by 1 2 3

1 2 3

Abstract

th percentile

W

P(W > x) e^x as x i.e., e^{ηx}P(W > x) as x η and α x)

x p)^{th} percentile w_p ≡ x :

P(W > x) = 1 − p},

w_p ∼ log 1− p α η 1

p ≥

α and η

W

T and L

not

T and L same η α_W, α_L and α_T

η ρ

η

Let V W Ee^{sV} s > 0. T L η W α_L and α_T W. W, L and T

π,Q π d Q d×d W, L and T π_W,Q̃ π_L, Q̃ π_T, Q̃ Q̃ ×d π_W, π_L and π_T d η Q̃

π_W, π_L and π_T.

s > without Q̃ d Q̃ is

s d +s − 1 ≡ (d +s − /(d − s_d/s s servers.

ηxP(W>x)_W^{ηV} and

e^{ηx}P(T > x)_{T W}^{ηV}_W .

Proof. Ee^{ηV} T = W + Vwhere Wand V

e^{ηx}P(T>x) = ∫_0^xe^{η(x− u)} P(W>x− u)e^{ηu}dP(V ≤ u) + e^{ηx}P(V > x)

= ∫_0^∞ 1 x] e^{η(x− u)} P(W > x− u)e^{ηu}dP(V ≤ u) + e^{ηx}P(V > x) .

Since Ee^{ηV} , e^{ηx}P(V > x) → x W

Ee^{ηV}

be σ^{− 1} σ

then P(T > x) = P(W > x − e^{(x−} as x α_T e^η

generalization.

When ρ η

Ee^{ηV} ∼ E 1 V + 2 η^2 V^2 + 6 η^3 V^3

∼ 1 2 η^2 (c_s^2 + + 6 η^3 v_3 _____ . (3)

X G X_e

P(X_e > x) = EX 1 ∫_x^∞ P(X > y)dy, x ≥ 0 . (4)

If Ee^{sX}

Ee^{sXe} = sEX E(e^{sX} − .

Proof. ηxP(W>x)_W

e^{ηx}P(L>x)_L ≡ η α_Wρ (Ee^{ηV} − .

Proof. P(L>x) P(W + V_e >x x V_e W

that EV =

E^{ηVe} = η (Ee^{ηV} − .

T L η and σ ρ E(e^{ηV} − / )/ . L W ρ (Ee^{ηV} − / of η α_L .ρ η (Ee^{ηV} − = σ because 1

α_L ∼ η α_Wρ ηEV + 2 η^2 EV^2 + 6 η^3 EV^3

∼ α_Wρ 1 2 (c_s^2 + + 6 η^2 v_3 _____ . (6)

1

α_L ∼ α_Wρ + )^∗ )^2 + c_a^2 + (c_s^2 )^2

)^2 v_3

+ O )^3

∼ α_W )^2 + O )^3

where

3 2 (c_a^2 + c_s^2 )

(u_3 − 6c_a^2 ) − (c_a^2 + c_s^2 ) c_a^2 − + 1 . (8)

ξ O )^2 O ξ

α_T and α_L given η and α_W

Ee^{ηV}

α_T and α_L given η and α_W

α_{Tap} ET and α_{Lap} EL.

η η _ (V

η _ (V) = Ee^{γV} } . (9)

P(V > x)_Vx^V e^{Vx} as x η _ (V η _ (V_e

Wto L

P(L > xL > = P(W + V_e > x

ρ 1 − L̂(s) = 1 − Ŵ(s)V̂_e (s) α_L/α_W

α_W ∼ ηEW and α_L ∼ η (10)

EW EL ∼ ∼ α_W α_L = ρ ) (11)

where Ee^{ηV}

EW EL ∼ ∼ 1 )^2

for ζ

T and W

2 b

c_s^2 = p_1 = λ_1 = λ_2 = Wand L EL = ET = L and T α_{L W} = α_T = W/α_T = η_{HT} = η_{ap} = α_{Lap} EL = α_{Tap} ET = η_{ap} EL = η_{ap} ET =

P(L > x P(T > x

2 2 c_s^2 = for W, T and L yielding σ^{− 1} = Ee^{ηV} =

Ee^{ηV} α_W = α_T = α_L =

(α_L/α_W) =

= = EL/EW = α_L/α_W =

Γ_{1/2}

ρ ρ / ρ are considered: α e3^x η α_L and α_T α_L by η α_T by η approximates α_L and α_T

α th α ∼ α ∼ α ∼

with α_W and α_L are α_L/α_W with

η σ

Q

P(Q > k)^k as k σ σ _ (Q)^{− 1} = z ≥ Ez^Q η _ (L

distributions.

(α ,T) where α

η _ (V) = 1/ T_{ii} ≤ i ≤ k} _ (R_i ) i Proof. Since α_i i,

Ee^{sV} = i =1Σ k α_i Ee^{sRi} ,

η _ (V) = η _ (R_i ≤ i ≤ k, α_i > R_i

− 1_{ii} P = T /T_{ii} if T_{ii} > P =

q_i = 1 −

j=1Σ^{k P i,}

Ee^{sRi} = Ee^{sTi} (q_i +

j=1Σ^{k EesRj P}

η _ (R_i ) = η _ (T_i η _ (R_j ≤ j ≤ k , P > .

η _ (V) =_{1≤i≤k}maxη _ (R_i ) =_{1≤i≤k}maxη _ (T_i ) = 1≤i≤k minT_{ii} 1 .

σ _ (Q)^{− 1} = Ee^{η_(L)V} .

Proof. k L_i and Q_i

phase i R_i i π_i i P(L > = P(Q >

Ee^{sL} i =1Σ k π_i Ee^{sLi} and Ez^Q i =1Σ k π_i Ez^{Qi} (15)

and η _ (L) =_{1≤i≤k}maxη _ (L_i σ _ (Q)^{− 1} =_{1≤i≤k}maxσ _ (Q_i )^{− 1} . (16)

L and Q is

Ee^{sLi} = Ee

s(R_i +_{j=1}Σ

Q_i

V_j )

= Ee^{sRi} E(Ee^{sV})^{Qi} . (17) η _ (V) _ (L η _ (R_i ) _ (V α_L for L and β

W T L rate η α_W, α_T and α_L α_W, α_L and α_T

α_T, α_L η_1 α_W

References

distributions,’’

Ann. Probab.

1976.

GI/H_m/s.

distributions,’’ ..

process,’’

221-254.

x exact α_Le^x α̂_L(x) η̂(x)

probabilities, P(L > x_2^b c_s^2 =

x exact α_Te^x α̂_T(x) η̂(x)

P(T > x_2^b c_s^2 = x

− − − − − −

− − − −

MMPP_{2 2} / α approx., α ∼ α_{L L} ∼ α_L ∼

99.99

110.6959

110.6959

110.89

114.6

α approx., α ∼ mean α_L = α_L ∼ α_L×

Γ_{1/2} α approx., α ∼ α_{T T} ∼ α_T ∼

99.99

112.9384

112.9384

113.12

114.6

α approx., α ∼ mean α_{T L} ∼ α_L×

Γ_{1/2}