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|xt=vQ@ QO |r=wDt |=t}B=wy wO xJv=vJ xwqax@ "OQ=Ov |oDU@ OwQi Ov=@ x@ |rw
R= QDsm =yu; |R=U=OH u=tR ,=Da}@] 'Ov}=}v OwQi Ov=@ l} |wQ OwQi |Ov@u=tR
C}rm uO=O CUO R= uwO@ "Ov}; OwQi Ov=@ l} |wQ =t}B=wy wO u; xm CU= |t=ovy
|Ov@u=tR |xt=vQ@ QO |r=wDt |=t}B=wy wO |R=U=OH u=tR Q=DWwv u}= QO 'xr�Ut
xDiQo Q_v QO |v=tR OL=w l} �� Ov}=}v OwQi Ov=@ l} |wQ xm |Qw]x@ �� OwQi

"CU=xOW

|O=yvW}B |[=} QpOt
"OwW|t xO=O xaUwD xr�Ut |=Q@\rDNt K}LY OOa|[=} Q pOtl}VN@ u}= QO

%OvwW|t h} QaD Q} R KQWx@ 'pOt |=yQDt=Q=B w =yQ}eDt pt=W 'pOt |=yO=tv
s}tYD |=yQ}eDt �hr=

&(i = 1; :::; n) x=oOwQi QO i |=t}B=wy OwQi |xOW |R} Qxt=vQ@ u=tR %xi
&0 CQwYu}= Q}e QO w 1 O}; OwQi j |=t}B=wy R= p@k i |=t}B=wy Qo = %yij

CQwYu}= Q}e QO w 1 O@=} X}YND r Ov=@ x@ OwQi |=Q@ i |=t}B=wy Qo = %
ir
&(r = 1; :::;m) 0

CQwYu}= Q}e QO w 1 Ov}; OwQi Ov=@ l} |wQ j |=t}B=wy w i |=t}B=wy Qo = %�ij
&0

&ai = max(0; xi � Ti) =} x=oOwQi QO i |=t}B=wy OwQi OQmQ}O u=R}t %ai
"bi = max(0; Ti � xi) =} x=oOwQi QO i |=t}B=wy OwQi OQmOwR u=R}t %bi

pOt |=yQDt=Q=B �?
&Ov=@ l} |wQ j w i |=y=t}B=wy |R=U=OH |=Q@ |v=tR |xrY=i %Sij

28



TQ
OtO

tLt
wQw

B|L
r=Y

Q}t=

"1 |o}=Uty Q=DN=U "1 pmW

"2 |o}=Uty Q=DN=U "2 pmW

"3 |o}=Uty Q=DN=U "3 pmW

"4 |o}=Uty Q=DN=U "4 pmW

|o}=Utyu}= QO "hrDNt Ov=@ wO R= =t}B=wy wO|}=Hx@=H %2 |o}=Uty Q=DN=U
"�2 pmW� OwW|t =Hx@=H Qo}Om} =@ hrDNt Ov=@ wO |wQ =t}B=wy wO OwQi ?}DQD
OwQi Ov=@ wO |o}=Uty u}= QO "OwQi Ov=@ wO |}=Hx@=H %3 |o}=Uty Q=DN=U
CQ=@ax@ "Ovm|tv |Q}}eD =y=t}B=wy OwQi |r=wD |rw OvwW|t =Hx@=H Qo}Om} =@
OwW|t =Hx@=H Qo}O Ov=@ =@ Ov=@ l} |=y=t}B=wy =yvD |o}=Uty u}= QO Qo}O

"�3 pmW�
l} |o}=Uty u}= QO "=t}B=wyl} uOQmxi=[= w hPL %4 |o}=Uty Q=DN=U
|Qo}O Ov=@ |wQ OwQi |r=wD x@ w xOW hPL Ov=@ l} |wQ OwQi |r=wD R= =t}B=wy

"�4 pmW� OwW|t xO=O X}YND
QO |o}=Uty Q=DN=U 4 u}= |Q}oQ=mx@ OyO|t u=Wv |D=@U=Lt G}=Dv xm u=vJ
C}i}m =@ |}=y?=wH x@ QHvt Q}eDt |o}=Uty pwRv |Q=mD@==Qi sD} Qwor= ?wJQ=yJ
'CU= |iO=YD xOW|L=Q] |o}=Uty |=yQ=DN=U xJQo = "CU=xOW q=@ Q=}U@
|o}=Uty pwRv sD} Qwor= R= xO=iDU= x=Qtyx@ w =yu; |xv=OvtWwy |L=Q] p}rOx@

"Ci=} CUO q=@ C}i}m =@ |}=y?=wH x@ u=wD|t 'Q}eDt

hkwD \QW w x}rw= ?=wH
w CU= Q=PoQ}F-=D Q=}U@ |Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= OQmrta QO x}rw= ?=wH
R= "OwW|t |}=yv ?=wH C}i}m V}=Ri= Ea=@ x}rw= ?=wH C}i}m V}=Ri= u}=Q@=v@
"OW=@ xDW=O =Q ?wN Q=}U@ C}i}m =@ |=y?=wH O}rwD C}r@=k O}=@ x}rw= ?=wH |iQ]
R= u=v}t]= pwYL Qw_vtx@ "s}OQm O}rwD |iO=YD CQwYx@ =Q x}rw= ?=wH wQu}= R=
|x]kv u=wvax@ =yu; u} QDy@ w O}rwD x}rw= ?=wH 10 O=OaD 'x}rw= ?=wH |q=@ C}i}m

"OW Ow@y@ CyH |Q=mD@==Qi sD} Qwor= OQ=w ẁQW
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OwW|t QDy@ |=y?=wH x@ QHvt |o}=Uty Q=DN=U u}= xm|v=tR =D 'x}rw= ?=wH
xm|t=ovy "OyO|t xt=O= OwN |wHwCUH x@ |o}=Uty u}= R= xO=iDU= =@ sD} Qwor=
OwW ?=wH QO Ow@y@ x@ QHvt Ov=wDv |rai |o}=Uty R= xO=iDU= =@ wHwCUH
sD} Qwor= u}= ,qwtat "Ovm|t xO=iDU= ?=wH Ow@y@ |=Q@ |Oa@ |o}=Uty R= sD} Qwor=
Qo}O R= xD@r= "OyOv MQ ?=wH QO |Ow@y@ I}y Qo}O xm OwW|t hkwDt |t=ovy
u=wD|t R}v Qo}O OQ=wt |NQ@ w =]N u=R}t 'Q=QmD O=OaD Ovv=ty hkwD |=y\QW
x�=Q= sD} Qwor= u}= QO xOWxDiQo Q=mx@ |o}=Uty |=yQ=DN=U xt=O= QO "CUH xQy@

"CU=xOW

|o}=Uty |=yQ=DN=U
pY=L ?=wHl} QO Q}}eDl} =@ xm |}=y?=wH R= Ov=CQ=@a |o}=Uty |=yQ=DN=U
R}=tDt Qw]x@ xr�Ut Qy |=Q@ w Ov=xr�Ut x@ xDU@=w |o}=Uty |=yQ=DN=U "OvwW|t
'OQ=O OwHw =yQ=DN=U u}= ?U=vt |Q}oQ=mx@ |=Q@ |}=ywor= xJQo = "OvwW|t h} QaD
CLD QY=va |r=wD ?}DQD Q}}eD =@ C=}rta |r=wD w |Ov@u=tR p�=Ut |=Q@ ?re=
OQm h} QaD =Q |OOaDt |o}=Uty |=yQ=DN=U u=wD|t �=y=t}B=wy =Hv}= QO� xar=]t
x@ QHvt 'Ovm Q}}eD |rai ?=wH QO =t}B=wy wO |=H Qo = 'p=Ft u=wvax@ "OQ@ Q=m x@ w
xO=iDU= |o}=Uty Q=DN=U 4 R= xOW|L=Q] sD} Qwor= QO "OW Oy=wN |Qo}O ?=wH
C=}rta |t=tD xm =vatu}O@ 'Ov=|iO=YD |o}=Uty |=yQ=DN=U u}= "CU=xOW
uO=Di= R= |Q}owrH Qt= u}= p}rO "OwW|t s=Hv= |iO=YD CQwYx@ =yu; QO xOW=QH=
\UwD R}v |y@=Wt |xO}= "CU= u}}=B C}i}m =@ |rLt |xv}y@ |=y?=wH s=O QO
%R= Ov=CQ=@a QwmPt |o}=Uty |=yQ=DN=U [11]"CU=xOW xDiQo Q=mx@ u}kkLt Qo}O

|o}=Uty u}= QO "OwQi Ov=@l} R= =t}B=wy wO|}=Hx@=H %1|o}=Uty Q=DN=U
"�1 pmW� OwW|t =Hx@=H Qo}Om} =@ Ov=@ l} |wQ =t}B=wy wO OwQi ?}DQD

29



"""sD
}Qwo

r=R
=xO

=iDU
==@

=t}B=
wyO

wQi
|r=w

Du}
}aD

"�Q}eDt |o}=Uty pwRv |Q=mD@==Qi sD} Qwor= R= xO=iDU= =@� |Q=mD@= pL w j}kO pL x@ \w@ Qt |D=@U=Lt G}=Dv "1 pwOH
SS |Q=mD@==Qi sD} Qwor= =]N VND |Q=mD@==Qi sD} Qwor= j}kO pL O=OaD O=OaD s=v

�x}v=F� u=tR hOy `@=D ��� �x}v=F� u=tR hOy `@=D �x}v=F� u=tR hOy `@=D Ov=@ =t}B=wy xr�Ut
4 700 0 0 700 0 66 700 1

10 124 90 0 0 90 0 12 90 2
39 0 0 0 0 0 10 0 3
6 1480 0 1 59 1480 0 49 1480 1

15 245 210 0 1 66 210 0 24 210 2
46 30 0 1 98 30 0 28 30 3
8 820 0 1 78 820 0 39 820 1

20 348 70 0 3 12 70 0 30 70 2
62 10 0 3 29 10 0 26 10 3
8 2520 0 1 98 2520 5 12 2520 1

20 452 660 0 3 56 660 12 62 660 2
46 160 0 3 74 160 0 84 160 3
56 30 0 4 06 30 0 41 30 4
9 3100 0 1 85 3100 20 44 3100 1

20 550 650 0 3 04 650 15 03 650 2
54 170 0 4 11 170 1 47 170 3
56 30 0 4 35 30 0 33 30 4
158 24442 0 2 12 24442 0 10 24442 1

30 670 554 0 3 98 554 0 81 554 2
54 0 0 4 41 0 0 22 0 3
195 1550 0 2 68 1550 0 86 1550 1 44 7118 0 0 2 83 0 0 26 0 2
42 2964 96 0 7 10 1950 0 98 1950 1

50 8121 135 0 10 73 135 1 53 135 2
139 10 0 14 11 10 1 42 10 3
119 6091 88 7 88 11 59 5611 70 1000 (�43 57)6091 88 1

100 9342 452 92 0 1 13 78 444 56 94 62 444 1 2
390 78 15 3 17 17 95 78 15 4 11 75 75 3
336 0 0 19 69 0 2 56 0 4
227 12329 31 4 78 20 12 12329 31 1000 (�59 83)12948 07 1

150 10
608 1288 73 1 34 21 33 1159 38 1000 (�53 06)1144 04 2
668 220 79 7 04 27 62 220 79 284 05 206 27 3
647 35 28 0 30 12 35 28 7 84 35 28 4
607 1 06 0 39 85 1 06 6 87 1 06 5
256 12418 32 2 22 24 17 12418 32 1000 (�48 08)12699 69 1

200 11
959 1540 84 11 91 29 09 1491 17 1000 (�59 72)1332 52 2
1021 280 82 7 84 41 22 272 92 1000 (�36 07)253 07 3
993 54 53 0 42 40 54 53 1000 (�11 22)54 53 4
956 0 0 66 23 0 11 37 0 5

30



TQ
OtO

tLt
wQw

B|L
r=Y

Q}t=

|Q=mD@==Qi sD} Qwor= pL 'j}kO pL OQm} wQ xU CaQU |xU}=kt "5 pmW
"SS |Q=mD@==Qi sD} Qwor= pL w VND

\UwD xOWxO=iDU= |=yxv=}=Q QO Q=}U@ x@=WD seQ|ra xm Ci=} QO u=wD|t xOvm =QB
|r=L QO u}= &CU= QD`} QU Q=}U@ xr=kt u}= QO xDi=}xaUwD sD} Qwor= 'sD} Qwor= wO u}=

"CU= QDq=@ |yHwD p@=k Qw]x@ R}v u; |=y?=wH C}i}m xm CU=
pmW u}= QO "CU=xOW xO=O u=Wv 5 pmW QO pL OQm} wQ wOCaQU |xU}=kt
pL x@ \w@ Qt xDUw}B \w]N "CU=xOW x�=Q= xr�Ut Qy |=Q@ |D=@U=Lt u=tR\UwDt
xOy=Wt R}v pmW u}= QO xm u=vJ "CU= j}kO pL x@ \w@ Qt =yu}J\N w |Q=mD@==Qi
Q=OQwNQ@ |@ wN C=@F R= xOW |L=Q] |Q=mD@==Qi sD} Qwor= |v=tR OQmrta 'OwW|t
u}= |=y?=wH 1 pwOH QO xOW x�=Q= G}=Dv T=U=Q@ xm CU= |r=L QO u}= "CU=
p�=Ut |=Q@ j}kO pL OQmrta xJQo = "OvQ=OQwNQ@ |}q=@ Q=}U@C}i}m R= R}v sD} Qwor=
�5 pmW� |D=@U=Lt u=tR `} QU V}=Ri= 'xOw@ Ovtu=wD Q=}U@ =t}B=wy 100 xR=Ov= =D
"OQ=O =t}B=wy 100 R= QDnQR@ p�=Ut |=Q@ j}kO pL ?U=vt=v |v=tR OQmrta R= u=Wv
|=Q@ Q}eDt |o}=Uty pwRv |Q=mD@==Qi sD} Qwor= R= xO=iDU= OvOkDat u=oOvU} wv
Qo}O pL |=DU=Q QO O}OH |}=yji= |=WoR=@ Q=wWO |xr�Ut u}= pL QO Q=@u}rw=

[12]"CU= |Ov@u=tR w C=}rta |r=wD Q=wWO p�=Ut

|Q}oxH}Dv
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1. scatter search
2. variable neighborhood descent (VND)
3. variable neighborhood search (VNS)
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