
1,2 1,2

1

2
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m n
A = {1, ...,m} S = {1, ..., n}

rj dj rj dj

Q (j1, j2) ∈ Q
j2 j1

y ∈ Nn

yi i xij

i j
tj j

γjc θjc
j c A

j
τj φj(x1j , . . . , xij , . . . , xnj) j

yi
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min
x,y,τ,t,γ,θ

f1(x, y, τ, t, γ, θ)

s.t. lij ≤ xij ≤ uij i ∈ S, j ∈ A

xij ≤ yi i ∈ S, j ∈ A

yi ≤
∑

j∈A

xij i ∈ S

τj = φj(x1j , .., xnj) j ∈ A

yi ∈ N i ∈ S

xij ∈ N i ∈ S, j ∈ A

τj ∈ R+ j ∈ A

(t, γ, θ) ∈ argmin
t,γ,θ

f2(t, γ, θ)

s.t. tj ≥ rj j ∈ A

tj ≤ dj − τj j ∈ A

tȷ̃ ≥ tȷ̂ + τȷ̂ (ȷ̂, ȷ̃) ∈ Q
∑

j∈A

xijγjc ≤ yi i ∈ S, c ∈ A

tc − tj ≥ M(γjc − 1) j ∈ A, c ∈ A

tc − tj ≤ τj +M(1− γjc)− ε j ∈ A, c ∈ A

tc − tj ≥ −Mθjc + τj −
τj
2
γjc j ∈ A, c ∈ A

tc − tj ≤ M(1− θjc) +
τj
2
γjc − ε j ∈ A, c ∈ A

tj ∈ R+ j ∈ A

γjc ∈ {0, 1} j ∈ A, c ∈ A

θjc ∈ {0, 1} j ∈ A, c ∈ A

xij

i

γ (j, c) γjc
j c

ε M

γjc = 1 ⇔ tj ≤ tc < tj + τj

i
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τ

τj xij yi
f2

yi
xij f̃

xij

j τj
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