by

ABSTRACT

approximations.

n busy cycles.)

W_n n^{th} Q(t t

W_n^∗ = W_k ≤ k ≤ n n ≥ and Q^∗ (t) = Q(s ≤ s ≤ t t ≥ n and t Q(t Q^∗ (t

Q^∗ (t) ∼ γ t + log Z where t e), Z

P(Z ≤ x) (x) = − e^{− x} x and γand β W_n t in n β and γ Λ EZ = VarZ^2 /6 ∼ Z) ∼ Z) ∼

EQ^∗ (t) ∼ γ log t and SD(Q^∗ (t ∼ γ t log EQ^∗ (t t ≤ t γ γ EQ(∞ Q^∗ (t t)EQ(∞ EQ(∞ ).

constants γ, β and γ ξ β log t γ ξ y t.)

first approach,

{R(t t ≥ − + R^∗ (t) = R(s ≤ s ≤ t t ≥ 0 . (1.7) Let (t)

2R^∗ (t) − t Z as t .

t and ρ

R^∗ (t R =

Our

W

P(W > x) e^x as x where η and α and f(x)∼g(x f(x) (x) → x assume

W_n^∗ X_{θn}^∗ = X_k ≤ k ≤ θn n ≥ X_k X_k W θ W_k n θn independent

1.

D′(u_n not hold.

θ

W α and η ηW_n^∗ − n) Z as n where η and α θ Z

α and η

x

x lim e^{ηx}P(Q > x) ≤_xlim e^{ηx}P(Q > x) e^η . (1.11) − 1 and β by α e^η θ Q^∗ (t

θ

σ_W^2 ≡_nlim n^{− 1}

k=1Σ^{n W}k^{) . (1.12)}

θ by θ ∼ Var σ_W^2 . (1.13) X_k:k ≥ m Y_k:k ≥

Y_{(k− m+j} = X_k for j = m 1 and σ_Y^2 /Var Y_1 = m Wand σ_W^2

W, σ_W^2 θ approximate θ

Our

η and α θ

η η η η θ θ.

θ

ρ {W(t t ≥ W

P(W(t) > x) − )x t W^∗ (t) = W(s ≤ s ≤ t t > 0 . (2.2) Let Z

)W^∗ (t) − ρ )^2 t) Z as t . (2.3) )^{− 1} and )^2.

t limP(γW^∗ (t)− λ b^∗ ) ≤ x) (x because

Λ(x + logc) (x)^1 (2.5) 1 , , m = 1/ b^∗ = Ee^{γv0} = )^{− 1 − 1}, Ee^{γSα} /( ) , a and b ).

intensity ρ

R(t;μ,σ^2 μand σ^2 R μ,σ^2 ) σ^2 /2μ R(t) ≡ R(t;−

aR(bt; μ,σ^2 ) =^d R(t; −

where =^d a = μ/σ^2 and b^2 /μ^2

W^∗ (t

2 ) W_ρ )^2 ) R(t

where W_ρ (t ρ

f(x) = x(s ≤ s ≤ t

2 ) W_{ρ∗} )_2 ) R_∗ (t

t.

R^∗ (t) ∼ 2 ) W_ρ^∗ )^2 )∼ 2 ρ t) + Z ∼ ∼ 2 t + Z

t

M T Clearly, M > x x

P(M > x) = 1 − e^{− 2x}

(e^2 − e^{− 2x} , x ≥

P(M > x) ∼ (e^2 − e^{− 2x} as x . (3.6)

±1/ n

p_n = − / n / n^{th}

n (e^2 −

ET = (e^2 − /2 . (3.7) N(t t N(t) → 1 as t .

x + t t x + t. ∞ −

Q_ρ (t t ≥ by ρ

Q_ρ^∗ (t) = Q_ρ (s ≤ s ≤ t t ≥ 0 . (4.1) assume

)Q_ρ ( )^2 ) ∼ R(t; a,b a and b. Q_ρ (t a and b ρ .

ρ

ρ

which a m and b = m(c_a^2 + c_s^2 c_a^2

and c_s^2

c_a^2 and c_s^2

c_A^2 and c_S^2

Q_ρ (t) ∼ a ) b R(a^2 )^2

and

Q_ρ^∗ (t) ∼ a ) b R^∗ (a^2 )^2 )

∼ 2a ) b a^2 )^2 ) + Z

where a and b Z

2a ) b and b 2a^2 )^2 . (4.5)

γ EQ_ρ (t ER(a^2 )^2 ) ∼ ER(∞ ) = 1/ γ ∼ EQ_ρ (t

a ) is

η η a ) 1, t ρ ρ t as t t )^{− 2}. ρ t )^{− 2} t^∗ R^∗ (t t ≥ t^∗ t ρ be

t̂(ρ ) =

a^2 )^2 bt̂

where t̂ ≥ t^∗

)Q_ρ^∗ (t̂(ρ a b R_∗ (t̂

ρ t̂(ρ ),

Q_ρ^∗ (t̂(ρ ∼ a ) b R^∗ (t̂

If t(ρ t(ρ ρ t(ρ

η t and t(ρ t ρ

)W_ρ ( )^2 ) ∼ R(t; − . (4.9) a b =

W_ρ^∗ (t) ∼ 1 1 )^2 t) + Z

ρ obtain

Q_ρ^∗ (t) ∼ 2a ) b a_2 ρ )_2 ) + Z) . (4.11)

process Q_ρ (t a b = c_a^2 + c_s^2.

ρ

Q_ρ^∗ (t Z

EQ_ρ^∗ (t) ∼ 2a ) b t + a^2 ρ )^2 ) +

and

ρ ∗ (t) ∼ a ) b . (4.13)

Q_ρ (t) Q_ρ^∗ (t that Q_ρ P(Q_ρ > x) e^x as x where x Q_ρ

Q_ρ^∗ (t) ∼ η t) + Z

where α and η Z θ is

θ ∼ Var σ_Q^2

Q Q_ρ σ_Q^2

σ_Q^2 =_tlim t^{− 1} 0 ∫^t Qρ (s)ds

η, α , σ_Q^2 Q

η γ Q_ρ

VarQ_ρ ∼ (EQ_ρ^2 ∼ 4a^2 )^2 b^2 . (5.5) σ_Q^2 ∼ b^3 /2a^4 )^4

θ ∼ a^2 )^2 /2 (5.7)

t ∼ a^2 )^2 2b a^2 ρ )^2 ρ /α

for θ θ ∼ σ_Q^2

∼ t

2a^2 )^2 (5.9) α

α

EQ_ρ η

U f̂_U (s) ≡ Ee^{− sU} and mean ρ^{− 1} V f̂_V(s) ≡ Ee^{− sV} W and L

η and α η

α_L = η α_Wρ (Ee^{ηV} −

W (L

η Ee^{s(V− U)} ≡ f̂_V(− s) f̂_U (s) = 1 . (6.2) V− U be < E V− U)e^{η(V− U)} ] η, α_W and α_L in

θ θ_W = P(W = − Ee^I θ_L P(W = Ee^{ηV} − Ee^I P(W = I period.

1− Ee^U = η . (6.5)

P(W = = 1

θ_W = ) η (6.6)

θ_L )Ee^{ηV} η (6.7)

α_Lθ_L )^2 I U ρ − f̂_U (s

− Ee^I ) ∼ 1 − η ρ − f̂_U (η . (6.8)

f̂_U (s) /( s ρ − f̂_U (s = f̂_U (s

probability P(W >

P(W > (c_a^2 − ρ )h(ρ ,c_a^2 ,c_s^2

where

h(ρ ,c_a^2 ,c_s^2 ) =

c_a^{2 2} c_a^2 +c_s^2 )

4ρ ,

1 (c_s^2 −^2 c_a^2 +c_s^2 )

1+c_a^2 c_s^2 , c_a^2 > c_a^2 ≤ 1 (6.10)

c_a^2 and c_s^2

P(W >

f̂_U (η f̂_V(

parameters η and α_N and α_L ρ , c_a^2 and c_s^2.

f̂_V(η f̂_V(

f̂_V( ) = 1^2 2 (c_s^2 + + o(η^2

and

f̂_U (η) = 1 − ρ η_2

2ρ^2

(c_a^2 +

+ o(η^2 0 . (6.12)

− Ee^I ) ∼ 2ρ η(c_a^2 + . (6.13)

η and α_W α_W ∼ ηEW η c_a^2 + c_s^2

) − )η_∗ + O )_2

where

η^∗ = c_a^2 +c_s^2 )^2 v_3 − 3c_s^2 (c_s^2 + − u_3 − 3c_a^2 (c_a^2 + (6.15)

with v_3 = E[V^3 u_3 = E ρ U)^3

P(W = − Ee^I θ η,ρ ,c_a^2 and c_s^2 η ρ ,c_a^2 ,c_s^2 u_3 and v_3.

η α

c_a^2 and c_s^2 c_A^2 and c_S^2 (e.g., c_A^2 P(W = γ and β

2 2 2 2 2/1)

EV = 1. 2

f(x) = pλ_1 e^{1 x} + − p)λ_2 e^{2 x} , x ≥ λ_1 = − p)/λ_2 c^2 =

M, H_2

ρ ρ ,

c_a^2 = c_A^2 = c_A^2 > c_a^2 c_A^2 c_a^2 = c_A^2 =

2^{14} × 10^3 =

k × 10^3 for k = ρ

t

2 2

α

γ H_2

D γ γ η β β is

parameters α and η c_a^2 c_A^2 y c_a^2 c_A^2 P(W = c_a^2 and c_A^2 probability P(W > y y-intercept

approximation.

γ D H_{2 2} time t

η^{− 1} =

η^{− 1} =

)^2 a^2 × )^2 is ×

∼ a^2 )^2 4b

8/ )^2

both ρ b

2 2 /_{2 2} /

different

f_r (x) = r r r − 1 r x^{− (r +} , x ≥ (r −

c_s^2 = 1 (r −

r = c_s^2 = not not t t.

t^{1/} t

distribution.

Acknowledgment.

REFERENCES

.. U .. bertragungstechnik

111.

J.

process.

47-52.

635.

Distributions-1

564.

Adv. (1995).

(1995).

Math.

Appl.

114-161.

crude EL − mean refined RBM 2a ) b b 2a^2 ρ )^2

(4.11) Associated for α /η η θ ∼ σ_L^2 sequence ∼ 2a^2 )^2

GI/G/1_L for α θ_L P(W = Ee^{ηV} − Ee^I )

approx. P(W = − Ee^I

c_A^2 c_a^2

(1.5).

1/η α ±0.065 M/M/1 ±0.37 ±0.064 M/D/1 ±0.14 ±0.37 M/H_2/1 ±1.0 ±0.10 H_2/D/1 ±1.0 ±0.38 H_2/H_2/1 ±1.8 ±0.26 MMPP/D/1 ±0.52 ±0.46 MMPP/H_2/1 ±1.9

γ

RBM γ 0.7 − 7.82 − 7.29 − 7.29 − 7.29 − 7.29 ± − − − 2.77) M/M/1 0.9 − 41.9 − 41.3 − 41.3 − 41.3 − 41.3 ± − − − 4.71)

0.7 − 0.92 − 1.84 − 2.02 − 2.49 − 2.21 ± − − − 2.07) M/D/1 0.9 − 13.5 − 16.3 − 16.4 − 17.2 − 16.6 ±1.7 − − − 4.02)

0.7 − 31.1 − 34.9 − 33.0 − 25.9 − 31.0 ± − − − 3.68) M/H_2/1 0.9 − 132. − 137.4 − 135.8 − 126.2 − 134.2 ± − − − 5.63)

0.7 − 11.9 − 11.9 − 12.4 − 19.2 − 12.5 ± − − − 3.46) H_2/D/1 0.9 − 91. − 86.2 − 86.5 − 96.5 − 86.5 ± − − − 5.40)

0.7 − 45.8 − 48.3 − 49.7 − 47.7 − 48.0 ± − − − 4.15) H_2/H_2/1 0.9 − 220. − 215. − 222. − 221. − 221.

± − − − 6.10)

0.7 − 13.8 − 8.97 − 12.1 − 16.2 − 11.7 ± − − − 3.33) MMPP/D/1 0.9 − 79.3 − 92.4 − 96.6 − 103.6 − 95.9 ± − − − 5.46)

0.7 − 36.1 − 43.7 − 48.3 − 44.0 − 46.1 ± − − − 4.09) MMPP/H_2/1 0.9 − 222. − 220. − 232. − 229. − 230.

± − − − 6.13)

y β

2/1 traffic intensity P(W >

c_a^2 c_A^2 yintercept: − − − − 222 simulation estimate ± ± ± ±23 yintercept:

exact P(W = plus c_a^2 − − − − 239 plus c_A^2 − − − − 208 yintercept:

with c_a^2 − − − − 230 with c_A^2 − − − − 220

P(W > y

/η

M/M/1

M/D/1

M/H_2/1

H_2/D/1

H_{2 2}/1

MMPP/D/1

MMPP/H_2/1

× × )^2 knee× c_a^2 +c_s^2 )

)^2

H_{2 2} /

H_{2 2} / ρ .