(s) = 0 ∫^∞ e^{− st}dB(t B(t

i.e., B(t) → t b̂(s) = ĝ(s b̂(s . (2.1) Moreover, B(t) = n =1Σ ∞ 0 ∫^t_{n!}

e^u (λ u)^{n − 1} dG_n (u t ≥ where G_n (t n G(t). F(t m F^c (t) = 1 − F(t

F_e (t) = m^{− 1} 0 ∫^t F^c (u) du, t ≥

− f̂(s F_e when f̂(s F. h_1 (t H_1 (t

particular, H_1 (t h_1 (t h_1 (t) = 2t^{− 1/2} ϕ (t^{1/2} ) − (t^{1/2} = 2γ(t)_e (t t ≥ where Φ (t ϕ (t γ(t γ(t) = πt)^{− 1/2} − t ≥ and γ_e (t h_1 (t

Φ (t h_1 (t

cdf H_1 (t ∞

ĥ_1 (s)^2 = − ĥ_1 (s ρ ρ

B_ρ^c (t ρ ρ

> 0,

1 lim m_2 )^{− 1} B_ρ^c (tm_2 )^{− 2} ) = h_1 (t) . (2.7)

η_n =_n )^{− 1}, λ_n = m_{2 n} )^{− 1}, μ_n =_n )ρ_{n 2} and a h_1 (t

B_ρ^c (t ρ t stability B_ρ^c (t t

t

density

h_ρ (t) ≡ b_{ρ e} (tm_2 )^{− 2} ) = m_2 )^{− 1} B_ρ^c (tm_2 )^{− 2} t ≥ 0 . (2.8) h_ρ (t h_1 (t ρ

≥ 0,

1 lim H_ρ (t) = H_1 (t) = 1 − + t (t^{1/2} + 2t^{1/2} ϕ (t^{1/2} ) .

t f(t) ∼ g(t t f(t) (t) → t b(t

b(t) ∼ 2 t^3 α e^{− 2β} t^{− 1} β^{− 1} γ ( β)

B^c (t) ∼ 2βb(t) ∼ 2α t^{− 1} γ( β t where γ(t α and β ρ and G(t particular, / τ with τ^{− 1} ĝ( where ζ u ĝ′(− u)^{− 1} (2.12) α [ρ^3 β^{− 1} ĝ (^{− 1/2} . (2.13)

(t,∞ β^{− 1} γ( β h_1 (t h_1′(t) t^{− 1} γ(t t ≥ h_1 (t) ∼ 2t^{− 1} γ(t t .

B_ρ^c (t)^{− 1} h_1 ( β) . (2.15) 1 (t) α and β t,∞

H_ρ^c (t) H_1^c (t )^2_2 β) (2.16) 1 (t) α and β

h_1 (t

H_ρ^c (t B^c (t

B^c (t) ∼ e^{− 2β} (δ_1 t^{− 3/2}_2 t^{− 5/2}_3 t^{− 7/2} + O(t^{− 9/2} t where δ_i δ_1 2β/π (2.18)

density cdf h_1 (t

t t ρ β and α

β^{− 1} = m_2

)^2 1 + ) + )^2 − / ξ) ] + O )^3

(2.19)

and )^{− 1} + ) + O )^2 as m_3 /3m_2, m_4 /12m_2^3 and m_k k^{th}

− 1 β_ρ^c (βt) ∼ m_2 )^{− 1} β_ρ^c (tm_2 )^{− 2} ) ∼ h_1 (t as t.

G(t G(t g(t n G_n B(t

b(t) = n =1Σ ∞ n! e^t (λ t)^{n − 1} g_n (t t ≥

where g_n (t G_n (t b = g b′ ≡ g′ (t) (t) (t) (t) = g b (t)

1 lim m_2 )^{− 3} b(tm_2 )^{− 2} ) = h_1′(t) = πt^3 )^{− 1/2} e^{− 2} , t > 0 . (2.23)

Since b′ = g′ necessary b(t g′ < that b(t g(t sufficient

f(t f^{(k)} (t^{th} f at t. (t) ≥ 0

1 lim m_2^{+k} )^{− +2k)} b^{(k)} (tm_2 )^{− 2} ) = h_1^{(k)} (t t ≥ 0 . (2.24) b(t B^c (t h_ρ (t g(t ρ 1,

h_ρ (t) = 0 ∫^∞ x^{− 1} e^− dWρ (x t ≥

W_ρ (x (t)_ρ (t) > 0

1 lim W_ρ (x) = W_1 (x) = 0 ∫^x w1 (u) du

where

w_1 (x) = π x 2− x ,

0

0 ≤ x ≤ 2 x > (2.27)

1 (t) h_1 (t

for b(t h_ρ (t cdf W_ρ (x W_ρ (x α and β

ρ

expression.

ρ A(t t ≥ A_ρ (t) ≡ A(ρ t t ≥

Let B_ρ ρ

b )EB_ρ → b as 1. W_ρ^∗ (t t ≥ ρ .

Here W_ρ^∗ (t t t R^∗ (t t ≥ − / D ∞ J_1

d W_ρ^∗ (dt )^{− 2} t ≥ {R^∗ (t t ≥ D ∞ 1.

( )^{− 1} B_ρ^c (dt )^{− 2} ) → h_1 (t) as

b = d = m_2 = c_s^2 + c_s^2

b = 2 c_a^2 +1

where c_a^2

Let ρ^{− 1} U ρ . 2 ε

d = c_a^2 + c_s^2 . (3.3)

d d

dt I(t)− t N t

where

I(t) = i =1Σ A(t)

V_i , t ≥

V_i i^{th} N

not

m b b m

α̂ (− s)β̂(s) =

where α̂ (s β̂(s

Eβ_ρ = P(W_ρ = 1 ∼ ∼ (c_a^2 − h(ρ ,c_a^2 ,c_s^2 ) 1

where

h(ρ ,c_a^2 ,c_s^2 ) =

c_a^{2 2} c_a^2 +c_s^2 )

4ρ ,

1 (c_s^2 −^2 c_a^2 +c_s^2 )

1+c_a^2 c_s^2 , c_a^2 ≥ 1 .

c_a^2 ≤ 1

(3.8)

b ∼ 1− (c_a^2 − h c_a^2 ,c_s^2 ) 1 . (3.9)

EB c_a^2 and c_s^2 t B_ρ^c (t

B_ρ^c (t) ∼ d (b ) h_1 (t )^2 ) ∼ ( )^2 )√2 πt^3 − t )^2 /2d) ∼ EB πt^3 e^{− Dt} (3.10)

for D ≡ )^2 /2d and EB = P(W =^{− 1} ∼ ρ t. B^c (t not B^c (t). α and β

α and β

α and β

B^c (t

not B^c (t t (2.17).

approximation B^c (t) ∼ )m_2^{− 1} h_1 )^2_2 ) . (4.1)

β and α

ρ ρ .

B^c (t) ∼ IG^c )^2 +c_s^2 ν,x where IG^c (t;ν,x)^c t − x)/ νt ) − e^{2 ν)} Φ^c t +x)/ νt with Φ^c (x x = 1 + c_s^2

1 and 1− (4.4) for B^c (t E_4 c_s^2 = Γ_{1/2} c_s^2 = E_4 Γ_{1/2}

B^c (t

B^c (t

ρ increases.

ĝ(s;ω) = + ω) (4.5) for ω recursions: m_1 = m_{k+1} = + ω)m_k, k ≥

1/ )

β^{− 1} = )ρ^{1/ )} and

− q β/^{− 1} q = / . (4.8)

D ĝ(s;ω) → e^{− s}, log ρ ,

ρ^{− 1} )− = )^2

k=0Σ^{∞ )k/ +} and β /ρ . (4.10)

E_4 1/ Γ_{1/2} E_4 Γ_{1/2} 2/ 7/ E_4 and 5/ 35/108 for Γ_{1/2}.

β^{− 1} and α

β_k β k β α for β ρ Γ_{1/2} and D D β_1 α_2 ,β_2 (α_2 ,β_3 (α_1 ,β_1 α_1 ,β_1 α ,β α_2 ,β_3

0 ∫^∞ B^c (t)dt^∼ α_0∫^∞ tβ^{− 1} h1 ( β)dt

b_2 /2 ∼ / where b_k k^{th} b_{2 1} β_1 1 β_1 + O )^2 O )^2 1.

B^c (t) ≤ 1 h_ρ (t) = m_2 )^{− 1} B^c (tm_2 )^{− 2} ) ≤ 1 (5.1) t and ρ B^c (t h_{ρ n} (t n ≥ ρ_n → f(t ≤ f(t) ≤ 1 ,

f h_1

h_1

b̂_e (s

b̂(s) = ĝ(s + sρ )^{− 1} b̂_e (s

b̂_e (s) = s − b̂(s = s ) − ĝ(s + sρ )^{− 1} b̂_e (s . (5.3)

ĥ_ρ (s) = b̂_e )^2 m_2^{− 1} s) = ) s m_2

1 − ĝ m_2

)^2 s 1 + 1 ρ ĥ_ρ (s) .

(5.4)

ĥ_ρ (s) → f̂(s

have f̂(s) = ĥ_1 (s ρ ĝ

ĝ(s) = 1 − s + 2 m_2 s^2 + o(s s → 0 . (5.5)

Expanding ĝ

ĥ_ρ (s) = 1 ĥ_ρ (s) − 2 ρ^2 ) sĥ_ρ (s)^2 + o ρ ĥ_ρ (s

ĥ_ρ (s) = 1 − 2 ρ^2 sĥ_ρ (s)^2 + o

f̂(s f̂(s) = ĥ_1 (s ĥ_2 (s Since b(t b = g , g^{− 1} b(t C^c (t C_e (t) = B(t C(t g^{− 1} / ) g C^c (t) ≤ 2^2 ) g h_ρ′(t) = m_2 )^{− 3} b(tm_2 )^{− 1} ) ≤ 2^2 g t an ρ h_{ρ n}′ (t n ≥ ρ_n → f(t ≤ f(t) ≤^2 g t

ε, ∞ f(t

satisfy

t_1 ∫ t_2

f(u)du = h_1 (t_2 ) − h_1 (t_1 ) =

t_1 ∫ t_2

h_1′(u)du t_2 > t_1 t(t) = h_1′(t);

i.e., f h_1′(t b(t b^{(k)} = g^{(k)} k, g^{(k)} b^{(k)} (t C_k^c (t k C_{ke}(t) = C_{k− 1} (t m j^{th} C_k m_{k,j} = m_{k− j+1} /( j + m_{k−} k +^{st} C_k^c (t) ≤ K_k^{2+k} K_k ρ

G(t m_2, / m_2 / )^3 h_ρ (t / ρ

1/2 = 0 ∫^∞ thρ (t)dt =_0∫^∞ dt_0∫^∞ tx^{− 1} e^− dW(x) =_0∫^∞ xdWρ (x) . (5.9)

W_ρ (x

h_ρ (t) → h_1 (t t > i.e., H_ρ (t) → H_1 (t t > W_{ρ n} → Was ρ_n → W = W_1 ρ_n → {W_ρ (x W_1

W_ρ (x k^{th} h_ρ (t

h_ρ^{(k)} (t) = 0 ∫^∞ x^{− (k+} e^− dWρ (x t ≥ 0 . (5.10)

x^{− (k+} e^− W_ρ (x) → W_1 (x x, h_ρ^{(k)} (t) → h_1^{(k)} (t k and t

B_ρ^c (t) ≤ K>b and ρ ( )^{− 1} B_ρ^c (dt )^{− 2} ) ≤ (5.11) t ρ n )^{− 1} B_{ρ n}^c (dt_n )^{− 2} n ≥ ρ_n → h_1 (t). f(t

( )^{− 1} ∫_0^tB_ρ^c (du )^{− 2} )du → ∫_0^tf_1 (u)du ≡ F(t

b^{− 1} )∫_0^{td )} − 2 B_ρ^c (v)dv = b^{− 1} EB_ρ )B_{eρ} (td )^{− 2}

where B_{eρ} (t B_ρ b^{− 1} )EB_ρ →

B_{eρ} (td )^{− 2} ) → H_1 (t H_1 (t B ) B_{eρ} (t W_ρ^∗ (t ρ B_{eρ} (t).)

F(t) = H_1 (t f(t) = h_1 (t t h_1 (t continuous.) ρ , EI_{ρ ρ} = )/ρ where I_ρ B_ρ is B_ρ + I_ρ C EI_ρ → EI_1 as g(t) = √3/4πt^5 − (t −^2 /12t t >

ĝ(s) = + / r(s e^{− r(s)} where r(s) = ( 1+12s − /

becomes 1 − 1− 12u = ρ^{− 1} . (6.4) e^{− 1/2} ∼ e^{− 1/2}, − − ρ^{− 1} )^2 ]/ and τ^{− 1} = logρ^{− 1} − )− ρ^{− 1} )^2 /3 . (6.6) When e^{− 1/2}

b(t) ∼ )g )t t

Acknowledgment.

REFERENCES

transforms.

Opns. Res.

,

Convergence,

19,

132-151.

392.

Melbourne,

41, 279-310.

discipline.

B^c (t) 4

B^c (t 4

B^c (t 4

B^c (t Γ

B^c (t Γ

B^c (t Γ

Γ_{1/2}

3 /_2 /_1 /β

0.90 286.5 1.000 1.002 1.05 D 3 /_2 /_1 /β

parameter β.