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|RmQt x=oDU}= l} QO u=}=B w ẁQW \=kv =@ |}=yQ}Ut u}}aD u; R= hOy w CU=
&CU= |R} Qxt=vQ@ hrDNt |=yxQwO pqN QO pkvwptL p}=Uw u=ow=v l} |=Q@
u=ow=v u}= |=Q}PB |v}at |v=tR |xQHvB QO C=tON Ci=} QO u=} QDWt xm |}xvwox@
=@ OvDUy lQLDt |y=JQU |=yQw=vW u=ty 'u=} QDWt u}= =t |xr�Ut QO "OvW=@
=yv; 'Vkv l} QO "OvQ=O Vkv wO =yv; 'xr�Ut |=yxQwO R= |NQ@ QO xm Cw=iD u}=
QO w Ovvm|t x�=Q= |y=JQU |=ywmU x@ =Q =yx=J C=tON w OvDUy xOvvmu}t-=D l}
|xOvvmCi=} QO '|YNWt |v=tR |xQHvB QO w OvDUy |QDWt l} =yv; 'Qo}O Vkv
|D@=F pLt xm � |y=JQU |=ywmU R= |m} pLt QO u=@}DWB |=yQw=vW R= CtON

"OvW=@|t �CU}v
pL |=yVwQ w |[=} Q |=ypOt =@ \=@DQ= QO ẁ[wt |xv}W}B pt=mD Q}U
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w xOWv xDN=OQB u=O@ u}W}B |=yVywSB QO xm CU= |O}OH |D=}rta |xYNWt
C}y=t |=Q=O |D=tON |=yQw=vW u}= R= |NQ@ xmu}= R= CU= CQ=@a xYNWt u;
lQLDt |y=JQU |=yQw=vW `k=w QO "OvDUy xOvQ}oCtON - u=UQCtON |xv=owO
|=yxQHvB QO u=@}DWB |=yQw=vW R= |twta C=tON Ci=} QO OvtR=}v hQ] l} R=

"Ov=|y=JQU |=ywmU x@ =yx=J C=tON |x�=Q= x@ Qwt-=t Qo}O hQ] R= w |v=tR
C=}[Qi uDiQo Q_v QO =@ xDN}t; K}LY OOa |R} Qxt=vQ@ pOt l} =OD@=
sOa w xr�Ut |oO}J}B p}rO x@ TBU "OW xO=O xaUwD xr=kt u}= Q_v OQwt |D=}rta
Qw_vtx@ u}vJty w j}kO |=ysD} Qwor= \UwD xv}y@ |=y?=wH x@ |@=}CUO u=mt=
l@=J |Q=mD@= sD} Qwor= l} 'OwHwt Ovts=_vQ}e w |@ QHD pL |=yVwQ Ow@y@
u}= pL |=Q@ '`}=kw |x}rm \@[ w C@F C}r@=k =@ j}kO |D=}rta |x_i=L =@ w
=Q OwHwt |=ysD} Qwor= ?=wH C}i}m w pta CaQU ^=Lr R= xm|Qw]x@ 'xr�Ut

"OW x�=Q= 'OWN@ Ow@y@
|Q=mD@= sD} Qwor= p=ta= R= pY=L G}=Dv '|Q=mD@= sD} Qwor= |@=} RQ= Qw_vtx@
G}=Dv =@ 'TQ=i G}rN QO QkDUt |Div u=O}t 8 x@ \w@ Qt |ak=w xr�Ut xvwtv 80 |wQ
Qy |=Q@ xm OW XNWt w OW xU}=kt OwHwt |R} Qxt=vQ@ w CPLEX |xOvvmpL
=Q Qo}O sD} Qwor= wO ?=wH |Q=mD@= sD} Qwor= R= pY=L ?=wH 'p�=Ut xvwtv R= l}
'CPLEX =@ xU}=kt VN@ QO 'p=Ft |=Q@ "OyO|t Ow@y@ |w=Ut |}=QH= \}=QW QO
QPw@= u=O}t sHvB |xvwtv x@ \w@ Qt ?=wH QO Ow@y@ u} QDtm '=yxvwtv s=tD u=}t QO
u=trU u=O}t swU |xvwtv x@ \w@ Qt ?=wH QO Ow@y@ u} QDW}@ w �1 03 u=R}t =@
|R} Qxt=vQ@ G}=Dv =@ xU}=kt VN@ QO u}vJty "Ot; CUO x@ �47 49 u=R}t =@
Ow@y@ u} QDW}@ w �3 29 u=R}t =@ QYv u=O}t swO |xvwtv x@ Ow@y@ u} QDtm 'OwHwt

|=y?=wH w|Q=mD@= sD} Qwor=?=wHu}@|@UvCw=iD\UwDt Q}O=kt Q=Owtv "5pmW
"OwHwt |R} Qxt=vQ@ w CPLEX

C@Uv 'Q=QmD u}rw= QO |Q=mD@= sD} Qwor= u}vJty "OyO|t CUO x@ x}v=F 13 95
'xvwtv 10 QO 'OwHwt |R} Qxt=vQ@ x@ C@Uv w xvwtv 10 R= xvwtv 9 QO CPLEX x@

"CU= xOQm O}rwD =Q |QDy@ ?=wH
Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX |=y?=wH 'QUv=oQy@ u=O}t |=yxvwtv QO
|Q=mD@= sD} Qwor= "Ov=xDi=} Ow@y@ �11 56 w �7 15 Q=Okt x@ ?}DQDx@ \UwDt
QO u}ov=}t Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX x@ C@Uv =Q |QDy@ |=y?=wH

"OyO|t CUOx@ x}v=F 16 2 u=tR =@ Q=QmD u}rw=
Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX |=y?=wH 'RwQwv u=O}t |=yxvwtv QO
|Q=mD@= sD} Qwor= "Ov=xDi=} Ow@y@ �13 39 w �17 49 Q=Okt x@ ?}DQDx@ \UwDt
QO u}ov=}t Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX x@ C@Uv =Q |QDy@ |=y?=wH

"OyO|t CUO x@ x}v=F 17 7 u=tR =@ Q=QmD u}rw=
Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX |=y?=wH 'u=trU u=O}t |=yxvwtv QO
|Q=mD@= sD} Qwor= "Ov=xDi=} Ow@y@ �25 49 w �46 35 Q=Okt x@ ?}DQDx@ \UwDt
QO u}ov=}t Qw]x@ OwHwt |R} Qxt=vQ@ w CPLEX x@ C@Uv =Q |QDy@ |=y?=wH

"OyO|t CUO x@ x}v=F 50 85 u=tR =@ Q=QmD u}rw=
w |Q=mD@= sD} Qwor= ?=wH u}@ |@Uv Cw=iD \UwDt Q}O=kt Q=Owtv 5 pmW
=@ |Div |=yu=O}t x@ C@Uv =Q OwHwt |R} Qxt=vQ@ w CPLEX |=y?=wH ?}DQDx@
|y=JQU |=ywmU O=OaD V}=Ri= =@ u; QO xm OyO|t u=Wv hrDNt |=yxvwtv xR=Ov=
7 =@ CO=WQ u=O}t |=Q@ p=Ft |=Q@ "OwW|t QDW}@ |@Uv Cw=iD \UwDt '=yu=O}t QO
|Q=mD@= sD} Qwor= |=y?=wH QO =yxv} Ry QO |} wHxiQY \UwDt '|y=JQU |wmU
'OvDUy �5 21 w �7 04 =@ Q@=Q@ ?}DQDx@ OwHwt |R} Qxt=vQ@ w CPLEX x@ C@Uv
?}DQD x@ x]w@ Qt Q}O=kt '|y=JQU |wmU 28 =@ u=trU u=O}t |=Q@ xm |r=L QO
sD} Qwor= p=ta= xm s} Q=O Q=_Dv= u}=Q@=v@ "Ov=xDi=} V}=Ri= �25 49 w �46 35 x@
C@Uv =yxv} Ry QO |QDW}@ |} wHxiQY QDnQR@ |xR=Ov= =@ |=yxvwtv |=Q@ |Q=mD@=

"Ovm sy=Qi Qo}O sD} Qwor= wO x@
u} QDy@ u; |Owta QwLt QO xm s}vm sUQ |Q=Owtv '=yxvwtv R= l} Qy |=Q@ Qo =
QwLt QO w hrDNt |=yQ=QmD pqN QO |Q=mD@= sD} Qwor= \UwD xOt; CUO x@ ?=wH
Q=DiQ Qou=}=tv 6 pmW '\UwDt Qw]x@ x=ov; 'OW=@ sD} Qwor= Q=QmD |xQ=tW u; |ki=
Q=Owtv u}= QO xm xvwou=ty "Ow@ Oy=wN QwmPt |=yxvwtv |=Q@ =yQ=Owtv u; s=tD |rm
|=y?=wH |OvD ?}W =@ x}rw= |=yQ=QmD QO |Q=mD@= sD} Qwor= 'OwW|t xOy=Wt
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Q=Qk xar=]t OQwt Ovv=wD|t xm OvQ=O OwHw R}v |Qo}O |xO}J}B |D=}rta |=ypt=a
|xr�Ut 'xr=kt u}= QO "Ovvm p}tmD w KqY= =Q xr=kt u}= |[=} Q pOt w OvQ}o@
|}=} QO Civ CavY QO |v=tR |xQHvB =@ |D=tON |=yQw=vW |}xQwO |@=} Q}Ut
xU}=kt QO TQ=i G}rN "CU= xOW |R=UpOt TQ=i G}rN |}=wyw?; \}=QW CLD
p}rO x@ w OwW|t ?wULt jtasm |=y?; <RH 'j}ta |=yTwv=}k= w =y=} QO =@
|=y?; QO Qw=vW |Div |=ywmU hqNQ@� =} QO hm x@ |y=JQU |=ywmU p=YD=
=yC}a]k sOa '|}=wy w ?; \}=QW R= |U=vW=wy j}kO |=y|v}@V}B w �j}ta
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|D; C=k}kLD s=Hv= |=Q@ OaDUt Q=}U@ |xv}tR l} w xDiQo Q=Qk j}kLD OQwt CQOv
|v=UQCtON 'xmu}= x@ Q_v "CU= p}tmD w xt=O= p@=k hrDNt |=}=wR R= 'CU=
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