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&t RwQ QO
&t RwQ QO k pwYLt R= xOW O}rwD pwYLt Q=Okt %pkt

&OwW O}rwD k pwYLt t RwQ QO Qo = '1 pO=at %zkt
&O}rwD RmQt QO t xQwO u=}=B QO k pwYLt R= |OwHwt Q=Okt %Ipkt

&i |QDWt |=Q@ t xQwO u=}=B QO k pwYLt R= |OwHwt Q=Okt %Icikt
"t RwQ QO i |QDWt x@ k pwYLt R= xOW xO=O p} wLD Q=Okt %wikt

|[=} Q pOt "4"2"3
|OwHwt w O}rwD '|@=} Q}Ut |=yxv} Ry u=tRty |R=Uxv}tm |O=yvW}B pOt hOy
|O=yvW}B|[=} Q pOt 'xOWh} QaD |=yQ}eDt w =yQDt=Q=B '=yT}Ov= x@ xHwD =@ "CU=
|iQat R=TB xmCU=C}OwOLt xDUO 21 w |WN@ Q=yJ hOy `@=Dl} R= pmWDt
"OW Oy=wN x�=Q= =yC}OwOLt w hOy `@=D OQwtQO |QDW}@ C=L}[wD |[=} Q pOt
min =

X
t2T

X
i2N0

X
j2N0

cijxijt +
X
t2T

X
k2K

ftkztk

+
X

t2T0=f�g

X
k2K

hpkI
p
kt +

X
t2T=f�g

X
i2N

X
k2K

hcikI
c
ikt (3)

s:t:

Ipkt = Ipk;t�1 + pkt �X
i2N

wikt 8t 2 T; k 2 K (4)

Icikt = Icik;t�1 + wikt � dikt 8t 2 T; i 2 N; k 2 K (5)

|[=} Q pOt "2"3
xDN=OQB =yQ}eDt w =yQDt=Q=B '=yT}Ov= h} QaD x@ =OD@= '|[=} Q pOt QDy@ KQ] |=Q@
OQwtQO |QwQ[ C=L}[wD "OwW|t x�=Q= u; |=yC}OwOLt w hOy `@=D TBU w

"OwW|t x�=Q= xt=O= QO R}v |[=} Q pOt C=}�RH
=yT}Ov= "1"2"3

"OvDUy f0; 1; 2; :::; Ng |xawtHt x@ jraDt w xOw@ |QDWt XN=W %i; j
&CU= |QDWt N pt=W sDU}U w CU= O}rwD RmQt Qou=}@ QiY XN=W

xQwO "CU= f0; 1; 2; :::; �g |xawtHt x@ jraDt w CU= |v=tR xQwO XN=W %t
&CU= |v=tR xQwO � pt=W xr�Ut w CU= ẁQW R= p@k |xQwO x@ \w@ Qt QiY |v=tR
"CU= f1; 2; :::;Kg |xawtHt x@ jraDt w CU= CqwYLt x@ \w@ Qt T}Ov= %k

=yQDt=Q=B "2"2"3
&t |xQwO QO k pwYLt R= i |QDWt |=[=kD %dikt

&TQDUO QO x}rkv |xr}Uw O=OaD %�
&k pwYLt |=Q@ x}rkv |xr}Uw C}iQ_ %Qk

&OQm |Q=Oxov O}rwD RmQt QO u=wD|t xm k pwYLt Q=Okt u} QDW}@ %Ipk;max

&OQm |Q=Oxov i u=} QDWt pLt QO u=wD|t xm k pwYLt Q=Okt u} QDW}@ %Icmax;ki

&O}rwD RmQt QO k pwYLt O}rwD C}iQ_ %ck
&j xQo x@ i xQo R= QiU |xv} Ry %cij

&k pwYLt O}rwD |R=Ov=x=Q |xv} Ry %fkt
&O}rwD RmQt QO k pwYLt OL=w Qy |Q=Oxov |xv} Ry %hpk

&i |QDWt pLt QO k pwYLt OL=w Qy |Q=Oxov |xv} Ry %hcik
p} wLD t |xQwO QO i |QDWt x@ xm 'k pwYLt Q=Okt u} QDW}@ |q=@ OL %Dmax

ikt

%O};|t CUO x@ 1 |x]@=Q R= w OwW|t xO=O
Dmax
ikt = minfQk;

�X
L=t

dikLg (1)

70



2/
1|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt xm CU= Qo}O |QDWt l} R=}vV}B |QDWt u}= ,=tDL x=ov; 'OwW xO=O T} wQU t

10 C}OwOLt \UwD Q}Ut |oDUw}B Qo}O CQ=@ax@ "OW=@ O}rwD RmQt CU= umtt
'OvwW|t GQ=N t xQwO QO O}rwD RmQt R= xm |}x}rkv |xr}Uw O=OaD "OwW|t u}t[D
C}OwOLt QO "CU= xOW xO=O u=Wv 11 C}OwOLt =@ xm � =@ CU= Q@=Q@ w OwOLt
x=ov; 'OQ}o@ Q=Qk t xQwO QO Q}Ut |wQ j |QDWt R= p@k xrY=iq@ i |QDWt Qo = '12
p@k x}rkv |xr}Uw Q=@ =@ CU= |w=Ut =} QDsm 'j |QDWt R= p@k x}rkv |xr}Uw Q=@
OwW|t ?Hwt Qt= u}= "i |QDWt x@ xOW xO=O p} wLD Q=Okt |=yvt 'i |QDWt R=
xO=O u=Wv C}OwOLt u}= swyit 3 pmW QO "OwWv p}mWD |aQi |=yQwD Qo}O xm

"CU= xOW
hPL |=Q@ C}OwOLt u}= R= R}v �2010 w 2009a� pwmwv=v=v w OQ=@ j}kLD QO
CU}v OQi x@ QYLvt C}OwOLt l} u}= =t= "CU= xOW xO=iDU= |aQi |=yQwD
"OvwW C}OwOLt u}= u} Ro}=H Ovv=wD|t xm OvDUy R}v |Qo}O |=yC}OwOLt w
\@=wQ "OQm u} Ro}=H Qo}O |=yC}OwOLt =@ u=wD|t =Q 17 w 12 |=yC}OwOLt

"OvDUy =yC}OwOLt u}= R= |}xvwtv 26 w 25
[33]%16�FCCs� C}iQ_ |QUm |=yC}OwOLt �X

i=2S

X
j2S

xijt �X
i2s

wikt=Qk

8S � N= f0g : jSj � 1; 8t 2 T; 8k 2 K: (25)

[34]%17�GFSECs� |aQi |=yQwD hPL |QUm |=yC}OwOLt s}taD �X
i2S

X
j2S

xijt � jSj �X
i2S

wikt=Qk

8S � N= f0g : jSj � 2; 8t 2 T; k 2 K (26)

ZQi w 'xOW xO=O u=Wv 26 w 25 |aQi |=yQwD hPL |=yC}OwOLt 4 pmW QO
%CU= xOW

(w1kt + w2kt + w3kt)=Qk = 1
=@ x=ov; OQ}o Q=Qk x}rkv |xr}Uw l} Q}Ut QO 't xQwO QO i |QDWt xm |DQwY QO
xO=O p} wLD i |QDWt x@ t RwQ QO xm k ẁv pwYLt Q=Okt '13 C}OwOLt x@ xHwD

"OwW|t OwOLt Dmax
ikt QDt=Q=B x@ 'OwW|t

?}DQD x@ '|Q=Oxov C}iQ_ C}OwOLt |xOvvmu}t[D 15 w 14 |=yC}OwOLt
QiY (�) QN; xQwO u=}=B QO |OwHwt |xOv=t|k=@ "CU= u=} QDWt w O}rwD RmQt |=Q@

"x}rkv |xr}Uw |aQi |=yQwD hPL C}OwOLt V}=tv "3 pmW

X
i2N

wikt � Ipk;t�1 8t 2 T; k 2 K (6)

pkt � ckztk 8t 2 T; k 2 K (7)

Ipk0 �
X
i2N

(dik1 � Icik0) 8k 2 K (8)X
j2N0;j 6=i

xijt � 1 8t 2 T; i 2 N (9)X
i2N0;j 6=i

xijt =
X

b2N0;j 6=b
xjbt 8t 2 T; j 2 N (10)X

j2N0
xijt � � 8t 2 T (11)

yjkt � yikt � wikt +Dmax
kt (1� xijt)

8t 2 T; i 2 N; j 2 N0; k 2 K (12)

wikt � Dmax
ikt

X
j2N0

xijt 8t 2 T; i 2 N; k 2 K (13)

0 � Ipkt � Ipmax;k 8i 2 N; t 2 T=f�g (14)

0 � Icikt � Icmax;ik 8i 2 N; t 2 T=f�g (15)

Ipk� = Icik� = 0 8i 2 N; k 2 K (16)

0 � yikt � Qk 8t 2 T; i 2 N0; k 2 K (17)

xijt = f0; 1g 8i; j 2 N0; t 2 T (18)

zkt = f0; 1g 8t 2 T; k 2 K (19)

pkt � 0; integer 8t 2 T; k 2 K (20)

wikt � 0; integer 8t 2 T; i 2 N; k 2 K (21)

yikt � 0; integer 8i 2 N0; k 2 K; t 2 T (22)

Ipkt � 0; integer 8k 2 K; t 2 T (23)

Icikt � 0; integer 8i 2 N; k 2 K; t 2 T (24)

'|@=} Q}Ut |xv} Ry pt=W xm CU= |O=yvW}B pOt hOy `@=D Qou=}@ 3 |xrO=at
u=} QDWt w xOvvmO}rwD\UwD pwYLt |Q=Oxov |=yxv} Ry w |R=Ov=x=QC@=F |=yxv} Ry
|=yxv} Ry R= Q}eDt <RH 'OwW xOQw;Q@ xQwO Qy QO O}=@ =y=[=kD |xty xm =Hv; R= "CU=
hPL x}rw= |=yxv} Ry u=wvax@ Ov=wD|t CU= C@=F w |]N OwW|t QwYD xm O}rwD
x@ O}rwD RmQt R= xOW p=UQ= k ẁv pwYLt ẁtHt u=}t uR=wD 4 C}OwOLt "OwW
u=}@ =Q xOW O}rwD s=t xQwO QO xm k ẁv pwYLt ẁtHt w t xQwO QO u=} QDWt
w t xQwO QO i |QDWt QO k ẁv pwYLt |=Q@ =[=kD u}@ |OwHwt uR=wD "OQ=O|t
xO=iDU= =@ t xQwO QO i |QDWt x@ O}rwD RmQt R= xOW p=UQ= k ẁv pwYLt ẁtHt
RmQt R= xm k ẁv pwYLt ẁtHt '6 C}OwOLt QO "OwW|t u=}@ 5 C}OwOLt R=
RmQt t� 1 xQwO |OwHwt xOv=t|k=@ x@ 'OwW|t p=UQ= t xQwO QO u=} QDWt x@ O}rwD
"Ovm|t u}t[D =Q O}rwD C}iQ_ C}OwOLt '7 C}OwOLt "CU= xOW OwOLt 'O}rwD
Q=Okt |iQ] R= w OwW xOQw;Q@ =yxQwO |xty QO O}=@ u=} QDWt |=[=kD xm =Hv; R=
u=} QDWt x@ p} wLD |=Q@ TQDUO p@=k xQwO u=ty QO 't xQwO QO xOW O}rwD pwYLt
1 xQwO QO u=} QDWt |=[=kD uOWxOQw;Q@ |=Q@ O}rwD RmQt |x}rw= |OwHwt 'CU}v
|@=} Q}Ut x@ \w@ Qt 12 =D 9 |=yC}OwOLt "O};|t CUO x@ 8 C}OwOLt R=
u}= w OwW|t |] Q=@ l} QFm =OL 't xQwO QO j xQo x@ i xQo u}@ Q}Ut "Ov=xr�Ut
RwQ QO i |QDWt Qo = 10 C}OwOLt QO "OwW|t u}t[D 9 C}OwOLt =@ ẁ[wt
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"""�
O}rw

D|
xr�U

t=@
\@D

QtC
=k}kL

DQ@
|Qw

Qt|=Q@ 27 C}OwOLt R= 'pOt u}= QO "CU= xOW xO=iDU= PIRP pL |=Q@ Q}Ut
"CU= xOW xO=iDU= |aQi |=yQwD hPL

"OwW xO=O CtON t RwQ QO i |QDWt Qo = zet = 1X
i=2S

X
j2S

xijt +
X
i2S

X
j =2S

xijt � 2zet

8S � N= f0g : jSj � 2; 8e 2 S; 8t 2 T: (27)

*u}}=B OL Q=Okt =@ =Q LSP hrDNt |=ypOt *u}}=B OL Q=Okt 'u=Q=mty w |mUwmwmwQ
hOy `@=D Q=Okt OyO|t u=Wv |D=@U=Lt G}=Dv "OvOQm xU}=kt LSP |}x}=B pOt
hPL C}OwOLt xm |v=tR 'Cq}yUD u=mt w Q}Ut u} QDx=Dwm Q@ |vD@t |=ypOt QO
QO "CU= xDi=} Ow@y@ Q=}U@ |twta Cr=L x@ C@Uv 'OwW|t hPL |aQi |=yQwD
Q@ |v@t j}kO |}=OH VwQ w C=Q=mD@= R= u=oOvU} wv 'VQ@ w xN=W sD} Qwor= |=QH=
|D=@U=Lt G}=Dv "OvOQm xO=iDU= |aQi |=yQwD uDi=} |=Q@ 'S-t VQ@ |xr�Ut pk=OL
u}= "Ovm|t O}rwD =Q ?=wH u} QDy@ Cq}yUD u=mt Q@ |vD@t pOt OyO|t u=Wv

[35]"OUQ|t ?=wH x@ xk}kO 30 OwOL QO xQwO 30 w |QDWt 80 |=Q@ xr�Ut
[28]|DJQ; VQ@ w xN=W sD} Qwor= "2"1"4

"CU= xOW ZQi OwOLt=v x}rkv |xr}Uw C}iQ_ w O}rwD C}iQ_ j}kLD u}= QO
C}OwOLt l} PIRP pOt QO xOW xDio |=yC}OwOLt Q@ xwqa u=Q=mty w |DJQ;
|}x}=B pOt =@ xU}=kt QO O}OH pOt "OvOQm xi=[= pOt x@ 28 |x]@=Q j@=]t O}OH
C}iQ_ w O}rwD C}iQ_ j}kLD u}= QO "OyO|t x�=Q= O}rwD Q=Okt |=Q@ |QDy@ G}=Dv

"CU= xOW ZQi OwOLt=v x}rkv |xr}Uw
"OwW xO=O T} wQU t RwQ QO i |QDWt Qo = zit = 1

Ii;t�s�1 �
sX
j=0

di;t�j(1�
sX
j=0

zi;t�j)

8i 2 N= f0g ; 8t 2 T; S = 0; 1; ::; t� 1 (28)

OwW|t hPL pOt R= |aQi |=yQwD hPL C}OwOLt |vRxN=W Ov}=Qi pw] QO
xi=[= pOt x@ C}OwOLt u}= OW=@ xDW=O OwHw Xkv xm |}=yxN=W QO \ki w
"CU= xDiQo Q=QkV}=tR; OQwt xQwO 6 w |QDWt 14 =@ sD} Qwor= u}= OQmrta "OwW|t

[28]"OUQ|t ?=wH x@ x}v=F OvJ R= QDsm QO sD} Qwor= u}= sy Qo}O |=yxvwtv |=Q@
[36w30]l =U=}rwO; VQ@ w xN=W sD} Qwor= "3"1"4

sD} Qwor= 'x}rkv |xr}Uw u}OvJ OwHw ZQi =@ '�2014a� u=Q=mty w l =U=}rwO;
j}kLD u}= QO "OvO=O s}taD PIRP |=Q@ =Q |DJQ; \UwD xOW KQ]t VQ@ w xN=W
Q_v QO T}Ov= x}rkv |xr}Uw |=Q@ pw= pOt QO "CU= xOW xU}=kt Cw=iDt pOt wO
QO "CU= xOW xO=O X}YND x}rkv |xr}Uwx@ T}Ov= swO pOt QO w xOWv xDiQo
|=Q@ "CU= xOW xO=iDU= |OwHwt |R=UQB R=@ |=Q@ 18 OU CU=}U R= pOt wO Qy
l} u}vJty w xOW xO=iDU= OQ=o =U}r \UwD xOW KQ]t sD} Qwor= R= pw= pOt pL
R= xO=iDU= =@ =Q swO pOt "CU= xDi=} xaUwD pOt u}= |=Q@ xv=Y} QL |Q=mD@= sD} Qwor=
OyO|t u=Wv G}=Dv "OvOQm pL �|mUwmwmwQ sD} Qwor= x}@W� VQ@ w xN=W sD} Qwor=

[36w30]"OQ=O xv}y@ ?=wH x@ uO}UQ QO |QDy@ OQmrta swO pOt xm

|Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= "2"4
\UwD =yu; pL w OvQ=O|}xO}J}BC}y=t C=}rta QO j}kLD|ak=w p�=Ut R= |Q=}U@
|Q=mD@==Qi w |Q=mD@= |=yVwQ u}=Q@=v@ "CU= Q@u=tR Q=}U@ j}kO |xv}y@ |=yVwQ

"�CU=Q� GFSECs w �AJ� FCCs u=}=tv "4 pmW
w ptL p}=Uw C}iQ_ C}OwOLt "CU= xOW xO=O u=Wv 16 C}OwOLt =@ xm CU=
|=yQ}eDt |wQ |vi |=yC}OwOLt "CU= xOW x�=Q= 17 C}OwOLt R= xO=iDU= =@ pkv

"CU= xOW Q=QkQ@ 24 =D 18 |=yC}OwOLt j} Q] R= s}tYD

PIRP pL |=yVwQ "4
\UwD =yu; pL w OvQ=O |}xO}J}B C}y=t C=}rta QO j}kLD p�=Ut R= |Q=}U@
p�=Ut xS} wx@ 'p�=Ut R= |Q=}U@ QO "CU= pmWt Q=}U@ j}kO |R=Uxv}y@ |=yVwQ
umtt Q}e xJQo = 'x@v=Hxty |wHwCUH j} Q] R= ?=wH u} QDy@ ?=NDv= 'nQR@
xU xm |@}mQD |xr�Ut l} u=wvax@ PIRP "CU= |rmWt Q=}U@ Q=m |rw CU}v
|=yQ}eDt uDW=O p}rOx@ OQ}o|t Q_v QO xJQ=Bm} CQwYx@ =Q u}t-=D |xQ}HvR R= <RH
pL wQ u}= R= "CU= |}xO}J}B Q=}U@ Q=DN=U |=Q=O '|Qv}=@ |=yQ}eDt xrtH R= O=} R
PIRP |=ypOt "CU= |rmWt Q=}U@ Q=m Q=Ri=sQv =@ nQR@ xR=Ov= QO p�=Ut u}=
=t= 'OQm pL LINGO 'GAMS 'CPLEX %p}@k R= |}=yQ=Ri=sQv =@ u=wD|t =Q
R}=U QO PIRP pL Ovm|t wHwCUH =Q OwHwt |=[i s=tD Q=Ri=sQv xm u}= p}rOx@
CPLEX Q=Ri=sQv xD@r= "CU= |O=} R |D=@U=Lt |=yu=tR OvtR=}v Q=Ri=sQv =@ nQR@
Qy x@ =t= CU= Q=OQwNQ@ pL |=Q@ |QDq=@ CQOk R= Qo}O Q=Ri=sQv wO x@ C@Uv
QO p�=Ut pL |=Q@ w CU= |}q=@ |D=@U=Lt u=tR OvtR=}v R}v Q=Ri=sQv u}= p=L
'O}rwD RmQt l} pt=W PIRP l} "OQ=O |QDW}@ OQ@ Q=m \UwDt w lJwm xR=Ov=
Q=Ri=sQv \}Lt QO x}rkv |xr}Uw wO w |v=tR xQwO Q=yJ 'pwYLt wO '|QDWt GvB
'RDQy=o}o 3 '|D}@ 64 'AMD xOvR=OQB� C=YNWt =@ A=DAr l} QO w 8 wov}r
pw] x@ Ca=U 2 pL u}= "OW =QH= w |U} wvOm '�sQ C}=@=o}o 4 w 8 RwOv} w
w |Q=mD@= |=ysD} Qwor= nQR@ w \UwDt xR=Ov= QO PIRP pL |=Q@ u}=Q@=v@ "O}t=Hv=
|=ysD} Qwor= 'j}kO |=ysD} Qwor= |UQQ@ x@ xt=O= QO "OwW|t O=yvW}B |Q=mD@= =Qi
u}kkLt \UwD 'PIRP |=Q@ xOW O=yvW}B |Q=mD@==Qi |=ysD} Qwor= w |Q=mD@=

"s} R=OQB|t hrDNt

j}kO |=ysD} Qwor= "1"4
xU =t |xar=]t u} QDy@ QO "Ov=lOv= Q=}U@ PIRP |=Q@ j}kO pL |=ysD} Qwor=

"CU= xOW O=yvW}B PIRP pL |=Q@ j}kO sD} Qwor=
[35]|mUwmwmwQ VQ@ w xN=W sD} Qwor= "1"1"4

O}rwD RmQt Q=@v= C}iQ_ "CU= |QDWt u}OvJ w O}rwD RmQt l} pt=W xr�Ut u}=
u} QDx=Dwm l}vmD R= "CU= xOW ZQi OwOLt=v x}rkv |xr}Uw C}iQ_ u}vJty w
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w`}
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|U
Ovyt Qo = =t= "OwW|t u}}aD |@=} Q}Ut u}vJty w u=} QDWt x@ |r} wLD Q=Okt xOW

xijt Q}eDt |wQ xm CU= QD?U=vt w xOW hPL r KQ] 'OW=@ |ivt ?=wH
Ov}=Qi u}= QO |oS} w u}OvJ Ct}k w xN=W VwQ Ow@y@ |=Q@ "OwW xOR xN=W
|wHwCUH sD} Qwor= j} Q] R= x}rw= ?=wH xm u; pw= "OwW|t xDiQo Q_v QO
O}rwD Ov}=Qi |] QO 'swO "OwW|t O}rwD �2009b� pwmwv=v=v w OQ=@ |xawvtt
|Q=mD@= sD} Qwor= |xr}Uwx@ p�=Ut '=yxr�UtQ} R |ov}y@ pL |=H x@ 'uwDU
|vRxN=W KQ] 'swU "OwW|t pL �2009a� pwmwv=v=v w OQ=@ |}=OH Q@ |vD@t
uOQmOQo |Q=mD@= VwQ R= sQ=yJ "OwW|t x�=Q= =yQ}eDt |xN=W |=Q@ xOWKqY=
8 w |QDWt 50 =@ |}xvwtv QO OyO|t u=Wv =yV}=tR; G}=Dv "OwW|t xO=iDU=
CPLEX =@ xr�Ut |@}mQD pL R= QDy@ Ct}k w xN=W |Q=mD@= sD} Qwor= 'xQwO

[39w27'17]"OUQ|t ?=wH x@

MIP Q@ |vD@t |Q=mD@= VwQ "3
LSP |xr�UtQ} R wO x@ =Q PIRP |xr�Ut �2011� u=Q=mty w |DJQ;
xaUwD =yxr�UtQ} R pL |=Q@ |Q=mD@= VwQ l} w xOQm s}UkD IRP w OwOLt=v
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1. supply chain management (SCM)
2. production inventory routing problem
3. vehicle routing problem
4. vendor managed inventory
5. lot-sizing problem
6. inventory routing problem
7. �xed partition policy

8. tabu search
9. local search
10. production-distribution problem
11. random greedy heuristic
12. production routing problem
13. adaptive large neighborhood search
14. maximum level
15. pick{up and delivery problem
16. fractional capacity constraints
17. generalized fractional subtour elimination constraints
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18. order-up-to level
19. mingmixed integer program
20. Clarke and Wright
21. Barnhart et al
22. restricted master problem
23. travelling salesman problem
24. greedy randomized adaptive search procedure
25. path relinking procedure
26. Memetic algorithm
27. Carlton and Barnes
28. minimum cost ow
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