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p=UQ= =yxv=NQ=m x@ xOvvmu}t-=D Qy R= x}rw= |xO=t Q=Okt xJ '|v=tR |xQwO Qy QO "4
#OwW

#OwW p=UQ= u=oOvvm`} RwD x@ xv=NQ=m Qy R= q=m Q=Okt xJ '|v=tR |xQwO Qy QO "5
p=UQ= u=} QDWt j]=vt x@ xOvvm`} RwD Qy R= q=m Q=Okt xJ '|v=tR |xQwO Qy QO "6

#OwW
#OwW |Q=Oxov xOvvm`} RwD Qy Q=@v= QO q=m Q=Okt xJ '|v=tR |xQwO Qy QO "7

%R= CU= CQ=@a R}v xr�Ut u}= C=}[Qi
"OQ=Ov OwHw sQwD hrDNt |v=tR |=yxQwO |=Q@ u}t-=D |xQ}HvR |xm@W u}= QO ��
Q_v QO Q@=Q@ xm@W |v=tR |=yxQwO =@ |Di=} QO s=w CN=OQB R=@ |v=tR |xQwO ��

"CU= xOW xDiQo
"CU= x}rw= |xO=t ẁv l} w q=m ẁv l} pt=W u}t-=D |xQ}HvR |xm@W ��

"CU= x}rw= |xO=t OL=w l} OvtR=}v q=m OL=w Qy O}rwD ��
"CU}v u=} QDWt |=y=[=kD |xty uOW jkLt x@ |twRr ��
"Tmar=@ w OQ=O \=@DQ= xOvvmu}t-=D u}OvJ =@ xv=NQ=m Qy ��
"Tmar=@ w OQ=O \=@DQ= xv=NQ=m u}OvJ =@ xOvvm`} RwD Qy ��

"Tmar=@ w OQ=O \=@DQ= xOvvm`} RwD u}OvJ =@ u=} QDWt |xk]vt Qy ��
"CU= XNWt =yxv=NQ=m E=OL= |=Q@ O}Ov=m |=yu=mt ��

u}t-=D OwHwt x}rw= |x}=tQU =} lv=@ R= s=w PN= =@ =yxv=NQ=m E=OL= |xv} Ry ��
"OwW|t

|=Q@ u=} QDWt |=[=kD w u=oOvvm`} RwD '=yxv=NQ=m 'u=oOvvmu}t-=D C}iQ_ w u=mt ��
"CU= C@=F w swrat |v=tR |xQwO Qy

%R= CU= CQ=@a xr�Ut u}= |=Q@ sRq C=aq]=
&|v=tR |=yxQwO O=OaD "1

&|Di=} QO s=w Q=Okt u} QDsm w OwHwt x}rw= |x}=tQU "2
|xv} Ry 'q=m O}rwD |xv} Ry 'x}rw= |xO=t x}yD |xv} Ry '=yxv=NQ=m E=OL= |xv} Ry "3
xQwO Qy QO q=m OL=w Qy VwQi Ct}k w q=m p=UQ= |xv} Ry '|OwHwt |Q=Oxov

&|v=tR
&u=} QDWt j]=vt w u=oOvvm`} RwD 'u=oOvvmu}t-=D '=yxv=NQ=m C}iQ_ "4

"|mv=@ xQy@ MQv w C=}r=t MQv 'xQy@ MQv "5

pOt h} QaD "3
X}YND �|@=}u=mt\rDNtK}LY OOa|]N |R} Qxt=vQ@ pOtl} 'VN@ u}= QO
w xDUw}B |=yQ}eDt R= |@}mQD 'u; QO xm OwW|t x�=Q= xar=]t OQwt |xr�Ut |=Q@
O}Ov=m |=yu=mt QO =yxv=NQ=m E=OL= |=Q@ xr�Ut |} wOwO Q}eDt "OQ=O OwHw |} wOwO
|x}=tQU R= xO=iDU= OYQO Q=Okt 's=w OYQO Q=Okt pt=W xDUw}B |=yQ}eDt w CU=
"CU= xOW |Q=Oxov w |r=UQ= '|O}rwD |q=m 'x}rw= |xO=t Q=Okt 'OwHwt |x}rw=
|Okv u=} QH |rai Xr=N VRQ= |R=Uxv}W}@ hOy =@ xOWx�=Q= |]N |R} Qxt=vQ@
%CU= xOW h} QaD xt=O= QO pOt |=yO=tv "CU= xOW u=}@ u}t-=D |xQ}HvR |xm@W
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"""|
xm@W

l}
QOX

}YN
D�

|@=}
u=m

tC
=t}t

YD|xrO=at QO xr�Ut C}OwOLt "Ovm p=UQ= x}rw= |xO=t Ov=wD|t VD}iQ_ |xR=Ov=x@
=@ |w=Ut =} QDlJwm O}=@ i |xv=NQ=m R= |r=UQ= |q=m Q=Okt xm Ovm|t u=}@ 4
5 |xrO=at QO xr�Ut C}OwOLt "OW=@ xv=NQ=m u; |Di=} QO |x}rw= |xO=t Q=Okt
u; C}iQ_ Q@=Q@ xOW E=OL= |xv=NQ=m Qy R= |r=UQ= |q=m QFm =OL xm Ovm|t u=}@
xOW |Q=Oxov |q=m Q=Okt Qou=Wv 6 |xrO=at QO xr�Ut C}OwOLt "CU= xv=NQ=m
C}OwOLt "CU= |v=tR |xQwO Qy QO xOvvm`} RwD Qy R= |r=UQ= |q=m Q=Okt w Q=@v= QO
xr�Ut C}OwOLt "CU= xOvvm`} RwD Qy Q=@v= C}iQ_ Qou=Wv 7 |xrO=at QO xr�Ut
"CU= u=} QDWt xk]vt Qy x@ |r=UQ= |q=m Q=Okt u} QDW}@ Qou=}@ 8 |xrO=at QO
Qy QO =Q lv=@ x@ |DN=OQB R=@ pwB pY= Q=Okt 9 |xrO=at QO xr�Ut C}OwOLt
|}xQy@ Q=Okt 10 |xrO=at QO xr�Ut C}OwOLt "Ovm|t x@U=Lt |v=tR |xQwO
x@U=Lt 'Ovm Ci=} QO O}=@ |v=tR |xQwO Qy QO s=w Ci=} QO Qw_vtx@ lv=@ xm =Q
C=}r=t QUm R= p@k |Okv u=} QH Qou=Wv 11 |xrO=at QO xr�Ut C}OwOLt "Ovm|t
"Ovm|t x@U=Lt =Q C=}r=t pwtWt Ot;QO 12 |xrO=at QO xr�Ut C}OwOLt "CU=
CN=OQB O}=@ xQwO Qy QO xm =Q |D=}r=t Q=Okt 13 |xrO=at QO xr�Ut C}OwOLt
R= Oa@ |Okv u=} QH Qou=Wv 14 |xrO=at QO xr�Ut C}OwOLt "Ovm|t x@U=Lt OwW
|xrO=at QO xr�Ut C}OwOLt "CU= u}t-=D |xQ}HvR |xm@W u}= |=Q@ C=}r=t QUm
1 u; Q=Okt Qo = xm CU= i O}Ov=m u=mt QO xv=NQ=m E=OL= Q}eDt Qou=Wv 15
"OwW|tv E=OL= CQwYu}= Q}e QO w OwW|t E=OL= u=mt u; QO xv=NQ=m 'OwW
u=Wv =Q xr�Ut Qo}O s}tYD |=yQ}eDt R}v 17 w 16 |xrO=at QO xr�Ut C}OwOLt

"OvyO|t

xr�Ut pL "4
l} R= |[Qi |OOa p=Ft l} '|O=yvW}B pOt s}yiD Qw_vtx@ VN@ u}= QO
� |@=}u=mt |xr�Ut l} |=Q@ p=Ft u}= "OwW|t pL u}t-=D |xQ}HvR |xm@W
w xOvvm`} RwD 2 '=yxv=NQ=m E=OL= |=Q@ O}Ov=m u=mt 2 'xOvvmu}t-=D 2 =@ X}YND
=yxv=NQ=m xr�Ut u}= QO "CU= xOW xOQw; |v=tR |xQwO 2 |=Q@ |QDWt |xk]vt 3
Q}eDt wO TB 'OvwW E=OL= hrDNt |}=}i=QeH O}Ov=m u=mt 2 QO CU= umtt
wO =@ Ovv=wD|t |}=}i=QeH u=mt wO u}= Qo}O |wU R= "CW=O s}y=wN |} wOwO
OwHw |QDWt |xk]vt 3 u}vJty "OvW=@ \=@DQ= QO xOvvm`} RwD wO w xOvvmu}t-=D
MU=B xr�Ut |=yC}OwOLt w pOt hOy x@ xHwD =@ =yu; |=[=kD O}=@ xm OQ=O
Qy |q=m O}rwD C}iQ_ 'xOvvmu}t-=D Qy |x}rw= |xO=t |x}yD C}iQ_ "OwW xO=O
1 pwOH QO |QDWt |xk]vt Qy |=[=kD w xOvvm`} RwD Qy Q=@v= C}iQ_ 'xv=NQ=m
'=yxv=NQ=m x@ u; p=UQ= w x}rw= |xO=t |x}yD |=Q@ xOvvmu}t-=D |xv} Ry "CU= xOt;
q=m OL=w Qy |Q=Oxov Ct}k w xOvvm`} RwD Qy x@ u; p=UQ= w q=m O}rwD |xv} Ry
|q=m Ct}k w q=m p=UQ= |xv} Ry "CU= xOt; 2 pwOH QO xOvvm`} RwD Qy Q=@v= QO
"CU= xOW u=}@ 3 pwOH QO |QDWt |xk]vt Qy x@ xOvvmu}t-=D Qy R= |r=UQ=
=yxQwO s=tD |=Q@ w R}J=v =[=kD uOWv xOQw;Q@ |xt} QH xr�Ut u}= QO 'u}vJty
xOW xO=O u=Wv 4 pwOH QO xr�Ut C=aq]= Qo}O &CU= xOW ZQi QiY Q@=Q@

"CU=
GAMS24.1.3 R=Qi=sQv =@ \rDNt K}LY OOa |]N |R} Qxt=vQ@ xr�Ut u}=
r 41464 Released Jul 26, 2013 WEX-WEI x86 64 solver

NPV = 198414 594019?=wH x}v=F00 219u=tR QO xmOWpLCPLEX

Qy x@ xOvvmu}t-=D Qy R= |r=UQ= |x}rw= |xO=t 'E=OL= |=yQ}eDt "Ot; CUO x@

t |v=tR |xQwO QO e |QDWt |xk]vt x@ j |xOvvm`} RwD R= xm |}q=m Q=Okt %vjet
"OwW|t p=UQ=

"OwW|t |Q=Oxov t |v=tR |xQwO QO j |xOvvm`} RwD Q=@v= QO xm |}q=m Q=Okt %pji
OwW E=OL= i O}Ov=m u=mt QO xv=NQ=m Qo = xm xv=NQ=m E=OL= |} wOwO Q}eDt %yi

"OQ}o|t QiY Q=Okt CQwY u}= Q}e QO w '1 Q=Okt
"|rai Xr=N VRQ= %NPV

pOt Q=DN=U "4"3

Max NPV =
X
tÎT

CFATt[exp(��t)]� bM (1)

Subject toX
i2N

fiyi � aL+ bM (2)X
i2N

xkit � Bk 8k 2 K; t 2 T (3)X
k2K

xkit �X
j2J

wijt � 0 8i 2 N; t 2 T (4)X
j2J

wijt � yiCi 8i 2 N; t 2 T (5)

pjt =
X
i2N

wijt + pj(t�1) �X
e2E

vjet 8j 2 J; t 2 T (6)

pjt � Gj 8j 2 J; t 2 T (7)X
j2J

vjet � Det 8e 2 E; t 2 T (8)

PR = aL
T

(9)

I = aL�R (10)

CFBTt=

8>>>>>>>>>><>>>>>>>>>>:

P
j2J

P
e2E

(Sjet � njet)vjet
� P
k2K

P
i2N

Okitxkit

� P
i2N

P
j2J

uijtwijt�P
j2J

hjtpjt

�qt
 P
e2E

Det � P
j2J

P
e2E

vjet

!

9>>>>>>>>>>=>>>>>>>>>>;
8t 2 T (11)

TIt = CFBTt � I 8t 2 T (12)

TXt = TIt � TR 8t 2 T (13)

CFATt = TIt � TXt � PR 8t 2 T (14)

yi 2 f0; 1g (15)

xkit; wijt; vjet; pjt � 0 (16)

0 � a; b � 1 (17)

|=Q@ =Q xm@W |Okv u=} QH |rai Xr=N VRQ= '1 |xrO=at QO xr�Ut hOy `@=D
|xOvyOu=Wv 2|xrO=at QO xr�UtC}OwOLt "Ovm|t xv}W}@hrDNt|v=tR|=yxQwO
O}=@ s=w PN= =@ =} OwHwt |x}rw= |x}=tQU x@ xHwD =@ =yxv=NQ=m xm CU= |v=mt
xOvvmu}t-=D Qy xm CU= u}= Qou=Wv 3 |xrO=at QO xr�Ut C}OwOLt "OvwW E=OL=
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|m=
}vu=

wN=
|kD

O}U
wp

}@wv
u}U

LQ}
t= "u; |Q=Oxov w q=m O}rwD 'x}rw= |xO=t |x}yD |xv} Ry "1 pwOH

hjt uijt okit |xQwO
h1t h2t u11t u12t u21t u22t o11t o12t o21t o22t |v=tR
2 1 14 15 16 17 9 9 10 11 1
3 2 16 17 17 19 10 11 13 12 2

"u=} QDWt |=[=kD w =yQ=@v= '=yxv=NQ=m 'u=oOvvmu}t-=D C}iQ_ 'E=OL= |xv} Ry "2 pwOH
Det

fi Gj Ci Bk xQ=tW
De1 De2

940 985 2035 1750 2200 2010 1
990 1110 2056 1850 2110 2105 2
1250 1340 - - - - 3

"u=} QDWt x@ u=oOvvm`} RwD R= |r=UQ= |q=m OL=w Qy Ct}k w q=m p=UQ= |xv} Ry "3 pwOH
njet sjet |xQwO

n11t n12t n31t n21t n22t n23t s11t s12t s13t s21t s22t s23t |v=tR
5 6 6 4 5 6 61 63 68 73 75 74 1
6 7 7 5 6 7 67 71 75 78 81 80 2

QO w OW pL GAMS Q=Ri=sQv =@ R}v |v=tR |xQwO 12 =@ w u=} QDWt xk]vt
CUO x@ NPV = 13703042 820388 |xv}y@ ?=wH x}v=F 06 585 u=tR

"Ot;

=yO=yvW}B w |Q}oxH}Dv "5
C=t}tYD |=Q@ \rDNt K}LY OOa |]N |R} Qxt=vQ@ |xr�Ut l} xar=]t u}= QO
l} |=Q@ X}YND � |@=}u=mt C=t}tYD u}= "OW O=yvW}B X}YND � |@=}u=mt
u=oOvvm`} RwD '=yxv=NQ=m 'u=oOvvmu}t-=D pt=W |L]UQ=yJ u}t-=D |xQ}HvR |xm@W
|rai Xr=N VRQ= uOQm xv}W}@ hOy xar=]t u}= QO "OWx�=Q= |QDWt j]=vt w
|Okv u=} QH w |Q=Pox}=tQU |xv} Ry R= pmWDt xm Ow@ xm@W u}= |Okv u=} QH
|xv} Ry pt=W C=}r=t QUm R= Oa@ |Okv u=} QH u}= "CU= C=}r=t QUm R= Oa@
'q=m |Q=Oxov |xv} Ry 'q=m O}rwD |xv} Ry 'x}rw= |xO=t x}yD |xv} Ry 'E=OL=
QO =yxv=NQ=m E=OL= |xv} Ry "CU=yq=m VwQi Ct}k 'q=m p=UQ= |xv} Ry
"OW sy=Qi lv=@ R= s=w PN= =@ =} OwHwt |x}rw= |Q=Pox}=tQU R= xar=]t u}=
=@ Cq}yUD w |v=tR |xQwO u}OvJ pt=W xOWx�=Q= |O=yvW}B pOt 'u}vJty
\rDNt K}LY OOa w uOw@|]N p}rOx@ pOt u}= C}=yv QO "Ow@ C}iQ_
"OW pL GAMS Q=Ri=sQv QO \rDNt K}LY OOa |R} Qxt=vQ@ VwQ =@ uOw@
u=tR 'R}v w OW x�=Q= pL x=Qty x@ lJwm O=a@= QO |OOa p=Ft l} u=}=B QO

"|[Qi |xr�Ut Qo}O Caq]= "4 pwOH
TR R � L M

�20 �10 �10 2100 2500

"Q=@v= w |r=UQ= |x}rw= |xO=t 'E=OL= |=yQ}eDt "5 pwOH
pjt xkit

yi
|xQwO

p1t p2t x11t x12t x21t x22t |v=tR
0 935 95 1915 2105 0 1 1

0 0 2010 0 190 300 1 2

"CU= xOt; 5 pwOH QO xOvvm`} RwD Qy QO CqwYLt Q=@v= Q=Okt w xv=NQ=m
x@ xOvvm`} RwD Qy R= w xOvvm`} RwD Qy x@ xv=NQ=m Qy R= |r=UQ= |q=m |=yQ}eDt
Qo}O s}tYD |=yQ}eDt 'u}vJty "CU= xOt; 6 pwOH QO |QDWt |xk]vt Qy
|xr�Ut l} |=Q@ |O=yvW}B pOt u}vJty "CU= xOW u=}@ 7 pwOH QO pOt
50 'xOvvm`} RwD 50 '=yxv=NQ=m |=Q@ O}Ov=m u=mt 30 'xOvvmu}t-=D 50 =@ |[Qi
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"""|
xm@W

l}
QOX

}YN
D�

|@=}
u=m

tC
=t}t

YD"xOvvm`} RwD Qy w xv=NQ=m Qy R= |r=UQ= |q=m |=yQ}eDt "6 pwOH
wijt vjet |xQwO

w11t w12t w21t w22t v11t v12t v13t v21t v22t v23t |v=tR
0 2200 0 1915 0 0 0 940 990 1250 1
0 2200 300 0 0 0 300 985 1110 1040 2

"|[Qi |xr�Ut s}tYD |=yQ}eDt |k@=t "7 pwOH
I PR a b CFATt TXt TIt CFBTt

|xQwO
|v=tR

210 1050 1 0 7964 89606 22664 1 1332E + 5 1 1353E + 5 1
1 4575E + 5 36699 1 8349E + 5 2 8371E + 5 2

"CiQo Q_v QO xDUw}B |=[i l}
Q_v QO xm@W |v=tR |xQwO R= Cw=iDt u=wD|t =Q s=w |v=tR CN=OQB |xQwO "3

"CiQo
"OQm ^=Lr =Q sQwD w lqyDU= Ovv=t |Qo}O OQ=wt u=wD|t xm@W u}= QO "4

?}mQD u=v}t]= C}r@=k w |@=} Q}Ut Ovv=t Qo}O p�=Ut =@ u=wD|t =Q C=t}tYD "5
"OQm

O=yvW}B |D; C=k}kLD |=Q@ "OW xO=O nQR@ O=a@= =@ |OOa p=Ft l} |=Q@ pL
%OwW|t

xrtHR= Qo}O hOy `@=D u}OvJ '|raiXr=N VRQ= hOy Q@ xwqa xr�Ut u}= QO "1
"OQm pL xiOyOvJ |=ysD} Qwor= =@ w xDiQo Q_v QO =Q u=tR w VR=OQB MQv

QO O}Ov=m |xDUUo XNWt \=kv |=Hx@ u=wD|t =Q =yxv=NQ=m E=OL= u=mt "2
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