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Min �
X
v2V

X
i2E[S

Tvi +
X
v02V 0

X
i02E0[S

Tv0i0 (1)X
j2E

X
i2D(v)

Xvij = Zv 8v 2 V (2)X
j02E0

X
i02D0(v0)

Xv0i0j0 = Zv0 8v0 2 V 0 (3)X
i2D(v)[E

Xvij =
X

i2E[S
Xvji 8j 2 E; 8v 2 V (4)X

i02D0(v0)[E0
Xv0i0j0 =

X
i2E0[S

Xv0j0i0 8j0 2 E0; 8v0 2 V 0

(5)X
v2V

Qvi = di 8i 2 E (6)X
v02V 0

Qv0i0 = di0 8i0 2 E0 (7)X
i2E

Qvi �CapvZv 8v 2 V (8)X
i02E0

Qv0i0 �Capv0Zv0 8v0 2 V 0 (9)

CapvYvi � Qvi 8i 2 E [ S; 8v 2 V (10)

Yvi � Qvi 8i 2 E [ S; 8v 2 V (11)

Capv0Yv0i0 � Qv0i0 8i 2 E0 [ S; 8v0 2 V 0 (12)

Y v0i0 � Qv0i0 8i 2 E0 [ S0; 8v0 2 V 0 (13)X
j2E[D(v)

Xvji = Yvi 8i 2 E; 8v 2 V (14)X
j02E0[D0(v0)

Xv0j0i0 = Yv0i0 8i0 2 E0; 8v0 2 V 0 (15)X
j2E

Xvji = Yvi 8i 2 S; 8v 2 V (16)X
j02E0

Xv0j0i0 = Yv0i0 8i0 2 S; 8v0 2 V 0 (17)X
v2V

Qvi � Capi 8i 2 S (18)X
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&i 2 E [ S |xQo QO CtON |x�=Q= u=tR %Dti

&i0 2 E0 [ S |xQo QO CtON |x�=Q= u=tR %Dti0
&nQR@ |r}N Q=Okt %Mbig

&C}ty= ?} Q[ %�
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QO xm CU= u}= |xOvyOu=Wv 25 C}OwOLt "OwW|t xDiQo Q_v QO QiY 'CU=
QkDUt u; QO xm |Q=@v= R= xr}Uw Qy CmQL ẁQW u=tR '|O=Ot= sqk= `} RwD Ov}=Qi
xDiQo Q_v QO O=Qi= |x}rND Ov}=Qi ẁQW R= Oa@ |v=tR OL=w 
 pk=OL 'CU= xOW
Qy uO}UQ u=tR 'sr=U O=Qi= |x}rND Ov}=Qi QO 27 w 26 |=yC}OwOLt "OwW|t
"OvyO|t u=Wv ?}DQD x@ =Q x=oy=vB Qy w xO}OxFO=L |xk]vt Qy x@ |O=Ot= |xr}Uw
|xr}Uw Qy uO}UQ u=tR '|O=Ot= sqk= `} RwD Ov}=Qi QO 29 w 28 |=yC}OwOLt
30 C}OwOLt "OvyO|t u=Wv ?}DQD x@ =Q x=oy=vB Qy w xOvvmu}t-=D Qy x@ |O=Ot=
QO =yx=oy=vB w xO}OxFO=L \=kv x@ |O=Ot= p}=Uw uO}UQ |v=tR |xQHvB Qou=}@
uO}UQ |v=tR |xQHvB |xOvyOu=Wv 31 C}OwOLt "CU= sr=U O=Qi= |x}rND Ov}=Qi
"CU= |O=Ot= sqk= `} RwD Ov}=Qi QO =yx=oy=vB w =yxOvvmu}t-=D x@ |O=Ot= p}=Uw
sr=U O=Qi= |x}rND Ov}=Qi QO xm@W R= xQo Qy QO xkrL O=H}= R= 32 C}OwOLt
`} RwD Ov}=Qi QO xm@W R= xQo Qy QO xkrL O=H}= R= 33 C}OwOLt "Ovm|t |Q}owrH
x@ x=oy=vB Qy QO xm CU= u; Qou=}@ 34 C}OwOLt "Ovm|t |Q}owrH |O=Ot= sqk=
|xOvyOu=Wv 44 =D 35 |=yC}OwOLt "CU= OwHwt |O=Ot= sqk= sr=U O=Qi= O=OaD

"CU=yQ}eDt ẁv

X
v02V 0

Zv0 �V 0 (23)

Tvi = 0 8i 2 D(v); 8v 2 V (24)

Tv0i0 � � X
j02E0

Xv0i0j0 8i0 2 D0(v0) 8v0 2 V 0 (25)

(Tvi +Dti + cij)�Mbig (1�Xvij) � Tvj 8j 2 E;
8v 2 V; 8i 2 D(v) [ E (26)

(Tvi +Dti + cij)�Mbig (1�Xvij) � Tvj 8j 2 S;
8v 2 V; 8i 2 E (27)

(Tv0i0 +Dti0 + ci0j0)�Mbig (1�Xv0i0j0) � Tv0j0
8j0 2 E0; 8v0 2 V 0; 8i0 2 D0(v0) [ E0 (28)

(Tv0i0 +Dti0 + ci0j0)�Mbig (1�Xv0i0j0) � Tv0j0
8j0 2 S; 8v0 2 V 0; 8i0 2 E0 (29)

Tvi � bi 8v 2 V; 8i 2 E [ S (30)

Tv0i0 � bi0 8v0 2 V 0; 8i0 2 E0 [ S (31)

Xvii = 0 8i 2 N; 8v 2 V (32)

Xv0i0i0 = 0 8i0 2 N 0; 8v0 2 V 0 (33)X
v02V 0

Qv0i0 =
X
v2V

Qvi 8i = i0 2 S (34)

Xvij 2 f0; 1g 8i 2 N; 8j 2 N; 8v 2 V (35)

Yvi 2 f0; 1g 8i 2 E [ S; 8v 2 V (36)

Zv 2 f0; 1g 8v 2 V (37)

Qvi � 0 8i 2 E [ S; 8v 2 V (38)

Tvi � 0 8i 2 N; 8v 2 V (39)

Xv0i0j0 2 f0; 1g 8i0 2 N 0; 8j0 2 N 0; 8v0 2 V 0
(40)

Yv0i0 2 f0; 1g 8i0 2 E0 [ S; 8v0 2 V 0 (41)

Zv0 2 f0; 1g 8v0 2 V 0 (42)

Qv0i0 � 0 8i0 2 E0 [ S; 8v0 2 V 0 (43)

Tv0i0 � 0 8i0 2 N 0; 8v0 2 V 0 (44)
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x@ ẁQW xO}OxFO=L \=kv R= |m} CtU x@ CU= xOW QkDUt u; QO xm |Q=@v= R=
'|O=Ot= sqk= `} RwD Ov}=Qi QO xm CU= u; Qou=Wv 3 C}OwOLt "Ovm|t CmQL
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C}OwOLt |xOvyOu=Wv 4 C}OwOLt "Ovm|t CmQL x@ ẁQW =yxOvvmu}t-=D R= |m}
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"Ovm|t xO=}B x=oy=vB u}= QO =Q Qiv 10 w OUQ|t 2 x=oy=vB
R= xm |}=yq=m O=OaD '|O=Ot= sqk= `} RwD |xr}Uw Qy CmQL Q}Ut 7 pwOH QO
|xr}Uw uO}UQ u=tR w OvwW|t x}rND x]w@ Qt x=oy=vB QO w |Q}oQ=@ xOvvmu}t-=D Qy
xOW xO=O u=Wv 'Ovm|t C=kqt xm |y=oy=vB w =yxOvvmu}t-=D R= l} Qy x@ |O=Ot=
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1. multiple depots
2. split delivery
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