by

and

.

Abstract

D_k d U_k u D_k, U_k k ≥ D_1 , U_1 λ rate λ rate μ λ d < ( )u

λ D_k ( )U_k Z V (ZZ > (VV > P(Z > not P(V > Z when U_1 and D_1

Z

D_k : k ≥ U_k : k ≥ R_k(t t ≥ k ≥ S_k(t t ≥ k ≥ D_k and U_k R_k(t t ≥ k^{th} S_k(t t ≥ k^{th}

T_k = D_1 + U_1 + + D_k + U_k , k ≥ with T_0 = T_k k^{th} t = Y(t t ≥

Y(t) = Y(T_k − ) + R_{k+1} (D_{k+1} − ) − S_{k+1} (t − T_k − D_{k+1} T_k + D_{k+1} ≤ t < T_{k+1} ,

Y(T_k − ) + R_{k+1} (t − T_k T_k ≤ t < T_k + D_{k+1} (2)

for k ≥ Y − ) = X(t − ) =_{s ↓ 0}limX(t − s {Z(t t ≥ Z(t) = Y(t) − inf{Y(s ≤ s ≤ t t ≥ Z = [R^+ x]^+ = x Z_u (t t ≥ Z_d (t t ≥ Z_u (t Z(s s t by

I(t) = 0 T_k ≤ t < T_k + D_{k+1}

T_k + D_{k+1} ≤ t ≤ T_{k+1} (4)

for k ≥ t

C_u (t) = ∫_0^tI(s)ds , t ≥

and C_d (t) = t − C_u (t t ≥ 0 . (6)

C_u^{− 1} (t) = s ≥ C_u (s) > t t ≥ C_u (t) as t C_d^{− 1} (t

Z_u (t) = Z(C_u^{− 1} (t t ≥ and Z_d (t) = Z(C_d^{− 1} (t t ≥ 0 . (9) Z_u (U_1 ) = Z(D_1 + U_1 + D_2 Z(D_1 + U_1 ).

R_k(t t ≥ {S_k(t t ≥ th t = k − R_k(D_k − ) k − k be S_k(U_k − W_k : k ≥

W_k = [W_{k− 1} + R_k(D_k − ) − S_k(U_k −^+ , k ≥ where W_0 = 0. R_k(t k ≥ S_k(t t ≥ all k Z(T_k − ) = W_k , k ≥ Proof.

Z(t) = [Z(T_k − ) + R_{k+1} (D_{k+1} − ) − S_{k+1} (t − T_k − D_{k+1}^+ , T_k + D_{k+1} ≤ t < T_{k+1}

Z(T_k − ) + R_{k+1} (t − T_k T_k ≤ t < T_k + D_{k+1} (11)

for k ≥ Z − ) = k. Z(t t ≥

{Z_u (t t ≥ V(t t, i.e.,

V(t) = [W_{N(t)} + R_{N(t)+1} (D_{N(t)+1} − ) − t +

k=1Σ^{N(t) S}k^{(U}k^{− + , t ≥}

where

N(t) = k ≥

j=1Σ^{k S}j^{(U}j^{− ) ≤ t t ≥ 0 . (13)}

{S_k(t t ≥ S_k(t) = st , t ≥ 0 . (14)

Z_u (t) = V(st t ≥ V(t t ≥ Proof. R_{k+1} (D_{k+1} − U_1 + + U_k s

D_k, U_k R_k(t t ≥ S_k(t t ≥ k ≥ E[D_1 ] = d , E[U_1 ] = u , E[R_1 (D_1 − and 0 < E[S_1 (U_1 − .

Let

Z_e Z(T_k − ) Z_e as k E[R_1 (D_1 − [S_1 (U_1 − < Z_e R_1 (D_1 − S_1 (U_1 − ).

Proof. R_k(D_k − ) − S_k(U_k − k ≥ i.i.d.

X X^∗

X

P(X^∗ ≤ x) = EX 1 ∫_0^x P(X > s) (15)

Let =^d Remark R_1 (D_1^∗ R_1 (t t ≥ D_1 are R_1 (D_1^∗

P(R_1 (D_1^∗ ) > x) = ED_1 1 E ∫_0^{D1} 1{R_1 (t) > x} dt = ED_1

1 ∫_0^∞ P(R1 (t) > x , D1 > t)dt = ED_1

1 ∫_0^∞ P(R1 (t) > xD1 > t)P(D1 > t)dt

= ∫_0^∞ P(R1 (t) > xD1 > t)dP(D1^∗ ≤ t) .

D_1, U_1

and D_1 + U_1

[Z(t I(t [Z, I t ,

Z_u (t) Z_u and

Z_d (t) Z_d =^d Z_e + R_1 (D_1^∗

where Z_e R_1 (D_1^∗ Z_e, Z_d =^d (ZI =

Z_u = (ZI =

P(Z > z) = u +d u P(Z_u > z) + u +d d P(Z_d > z

and

P(I = = 1 − P(I = = u +d u .

Proof.

Remark

D_1 + U_1 D_1 and U_1 are

independent.

U_k, D_k R_k(t t ≥ S_k(t t ≥

Z_u =^d [Z_e + R_1 (D_1 − ) − S_1 (U_1 −^{∗ +}

Proof. Z_u Z_u

P(Z_u > E[R_1 (D_1 − (17) and P(Z_u > xZ_u > = P(Z_e + R_1 (D_1 − )^∗ > z) where R_1 (D_1 − )^∗ Z_e. Proof. k are

Z R_1 (D_1^∗ R_1 (D_1 − )^∗.

P(Z > z) = u +d u ρ P(Z_e + R_1 (D_1 − )^∗ > z) + u +d d P(Z_e + R_1 (D_1^∗ ) > z)

for ρ R_1 (D_1 − )^∗ and R_1 (D_1^∗ Z_e.

E[Z_u ] E[Z_e ] + 2E[R_1 (D_1 −

E[R_1 (D_1 − )^2 ] .

E[Z_u E[Z E[Z_e

E[Z_e ] ∼ ) (c_a^2 + c_s^2 − 2c_{as}^2 )

where ER_1 (D_1 − c_s^2 and c_a^2 R_1 (D_1 − sU_1

c_{as}^2 =

E[R_1 (D_1 − E[sU_1 ]

R_1 (D_1 − sU_1 )

sU_1 and U_1 coincide. U_1 D_1 and U_1

R_k(t) = rt , t ≥ with s > r >

content Z Z

R_1 (D_1^∗ ) = rD_1^∗ =^d (rD_1 )^∗ = R_1 (D_1 − )^∗ .

Z_uZ_u > ZZ > VV > V

rD_k and

sU_k

P(Z_u > zZ_u > = P(Z > zZ > = P(Z_e + rD_1^∗ > z) .

where D_1^∗ Z_e

P(Z_u > = P(V >

Corollary.

P(Z > z) = u +d u r s +r P(V > z)

= u + d u r s + r ρ P(Z_e + rD_1^∗ > z z ≥

where V

rD_k sU_k.

when U and D U

E[Z] ∼ u +d u r s +r ) ρ^2 (c_U^2 + c_D^2 − 2c_{UD}^2 ) + 2 ρ (c_D^2 + rd

where c_D^2 and c_U^2 D_1 and U_1

c_{UD}^2 = U, D) [U]E[D

E[Z] ∼ a + 1 a ) ρ^2 (c_U^2 + c_D^2 − 2c_{UD}^2 ) + 2 ρ (c_D^2 + su (22)

where a = and fixed, a and ρ E[Z

s and u.

D_k n D_k = D_{k1} + + D_{kn} with E[D_{ki}] = d_i R_k(t t ≥ R_{ki}(t t ≥ i R_{ki}(t) = r_i t, t ≥ r_i > i D_{11} D_{1n}

Z_{di} (t t ≥ i^{th} have

Z_{di} (t) Z_{di} =^d Z_e +

j=1Σ^{i − 1 r} j^D1j^{+ r} i^D1i^{∗ ≤ i ≤ n}

where Z_e, D_{11} D_{i − 1} and D_{1i}^∗ R_1 (D_1 − ) = r_1 D_{11} + + r_n D_{1n} R_1 (D_1 − )^∗ P(Z > z

P(Z_d > z) = i =1Σ n d d_i P(Z_e +

j=1Σ^{i − 1 r} j^D1j^{+ r} i^D1i^{∗ > z z ≥}

and P(Z_u > z Remark subintervals. Acknowledgment.

References

approximations.

Applications

..

7, 699-711.

Models,

Prob.