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|v=tR |=yxQHvB w =yx=oy=vB C}iQ_ 'xr}Uw C}iQ_ x@ xHwD =@ TBU w xOQm R=e; =Q
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|Q}oQ=@ x@ '=yx=oy=vB x@ =yq=m uO}UQ |v=tR |=yxQHvB w =yx=oy=vB C=H=}DL= u=R}t
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"CU= xOW xDN=vW `} RwD p}=Uw |=yQ=@v= w

"CU= xOW xDN=vW '=yxOvvmu}t-=D |x[Qa w xO}OxFO=L \=kv |=[=kD Q=Okt "2
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"CU= xOW xDiQo Q_v QO |O=Ot= sqk= `} RwD Ov}=Qi
Ov}=Qi QO xr}Uw u}OvJ \UwD xO}OxFO=L |x]kv Qy x@ CtON |x�=Q= u=mt= "5

"CU= xOW xDiQo Q_v QO sr=U O=Qi= |x}rND
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"OwW|t

=yC}OwOLt w hOy `@=D "5"3

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
v02V 0

Qv0i0 � Capi0 8i0 2 S (19)X
i2S

Qvi =
X
i2E

Qvi 8v 2 V (20)X
i02S

Qv0i0 =
X
i02E0

Qv0i0 8v0 2 V 0 (21)X
v2V
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&i0 2 E0 [ S |xQo QO CtON |x�=Q= u=tR %Dti0
&nQR@ |r}N Q=Okt %Mbig
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'OwW xO=O X}YND i 2 E [ S |xQo x@ v 2 V |xr}Uw Qo = CU= 1 Q@=Q@ %Yvi
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&i 2 N |xQo x@ v 2 V |xr}Uw uO}UQ u=tR %Tvi
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Qy QO Yvi w Qvi Q}eDt wO u}@ |x]@=Q |xOvyOu=Wv 11 w 10 |=yC}OwOLt
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w Qv0i0 Q}eDt wO u}@ |x]@=Q |xOvyOu=Wv 13 w 12 |=yC}OwOLt "Ovm ?=NDv=
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Yv0i0 OwW|t Ea=@ Ovm|t Q=}DN= =Q QiY Q=Okt Qv0i0 xm |v=tR 13 C}OwOLt
x@ |}xr}Uw Qo = xm CU= u}= |xOvvmu=}@ 14 C}OwOLt "Ovm ?=NDv= =Q QiY Q=Okt
Q=QkDU= pLt Q=@v= \ki 'xk]vt u; R= p@k O@=} X=YDN= xO}OxFO=L |xk]vt l}
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"CU= xDiQo Q=Qk xOvvmu}t-=D l} \ki x=oy=vB u; R= p@k O@=} X=YDN= x=oy=vB l}
sr=U O=Qi= u=mU= |=Q@ x=oy=vB Qy C}iQ_ QFm =OL |xOvyOu=Wv 18 C}OwOLt
sqk= X}YND |=Q@ x=oy=vB Qy C}iQ_ QFm =OL |xOvyOu=Wv 19 C}OwOLt "CU=
|xO}OxFO=L j]=vt R= xm |O=Qi= O=OaD xm OQ=O|tu=}@ 20 C}OwOLt "CU= |O=Ot=
"OvwW|t pkDvt x=oy=vBl} x@ =yvD O@=}|t X=YDN= |O=Ot= |xr}Uw Qy x@hrDNt
Qy x@ hrDNt |=yxOvvmu}t-=D R= xm |tqk= O=OaD xm OQ=O|t u=}@ 21 C}OwOLt
C}OwOLt "OvwW|t pkDvt x=oy=vB l} x@ =yvD Ov@=}|t X=YDN= |O=Ot= |xr}Uw
O=Qi= |x}rND Ov}=Qi QO 'TQDUO QO |O=Ot= p}=Uw O=OaD QFm =OL |xOvyOu=Wv 22
'TQDUO QO |O=Ot= p}=Uw O=OaD u} QDW}@ |xOvvmu=}@ 23 C}OwOLt "CU= sr=U
Ov}=Qi QO xm CU= u; Qou=}@ 24 C}OwOLt "CU= |O=Ot= sqk= `} RwD Ov}=Qi QO
xOW QkDUt u; QO xm |Q=@v= R= xr}Uw Qy CmQL ẁQW u=tR 'sr=U O=Qi= |x}rND
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)

xO}OxFO=L \=kv x@ O=Qi= |x}rND p}=Uw uO}UQ u=tR pm |xOvvmu=}@ 1 hOy `@=D
2 C}OwOLt "CU=yx=oy=vB w =yxOvvmu}t-=D x@ sqk= `} RwD p}=Uw w =yx=oy=vB w
xr}Uw u; 'OwW s=Ra= |}xr}Uw Qo = 'sr=U O=Qi= |x}rND Ov}=Qi QO xm OQ=O|t u=}@
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
CtU x@ CU= xOW QkDUt u; QO xm |Q=@v= R= xr}Uw u; 'OwW s=Ra= |}xr}Uw Qo =
C}OwOLt |xOvyOu=Wv 4 C}OwOLt "Ovm|t CmQL x@ ẁQW =yxOvvmu}t-=D R= |m}
5C}OwOLt "CU= sr=U O=Qi= |x}rND Ov}=Qi QO 'xO}OxFO=L \=kv QO u=} QHC_=iL
|O=Ot= sqk= `} RwD Ov}=Qi QO '=yxOvvmu}t-=D |=Q@ u=} QH C_=iL C}OwOLt Qou=Wv
xFO=L pLt R= xO}O?}U; |xk]vt Qy O=Qi= s=tD |x}rND Qou=}@ 6 C}OwOLt "CU=
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20 120 { 60 9
20 120 { 40 10

"�xk}kO� sqk= `} RwD Ov}=Qi QO pkv w ptL |=yu=tR "4 pwOH
12 11 10 9 2 1 =yxQo
25 25 20 15 10 { 1
15 35 30 25 { 10 2
20 20 30 { 25 15 9
30 10 { 30 30 20 10
30 { 10 20 35 25 11
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"sqk= `} RwD w O=Qi= |x}rND Ov}=Qi QO p}=Uw Q=QkDU= |xwLv "5 pwOH
C}iQ_ p}=Uw Q=QkDU= pLt p}=Uw C}iQ_ p}=Uw Q=QkDU= pLt p}=Uwp}=Uw |=yQ=@v= QO `} RwD p}=Uw |=yQ=@v= QO x}rND`} RwD `} RwD p}=Uw x}rND x}rND p}=Uw

40 12 1 24 7 1
50 12 2 20 7 2

24 7 3
24 8 4

50 11 3 20 8 5
24 8 6

"O=Qi= |x}rND Ov}=Qi CtUk QO pOt pL R= pY=L G}=Dv "6 pwOH
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0{15{65 0{10{10 7{6{2 1
0{20{40 0{6{6 7{3{1 2
0{20{40 0{24{24 7{3{1 3
0{15{50 0{20{20 8{6{1 4
0{10{55 0{20{20 8{4{2 5
0{10{40 0{20{20 8{5{2 6

"sqk= `} RwD Ov}=Qi CtUk QO pOt pL R= pY=L G}=Dv "7 pwOH
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C=}rta ẁQW R= Oa@ xk}kO 45 |O=Ot= sqk= `} RwD p}=Uw CmQL ẁQW u=tR w
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1. multiple depots
2. split delivery

�References� `@=vt
1. Ngueveu, S.U., Prins, C. and Calvo, R. W. \An e�ective

memetic algorithm for the cumulative capacitated vehi-
cle routing problem", Computers & Operations Research,
37, pp. 1877-1885 (2010).

2. Bish, D.R. \Planning for a bus-based evacuation", OR
Spectrum, 33, pp. 629-654 (2011).

3. Abdelgawad, H. and Abdulhai, B. \Large-scale evacu-
ation using subway and bus transit: Approach and ap-
plication in city of Toronto", Journal of Transportation
Engineering, 138, pp. 1215-1232 (2011).

4. Hamedi, M., Haghani, A. and Yang, S. \Reliable trans-
portation of humanitarian supplies in disaster response:
Model and heuristic", Procedia-Social and Behavioral
Sciences, 54, pp. 1205-1219 (2012).

5. Ribeiro, G.M. and Laporte, G. \An adaptive large neigh-
borhood search heuristic for the cumulative capacitated
vehicle routing problem", Computers & Operations Re-
search, 39, pp. 728-735 (2012).

6. Wohlgemuth, S., Oloruntoba, R. and Clausen, U. \Dy-
namic vehicle routing with anticipation in disaster re-
lief", Socio-Economic Planning Sciences, 46, pp. 261-
271 (2012).

7. Wex, F., Schryen, G. and Neumann, D. \Operational
emergency response under informational uncertainty: A
fuzzy optimization model for scheduling and allocating
rescue units", Proceedings of the 9th International IS-
CRAM Conference, Vancouver, Canada (April 2012).

8. Gan, X., Wang, Y., Yu, Y. and Niu, B. \An emergency
vehicle scheduling problem with time utility based on
particle swarm optimization", in Proceedings of the 9th
International Conference on Intelligent Computing The-
ories and Technology, pp. 614-623 (2013).

9. Ke, L. and Feng, Z. \A two-phase metaheuristic for the
cumulative capacitated vehicle routing problem", Com-
puters & Operations Research, 40, pp. 633-638 (2013).

10. Ozsoydan, F.B. and Sipahioglu, A. \Heuristic solution
approaches for the cumulative capacitated vehicle rout-
ing problem", Optimization, 62, pp. 1321-1340 (2013).

11. Lee, K., Lei, L., Pinedo, M. and Wang, S. \Operations
scheduling with multiple resources and transportation
considerations", International Journal of Production Re-
search, 51, pp. 7071-7090 (2013).

12. Lee, K., Lei, L. and Dong, H. \A solvable case of emer-
gency supply chain scheduling problem with multi-stage
lead times", Journal of Supply Chain and Operations
Management, 11, p. 30-45 (2013).

13. Pramudita, A., Taniguchi, E. and Qureshi, A.G. \Loca-
tion and routing problems of debris collection operation
after disasters with realistic case study", Procedia-Social
and Behavioral Sciences, 125, pp. 445-458 (2014).

14. �Ozdamar, L., Aksu, D.T. and Erg�une�s, B. \Coordinat-
ing debris cleanup operations in post disaster road net-

114



2/
1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt works", Socio-Economic Planning Sciences, 48, pp. 249-

262 (2014).

15. Gan, X., Wang, Y., Kuang, J., Yu, Y. and Niu, B. \Emer-
gency vehicle scheduling problem with time utility in
disasters" Mathematical Problems in Engineering, 2015,
pp. 1-7 (2014).

16. Wex, F., Schryen, G., Feuerriegel, S. and Neumann,
D. \Emergency response in natural disaster manage-
ment: Allocation and scheduling of rescue units", Euro-

pean Journal of Operational Research, 235, pp. 697-708
(2014).

17. Caunhye, A.M., Zhang, Y., Li, M. and Nie, X. \A
location-routing model for prepositioning and distribut-
ing emergency supplies", Transportation Research Part
E: Logistics and Transportation Review, 90, pp. 161-176
(2016).

18. Talarico, L., Meisel, F. and S�orensen, K. \Ambulance
routing for disaster response with patient groups", Com-
puters & Operations Research, 56, pp. 120-133 (2015).

115


