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child(i, 1), . . . , child(i, ni) ni

i i
R∗i i

ᾱi

R̄i = Ri +
ni∑

j=1

R∗child(i,j)

i

ᾱi = αi +
ni∑

j=1

α∗child(i,j)

i

αi(t) = pit = γpi,0(t)



βR,T (t) = R [t− T ]+

[x]+ x x ≥ 0 0

i

βi(t) = βfi,li(t) = fi[t− li]+

fi li
i



i

α∗i = ᾱi # βi =



αi +
ni∑

j=1

α∗child(i,j)



# βi

αi

βi i i = 1, . . . , N
α∗i

α∗i

Di i

Di = h(ᾱi,βi) = sup
s≥0

{inf{τ ≥ 0 : ᾱi(s) ≤ βi(s + τ)}}

D̄i

i P (i)

D̄i =
∑

i∈P (i)

Di

D̄ = maxi=1,...,N D̄i



i F
i

αpred
i i i i ∩F

αexcl i i i \F
θopt βeff

i = maxθ≥0 {βi (t)− αexcl (t− θ)}
αpred

i # βeff
i

f
f f

delaytotal = 0.0
i f

delaytotal+ = h
ş
αpred

i , βeff
i

ť

delaytotal

β α2

β1
θ (t) = [β (t)− α2 (t− θ)]+ 1{t>θ}

θ ≥ 0 β1
θ β1

θ
1{cond} cond

αexcl βi

θ βeff
i



αpred
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βeff
i

βeff
i

αpred
i

αpred
i βeff
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R(t)
[0, t] R(0) = 0 R

R(t1) ≤ R(t2) t1 ≤ t2

R∗(t) S
S [0, t] R∗(0) = 0 R

R∗(t1) ≤ R∗(t2) t1 ≤ t2

f g
f(0) = g(0) = 0

(f ⊗ g)(t) = inf
0≤s≤t

{f(t− s) + g(s)}

f g
f(0) = g(0) = 0

(f # g)(t) = sup
s≥0

{f(t + s)− g(s)}

α
t < 0 α R R ≤ R⊗α

R α R α

S S
R R∗ S β β

R∗ ≥ R⊗ β



R(t)
α S β x(t) t

x(t) ≤ sup
s≥0

{α(s)− β(s)} = v(α, β)

v(α,β) α β

R(t)
α S β t

d(t)

d(t) ≤ sup
s≥0

{inf{τ ≥ 0 : α(s) ≤ β(s + τ)}} = h(α, β)

h(α, β) α β

R(t)
α S β

α∗ = α# β ≥ α

R(t) S1

S2 S1 β1 S2 β2

S

β = β1 ⊗ β2


