by

.

ABSTRACT

L W

Keywords. L W.

A(t D(t t A(t) ∼ λ t^p for p > D(t) ∼ μt that A(t) ∼ λ t and D(t) ∼ μt^q for q <

L W

of L W

λ μ Let Q(t t and W_n n.

If Q(t W_n t and n for unstable. normalized

t^{− 1} Q(t) → L t (1.1) and n^{− 1} W_n → W^{− 1 − 1} n . (1.2) L Wfor L and W L W. σ_a^2 and σ_s^2,

[Q(t) − ( )t]/ (λ^3 σ_a^{2 3} σ_s^2 )t N t (1.3) and [W_n − (μ^{− 1 − 1} )n]/ (σ_a^{2 2} )n N n where N

Q(t) W_{μt}]/ t t below.

Q(t) = A(t) − D(t t ≥

W_n = D̂_n − Â_n , n ≥ where Â_n and D̂_n n A(t Â_n

D(t

processes; M_t

λ (t μ^{− 1} σ_s^2 λ (t) = at^b for a and b A(t t with

ϕ (t) = ∫_0^t λ (s)ds = b +1 at^{b +1} . (1.7)

t t A(t)/ϕ (t) → t [A(t) (t / ϕ (t) N t . (1.8) m n .)

D(t) t and ϕ (t) A(t) (t) , σ_s^2 μ^3 t

D(t) t (N_1 N_2 t

where N_1 N_2

Q(t)/ϕ (t) → t and [Q(t) (t) t]/ ϕ (t) N_1 t (1.10) ϕ (t ϕ (t) → t .

stable

Let Â ≡ {Â_n : n ≥ A ≡ {A(t t ≥ A(t) = n ≥ Â_n ≤ t t ≥ with A(t) = Â_1 > t Â_n A(t

Â_n A(t

homeomorphisms R_+ function ϕ R_+ with ϕ = ϕ (t) as t . Let + ϕ_1 +ϕ_2 t)_1 (ϕ_2 (t e identity map, i.e., e(t) = t ϕ inverse ϕ^{− 1} with ϕ +ϕ^{− 1 − 1} + e ϕ_1 +ϕ_2 )^{− 1}_2^{− 1} +ϕ_1^{− 1} R_+ ϕ R_+ (t λ ϕ^{− 1} ( λ

≥ 1 > 0 ^_n ≤ (t) ≥ n. Âand A x x xbe x.

1/0 / 0.

ϕ_1 and ϕ_2 R_+, 0 1 and 0 .

1 ϕ_1 (t) ϕ_2 (A(t

< 1 for ≥ t_0

then

1 1 < ϕ_2 (n) ϕ_1 (Â_n ) ≤ 1 1 for ≥ n_0 ≡ ϕ_2^{− 1} (ϕ_1 (t_0

. (2.3)

1 ϕ_2 (n) ϕ_1 (Â_n )

≤ 1 for ≥ n_0

then

ϕ_1 (t) ϕ_2 (A(t ≤ 1 1 (2.5)

and

ϕ_1 (t) ϕ_2 (A(t) + ≥ 1 1 . (2.6)

≥ t_0 ≡ ϕ_1^{− 1} (ϕ_2 (t_0

{t_k}

t_k and ϕ_1 (t_k) ϕ_2 (A(t_k ≥ 1 1 (2.7)

k ≥ t_0.

Proof.

n_1 (t) ≡ ϕ_2^{− 1} (ϕ_1 (t ≤ A(t) < ϕ_2^{− 1} (ϕ_1 (t

≡ n_2 (t)

t ≥ t_0

Â_{n1 (t)} ≤ t < Â_{n2 (t)} t ≥ t_0 . (2.8)

Let t_1 and t_2 n

t_1 (n)_1^{− 1} (ϕ_2 (n)/ t_2 (n)_1^{− 1} (ϕ_2 (n)/

n_1 (t_1 (n = n_2 (t_2 (n = n n

n ≥ n_0 = ϕ_2^{− 1} (ϕ_1 (t_0 t_1 (n_0 ) ≥ t_2 (n_0 ) ≥ t_0

t_2 (n) < Â_{n2 (t2 (n} = Â_n = Â_{n1 (t1 (n} ≤ t_1 (n)

ϕ_2 (n) 1 1 − 1 1 (Â_n )_2 (n)_2 (n) 1 1 − 1

t̃_1 (n)_1^{− 1} (ϕ_2 (n < Â_{n 1}^{− 1} (ϕ_2 (n ≡ t̃_2 (n)

n ≥ n_0

A(t̃_1 (n < n ≤ A(t̃_2 (n n ≥ n_0 . (2.9)

Let ñ_1 and ñ_2 t ñ_1 (t) = ϕ_2^{− 1} (ϕ_1 (t)/ and ñ_2 (t) = ϕ_2^{− 1} (ϕ_1 (t)/

t̃_2 (ñ_2 (t ≤ t ≤ t̃_1 (ñ_1 (t

ñ_2 (t) ≤ A(t̃_2 (ñ_2 (t ≤ A(t) ≤ A(t̃_1 (ñ_1 (t < ñ_1 (t) and ϕ_2^{− 1} (ϕ_1 (t)/ − 1 ≤ A(t)_2^{− 1} (ϕ_1 (t)/ t ≥ t_{0 1}^{− 1} (ϕ_2 (n_0 ñ_1 (t_0 ) ≥ ñ_2 (t_0 ) = n_0 t_k ϕ_2^{− 1} (ϕ_1 (t_k)/ A(t)_{k 2}^{− 1} (ϕ_1 (t_k)/ k

ϕ_1 and ϕ_2 R_+ and 0 . ϕ_2 (A(t /ϕ_1 (t) ϕ_1 (Â_n )/ϕ_2 (n)^{− 1} . ϕ_1 (Â_n )/ϕ_2 (n)^{− 1}

t lim ϕ_2 (A(t /ϕ_1 (t) . (2.10)

ϕ_1 (t) ϕ_2 (A(t) +_2 (A(t → t (2.11)

or ϕ_2 (n) ϕ_2 (n + → n

then ϕ_2 (A(t /ϕ_1 (t) .

ϕ_1 (Â_n )/ϕ_2 (n) → 0

t lim ϕ_1 (t) ϕ_2 (A(t) +_2 (A(t (2.13)

or

n lim ϕ_2 (n + ϕ_2 (n) >

then ϕ_2 (A(t /ϕ_1 (t) .

Proof. λ into ϕ_1 (t λ .

ε and δ t_0

ε and δ

ϕ_2 (A(t /ϕ_1 (t) → t ε and δ t_0

ϕ_2 (A(t /_1 (t < 1 t ≥ t_{0 1} (Â_n )/ϕ_2 (n) > 1/ )

n ≥ n_0 ε ϕ_1 (Â_n )/ϕ_2 (n) as n

1 1 − ϕ_1 (t) ϕ_2 (A(t) +_2 (A(t ≤ ϕ_1 (t) ϕ_2 (A(t ≤ 1 1 (2.15)

and

ϕ_2 (A(t) + ) ϕ_2 (A(t ≤ ϕ_1 (t) ϕ_2 (A(t ≤ 1 1 . (2.16)

ϕ_2 (A(t /ϕ_1 (t) as t ϕ_2 (A(ϕ_1^{− 1} (t as t ϕ_1 (t

e ϕ^{− 1}

Â_n = n n

that A(t) = t t ϕ_1 (t)_2 (t) = e^t t ϕ_1 (Â_n )/ϕ_2 (n) =

all n

ϕ_2 (A(t /ϕ_1 (t) = e^{t− t} ,

e^{− 1}

satisfied.

Â_n = e^n

n A(t) = log t ϕ_2 (t) = e^t and ϕ_1 (t) = t t

ϕ_1 (Â_n )/ϕ_2 (n) = n and

ϕ_1 (t) ϕ_2 (A(t = t e^{log t} ______ → t ,

but ϕ_2 (n + /ϕ_2 (n) = e n and

ϕ_1 (t) ϕ_2 (A(t) +_2 (A(t = t (e − e^{log t} → e − t .

ϕ (t) = t^p for p > 0.

Corollary. 0 < p and 0

(i) t^p

A(t)

as t ii) t (A(t^1_1 as t ,

(iii) n^1

Â_{n − 1} as n iv) n (Â_n )^p_{− 1} as n .

Proof. ϕ_2 (t) = t and ϕ_1 (t) = t^p

A(t^1 = (A(t)^p )^1 ϕ ( ) (x)/ϕ (y ϕ (x) = x^p

ϕ of R_+ satisfies ϕ (xy) (x)ϕ (y) ϕ (t) = t^p > 0.

Proof. ϕ (xy) (x)ϕ (y nonnegative x and y ψ (x) = log ϕ (e^x ψ (x + y) (x) (y x and y ψ (x) = px p that ϕ (x) = e^{ψ x)} = e^{p log x} = x^p ϕ p > 0.

ϕ_2 (A(t /ϕ_1 (t ϕ_1 (Â_n )/ϕ_2 (n A(t)/ϕ_2^{− 1} (ϕ_1 (t and Â_n /ϕ_1^{− 1} (ϕ_2 (n generally.

n n n → 1 0

logϕ (e^t ) (t_0 , ∞ ) ϕ (a_n )/ϕ (b_n ) → 1 . Proof. Since a_n and a_{n n} → n a_n − log b_n → a_n and log b_n as n ϕ (e^t t_0 , ∞ log ϕ (e^{loga n} ) − log ϕ (e^{logbn} ) = log ϕ (a_n ) − log ϕ (b_n ) = ϕ (a_n )/ϕ (b_n → n , ϕ (a_n )/ϕ (b_n ) → n .

context. Corollary. If ϕ_2 (A(t /ϕ_1 (t) and log ϕ_2^{− 1} (e^t ) (t_0 , ∞ )_0 (t)/ϕ_2^{− 1} (_1 (t → 1 .

log ϕ (e^t ) = log pt when ϕ (t) t^p ϕ (t) = a log bt ϕ (e^t = log a + b + t ϕ (e^t ) = log a + be^t when ϕ (t) = ae^{bt} ϕ (t) = ae^{bt}.

0_{n 0} logϕ (e^t ) (t_0 , ∞ )

n lim ϕ (λ a^n ) ϕ (a_n ) .

Proof. ψ t_0 , ∞ ψ (t + x) (t) : t ≥ t0 } x log λ a_n − log a_n = log λ ,

n lim {log ϕ (e^{logλ a n} ) − logϕ (e^{a n} )}

=_nlim {logϕ (λ a_n ) − logϕ (a_n )}

=_nlim { ϕ (λ a_n )/ϕ (a_n ,

Â_n : n ≥ Â_n X_n : n ≥ Â_n

Â_n = X_k ≤ k ≤ n n ≥ where X_0 = A(t A(t) = X(s ≤ s ≤ t t ≥ X(t t ≥ ϕ_1 and ϕ_2 R_+ and 0 ϕ_1 (X_n )/ϕ_2 (n)^{− 1} ϕ_1 (Â_n )/ϕ_2 (n)^{− 1} ^_n Proof. n_0

ϕ_1^{− 1} (ϕ_2 (n)/λ ≤ X_{n 1}^{− 1} (ϕ_2 (n)/λ n ≥ n_0 ,

ϕ_1^{− 1} (ϕ_2 (n)/λ ≤ Â_n ≤ Â_{n0} , ϕ_1^{− 1} (ϕ_2 (n)/λ n ≥ n_0 . Let n_1 ϕ_1^{− 1} (ϕ_2 (n)/λ ≥ Â_{n0} .

n ≥ n_1,

λ ) 1 ≤ ϕ_2 (n) ϕ_1 (Â_n ) ≤ λ ) 1 ,

L W.

Â_k,D̂_k k ≥ ≤ Â_k ≤ Â_{k+1} and Â_k ≤ D̂_k k Â_k k^{th} D̂_k k^{th} W_k ≡ D̂_k − Â_k k

D_k ≤ D_{k+1} k D̂_k k^{th} D̂_k

Â_n D̂_n A(t D(t Q(t W_n results. 0 , 0 and 0 < q ≤ p .

t^p

A(t) and t^q

D(t)

n^1

Â_{n − 1} and n^1

D̂_{n − 1} (3.2)

hold. (a) and 0 = t^p

Q(t) → t^{− +p)} ∫_0^tQ(s)ds → + p)

n^1

W_n → n^{− +q− 1 )}

k=1Σ^{n W}k^{→ +q− 1 ) . (3.6)}

>^{− 1} =^{− 1 − 1} . Proof. < L t_0 )Lt^p ≤ Q(t) ≤ )Lt^p for t ≥ t_0 . (3.7) Hence,

) p +1

L(t^{p +1} − t_0^{p +1} ) ≤ 0 ∫^t Q(s)ds ≤_0∫

t_0

Q(s)ds + p +1

)L(t^{p +1} − t_0^{p +1} )

≤ t_0 A(t_0 ) + p +1

)L(t^{p +1} − t_0^{p +1} ) ,

p +1 )L ≤_tlim t^{− (p +} 0 ∫^t Q(s)ds ≤_tlim t^{− (p +}_0∫^t Q(s)ds ≤_{p +1}^{)L} . (3.8)

Since ε L = L , L = Q(t) t^p for t ≥ t_0

n^{th} Q_n n Q_n = (Â_n − )^p

Q(Â_n − ) n (Â_n − )^p_{− 1} L as n .

If p > q λ^{− 1} L = p = q λ^{− 1} L = 1 − (μ/λ ).

. Let ϕ

R_+ logϕ^{− 1} (e^t ) (t_0 ,∞ )_0

ϕ (t)

A(t) and ϕ (t)

D(t)

then

ϕ^{− 1} ( λ )

Â_n → ϕ^{− 1} ( μ)

D̂_n → 1

and W_n^{− 1} ( μ)^{− 1} ( λ ) + o(ϕ^{− 1} (n . (3.11)

Proof.

n ϕ (Â_n )_{− 1} and n ϕ (D̂_n ) ______ − 1 ,

If D̂_n′ n^{th} D̂_n n^{th}

D̂_n′ D̂_n D̂_n − D̂_n′ s D̂_n = Â_n + T_n + S_n where T_n

S_n

A(t Â_n }.

Let {F_n : n ≥ n (x_n ) → F(x) {x_n : n ≥_n → n

Let ϕ_1 and ϕ_2 R_+ ψ

ψ (t)/ψ (t + xψ (t → 1 (4.1)

X(t) ≡ [ϕ_2 (A(t_1 (t /ψ (ϕ_1 (t then Y(n) ≡ [ϕ_1 (Â_n )_2 (n /ψ (ϕ_2 (n

{t_n : n ≥_n (t_n ) (t)

ψ (ϕ_2 (n ϕ_2 (n +_2 (n) → 0 and ψ (ϕ_2 (n + /ψ (ϕ_2 (n → 1

Proof. F_t (x− ) ≡ P(X(t) < x) → P(X < x) ≡ F(x as t xof F F_t (x− ) = P ϕ_2 (A(t_1 (t /ψ (ϕ_1 (t < x) = P(ϕ_2 (A(t_1 (t) + xψ (ϕ_1 (t = P(A(t)_2^{− 1} (ϕ_1 (t) + xψ (ϕ_1 (t F_t (x) = P(Â_{n(t)} > t t

n(t)_2^{− 1} (ϕ_1 (t) + xψ (ϕ_1 (t t, F_t (x) = P ϕ_1 (Â_{n(t)} )_2 (n(t /ψ (ϕ_2 (n(t x(t where x(t) [ϕ_1 (t)_2 (n(t /ψ (ϕ_2 (n(t

= xψ (ϕ_1 (t /ψ ϕ_1 (t) + xψ (ϕ_1 (t → n t_n n(t_n ) = n ϕ_1, ϕ_2 and ψ n(t) as t . Hence, G_n (x_n ) ≡ P(− [ϕ_1 (Â_n )_2 (n /ψ (ϕ_2 (n < x_n ) = F_{tn} (x_n where x_n = x(t_n ) → x as n x F, G_n (x) → F(x n Y(n) X.

G_n G_n (x) = P(Â_{n 1}^{− 1} (ϕ_2 (n) − xψ (ϕ_2 (n = P(A(t_n ) < n) for t_{n 1}^{− 1} (ϕ_2 (n) − xψ (ϕ_2 (n F_t t_n F_{tn} (x_n − ) = G_n (x x_n = [ϕ_2 (n)_1 (t_n /ψ (ϕ_1 (t_n

= xψ (ϕ_2 (n /ψ (ϕ_2 (n) − xψ (ϕ_2 (n → x as n G_n (x) → F(x x F F_{tn} (x_n ) → F(x F_{tn} (x) → F(x n X(t_n ) X t n t_n ≤ t < t_{n +1} for t_n A(t_n ) ≤ A(t) ≤ A(t_{n +1} A(t_n A(t_{n +1}

ψ (ϕ_1 (t_{n +1} ϕ_2 (A(t_{n 1} (t_{n +1} ) X ,

ψ (ϕ_1 (t_n ) ψ (ϕ_1 (t_{n +1} → n (4.9)

and

ψ (ϕ_1 (t_n ϕ_1 (t_{n +1} )_1 (t_n ) → n (4.10)

(4.4).

X = N ψ (t) t, ϕ_1 (t) t and ϕ_2 (t) = t t λ and σ X = N ψ (t) = c t for c A(t λ (t ϕ (t) ≡ ∫_0^t λ (s)ds as t with X = N ψ (t) = t, ϕ_1 (t) (t ϕ_2 (t) = t t ψ (t) = t^p p < p ≥ 1.

ψ (t) = t^p < p < ϕ_2 (t) = t^q

ψ (ϕ_2 (n ϕ_2 (n +_2 (n) = n^{pq}

(n +^q − n^q _____________ = n^{pq}

O(n^{q − 1} )

p > (q − ≤ 1 = 2 = 1/2.

If ψ (t) → t

ϕ_1 (t) ϕ_2 (A(t 1

and

ϕ_2 (n) ϕ_1 (Â_n ) n ,

X(t_n ) Xas n {t_n X(t) X ϕ_1 (t) = t, ϕ_2 (t) = t^2 and ψ (t) = t ≥ P(X = = Â_n = n^2 that ψ (ϕ_2 (n ϕ_1 (Â_n )_2 (n) = 0 X

However, A(t) = t and ϕ_2 (A(t = t

ψ (ϕ_1 (t ϕ_2 (A(t_1 (t) = t − t ,

t lim ψ (ϕ_1 (t ϕ_2 (A(t_1 (t) 1 < 0 =_tlim ψ (ϕ_1 (t ϕ_2 (A(t_1 (t) .

λ t^p.

0 , 0 < p and 0 < q < 1

X(t) ≡ t^{pq}

A(t) t^p

Y(n) ≡

n^{1 − − q)}

Â_n − ( λ )^1

pλ^{q +1}

− X . (4.13)

Proof.

F_t (x− ) ≡ P(X(t) < x) → P(X ≤ x) ≡ F(x)

xof F

F_t (x− ) = P(A(t) < n(t = P(Â_{n(t)} > t)

= P n(t)^{1 − − q)}

Â_{n(t)} − (n(t)/λ )^1 > n(t)^{1 − − q)} t − (n(t)/λ )^1

for n(t) = λ t^p + t^{pq}x

. (4.14)

t_n n(t_n ) = n

n n ,

P n^{1 − − q)}

Â_n − ( λ )^1 > n(t_n )^{1 − 1− q} t_n − (n(t_n )/λ )^1 → F(x

but

x_n ≡

n(t_n )^{1 − − q)} t_n − (n(t_n )/λ )^1 = (λ t_n^p + t_n^{pq}x)^{1 − − p)} t_n − (t_n^p + t_n^{pq}xλ^{− 1} )^1 . (4.15)

t − (t^p + t^{pq} xλ^{− 1} )^1 = t − +t^{− p − q)} xλ^{− 1} )^1 = λ p − xt^{1− p − q)} + o(t_{1− p − q)} ) ,

x_n →

p λ^{)− q} − x .

Hence, − p λ^{1 +q} Y(n) X as n

X(t_n ) X for

t_n = ( λ )^1 + n^{)− − q)} (4.16)

t_n ≤ t ≤ t_{n +1} A(t_n ) ≤ A(t) ≤ A(t_{n +1}

t_n^{pq} λ t_{n +1}^p t_n^p → 0 (4.17) and

t_n^{pq} t_{n +1}^{pq} → 1 . (4.18)

t_n^{1 1} as n

λ t_{n +1}^p = n +^1 + (n +^{1 − − q)} x λ^1 )^p = (n + + (n +^{− − q)} x λ^1 )^p = (n + + λ^1 (n +^{− − q)} + o(n +^{− − q)} ) .

− q > 0, λ t_{n +1}^p t_n^p < n t_n^{pq} as n .

x on R_+ with x(t) as t − 1 by x^{− 1} (t) = s ≥ x(s) > t t ≥ 0 . (5.1) x(t) = Â_t with Â_0 = x^{− 1} (t) = A(t) + t ≥ 0.

Γ_x in R_+^2 associated with x Γ_x = x x ≤ x ∪ t,x x(t − ) ≤ x ≤ x(t . (5.2) Then Γ_x− 1 = x,t t,x)_B} . (5.3) Given Γ_x x Γ_x Γ_{(x}− 1_)− 1_x x^{− 1} )^{− 1} = x. x^{− 1} (x(t = t x^{− 1} (x(t ≥ t if x(s) ≤ t x^{− 1} (t) ≥ s x(s) > t x^{− 1} (t) ≤ s

D ∞ M_1 J_1 M_1 D ∞

e in D e(t) = t for t ≥ + x+y t) = x(y(t Let {x_n : n ≥ {ϕ_{1n} : n ≥ and {ϕ_{2n} : n ≥ R_+ {c_n }_n as n c_n (ϕ_{2n} +x_n +ϕ_{1n}^{− 1} − e) → in (D ∞ M_1 )

c_n (ϕ_{1n} +x_n^{− 1} +ϕ_{2n}^{− 1} − e) in (D ∞ M_1 ) . Proof. (ϕ_{2n} +x_n +ϕ_{1n}^{− 1} )^{− 1}_{1n} +x_n^{− 1} +ϕ_{2n}^{− 1}.

Let {B(t t ≥ ∞ ) ϕ_1 and ϕ_2 be R_+ ψ R_+ ψ (t)

ψ (s) ϕ_2 (B(ϕ_1^{− 1} (st − st X(t D ∞ M_1 s (5.7)

ψ (s) ϕ_1 (B^{− 1} (ϕ_2^{− 1} (st − st X(t D ∞ M_1 s

Proof. x_n (t) = B(s_n t)_n, ϕ_{in} (t)_i (s_n t)_n and c_n = s_n /ψ (s_n s_n : n ≥ s_n as n x_n^{− 1} (t) = B^{− 1} (s_n t)_n and ϕ_{in}^{− 1} (t)_i^{− 1} (s_n t)_n

ψ (s_n ) ϕ_2 (B(ϕ_1^{− 1} (s_n t − s_n t = c_n ϕ_{2n} +x_n +ϕ_{1n}^{− 1} t) − t t ≥

and

ψ (s_n ) ϕ_1 (B(ϕ_2 (s_n t − s_n t = c_n ϕ_{1n} +x_n +ϕ_{2n}^{− 1} t) − t t ≥ where c_n = s_n /ψ (s_n

(X − ) = X = 1

ψ (ϕ_1 (t ϕ_2 (B(t_1 (t) X in R (5.9)

and

ψ (ϕ_2 (t ϕ_1 (B^{− 1} (t_2 (t) X in R . (5.10)

Proof.

ψ (t) ϕ_2 (B(ϕ_1^{− 1} (t − t X R as t

A(t) + Â_t A(t

ψ (ϕ_1 (t ϕ_2 (A(t) +_2 (A(t t (5.11)

ϕ_2 (t) = t and ψ (t) as t .

ψ is

ψ (ct)/ψ (t) (c t ξ(c) = c^p p >

(1971).

(st)/ψ (s) X(t) in R ψ (sc)/ψ (s) → c^p as

s > 0

X(ct) =^d c^pX(t) . (5.12)

Proof. Replace t by ct and s by cs

ψ (s)

Y(sct) X(ct ψ (s)ψ (cs) ψ (cs)Y(sct) c^pX(t) .

ψ (t) = t p = 1/ X

p = 1/2.

(X(t − ) = X(t = 1

n Â_{nt}^{− 1} nt X(t) in (D ∞ M_1 )

Then

n A(nt) − nt , n Â_{λ nt} − nt , n Â_{μnt} λ

( X(λ t X(λ t X(μt in (D ∞ M_1 )^3

Proof. Let B(t) = A_t, ϕ_1 (t) t, ϕ_2 (t) = t and ψ (t) = t

B^{− 1} (t) = A(t) + ϕ_2 and ϕ_1 in

Q(t W_n ϕ_i

ϕ_a , ψ_a , ϕ_d and ψ_d

R_+ ψ_d (t)/ψ_a (t) and

ψ^a (t)

A(t)_a (t) , ψ_d (t)

D(t)_d (t) (X,Y) in R^2 ,

then

ψ_a (t)

Q(t) − [ϕ_a (t)_d (t (X Y) in R .

Proof.

ψ_a (t)

Q(t) − [ϕ_a (t)_d (t = ψ_a (t)

A(t)_a (t) − ψ^a (t) ψ_d (t)

ψ^d (t)

(D(t)_d (t .

busy.

0 , 0 , 0 < r < p_1 , 0 < p_2 ≤ p_1 and t^r

A(t) t^{p1} , t^r

D(t) t^{p2} (X,Y) in R^2 .

1 = p_2 =

n^{+r)} − 1

Â_n − ( λ )^1 , n^{+r)} − 1

D̂_n − ( μ)^1 , n^{+r)} − 1

W_n − ( μ)^1 + ( λ )^1

pλ^{(r +} − X , pμ^{(r +} − Y , pλ^{(r +} X − pμ^{(r +} Y in R^3 .

1 > p_2

n +r)_1 − 1

Â_n − ( λ )^{1 1} , n^{+r) 2} − 1

D̂_n − ( μ)^{1 2} , n^{+r) 2} − 1

W_n − ( μ)^{1 2} + ( λ )^{1 1}

p1 λ^{(r + 1}

− X ,

p_2 μ^{(r + 2}

− Y ,

p_2 μ^{(r + 2} Y in R^3 .

Proof. q_i =_i L W

and

n Â_{nt}^{− 1} nt , n D̂_{nt}^{− 1} nt (X(t Y(t in (D ∞ M_1 )^2 ,

(t) (t)

t Q(t) − ( )t , t λ W_{μt} − ( )t

( X(λ ) Y(μ λ Y(μ) X(μ in R^2 and

t (Q(t) W_{μt}) _______________ ( )Y(μ) (X(λ ) − X(μ . (6.1)

Proof.

S(t t ≥ S(t t ≥ C(t t ≥

{S(t t ≥ A A(t) = S(C(t t ≥ 0 . (7.1)

S and C(t) = ∫_0^t λ (s)ds λ A λ S C A doubly- or C A process S C

A (t) → 1 (t)/ϕ (t) (t)/ϕ (t) . Proof.

ϕ (t)

A(t) = C(t)

S(C(t .

ϕ (t)

C(t) → 1.λ .

M_1

Let ϕ and ψ R_+ ψ (s) → 0

s^p

S(st) − st _________ X(t) in (D ∞ M_1 ) (7.2)

> 0 and

ψ (s)

C(ϕ^{− 1} (st − st Y(t) in (D ∞ M_1 ) . (7.3)

ψ (s)^p → 0

s^p

A(ϕ^{− 1} (st − st X(t) in (D ∞ M_1 ) .

ψ (s)^p , 0

then

s^p

A(ϕ^{− 1} (st − st X(t) Y(t) in (D ∞ M_1 ) .

ψ (s)^p ψ (s)

A(ϕ^{− 1} (st − st Y(t) in (D ∞ M_1 ) .

Proof.

s^p

S(st) − st _________ , ψ (s)

C(ϕ^{− 1} (st − st , s C(ϕ^{− 1} (st , s^p ψ (s)

(X(t Y(t Z(t γ) in (D ∞ M_1 )^3 × R .

h:D^3 ×R → D defined

by h(x,y,z,w t) = x(z(t + wy(t

h(x,y,z,w t) = x(z(t + y(t).

C(t) = Z(ϕ (t Z

s Z(st) − st Y(t s Y

ψ (s) = s^{1/2} p = 1/ C

Â_n = Ŝ_C^_n , n ≥

Ŝ_n Ĉ_n

Â_n /ϕ^{− 1} (n Â_n^{− 1} (n /ψ (n n .

A(t) = S(t) + C(t t ≥ or

Â_n = Ŝ_n + Ĉ_n , n ≥

A(t t ≥

A(t t ≥ R_+ {^_t : t ≥ C ≡ {C(t t ≥ A Agrowing

C(t)/ϕ (t) → . (8.1) where ϕ R_+ C(t t ≥ R^+ A(t Λ(t t ≥ Λ(t) > t and ∫_0^∞ Λ(t)dt

Then C(t) = ∫_0^t Λ(s)ds , t ≥

and C^{− 1} (t

∫_0^{C− 1 (t)} Λ(s)ds = t , t ≥ 0 . (8.4)

transform Aby C^{− 1} +C^{− 1} ≡ {A(C^{− 1} (t t ≥

A R_+

ψ (s)

C(ϕ^{− 1} (st − st X(t) in (D ∞ M_1 ) (8.5)

where ψ (s) → 0 .

ψ (s)/ s → 0

s A(ϕ^{− 1} (st − st B(t) in (D ∞ M_1 ) ,

ψ (s) → 0

ψ (s)

A(ϕ^{− 1} (st − st X(t) in (D ∞ M_1 ) .

Proof.

s A(C^{− 1} (st − st B(t) in (D ∞ M_1 ) (8.6)

s C(ϕ^{− 1} (st − st , s C(ϕ^{− 1} (st t) in (D ∞ M)^2 . (8.7)

ψ (s s. ψ (s)/ s as s

References

Convergence,

Sci.

queue,

L W,

L W,

L W and H G,

Prob.

L W,

Math.

1, 261-290. L W,

queues. 248.

discipline.

M_{t t}

L W L W. 10.