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|xQ}HvR |xm@W OOHt |L=Q]� EL@t ẁ[wt u}= xm Ovm Q}}eD �""" w pkvwptL

"Ovm|t KQ]t =Q 7�u}t-=D
|L=Q] w |R=Usw=kt Qw_vtx@ u}t-=D |xQ}HvR |L=Q]R=@ p=@vO x@ j}kLD u}=
u=R}t w u}t-=D |xQ}HvR |=yxv} Ry u=t-=wD |R=Uxv}tm hOy =@ ?; u}t-=D |xQ}HvR R@U
\rDNt K}LY OOa |R} Qxt=vQ@ pOt l} Qw_vt u}= x@ "CU= xOv}q; |=yR=o Q=WDv=
Q=my=Q pt=W |R=Usw=kt Q=my=Q wO u}vJty "CU= xOW xO=O xaUwD xr�Ut |=Q@
|xQ}HvR |R=Usw=kt |=Q@ ?; |[Qa p=kDv= w ?; p=kDv= \w]N |R=UsmLDUt

"CU= xOW xDiQo Q=m x@ ?; u}t-=D
C=}@O= QwQt x@ 2 VN@ QO xm CU= CQwY u}= x@ Q[=L j}kLD Q=DN=U
xOW xO=O KQW xr�Ut |=Q@ xOW x�=Q= |[=} Q pOt 3 VN@ QO w 's}=xDN=OQB j}kLD
K}[wD 'OQmQyW |v=UQ?; |xm@W 'j}kLD |OQwt |xar=]t 4 VN@ QO "CU=
|R=Usw=kt |=yQ=my=Q |}=Q=m x=Qty x@ xOW x�=Q= pOt OQmrta G}=Dv "OwW|t xO=O
w j}kLD |=yxDi=} '6 VN@ QO w =yDv= QO "OQ}o|t Q=Qk p}rLD OQwt 5 VN@ QO

"OwW|t x�=Q= |D; C=k}kLD O=yvW}B

C=}@O= QwQt "2
|L=Q] 'sw=kt u}t-=D |xQ}HvR |L=Q] |xRwL xU QO j}kLD |xv}W}B 'VN@ u}= QO
QO "CU= xDiQo Q=Qk xar=]t OQwt |v=UQ?; |xm@W w u}t-=D |xQ}HvR |xm@W OOHt
"CU= xDiQo Q=Qk xHwD OQwt QDW}@ u}t-=D |xQ}HvR |xm@W |R=Usw=kt Q}N= u=}r=U
xm xOW O=yvW}B [7]OaU w QiQwOv}rm\UwD CqqDN=C} Q}Ot |=Q@ |twyit pOtl}
O=Sv=} Q; "CU= xDiQo Q=Qk xHwD OQwt u}t-=D |xQ}HvR QO ẁkw p@=k |=ylU} Q u; QO
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"OQ}o@ Q=Qk O}=@ Qw=vW AtB ẁv l} QFm =OL w} Q=vU Qy QO xOvvmu}t-=D Qy |wQ xm
uRNt E=OL= u=mt= OwHwt |xQ}NP uR=Nt pLt QO xm Ovm|t u}}aD 13C}OwOLt
Q}}eD Ovv=wD|t OwHwt |xQ}NP uR=Nt\ki '14C}OwOLt =@ "CU}v O}OH |xQ}NP
Ov=wD|t C}iQ_ K]U l} =yvD xQ}NP uRNt Qy 15 C}OwOLtQO "OvyO@ xR=Ov=
Ovv=wD|t \ki xQ}NP uR=Nt C}iQ_ xm CU= u; Qou=}@ 16 C}OwOLt "OW=@ xDW=O
?; p=kDv= u=mt= xm OQ=O|t u=}@ w} Q=vU Qy QO 17 C}OwOLt "Ovvm =O}B V}=Ri=
O}=@ 18 C}OwOLt QO "OQ=O OwHw p=ai |xOvvmu}t-=D j} Q] R= =yvD xQ}NP uRNt x@
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=Q s=Om Qy ẁkw p=tDL= w umtt |=ypqDN= s=tD O}=@ =OD@= =yw} Q=vU u}}aD |=Q@
|xm@W |xrwr \w]N w =yxOvvmu}t-=D QO pqDN= OwHw pOt u}= QO "OQm |}=U=vW
|xm@W OOHt |L=Q] |[=} Q pOt VN@ u}= QO "CU= Q}PBu=mt= |v=UQ?;
|R=UsmLDUt w |[Qa Cq=kDv= |=yQ=my=Q R= xO=iDU= =@ xm sw=kt |v=UQ?;
u=Wv pOt Q@ Q=my=Q Qy Q}F-=D |xwLv w OwW|t x�=Q= 'CU= xOW |R=Usw=kt Cq}yUD

"CU= xOW xO=O

|[Qa Cq=kDv= Q=my=Q "1"2"3
u}= "CU= xQ}NP uRNt wO u}@ ?; p=kDv= |}=v=wD '|[Qa Cq=kDv= Q=my=Q
xU w xQ}NP uRNt wO |xrY=i =@ Q@=Q@ dikq |=yQDt=Q=B h} QaD Ea=@ Q=my=Q
OwHw |xOvyOu=Wv ?}DQDx@ xm OwW|t � (s)

kq w �kq w �kq |Qv}=@ QDt=Q=B
"CU= u; uOw@ ?=QN w xrwr \N OwHw w xQ}NP uRNt wO u}@ S=BtB x=oDU}=
C@Ft Q}eDt xm OwW|t xi=[= sy Hkq w XWW (s)

kq Q}eDt wO u}vJty
|Qv}=@ Q}eDt w k; q uRNt wO u}@ u=} QH Q=Okt |xOvyOu=Wv XWW (s)

kq

Q=my=Q u}= "CU= k; q uRNt wO u}@ xrwr \N OwHw |=Q@ xOvQ}os}tYD w Hkq
|U} wvR=@ Q} R CQwY x@ xm OwW|t 6 w 5 |=yC}OwOLt QO Q}}eD O=H}= Ea=@

%OwW|t

+
P
k

P
l
gl:Y W l

k

+
P
l

P
l0
P
k

(gl
0 � gl):Y Rl0k

+
P
i

P
k
f:diik:(1� �ik):Rik

+
P
k

P
c
f:dikc:(1� �kc):Nkc

(2)

S:t:X
i

XSW (s)
ik �

X
c

XW (s)
kc 8k; s (3)

XSM (s)
ik �M:(

X
j

X
o

PMo
ikj

(s) � 1) +XSWik 8i; k; s (4)X
c

XW (s)
kc �M:(

X
l

YW l
k +

X
l0
Y Rl

0
k +

X
l

�lk) 8k; s (5)X
i

XSW (s)
ik �M:(

X
l

YW l
k +

X
l0
Y Rl

0
k +

X
l

�lk) 8k; s (6)X
j

X
o

PMo
ikj

(s) = �ik:Rik 8i; k; s (7)

XSW (s)
ik �M:Rik 8i; k; s (8)

XW (s)
kc �M:Nkc 8k; c; s (9)X

u

�u:PSui
(s) �X

k

XSW (s)
ik 8i; s (10)X

k

XSW (s)
ik � Lii 8i; s (11)X

u

PSui
(s) � 1 8i; s (12)X

l

YW l
k +

X
l

�lk � 1 8k; s (13)X
l0
Y Rl

0
k �

X
l

�lk 8k (14)X
l

YW l
k � 1 8k (15)

bl:Y Rl
0
k � bl0 :�lk 8k; l (16)X

k

XSW (s)
ik �M:!i 8i; s (17)X

k

XW (s)
kc � dc 8c; s (18)

YW l
k; Y R

l0
k ; PM

o(s)
ijk ; PS

u(s)

i ; Rik; Nkc 2 f0; 1g (19)

XSW (s)
ik ; XSM

(s)
ik ; XW

(s)
kc � 0 (20)

|=yxv} Ry pt=W '?; `} RwD |xm@W pm |=yxv} Ry |R=Uxv}tm |=Q@ 1 hOy `@=D
pt=W w} Q=vU Qy |=yxv} Ry "OQ=O OQ@ Q=m C@=F |=yxv} Ry w w} Q=vU Qy x@ \w@ Qt
x@ \w@ Qt |xv} Ry w ?; `} RwD |xm@W |=RH= u}@ ?; p=kDv= |=Q@ jQ@ |xv} Ry
E=OL= |xv} Ry pt=W R}v C@=F |=yxv} Ry &CU= |wkQ=Wi w Qw=vW |=yAtB O} QN
w |Q=Poxrwr |=yxv} Ry w xQ}NP uR=Nt R}=U Q}}eD x@ \w@ Qt |xv} Ry w xQ}NP uRNt
2 hOy `@=D "CU= |Q=Q][= |xQ}NP |Q=Oxov |=Q@ xQ}NP uRNt E=OL= |xv} Ry
pw= CtUk xm OwW|t s}UkD C@=F w w} Q=vU x@ xDU@=w |=yxv} Ry VN@ wO x@ sy
|=yAtB \UwD xOW hQYt jQ@ R= |W=v |oOv}q; u=R}t |R=Uxv}tm x@ \w@ Qt
swO CtUk &CU= w} Q=vU Qy QO u}t-=D |xQ}HvR QO xOW ?Yv |wkQ=Wi w Qw=vW

27



"""s
w=kt

�R@
Uu

}t- =D
|xQ

}HvR
|L

=Q]R
=@CU= |}=yx=J w nvQywm |xtWJ R= p=kDv= \N xDWQ Q[=L p=L QO OQmQyW

Q=t; u} QN; T=U= Q@ "CU= xOW QiL OQmQyW CWO |v}tRQ} R ?; |xQiU QO xm
R=}v OQwt ?; u}t-=D |=Q@ xRwL VW QO p=ai j}ta x=J xkrL 28 O=OaD |Di=} QO
OQmQyW ?; `} RwD |xm@W |@; |=yR=}v u}t-=D |=Q@ Q}N= |=yp=U QO "OQ=O OwHw
sqa= T=U= Q@ xm xOW xO}Wm QyW x@ nvQywm xtWJ R= p=kDv= \N xDWQ l}
?; R= OYQO 35 OwOL '|Q=}DN@ w p=LtQ=yJ u=DU= ?q[=i w ?; CmQW
OwHw ?; |rY= |xOvvmu}t-=D Ciy `k=w QO "OQm Oy=wN u}t-=D =Q QyW R=}v OQwt
xRwL 6 x@ xm CU= OwHwt x=J 28 w nvQywm p=kDv= \N =yu; R= |m} xm OQ=O
=yxOvvmu}t-=D u}= QO OwHwt |=y?; "OvDUy |Oa@ |xOvvmu}t-=D 6 w Ov=xOW s}UkD
R= Qo = =y?; QO OwHwt C=QD}v "CU= C=QD}v Ovv=t u}ovU C=Rri |Q}O=kt |=Q=O
u}=Q@=v@ "OQw;|t OwHw x@ u=oOvvmhQYt |DtqU |=Q@ |DqmWt OwQ@ QDq=@ |OL
pqDN= Q=JO xOvvmu}t-=D w hkwDt OW=@ q=@ C=QD}v =@ |@; |=Q=O xm |}xOvvmu}t-=D
|=yp=U x@ \w@ Qt OQmQyW ?; |Wmxrwr |xm@W O=H}= |xk@=U |iQ] R= "OwW|t
|xm@W CtOk uOw@ q=@ p}rO x@ xm@W QO OwHwt |=yxrwr \N w CU= 1330
\N u}=Q@=v@ "OQ}o|tv CQwY =yu; QO ?; p=kDv= w OwW|t ?=QN |v=UQ?;
xOW xDio C=mv x@ xHwD =@ =yw} Q=vU u}}aD |=Q@ "OvwW|t pqDN= Q=JO =yxrwr
R= |[a@ QO |RQw=Wm |=yu}tR x@ 1 |xRwL x=J uOw@ l}ORv p}rO x@ q=@ QO
R= ?; G=QNDU= w OwQ|t R=Ht OL R= QDq=@ ?; QO OwHwt C=QD}v X=N pwYi
?; |xQ}NP uRNt w 2 |xQ}NP uRNt u}@ |=yxrwr \N "OwW|t hkwDt u;
"OwW|t pqDN= Q=JO 1 ?; `} RwD RmQt w 6 ?; `} RwD RmQt u}@ u}vJty w 1
|w} Q=vU QO "CU= Q}PBu=mt= |v=UQ?; |xm@W |=Q@ pqDN= |w} Q=vU 4 u}=Q@=v@
|w} Q=vU "OwW|tv O=H}= |rqDN= 68 p=tDL= =@ w CU= |O=a ,qt=m \}=QW pw=
swU |w} Q=vU "O};|t OwHw x@ 20 p=tDL= =@ 1 |xRwL |=yx=J QO pqDN= swO
QO "CU= OYQO 10 u; p=tDL= xm Ovm|t |UQQ@ =Q xrwr \w]N |@=QN sy
xOW O=H}= |]=@DQ= \w]N QO sy w xOvvmu}t-=D QO sy pqDN= sQ=yJ |w} Q=vU
"CU= OYQO2 |va} pqDN= wO p=tDL= ?Q[ pY=L =@ Q@=Q@ u; p=tDL= xm CU=
Q}PBu=mt= w} Q=vU 'pqDN= n OwHw CQwY QO xm CiQo xH}Dv u=wD|t u}=Q@=v@

"OwW|t

pOt |@=} RQ= "5
%O=O MU=B O}=@ Q} R p=-wU wO x@ xOt; CUO x@ |=yxO=O R= xO=iDU= =@ VN@ u}= QO
`@=wD Q@ |Q}F-=D xJ |v=UQ?; |xm@W QO |R=Usw=kt |=yQ=my=Q uDiQo xO}O=v "1

#OQ=O hOy
|v=UQ?; |xm@W Ow@y@ Q@ |Q}F-=D xJ |}=yvDx@ |R=Usw=kt |=yQ=my=Q R=l} Qy "2

#OQ=O
R@U |v=UQ?; |xm@W OOHt |L=Q] pOt 'xOW x�=Q= pOt wO |xU}=kt |=Q@
?}mQD =@ =Q sw=kt � R@U |v=UQ?; |xm@W OOHt |L=Q] pOt w sw=ktQ}e �
pL Rto Q=Ri=sQv QO CPLEX \UwD =yu; ẁkw p=tDL= w =yw} Q=vU s=tD
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