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&Ow@ Oy=wN QiY =@ Q@=Q@ xv} Ry u}= CQwY u}= Q}e QO "CW=O s}y=wN Sit pO=at
xm|DQwYQO "|v}Wv=H Q=Okt |R=U |]N Qw_vt x@ xOW xO=iDU= |} wOwO Q}eDt %Lt
xm |}=[=kD Q=Okt =@ CU= Q@=Q@ |v}Wv=H Q=Okt OQ}o@ l} =@ Q@=Q@ |Q=Okt Q}eDt u}=
l}v=oQ= |OwHwt Q=Okt =@ Q@=Q@ |v}Wv=H Q=Okt CQwY u}= Q}e QO "OwW|t u}Wv=H

&OW Oy=wN Q=@v= QO
Q@=Q@ t |xQwO QO j pwYLt |OwHwt 'OW=@ QiY Q@=Q@ Qo = xm |} wOwO Q}eDt %Rjt

&CU= QiY Q@=Q@ u; Ow@tm CQwY u}= Q}e QO w QiY
|Q=Oyov |xv} Ry |R=U|]N |=Q@ ?}DQD x@ xm |} wOwO |=yQ}eDt %�vct; �wot

&CU= xOW xO=iDU= |}=}t}W w l}v=oQ= CqwYLt
CqwYLt |Q=Oyov |R=U|]N QO xOW xO=iDU=|ivtQ}e |=yQ}eDt %Yvct; Uwot
xOW h} QaD \@=w[ s=tD QO |OwHwt ẁtHt |xOvyO u=Wv xm |}=}t}W w l}v=oQ=

"OvDUy |Q=Oyov |xv} Ry `@=D

xiOyOvJ |[=} Q |R} Qxt=vQ@ pOt "4
Q} R CQwY x@ |O=yvW}B pOt 'p@k VN@ QO xOW |iQat |=yO=tv R= xO=iDU= =@

%CU= xOW |U} wv pwtQi
MINZ1 =

X
t

X
j

(Sjt:Xjt + Pj :APjt +Qjt:CTj

+Bjt:(�j :�j + �
0
j :�
0
j))+X

t

(((1� �c � �0c)Bct � SUt)�

(�c:�c + �
0
c:(1� �c))) (3)

+
X
t

(CDc:(mc:ILt + 'ct) + CDo:(mo:SILt + 'Dt))

+
X
t

(Uwot:HCwo + Yvct:HCvc + CSU:SUt)

MINZ2 =
X
t

[(APct:GEPct �APot:GEPot)+

((Qot +Qct):GET ) + ((mo:SILt + 'ot):GEDo)+

((mc:ILt + 'ct):GEDc)] (4)

K2 w K1 u}@ Qo = w CU= pwYLt OL=w Qy |=Q@ HC10 pO=at |Q=Oyov
w Kw�1 u}@ xm|t=ovy ?}DQD u}ty x@ w HC20 pO=at |}xv} Ry OQ}o Q=Qk
2 |xrO=at QO"OwW|t p}tLD VwQixOQN x@ xv} Ry OL=w HCw0 OQ}o Q=Qk Kw

xm OQm u=Wv Q]=N O}=@ "CU= Q=QkQ@ |}=}t}W CqwYLt |=Q@ \}=QW u}ty R}v
0 � HC1c < HC2c < ::: < w 0 � HC10 < HC20 < ::: < HCw0
0 < A1 < w 0 < K1 < K2 < ::: < Kw u}vJty "OW=@|t HCvc
l}v=oQ= CqwYLt |OwHwt |=yxR=@ |xOvyO u=Wv ?}DQD x@ A2 < ::: < Ay

"Ov=|}=}t}W w

|Q=PoO=tv "1"3
xDN=OQB pOt QO xOW xO=iDU= s}tYD |=yQ}eDt w =yQDt=Q=B '=yO=tvh} QaD x@ xt=O= QO

"OwW|t
%=yT}Ov=

&j 2 fo; cg l}v=oQ= w |}=}t}W pwYLt |xU=vW %j
&t 2 f1; 2; :::; Tg |v=tR |=yxQwO |xU=vW %t

v 2 f1; 2; :::; V g; w 2|Q=Oyov |xv} Ry `@=D QO x]@=[O=OaD |xawtHt %w; v
"f1; 2; :::;Wg

%=yQDt=Q=B
&VwQixOQN QO j pwYLt |Q=Oyov |xv} Ry %HCj

&j pwYLt OL=w Qy O}rwD |xv} Ry %Pj
&OQ}o@ CQwY O}rwD Qo = t |xQwO QO j pwYLt |R=Ov=x=Q |xv} Ry %Sjt

uOQw;Q@ Qw_vt x@ l}v=oQ= pwYLt R= xO=iDU= |v}Wv=H OL=w |xv} Ry %CSU
&xQwO Qy QO |}=}t}W pwYLt |=[=kD

&j pwYLt |=Q@ Ci=TB |=[=kD OL=w Qy |=R= x@ Ow@tm |xv} Ry %�j
& j pwYLt |=Q@ xDiQ CUO R= VwQi OL=w Qy |=R= x@ Ow@tm |xv} Ry %��j

&t |xQwO QO j pwYLt |=Q@ VwQixOQN |=[=kD %Demjt

&VwQixOQN QO |}=}t}Ww l}v=oQ= CqwYLt |Q=Oyov C}iQ_ %CAj
&j pwYLt |=Q@ VwQixOQNx@ xOvvmu}t-=D R= pkvwptL |xv} Ry %CTj

&VwQixOQNQO j pwYLt |=Q@ Ci=TB |=[=kD OYQO %�j
&VwQixOQN QO j pwYLt |=Q@ xDiQ CUO R= VwQi OYQO % ��j
&VwQixOQN QO|}=}t}W w l}v=oQ= CqwYLt `iO ?} Q[ %mj

ptL u}L QO |}=}t}W w l}v=oQ= CqwYLt `iO ?} Q[ %!j
&VwQixOQN QO xOW ?=QN l}v=oQ= pwYLt OL=w Qy `iO |xv} Ry %CDj

QO j pwYLt OL=w Qy O}rwD R= |W=v |}xv=Nro |=yR=o Q=WDv= u=R}t %GEPit
& t|xQwO

QO j pwYLt OL=w Qy `iO R= |W=v |}xv=Nro |=yR=o Q=WDv= u=R}t %GEDit
& t|xQwO

&CqwYLt ptL R= |W=v |O}rwD |}xv=Nro |=yR=o Q=WDv= u=R}t %GET
&Ovvm|t |}=}t}W pwYLt u}Wv=H =Q l}v=oQ= pwYLt xm u=} QDWt R= |OYQO %�

&|a=tDH= CtqU Q@ l}v=oQ= pwYLt hQYt Q}F-=D ?} Q[ %�
&|a=tDH= CtqU Q@ |}=}t}W pwYLt hQYt Q}F-=D ?} Q[ %

CU} R\}Lt CtqU Q@ j pwYLt Ov=tUB Q}F-=D OYQO %�j
&|a=tDH= CtqUQ@ l}v=oQ= pwYLt O}rwD Q}F-=D ?} Q[ %��

&|a=tDH= CtqU Q@ |}=}t}W pwYLt O}rwD Q}F-=D ?} Q[ %�
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|U
Ovyt \w@ Qt sQ=yJ |xrtH "OvW=@|t VwQixOQN x@ CqwYLt R= s=OmQy ptL |xv} Ry

R= p@k pwYLt wO Qy |wQ Q@ xDiQ CUO R= VwQi w Ci=TB Ow@tm |xv} Ry x@
|v}Wv=H R= Oa@ xOv=t|k=@ Ow@tm |xv} Ry =@ \=@DQ= QO sHvB CQ=@a w |v}Wv=H
|}=}t}W |xDi=}p=wR CqwYLt `iO |xv} Ry =@ \@DQt sDiy w sWW CqtH "CU=
w CqwYLt R= s=OmQy |Q=Oyov |xv} Ry x@ \w@ Qt syv w sDWy C=Q=@a 'l}v=oQ= w
QO "CU= l}v=oQ= CqwYLt |v}Wv=H |xv} Ry x@ \w@ Qt R}v QN; CQ=@a C}=yv QO
O}rwD C=}rta R= |W=v |}xv=Nro |=yR=o C=Q=WDv= u=R}t |R=Uxv}tm hOy 4 |x]@=Q
xDi=} p=wR CqwYLt `iO w CqwYLt u}= ptL '|}=}t}W w l}v=oQ= CqwYLt
l}v=oQ= |RQw=Wm sDU}U R= xO=iDU= xmu}= x@ xHwD =@ "CU= Q=@v= QO w ptL u}L QO
|=y|OwQw w l =N V}=UQi R= |W=v O}Um = |O u@ Qm Vy=m Qw_vt x@ |OQ@y=Q
|=yR=o CQ=@a |]}LtCU} R `@=D QO '[32]OwW|t xDN=vW =yOwm Q}_v |}=}t}W
hOy CyH QO w C@Ft QF= =@ (APot:GEPot) |va} O}rwD =@ \@DQt |}xv=Nro
xOW xDiQo Q_v QO |}xv=Nro |=yR=o |R=Uxv}tm |va} xOW h} QaD |]}LtCU} R
R= s=OmQy `iO w pkvwptL '|}=}t}W CqwYLt O}rwD |va} =yC}r=ai |x}k@ "CU=
u}tR |xQm |=tO V}=Ri= O}OWD w |}xv=Nro |=yR=o V}=Ri= x@ QHvt CqwYLt u}=
CU= |a=tDH= CtqU x@ \w@ Qt hOy `@=D xm 5 |x]@=Q "OvDUy |v=yH V}=tQo w
"CU= xOW x@U=Lt CU} R\}Lt CtqU w xat=H CtqU R= |a@=D CQwY x@ w
QO swU w swO |xrtH 'CqwYLt hQYt =@ \=@DQ= QO xrO=at u}= QO pw= |xrtH
?}=Q[ 'CU= xOy=Wt p@=k xm Qw] u=ty "CU= Ov=tUB w O}rwD u=R}t =@ \=@DQ=
u}= |ivt C=QF= p}rO x@ |}=}t}W CqwYLt `iO w O}rwD 'hQYt u=R}t x@ \w@ Qt
XNWt |ivtCtqa =@CtqU Q@ p=wR w `iO =D O}rwD |xrLQt u=ty R= CqwYLt
=DU=Qsy x@ xHwD =@ w uOw@ sr=U w |a}@] p}rO x@ l}v=oQ= CqwYLt =t= &CU= xOW
V}=tv C@Ft Ctqa =@ CqwYLt u}= x@ \w@ Qt CqtH '=t Q_vOt hOy=@ uOw@
O}rwD 'hQYt u=R}t Q}F-=D OYQO Qou=}@ 'xOW h} QaD C@=F ?}=Q[ "Ov=xOW xO=O
"Ov=l} w QiY u}@ |O=Oa= w OvDUy CU} R\}Lt w xat=H CtqU Q@ Ov=tUB w
ptL pwYLt Q=Okt xm |}xvwo x@ CU= VwQixOQN C}iQ_ x@ \w@ Qt 6 C}OwOLt
=@ \=@DQ= QO 7 C}OwOLt "OQ}o CQwY VD}iQ_ x@ xHwD =@ O}=@ xQwO Qy QO xOW
MQ (APjt) O}rwD xm|DQwYQO CU= Sjt Q=Okt =@ Q@=Q@ w CU= |R=Ov=x=Q |xv} Ry
xm OyO|t MQ |v=tR\ki xQwO Qy QO |R=Ov=x=Q |xv} Ry 7C}OwOLt T=U= Q@ "OyO
|O=YDk= hOy `@=D QO t |xQwO QO |R=Ov=x=Q |xv} Ry TB "OW=@ C@Ft O}rwD Q=Okt
x@ 9 w 8 C=Q=@a "CU= |} wOwO |Q}eDt Xtj xm xOW u=}@ Sjt; Xjt CQwY x@
x@ xO}UQ pwYLt Q=Okt w ptL u}L QO xDi=}p=wR CqwYLt Q=Okt Qou=}@ ?}DQD
|v}Wv=H R= p@k |OwHwt u=R}t '10 C}OwOLt T=U= Q@ "CU= VwQixOQN CUO
sr=U |OwHwt u=R}t =@ CU= Q@=Q@ t |xQwO |=yDv= QO� |v}Wv=H pwYLt �Ow@tm ��

(1�mo):SlL(t�1)

�
VwQixOQN QO|v}Wv=H R= Oa@p@k |xQwO R= xOv=t|k=@

|=yvt (Qot) VwQixOQN QO t |xQwO QO xOW Ci=} QO VQ=iU u=R}t xwqa x@
(ii w '(Demot) VwQixOQN QO t |xQwO |=[=kD (i pt=W t |xQwO C=H=}DL=
|OwHwt pO=aD 11 |x]@=Q "(�o:Bo(t�1)) p@k |xQwO |xO=Di= ?ka |=[=kD
15�12 CqO=at "OyO|t u=Wv=Q |}=}t}W |=[=kD |v}Wv=H Oa@ w p@k l}v=oQ=
=@ Q@=Q@ xm OvyO|t u=Wv =Q xQwO Qy QO |v}Wv=H Q=Okt |R=U|]N |=yC}OwOLt
|=[=kD R= |OYQO w (BILt) l}v=oQ= pwYLt R= Q=@v= QO |OwHwt u=R}t |xv}tm
�:(1��c��0c):Bct'OvDUy u}Wv=H pwYLt R= xO=iDU= x@ Q[=L xm |}=}t}W
VwQixOQN QO |}=}t}W pwYLt |OwHwt pO=aD |xrO=at R}v 16 C}OwOLt "CU=
|OwHwt w Ow@tm xm OyO|t u=Wv R}v 18�17 |=yC}OwOLt "OyO|t u=Wv =Q

MAXZ3 = �:CSo � :CSc +
X
t

((APot:�0 �APct:
0) + ((mo:SILt + 'ot):�o)� ((mc:ILt + 'ct):�c)) (5)

Qji � CAj ; 8j; t (6)

Xjt
M
� APjt �M:Xjt 8j; t (7)

'jt = !j :APjt; 8j; t (8)

Qjt = (1� !j):APjt; 8j; t (9)

BILt �Bot = (1�mo):SIL(t�1)

+Qot �Demot � �o:Bo(t�1) 8t (10)

SILt = BILt � SUt 8t (11)

BILt �M:Lt � SUt � BILt +M:Lt 8(t) (12)

BILt � �:(1� �c � �0c):Bct +M:Ltm 8(t) (13)

�:(1� �c � �0c):Bct �M:(1� Lt) � SUt � (14)

�:(1� �c � �0c):Bct +M:(1� Lt) 8t
�:(1� �c � �0c):Bct �M:(1� Lt) � BILt (15)

ILt �Bct = (1�mc):IL(t�1) +Qct �Demct 8t
��c:

�
Bc(t�1) + (1� �c � �0c):Bc(t�1) � SU(t�1)

�
8t (16)

Bot �M:Rot 8t (17)

BILt �M:(1�Rot) 8t (18)

Bct �M:Rct 8t (19)

ILt �M:(1�Rct) 8t (20)

(1�mo):SILt =
X
w

Uwot 8t (21)

�wot:Kw�1 � Uwot � �wot:Kw 8t; w (22)X
w

�wot = 1 8t (23)

(1�mc):ILt =
X
v

Yvct 8t (24)

�vct:Av�1 � Yvct � �vct:Av 8t; v (25)X
v

�vct = 1 8t (26)

CSo = ILOo +
X
t

(Qot �mo:SILt)� SILT (27)

CSc = ILOc +
X
t

(Qct �mc:ILt)� ILT (28)

Rjt; Xjt; �wot; �vct; Lt 2 f0; 1g 8j; t; v; w (29)

BILt; SILt; ILt; SUt; APjt; Bjt;

Qjt; CSj ; 'jt; Uwot; Yvct � O 8j; t; v; w (30)

xO pt=W CU= u}t-=D |xQ}HvR pm |=yxv} Ry |R=Uxv}tm |B QO xm 3 |x]@=Q
�|R=UxO=t;� |R=Ov=x=Q |xv} Ry x@ \w@ Qt swO w pw= CqtH %CU= |}xv} Ry CQ=@a
=@ \=@DQ= QO R}v swU CQ=@a "CU= xOvvmu}t-=D QO j pwYLt O}rwD |xv} Ry w
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x�=Q=CqwYLt R= OYQO 1 5 'VwQixOQN QO "Ov=xOW h} QaD `iO ?} Q[ u=wva =@ w

R= OYQO 2 u}vJty "Ov@=}|t p=wR |}=}t}W CqwYLt R= OYQO 2 5 w l}v=oQ=
"Ov@=}|t p=wR ptL u}L QO |}=}t}W CqwYLt OYQO 5 w l}v=oQ= CqwYLt
'7300 =@ Q@=Q@ ?}DQD x@ xQwO xU QO VwQixOQN QO l}v=oQ= CqwYLt |=Q@ =[=kD
xQwO xU Qy QO R}v |}=}t}W pwYLt |=[=kD u}vJty "CU= 8500 w 6200
|R=Ov=x=Q |xv} Ry "CU= xOW xDiQo Q_v QO OL=w 8000 w 4500 '8000 pO=at
'150 =@ Q@=Q@ |R} Qxt=vQ@ ji= xQwO xU pw] QO l}v=oQ= |ovQixHwo O}rwD Qw_vt x@
w 140 '120 =@ Q@=Q@ |}=}t}W pwYLt |=Q@ Q=Okt u}= w |rwB OL=w 200 w 180
|W=v |O}rwD |}xv=Nro |=yR=o Kw]U "CU= xOW xDiQo Q_v QO |rwB OL=w 160
w l}v=oQ= pwYLt OL=w Qy |=R= x@ sQo ?ULQ@ ptL w `iO 'O}rwD C=}rta R=
OQwt u}= QO w |v}tND CQwY x@ =yQDt=Q=B u}= "CU= xOW x�=Q= 2 pwOH QO |}=}t}W
|}xv=Nro |=yR=o C=Q=WDv= K]U u=R}t j}kO u}}aD |=Q@ "CU= xOW u}}aD X=N
u=wD|t 'CU= x}rkv |xr}Uw w xO=H \}=QW w CNwU hQYt u=R}t x@ xDU@=w xm
|=ypOt |}=Q=m xm CU= QmP u=}=W "OQm ẁHQ [18]u=Q=mty w QwR=U |xr=kt x@

"CU}v Q}O=kt u}= x@ xDU@=w |O=yvW}B
=@ xOvvmu}t-=D |xrY=i x@ pkvwptL R= |W=v |}xv=Nro |=yR=o xmu}= x@ xHwD =@
|xv} Ry "CU= xOW xOR u}tND sQo 4000 Q=Okt =@ Q@=Q@ OQ=O |oDU@ VwQixOQN
OL=w 0 015 =@ Q@=Q@ w u=Um} sy=@ R}v |}=}t}W w l}v=oQ= CqwYLt pkvwptL

"CU= xOW h} QaD pwYLt Qy |=R= x@ |rwB
=@ Q@=Q@ VwQixOQN QO |}=}t}W w l}v=oQ= CqwYLt |=Q@ x}rw= |OwHwt u=R}t
|}=}t}W CqwYLt |=Q@ =[=kD u=R}t xm|DQwY QO "CU= xOW xDiQo Q_v QO QiY
'OW=@ VwQixOQN Qy QO TQDUO QO |OwHwt R= QDW}@ |v=tR |=yxQwO R= |NQ@ QO
=} 'xDiQ CUO R= VwQi 'Ci=TB CQwY x@ =Q OwN R=}v Ovv=wD|t u=oOvvmhQYt
Qw_vt x@ u=} QDWt R= OYQO 65 xm CU= u}= Q@ ZQi "OvR=U xOQw;Q@ |v}Wv=H
uOW xH=wt CQwY QO =t= &Ovvm|t u}Wv=H =Ql}v=oQ= CqwYLt 'OwN R=}v uOQw;Q@
x@ =Q OwN |=[=kD Ovv=wD|t =yv; 'l}v=oQ= pwYLt Ow@tm =@ |}=yv u=oOvvmhQYt
u}=Q@=v@ &OvR=U xOQw;Q@ Qo}O|WwQixOQN j} Q] R= =Q OwN R=}v =} Ovvm pwmwt Oa@ |xQwO
x@ VwQixOQN QO |}=}t}W w l}v=oQ= pwYLt Qy |=R= x@ Ci=TB Ow@tm |xv} Ry
VwQi Ow@tm |xv} Ry ?}DQD u}ty x@ "CU= |rwB OL=w 220 w 250 =@ Q@=Q@ ?}DQD
QO |}=}t}W w l}v=oQ= pwYLt Qy |=R= x@ |rwB OL=w 320 w 270 xDiQ CUO R=
ji= xQwO xU QO R}v l}v=oQ= CqwYLt |v}Wv=H |xv} Ry "CU= xOW xDiQo Q_v
Qy |=Q@ Ow@tm OYQO "CU= |rwB OL=w 18 w 15 '17 =@ Q@=Q@ ?}DQD x@ |R} Qxt=vQ@
Q=@Da= Ow@y@ w ^iL u}vJty "CU= xOW xO=O u=Wv 2 pmW QO CqwYLt R= s=Om
u}=Q@=v@ &OQ=O u=Q}Ot |=Q@ |OQ@y=Q |D}ty= RwQt= |D@=kQ Q=R=@ QO u}t-=D |xQ}HvR

"CU= xOW xDiQo Q_v QO O=} R Q=}U@ Q_vOt |xQ}HvR QO Ow@tm xv} Ry
s=Hv= CPLEX12"2 Q=Ri=sQv R= xO=iDU= =@ C=@U=Lt |x}rm w |R=UpOt
VwQ R= QwmPt |OQwt |xar=]t |=Q@ |O=yvW}B pOt pL Qw_vt x@ "CU= xOW
=} pw= hOy `@=D ?}DQD u}O@ "CU= xOW xO=iDU= xOW C} wkD uwr}UB= C}OwOLt

|=yC}OwOLt "OvQ}o@ C@Ft Q=Okt Ovv=wD|tv u=tRsy CQwY x@ l}v=oQ= pwYLt
QmP xm Qw] u=ty "Ov=xOW h} QaD |}=}t}W pwYLt |=Q@ x@=Wt Qw] x@ 20�19
CQwY x@ 2 w 1 CqO=at j@=]t CqwYLt R= OL=w Qy |Q=Oyov |xv} Ry OW
|=Q@ xv} Ry u}= |R=U|]N Qw_vt x@ "CU= xOW xDiQo Q_v QO |}xrB w |OwaY
Uwot |ivtQ}e Q}eDt l} w �wot |} wOwO Q}eDt l} O}=@ 'l}v=oQ= CqwYLt
w �vct |} wOwO Q}eDt "OvwW xOwRi= pOt x@ 23�21 |=yC}OwOLt w xOW h} QaD
|Q=Oyov |xv} Ry |R=U|]N |=Q@ 26�24 |=yC}OwOLt Yvct |ivtQ}e Q}eDt
Qou=}@ ?}DQD x@ 28�27 |=yC}OwOLt "Ov=xOW xi=[= pOt x@ |}=}t}W CqwYLt
R}v 30�29 |=yC}OwOLt "OvW=@|t |}=}t}W w l}v=oQ= pwYLt R= hQYt u=R}t
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