by

and

.

Abstract

Let Q and W

σ^{− k}P(Q > k) as k (1) and e^{ηx}P(W > x) as x where σ and η and β and α

k^{− 1} log P(Q > k) → log σ as k (3) and x^{− 1} log P(W > x) as x

P(Q > k) ∼^k and P(W > x) ∼ α e^x

P(Q > k) ∼ σ^k and P(W > x) ∼ e^x . (6)

η η

η EW η

η and σ n independent non-identical

i =1Σ n GI_i /GI m identical n identical σ and η same

η and σ

n + m U_i ≤ i ≤ n V_j ≤ j ≤ m n + m ρ w_i ≤ i ≤ n μ_j, 1 ≤ j ≤ m i =1Σ n w_i =

j=1Σ^{m μ}j^=

ρ U_i /ρ w_i is i^{th} V_j /μ_j service-time j^{th}

w_i and μ_j U_i and V_j

sV_j s

Let u_{ik} and v k^{th} U_i and V_j c_{ai}^2 and c^2 U_i and V_j

u_{i1} = v_{j1} = u_{i2} − 1 = c_{ai}^2 and v_{j2} − 1 = c^2 . u_{i3} and v_{j3} U_i and V_j U_i /ρ w_i and V_j /μ_j.

σ root z

i =1Σ n a_i (z) =

j=1Σ^{m s}j^{(z}

where a_i (z) ≡ a_i (z, ρ s_j (z z individual

− a_i (z)U_i /ρ w_i = z ≤ i ≤ n

and s_j (z)V_j /μ_j = z 1 ≤ j ≤ (9)

(ρ

i =1Σ n a_i (σ ) =

j=1Σ^{m s}j^{(σ ) . (10)}

σ and η

log Ee^{− sUi /ρ wi} = log z ≤ i ≤ n and log^{sVj /μj} log z ≤ j ≤ (12) s^n

− U_{i i} ρ and V_j /μ_j U_i are u_{i1} = 1, u_{i2} − u_{i1}^2 = u_{i2} − 1 ≡ c_{ai}^2 and u_{i3} − 3u_{i1} u_{i2} + 2u_{i1}^3 = u_{i3} − 3u_{i2} +

c_a^2 = i =1Σ n w_i c_{ai}^2 where c_{ai}^2 = u_{i2} − c_s^2 =

j=1Σ^{m μ}j^{c2 where c2 = v}j2^−

d_a = i =1Σ n w_i 6 (u_{i3} − 3c_{ai}^2 (c_{ai}^2 + − (15)

d_s =

j=1Σ^μj_6

(v_{j3} − 3c^2 (c^2 + − . (16)

Theorem.

σ and η

1 − c_a^2 + c_s^2 ) + (ca^2 + cs^2 )^3 d_s − d_a ) − (c_a^2 +c_s^2 )^2 c_a^2 − )^2 +O )^3 ) as

and

c_a^2 + c_s^2 ) − (ca^2 + cs^2 )^3 d_s − d_a ) − (c_a^2 + c_s^2 )^2 c_a^2 − c_s^2 ) )^2 + O )^3

= c_a^2 + c_s^2 ) − X )+O )^2 ) as

where

X = (c_a^2 + c_s^2 )^2 d_s − d_a ) + c_a^2 + c_s^2

(c_s^2 − c_a^2 )

. (19)

Proof. s

ρ w_i − s + 2ρ^2 w_i^2 s^2 (u_{i2} − − 6ρ^3 w_i^3 s^3 (u_{i3} − 3u_{i2} + + O(s^4 ) = log z (20)

and

μ_j s + 2μ_j^2 s^2 (v_{j2} − + 6μ_j^3 s^3 (v_{j3} − 3v_{j2} + _________________ + O(s4 ) log z (21)

as s →

s ≡ ã_i (z s ≡ s̃_j (z

log z (where ã_i and s̃_j s z and − log z

ã_i (− log z) = a_i (z s_j (− log z) = s_j (z ã_i (ε) w_i 2 ρ w_i (u_{i2} − ε^2 w_i 2 (u_{i2} −^2 − 6 (u_{i3} − 3u_{i2} + ε^3 +O(ε^4

and

s̃_j (ε)_j 2 μ_j (v_{j2} − ε^2_j 2 (v_{j2} −^2 − 6 (v_{j3} − 3v_{j2} + ε^3 + O(ε^4

as log z → 0.

δ(ε) ≡ j=1Σ^{m s̃}j^{(ε) −}_{i =1}Σ^{n ã} i^{(ε) = 0 . (24)}

2 (c_s^2 c_a^2 )ε + (d_s d_a )ε^2 + O(ε^3 ) = 1 . (25)

ε ρ ε^k

A B Cε^2 + Dε^2 O(ε^3 ) (26)

where 1 , A = (c_s^2 + c_a^2 )/2, B c_a^2 / C = (d_s − d_a ω ω A (C + AB)ε^2 + O(ε^3 ) . (27)

c_s^2 + c_a^2 ) − (cs^2 + ca^2 )^3 d_s − d_a ) − (c_s^2 + c_a^2 )^2

2c_a^2 )^2 + O )^3 ) . (28) log z

e = 1 2 ε^2 + o(ε_2

(σ ) ~ (− log σ − log ,

j=1Σ^{m s}j^{and ψ̃ =}_{j=1}Σ^{m s̃}j

2 c_s^2 ε^2 + O(ε^3 0 . (30)

σ ∼ 1 and η ∼ )/(c_a^2 + c_s^2

X

X = c_a^2 + c_s^2 )^2 v_3 − 3c_s^2 (c_s^2 + − u_3 + 3c_s^2 (c_s^2 + + c_s^2 )^2 − (c_a^2 )^2 ) . (31)

X = u_3 = v_3 and c_a^2 = c_s^2

c_a^2 and d_a c_s^2 and d_s η λ c_a^2 and c_s^2 η d_s increasing d_a c_a^2 , d_a , c_s^2 , d_s

i^{th}

Ee^{− sUi} f̂_i (s f̂_i (s f̂_i ( ρ w_i ) about s = f̂_i (s u_{i2} − I_c (∞ ) where

I_{ci} (t) =_i (t) Var A_i (t) , t >

and A_i (t t j^{th} replace Ee^{sVj} ĝ_j (− s ĝ_j (s ĝ_j (− μ_j ) about s = v_{j2} − I (∞

I (t) =_j (t) Var S_j (t) , t >

and S_j (t t

σ and η

α and β

Ee^{− sW} P(W > x

Ŵ^c (s) ≡ ∫_0^∞ e^{− sx}P(W > x)dx = s 1 − Ee^{− sW} . (34)

Then Ŵ^c (s). η α

x lim e^{ηx}P(W > x) =_s s )Ŵ^c (s ) . (35)

Ŵ^c (s Ŵ^c (s N(s) (s equation D(s) = α as N( ) ′( where D′ D.

Acknowledgment.

help.

References

(1993).

inverses,’’

Prob.,

(1986).

(1953).