t t by 1 2 3

)

1 2 3

Abstract

t t t

− 9

t t t t

stationary time-dependent models. W(t t_t /G_t /

t

t /M_t /

t t

t t t

X_t /G t / t t

t t

time t t t

t /G_t /

t t

t t t for procedure.

t t t t

n n

t t

P(W(t) > x x = x = k for k =

2k

k ≤ k ≤

P(W(t) > x x =

P(W(t) > k ≤ k ≤ 35.)

x

− 7

− 1 − 3 − 7

− 6 − 10,

− 3 10^{− 9 − 10}

Let W(t t W(t,x W^c (t,x W(t,x) = P(W(t) ≤ x W^c (t,x) = 1 − W(t,x) .

Let ŵ(t,s W(t,x w(ξ,x W(t,x

ŵ(t,s) = 0 ∫^∞ e^{− sx} dxW(t,x and w(ξ,x) = 0 ∫^∞ e^tW(t,x)dt

where s and ξ s) > ξ) > w̃(ξ,s ŵ(t,s

w̃(ξ,s) = 0 ∫^∞ e^tŵ(t,s)dt

ξ) > 0. Let ŵ^c (t,s W^c (t,x x w̃^c (ξ,s ŵ^c (t,s t

ŵ^c (t,s) = 0 ∫^∞ e^{− sx}W^c (t,x) dx and w̃^c (ξ,s) =_0∫^∞ e^tŵ^c (t,s) (4)

ŵ^c (t,s ŵ(t,s

w̃^c (ξ,s) = sξ 1 − s w̃(ξ,s) . (5)

s or ξ s or ξ

complex s and ξ ξ) = A_1 /2tl_1 s) = A_2 /2xl_2 t x A_1 , A_2 , l_1 , l_2 ξ s t or x t or x A_1 or A_2 ξ s zero. W^c (t,x w̃^c (ξ,s since w̃^c (ξ,s w̃(ξ,s compute W^c (t,x W(t,x^{− 6} − 9 W^c (t,x

n^{th} t n^{th} j^{th} t_j ≤ j ≤ n − t_1 + + t_{n − 1} + t λ_j H_j j^{th} ĥ_j H_j

ĥ_j (s) = 0 ∫^∞ e^{− sx}dHj (x ≤ j ≤

W_n (t,x W_j x) = W_{j− 1} (t_{j− 1} ,x), 2 ≤ j ≤ n W_1 x

j^{th} w̃_j (ξ,s

w̃_j (ξ,s) = s_{j j} ĥ_j (s) ŵ_{j− 1} (t_{j− 1} ,s) − sw_j (ξ

where t_0 = ŵ_0 (t_0 ,s) = ŵ_1 s cdf W x) ≡ W_1 x w_j (ξ j^{th} interval, W_j (t ŵ(t,s) w_j (ξ

w_j (ξ = j j ĝ_j (ξ) ŵ_{j− 1} (t_{j− 1} ,_{j j} ĝ_j (ξ

where ĝ_j (s_j j^{th}

ĝ_j (s) = 0 ∫^∞ e^{− sx}dGj (x

ĝ_j (s) = ĥ_j (s_{j j} ĝ_j (s

j s s) > ĝ_j (s ρ_j < ρ_j j^{th} s s) > ĝ_n (s

− 13.

W_n^c (t,x w̃_n^c (ξ,s w̃_j (ξ,s j = n j = n ŵ_{n − 1} (t_{n − 1} ,s ŵ_{n − 1} (t_{n − 1} ,_{n n} ĝ_n (ξ ξ w̃_{n − 1} (ξ,s),

ŵ_{n − 1} (t_{n − 1} ,s) = L_ξ^{− 1} (w̃_{n − 1} (ξ,s . (10) j = n − procedure. w̃_n^c (ξ,s calculating w̃_n (ξ,s ξ,s w̃_n (ξ,s n − ξ s or_{j j} ĝ_j (ξ ≤ j ≤ n −

w̃_n^c (ξ,s w̃_j (ξ,s j = n − n − ξ

Let f(t_1 ,t_2 t_1 and t_2

f̃(s_1 ,s_2 ) = 0 ∫^∞_0∫^∞ f(t1 ,t2 )e^{− (s1 t1 +s2 t2 )} dt1 dt2 . (11)

f(t_1 ,t_2 ) = 2l_1 t_1

A_1 /2l_1 ) f̂ 2l^1 t^1

A_1

, t_2 + 2 j=1Σ^{l1}_{j1 = 0}Σ^{∞ (− j1 .}

− l_1 π f̂ 2l^1 t^1

A_1 − l_1 t_1 π − t_1 1 π , t_2 ] − e_d

Where i = −

f̂(s_1 ,t_2 ) = 2l_2 t_2

A_2 /2l_2 ) f̃ s_1 ,

2l_2 t_2

A_2

+ k=1Σ^{l2}_{k1 = 0}Σ^{∞ (− k1 exp}^−_{l2}^{ikπ}^{f̃}^s1^,_{2l2 t2}^{A2 −}_{l2 t2}^{ikπ −}_{t2}^{ik1 π}

+ k=1Σ^{l2}_{k1 = 0}Σ^{∞ (− k1 exp}_{l2}^{ikπ}^{f̃}^s1^,_{2l2 t2}^{A2 +}_{l2 t2}^{ikπ +}_{t2}^{ik1 π}

(13)

and e_d f(t_1 ,t_2

e_d

ed ≤ − e^{− A1} − e^{− A2} )

(e^{− A1} + e^{− A2} − e^{− (A1 +A2 )} ) ∼− (e^{− A1} + e^{− A2} ) . (14)

A_1 , A_2 , l_1 , l_2 f(t

f̂(s) = 0 ∫^∞ f(t)e^{− st} (15)

f(t) = 2lt 2l) [ f̂ 2lt A + k=1Σ^l_{k1 =0}Σ^{∞ (− k1 exp}^−_l^{ikπ}^{f̂}_{2lt}^A −_{lt}^{ikπ} −_t^{ik1 π} + k = 1Σ l k_1 =0Σ ∞ (−^{k1} exp l ikπ f̂ 2lt A + lt ikπ + t ik_1 π − e_d . (16)

Aand l e_d

ed ≤ 1− e^{− A} ce^{− A}

∼− ce^{− A}

where c

f(t) ≤ c (18)

f(t) = ŵ_j (t,s) = 0 ∫^∞ e^{− sx}dxWn − 1 (t,x

f(t) ≤_0∫ ∞ e^{− sx}dxWn − 1 (t,x) ≤_0∫ ∞ d_xW_{n − 1} (t,x) ≡ s) > 0 . (20)

c = 1.

s = k=0Σ^{∞ (− ka} k^{where a} k

E(m_1 , n_1 ) ≡

k=0Σ^{m1}_k^{m1}^{2− m1 S}n1 +k

where

S_j ≡

k=0Σ^{j (− ka} k^{. (22)}

K ≡ m_1 + n_1

A_1 , A_2 , l_1 , l_2 A, l m_1 , n_1

n_1 = 39, m_1 = K =

− 11 K

A_1 , A_2 and A

parameters l_1 , l_2 , l l_1 , l_2 , l t t

with l = n − /^{n +1} With l_1 = l_2 = l > ρ^{n +1} ρ l_1 , l_2 , l large n. l_1 , l_2 or l is

A_1 , A_2 or A l_1 , l_2 or l

n_1 = m_1 =

number n

n − j j−^{st} j = n − n + n g_j (ξ

A_1 = A_2 = Aand l_1 = l_2 = l W_n (t,x t_1 , τ_2 τ_{N1} x = x_1 , x_2 x_{N2} (for N_1 .N_2 w̃_n (ξ,s W_n (t,x K^2 l^2 w̃_n (ξ,s K K = m_1 + n_1 w̃_n (ξ,s) ĝ_n (ξ ŵ_{n − 1} (t_{n − 1} ,s_1 s_1 = s at s_{1 n n} ĝ_n (ξ ĝ_n (ξ ĝ_j (ξ ξ j I w̃_n (ξ,s I ĝ_n (ξ). ŵ_{n − 1} (t_{n − 1} ,s Kl w̃_{n − 1} (ξ,s j = n − n − w̃_j (ξ,s I ĝ_j (ξ of ŵ_{j− 1} (t_{j− 1} ,s_1 s_1 = s s_{1 j j} ĝ_j (ξ j = n − n − ŵ_{j− 1} (t_{j− 1} ,s Kl w̃_{j− 1} (ξ,s).

additional

n K^2 l^2 n n of N_1 and N_2 N_1 and N_2 proportion. I the ^_j (ξ).

n N_1 = N_2 = 10, K = I = l are

n = n ≥ 5.

ŵ_j (t_j ,s ĝ_j (s s ŵ_j (t_j ,s) and ĝ_j (s

ĝ_j (s _ ) = ĝ_j (s) and ŵ_j (t_j ,s _ ) = ŵ_j (t_j ,s) where s _ s ĝ_j (s ŵ_j (t_j ,s s

W_n (t,x t_1 ,τ_2 τ_{N1} x = x_1 ,x_2 ,_{N2} N_1 N_2 w̃_n (ξ,s

2τ_p l A − τ_p l iπ j

, s = 2x_ml A − x_ml iπk (24)

for p =_1; j = Kl− 1; m = N_2 k = ± ± ±(Kl−

N_1 .N_2 .2K^2 l^2 ĝ_n (ξ ξ

p =_1 j = Kl− N_1 .Kl N_1 KlI iterations.

Also, ŵ_{n − 1} (t_{n − 1} ,s s m = N_2; k = Kl−

s_{n n} ĝ_n (ξ ξ p = N_1; j = Kl−

(N_1 +N_2 )Kl

j = n − n − w̃_j (ξ,s

2t_j l A − t_j l iπk , s =

2x_ml A − x_ml iπk_1 (25)

for k = ± ±(Kl − m =_2 k_1 = Kl− w̃_j (ξ,s ξ s_{q n − q n − q} ĝ_{n − q} (ξ_q

for q = n − 1− j

ξ_0 = 2τ_p l A − τ_p l iπ j (27)

for p = N_1; j = Kl− q > 0,

ξ_q = 2t_{n − q} l A − t_{n − q} l iπk_q (28)

for k_q = Kl − Kl.(N_2 .Kl + N_1 .Kl + (n − 1− j).Kl

j = n − n − ĝ_j (ξ ξ k = Kl−

Kl KlI j = n − n − ŵ_j (t_j ,s) s m = N_2; k_1 = Kl − s q = n − 1− j), ξ_0 p_1 = N_1; j = Kl − q > 0, ξ_q k_l = Kl− N_1 +N_2 + n − j)Kl

ĝ_j (ξ ŵ_j (t_j ,s ĝ_j (ξ j = [N_1 + (n − Kl ŵ_j (t_j ,s N_1 + N_2 + n − 1− j)Kl ŵ_{j− 1} (t_{j− 1} , s ŵ_j (t_j , s ŵ_j (t_j , s j N_1 + N_2 + (n − Kl ĝ_j (ξ ŵ_j (t_j , s N_1 + n − + 2N_2 ]Kl

n N_1 and N_2 N_1 +N_2 N_1 N_1 and N_2 g_j (ξ N_2 I g_j (ξ n.

n = 10.

n t_1 ,τ_2 , τ_{N1} x_1 ,x_2 ,_{N2} λ_j ĥ_j (s ŵ_0 (t_0 ,s).

n_1 , m_1, K, A_1 , A_2 , A, l_1 , l_2 , l

ĝ_j (ξ j = ξ j = n ξ p =_1 and j = Kl− j < n ξ k = (Kl− Compute ŵ_j (t_j , s s j = j = n − s m = N_2; k_1 = (Kl− q = (n − 1− j), ξ_0 p =_1; j = (Kl − q > 0, ξ_q k_q = (Kl− distinct s ĝ_j (ξ j = 0, ŵ_0 (t_0 ,s) j > 0, ŵ_j (t_j ,s w̃_j (ξ,s ĝ_j (ξ ŵ_{j− 1} (t_{j− 1} ,s ŵ_j (t_j ,s s values, ŵ_{j− 1} (t_{j− 1} ,s

W_n^c (t,x w̃_n^c (ξ,s ĝ_n (ξ ŵ_{n − 1} (t_{n − 1} ,s

n =j ξ and s s_{j j} ĥ_j (s) . (29)

s_{j j} ĝ_j (ξ

w̃_j (ξ,s t_{n − q} = t_j, λ_{n − q j}, ĥ_{n − q} (.) = ĥ_j (. A_i and l_i n − q and j some q n − 1− j τ_p = t_j, λ_{n j}, ĥ_n (.) = ĥ_j (. p and j A_i and l_i n and j

A_i or l_i A = i +( i n ξ and s values ξ,s s and ξ

n

A_i and l_i

n = K =

/ l l_i } = A_i } =

x.

{l_i } = and A_i = i. P(W(t) > x x = t = t = t x = x =

intervals.

P(W(t) > x n t P(W(t) > x n W(t) > x i W_i (t) > x} = W_i (t) > x

P(W(t) > x) ∼ n^{− 1} i =1Σ n W_i (t) > x} . (31)

t

t and x probability p ≡ P(W(t) > x n p p − p)

RSE = − p) ∼ 1/ pn p ε

n = 1 ε^2 . (33)

p ε p n = 1000

− 10 easily

p = 10^{− 4} and 10^{− 8}, n = 10^{20} p 10^{− 2} n = 10^6

P(W(t) > x t t_0 < t_0 < t t_0 ,t t_0 t_0 t t t_0.

t_0 P(W(t_0 ) ≤ x x t_0 t_0; P(W(t_0 ) ≤ x_i t_0.

t_0 t_0 t.

References

Distributions.

Inversion. 42, 750-764.

th

Q^2

20, 1089-1114.

Prob.

Prentice

Res.

Amsterdam.

of intervals A_1 = A_2 =_1 = l_2 = l

w̃_n (ξ,s) N_1 .N_2 .2K^2 l^2

w̃_j (ξ,s j ≠ n 8 N_1 N_2 .

Kl)^{n +1}

ŵ_j (t_j ,s j ≠ n 4 N_1 N_2 .

Kl)^{n +1}

ĝ_j (ξ ≤ j ≤ n 8 N_1 N_2

Kl)^{n +1} I

enhancements.

computation n = 2 n = 5 n = 10 w̃_n (ξ,s ×10^6 ×10^6 ×10^6 w̃_j (ξ,s j ≠ n ×10^8 ×10^{17} ×10^{34} ŵ_j (t_j ,s j ≠ n ×10^9 ×10^{18} ×10^{34} ĝ_j (ξ), 1 ≤ j ≤ n ×10^{10} ×10^{19} ×10^{35}

n N_1 = N_2 = K = I = 50.

w̃_n (ξ,s N_1 N_2 K^2 l^2 w̃_j (ξ,s j ≠ n N_1 +N_2 n − + 2 (n − n − K_2 l_2

ŵ_j (t_j ,s j ≠ n N_1 +N_2 )n + 2 (n − n ]Kl ĝ_j (ξ ≤ j ≤ n (N_1 + n − Kl

ĝ_j (ξ ≤ j ≤ n (N_1 + n − KlI N_1 +2N_2 + n − Kl computation n = 2 n = 5 n = 10

w̃_n (ξ,s ×10^6 ×10^6 ×10^6

w̃_j (ξ,s j ≠ n ×10^5 ×10^6 ×10^7

ŵ_j (t_j ,s j ≠ n ×10^3 ×10^4 ×10^4

ĝ_j (ξ ≤ j ≤ n ×10^4 ×10^5 ×10^5

n N_1 = N_2 = K = I = 50.

P(W(t) > x) time t workload x

P(W(t) > W =

P(W(t) > W =

P(W(t) > W =

P(W(t) > W =