
min
∑
i∈N

∑
j∈N

∑
v∈V

D∑
d=1

T∑
t=1

Cijx
vdt
ij (1)

subject to ∑
j∈N

∑
v∈V

D∑
d=1

T∑
t=1

xvdt
ij = 1, i ∈ O (2)

∑
j∈N

xvdt
ij =

∑
j∈N

xvdt
ji , i ∈ O, v ∈ V, d = 1 . . . D, t = 1 . . . T (3)

∑
v∈V

D∑
d=1

wvd1
Hv

= 0 (4)

xvd1
Hvj(TTHvj − wvd1

j ) ≤ 0, j ∈ O, v ∈ V, d = 1 . . . D (5)

xvdt
ij (wvdt

i + V T +
∑
k∈K

LTak
DELki + TTij − wvdt

j ) ≤ 0,

i ∈ O, j ∈ N , v ∈ V, d = 1 . . . D, t = 1 . . . T (6)

xvdt
sj (wvd,t−1

s + CL + TTsj − wvdt
j ) ≤ 0,

s ∈ S, j ∈ O, v ∈ V, d = 1 . . . D, t = 2 . . . T (7)

wvdt
s − wvdt

i ≤WMAX , s ∈ S, i ∈ O, v ∈ V,

d = 1 . . . D, t = 1 . . . T (8)

wvdt
s ≤WEND, s ∈ S, v ∈ V, d = 1 . . . D, t = 1 . . . T (9)

∑
g∈Gv

fdt
kgi = xvdt

ij DELki, k ∈ K, i ∈ O,

v ∈ V, d = 1 . . . D, t = 1 . . . T (10)

A∑
a=1

edt
ag ≤ 1, g ∈ G, d = 1 . . . D, t = 1 . . . T (11)

∑
i∈O

∑
k∈K

fdt
kgiSRk ≤ FLg, g ∈ G, d = 1 . . . D, t = 1 . . . T (12)
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T∑
t=1

D∑
d=1

∑
p∈P

edt
bov,UPp

= 0 (13)

∑
i∈O

∑
k∈K

fdt
kUPpi ≤M(HSp + (1− edt

bov,LOp
)), p ∈ P,

d = 1 . . . D, t = 1 . . . T (14)

∑
k∈Ka

∑
i∈O

fdt
kgi ≤Medt

ag, a = 1 . . . A, g ∈ G,

d = 1 . . . D, t = 1 . . . T (15)∑
k∈K

fdt
kgi ≤Mzdt

gi , i ∈ O, g ∈ G, d = 1 . . . D, t = 1 . . . T (16)

∑
g∈Gv

(
A∑

a=1

edt
ag)z

dt
gi ≤ 1, i ∈ O, v ∈ V, d = 1 . . . D, t = 1 . . . T (17)

x
Vgdt
ij zdt

gj ≤ x
Vgdt
ij zdt

gi , i, j ∈ O, g ∈ G, d = 1 . . . D, t = 1 . . . T (18)

zdt
UPpi ≤ zdt

LOpi, i ∈ O, p ∈ P, d = 1 . . . D, t = 1 . . . T (19)

zdt
LOFRv i ≤ zdt

UPMIDv i, i ∈ O, v ∈ V, d = 1 . . . D, t = 1 . . . T (20)

zdt
LOMIDv i ≤ zdt

UPREv i, i ∈ O, v ∈ V, d = 1 . . . D, t = 1 . . . T (21)∑
j∈O

xvd1
Hvj ≤ 1, v ∈ V, d = 1 . . . D (22)

∑
j∈O

xvd1
Hvj ≥

∑
j∈O

xvd2
sj , v ∈ V, d = 1 . . . D (23)

∑
j∈O

xvd,t−1
sj ≥

∑
j∈O

xvdt
sj , v ∈ V, d = 1 . . . D, t = 3 . . . T (24)

∑
v∈V

∑
j∈O

D∑
d=1

T∑
t=2

xvdt
Hvj = 0 (25)

∑
i∈N

∑
v∈V

D∑
d=1

T∑
t=1

xvdt
iHv

= 0 (26)
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∑
s∈S

∑
j∈O

∑
v∈V

D∑
d=1

xvd1
sj = 0 (27)

∑
j∈O

∑
v∈V

D∑
d=1

T∑
t=1

xvdt
ji = 0, i ∈ B (28)

∑
j∈O

∑
v∈V

D∑
d=1

T∑
t=1

xvdt
ij = 0, i ∈ I (29)

ia0 = IINIT
a , a = 1 . . . A (30)

iaD = IEND
a , a = 1 . . . A (31)

iad ≤ IMAX
a , a = 1 . . . A, d = 1 . . . D − 1 (32)

iad ≤ SLa,d+1, a = 1 . . . A, d = 1 . . . D − 1 (33)

ia,d−1 +
∑

k∈Ka

∑
g∈G

∑
i∈O

T∑
t=1

fdt
kgi−SLad = iad, a = 1 . . . A, d = 1 . . . D (34)

xvdt
ij ∈ {0, 1}, i, j ∈ N , v ∈ V, d = 1 . . . D, t = 1 . . . T (35)

wvdt
i ≥ 0, i ∈ N , v ∈ V, d = 1 . . . D, t = 1 . . . T (36)

edt
ag ∈ {0, 1}, a = 1 . . . A, , g ∈ G, d = 1 . . . D, t = 1 . . . T (37)

zdt
gi ∈ {0, 1}, g ∈ G, i ∈ O, d = 1 . . . D, t = 1 . . . T (38)

fdt
kgi ≥ 0, k ∈ K, g ∈ G, i ∈ O, d = 1 . . . D, t = 1 . . . T (39)

iad ≥ 0, a = 1 . . . A, d = 1 . . . D (40)
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