by and

Abstract

Keywords

X(t t ≥

or μ(x) =_0limE[X(t )− X(t)X(t) = x its or σ^2 (x) =_0limE X(t )− X(t^2X(t) = x s_0 ,s_k s_0 < s_k s_0 and s_k reflecting.

inaccessible

μ(x piecewise-linear σ^2 (x piecewise-constant x

∨

k + s_i s_0 < s_1 < ... < s_k (s_0 , s_k μ(x) = a_i x + b_i and σ^2 (x)_i^2 > s_{i − 1} , s_i ≤ i ≤ k.

s_0 and s_k

s_0 a_1 > a_1 = b_1 > if s_k a_k < a_k = b_k < f(x) = p_i f_i (x s_{i − 1} ≤ x < s_i

where i =1Σ k p_i = 1, ∫_{si − 1}^{si} f_i (x)dx = 1, f_i p_i

m ≡ ∫_{s0}^{sk} (x)dx =_{i =1}Σ^k pi mi

where m_i f_i

p_i = r_i /

j=1Σ^{k r} j^{≤ i ≤ k}

where r_1 =

r_i =_{j=2}Π^i σ_j^2 f_j (s_{j− 1} +) σ_{j− 1}^2 f_{j− 1} (s_{j− 1} − ) ≤ i ≤ (6)

f_i f if σ_i^2_1^2 i σ_i^2_1^2 and f. a_i ≤ i f_i m_i p_i k when k a_i ≤ i approximation

a_i ≤ birth-and-death

k

x x. n B_n (t t ≥

c^n + l^n n to c^n + u^n n β_n ( j δ_n ( j

X_n (t) = n B_n (t) − c_n , t ≥ 0 . (7)

X_n (t μ_n (x) ≡_0limE[X_n (t ) − X_n (t)X_n (t) = x]

= n β_n ( c^n + x n

)_n (

c^n + x n ) (8)

and σ_n^2 (x) ≡_0limE X_n (t ) − X_n (t^2X_n (t) = x]

= n β_n ( c^n + x n

)_n ( c^n + x n ) . (9)

If l_n → l, u_n → u, μ_n (x) (x σ_n^2 (x)^2 (x n X_n (t l,u μ(x σ^2 (x);

β( j)_0 δ( j) j,s j η s δ( j) j ∞ δ( j) s n. n s_n = n β_n ( j) = n − a n j, δ_n ( j) = j,n c_n = n l_n n and u_n one l = l_n, u = u_n, μ(x)_n (x σ^2 (x)_n^2 (x μ_n (x σ_n^2 (x n n = 1. Setting n =

l − 1/ u + 1/ l,u

n =

§6. β and δ linear β( j)_{0 1} j and δ( j δ_{0 1} j for l ≤ j ≤ u μ(x) ∼ β_{0 1} x_{0 1} x (10) and σ^2 (x) ∼ β_{0 1} x_{0 1} x (11) for l − 1/2 ≤ x ≤ u +1/ x_0 μ(x_0 ) ∼ σ^2 (x) ∼ β_{0 0} + (β_{1 1} )x_0 μ(x_0 ) ∼ x_0 with l − 1/2 ≤ x_0 ≤ u +1/ σ^2 (x either σ^2 (l σ^2 (u β and δ

μ(x)_0 xand σ^2 (x) = 2β_0 − 1/ s +1/ μ(x)_0 s and σ^2 (x)_0 s s +1/ ∞ μ(x) ∼ x ∼ s β_0 ∼ ηs σ^2 (x) = 2β_0 for x∈ (s,∞ x∈ s xare s + c s c s s, s s

c_1 s c_2

β( j)_0 j δ(k) = η^1 + sη^2 , η_1 + (k − c_1 − η_2 , η_1 ,

c_1 + s + 1 ≤ k ≤ c_1 + c_2 + s + 1 .

c_1 + 2 ≤ k ≤ c_1 + s

1 ≤ k ≤ c_1 + 1 (13)

μ(x) = β^{0 1} − sη^2 , β_{0 1} − (x − c_1 − η_2 , β_{0 1} ,

c_1 + s + 3/2 ≤ x ≤ c_1 + c_2 + s + 3/2 c_1 + 3/2 ≤ x < c_1 + s + 3/2

− 1/2 ≤ x < c_1 + 3/2 (14)

σ^2 (x) = β^{0 1} + sη^2 , β_{0 1} + (x_0 − c_1 − η_2 , β_{0 1} ,

c_1 + s + 3/2 ≤ x ≤ c_1 + c_2 + s + 3/2 c_1 + 3/2 ≤ x < c_1 + s + 3/2

− 1/2 ≤ x < c_1 + 3/2 (15)

μ(x_0 )_{0 1} − (x_0 − c_1 − η_2 ∼ 0 . (16)

for c_1 +3/2 ≤ x_0 ≤ c_1 +s +3/ μ(x)> < x σ^2 (x)^2 (c_1 +s + 3/ σ^2 (x)^2 (c_1 +3/

σ^2 (x) ∼ 2β_0 μ(x) ∼

X(t t ≥ X_j (t j X has spent t j X_j (t T_j (t X t j

t = 0 ∫ T_j (t)

1_{{X(u)=j}} du

A A J_i i^{th} X N(t X t

X_j (t) = i =1Σ N(T_j (t

(X(J_i )− j_{{X(J i − )=j}} , t ≥ 0 . (18)

X_j (t t ≥

X_j (t t ≥

λ_j c_j^2 t

X_j (t)_j t ⇒ N t

where N ⇒ denotes

μ( j)_j and σ^2 ( j)_j c_j^2 (20) μ( j σ^2 ( j n = X β and δ

β( j) = 2 σ^2 ( j) ( j) and δ( j) = 2 σ^2 ( j) ( j) . (21)

σ^2 ( j) ( j j σ^2 ( j μ( j

μ(x σ^2 (x σ^2 (x) > k + s_i (s_{i − 1} ,s_i s_i i s_0 and s_k

f(x f(x) =

M(s_k) m(x) , s_0 ≤ x ≤ s_k

where

m(x) = σ^2 (x)s(x) 2 (23)

s(x) = exp

− ∫_θ^x_{σ 2 (y)}^{2μ(y)} dy (24)

with θ s_0 s_k

M(x) = ∫_{s0}^x m(y)dy , s_0 ≤ x ≤ s_k

f(x

s(x M(x s_0 , s_k m and f

s_0 , s_k s_i ≤ i ≤ k − σ^2 (x

σ^2 (x s_i i ≤ i ≤ k − 1, f

f(s_i +) = σ^2 (s_i +) σ^2 (s_i − ) f(s_i − ) . (26)

Kf(x x f_i

If μ(x) a(x − m σ^2 (x)^2 > for a > x m σ^2 /2a.

Let N(m, b^2 m b^2. Let Φ ϕ N X s_{i − 1} , s_i Xhas N(m, σ^2 /2a s_{i − 1} , s_i X density

f(x) = Φ b s_i − m b s_{i − 1} − m b^{− 1} ϕ b x− m , s_{i − 1} < x < s_i

where b^{2 2} /2a. Φ f f s_{i − 1} , s_i m s_{i − 1} < m < s_i

f(x x m. X. If s_{i − 1} < s_i

E[N(m, b^2 )s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] = m + b Φ b s_i − m b s_{i − 1} − m ϕ b s_{i − 1} − m b s_i − m

(29)

and E[N(m, b^2 )^2s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] =

m^2 + 2mb Φ b s_i − m b s_{i − 1} − m ϕ b s_{i − 1} − m b s_i − m

+ b^2

+ b^2 Φ b s_i − m b s_{i − 1} − m b s_{i − 1} − m ϕ b s_{i − 1} − m − b s_i − m ϕ b s_i − m

. (30)

Proof. xϕ (x) ′(x x

E[N s_{i − 1} ≤ N ≤ s_i ] = Φ (s_i ) (s_{i − 1} ) ϕ (s_{i − 1} ) (s_i ) .

Consequently,

E[N(m, b^2 )s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] = m + bE b N(m, b^2 ) − m _____________s_{i − 1} ≤ N(m, b2 ) ≤ s_i

= m + bE N b s_{i − 1} − m ≤ N ≤ b s_i − m .

x^2 ϕ (x) (x) (x

E[N^2s_{i − 1} ≤ N ≤ s_i ] = 1 + Φ (s_i ) (s_{i − 1} ) s_{i − 1} ϕ (s_{i − 1} ) − s_i ϕ (s_i ) .

Consequently,

E[N(m, b^2 )^2s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] = m^2 + 2mbE[N s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] + b^2 E[N^2s_{i − 1} ≤ N(m, b^2 ) ≤ s_i ] .

If μ(x) = σ^2 (x)^2 >

s_{i − 1} , s_i s_{i − 1} < s_i X s_{i − 1} , s_i ) s_{i − 1} + s_i )/ s_i^3 − s_{i − 1}^3 )/ s_i − s_{i − 1} s_{i − 1} and s_i.

If μ(x) a and σ^2 (x)^2 >

for a > s, ∞ s σ^2 /2a drift a , − s R(t t ≥ − R(t t ≥

f and g

g(− s − x) = f(s + x x ≥

s s_{i − 1} , s_i s_{i − 1} > s

s_i − s_{i − 1}

f(x) =

1 − e^{(si − si − 1 )} λ e^{(x − si − 1 )} , s_{i − 1} < x < s_i

where λ^{− 1} λ^{− 1 2} /2a.

Let X f

E[X] = s_{i − 1}^{− 1} 1 − e^{(si − si − 1 )} e^{(si − si − 1 )} (s_i − s_{i − 1} (34)

and

E[X^2 ] = s_{i − 1}^2 + 1 − e^{(si − si − 1 )}

2s_{i − 1} λ^{− 1} e^{(si − si − 1 )}

1 (s_i − s_{i − 1} ) ] (35)

− 2 1 − e^{(si − si − 1 )}

1 − e^{(si − si − 1 )} 1 (s_i − s_{i − 1} ) + 2 λ^2 (s_i − s_{i − 1} )^2 ,

where λ^{− 1 2} /2a.

μ(x) = a(x − m σ^2 (x)^2 > for a > s_{i − 1} < x < s_i m

case μ(x) = ax and σ^2 (x)^2 > s

f(x) = Ke^{ax2 /σ} ≤ x ≤ s

EX = 2a σ K (e^{as 2 /σ} −

K ∫_0^s f(x)dx = K K constant K D(y) ≡ e^{− y2} ∫_0^ye^{x2} dx D(y) = y = K

subintervals.

μ(x) x x where b μ(x) x 0.

f_1 f_2 s_0 , s_k f_1 ≤_{lr} f_2 f_2 (x)_1 (x x f_1 f_2 s_0 , s_k) σ_1^2 (x)/σ_2 (x x and μ_2 (x)/σ_2 (x)_1 (x)/σ_1^2 (x) x f_1 ≤_{lr} f_2.

Proof. f_2 (x)_1 (x σ_1^2 (x)s_1 (x)/σ_2 (x)s_2 (x s_1 (x)_2 (x μ_2 (x)/σ_2 (x)_1 (x)/σ_1^2 (x x. σ_1^2 (x)_2 (x μ_1 (x)_2 (x all x. f_n (x) → f(x x if μ_n (x) (x σ_n^2 (x)^2 (x x n =

l

π_{j j} / i =lΣ u ρ_i , l ≤ j ≤ u

where ρ_l =

ρ_j = i =l +1Π j (β_{i − 1} /δ_i ) = δ_j β_l exp i =l +1Σ j− 1 log δ^i β_i

, l +1 ≤ j ≤ (41)

+ x) = x − 2 x^2 + 3 x^3

− . (42)

The (β_{i i} )/δ_i

have

ρ_j ∼ δ_j β_l exp i =l +1Σ j− 1 δ^i β_{i i} + O δ^i β_{i i} 2 . (43)

n = 1, β_l ∼ σ^2 (l), δ_j ∼ σ^2 ( j)/2, δ_i ∼ σ^2 (i)/

ρ_j ∼ σ^2 ( j)

2σ^2 (l) exp i =l +1Σ j− 1

σ^2 (i)

2μ(i) . (44)

μ(i)/σ^2 (i ρ_j ∼ σ^2 ( j)

2σ^2 (l) exp∫

l + 1/2 j − 1/2

σ^2 (y)

2μ(y) dy (45)

π_j ∼ ∫_{j− 1/2}^{j+1/2} f(y)dy ∼ f( j l ≤ j ≤ u

where f π_j density f( j).

g_i (x x∈ [s_{i − 1} ,s_i

i =1Σ k p_i ∫_{si − 1}^{si} g_i (x) f_i (x) (47)

β_{0 1} β_{0 1} . β_{0 1} )/η_2 β_0 /η_2 f_1 (x) =

1 − e^{1 (c1 +} λ_1 e^{1 (x+1/}

f_2 (x) = C(s) . ϕ γ x (c_1 +

f_3 (x) = 1− e^{2 c2} λ_2 e^{2 (x− (c1 +1+s +1/}

where

λ_1 = 2μ δ , C(s) 1 Φ γ 1/2 γ 1/2 + s , λ_2 = sη_2 ) sη_2

. (51)

m = c_1 + 1

r_1 = 1,

r_2 =

− e^{1 (c1 +} 2β_0 C(s)ϕ 1/ /γ)

1 e^{1 (c1 +} (52)

r_3 = r_2 . ( sη_2 )λ_2

− e^{2 c2} β_0 C(s)ϕ s +1/ /γ) . (53)

parameters c_1, s and c_2 s

c_1 + c_2

dedicated

h_1 = h_3 < h_2),

h_2 < h_1 ,h_3

ranked

+ 1_1 + c_2 s

queueing quadratic in

linear parallel;

g_i (x) = h_i .(x− s_{i − 1} )^2, i = g_2 (x) = h_2 . (x− s_1 ) ≡ h_2 . (x− (c_1 +1+1/

B(c_1 ,s,c_2

E(B(c_1 ,s,c_2 = p_1 h_1 E(X_1 − s_0 )^2 + p_2 h_2 E(X_2 − s_1 )+p_3 h_3 E(X_3 − s_2 )^2

where X_i f_i

E(X_1 − s_0 )^2 = 4 1 − λ_1 − e^{1 (c1 +} )

1_1 e^{1 (c1 +}_1 (c_1 +

+ 4 1 1− e^{1 (c1 +}

1− e^{1 (c1 +}_1 (c_1 +_1^2 (c_1 +^2 /

E(X_2 − s_1 ) = c_1 + 1 C(s) γ^2 ϕ γ 1/2 γ s 1/2

E(X_3 − s_2 )^2 = (c_1 +1+s +1/^2 + λ^2 c_1 +1+s +1/

1− e^2

c_2

1_2 e^{2 c2}_2 c_2 ) ____________________

+ λ_2 − e^{2 c2 )}

1− e^{2 c2}_2 c_{2 2} c_2 / . (57)

p_2 = p_2 (c_1 ,s), p_3 = p_3 (c_1 ,s,c_2 ) λ_{2 2} (s).

c_1 + c_2 + K c_1 = c c_2 = K − c in

E(B(c,s,K− c c

c = 0, c = K

maximize s E(B(c_1 ,s,c_2 ≤ l l

EB(c,s,K− c c

Acknowledgement.

REFERENCES

Dover,

∨ problems,’’ Stochastics

Probability,

1992.

Servers,’’ 5

process,’’

Springer-Verlag,

appear.

Springer-Verlag,

n,

th

th

Processes,’’ 1

Simulation,’’

Management