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QO R@U CNwU ur=o Qy x@ p ẁv |RQw=Wm Ov=tUB uD Qy p}O@D MQv %�pj
&j |DU} R x=oW}q=B
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u@ Qm |=yCU=}U uDiQo Q_v QO =@ pOt \U@ "4
u}= "CU= xOW xi=[= p@k VN@ QO OwHwt pOt x@ u@ Qm CU=}U 4 'VN@ u}= QO
CQ=HD |@}mQD KQ] 'u@ Qm C=}r=t 'u@ Qm Q=WDv= R=Ht u=R}t xv}W}@ pt=W =yCU=}U
|=yCU=}U u} QDQwyWt R= xm CU= u@ Qm u=Q@H KQ] w R=Ht Q=Okt xv}W}@ w u@ Qm

[18]"OvwQ|t Q=tW x@ |}xv=Nro |=yR=o Q=WDv=

u@ Qm Q=WDv= R=Ht Q=Okt xv}W}@ CU=}U "1"4
|=Q@ u@ Qm R=Ht Q=WDv= Q=Okt 'u@ Qm Q=WDv= R=Ht Q=Okt xv}W}@ CU=}U ?wJQ=J QO
R=Ht Q=Okt xv}W}@ CU=}U CLD |[=} Q pOt "CU= OwOLt CmQW l} hQYt

%Ow@ Oy=wN Q} R CQwYx@ u@ Qm Q=WDv=

Maxz =
X
t

1
(1 + �)t�1

"X
j

X
m

~RtWjmt

�X
p

X
i

~HcpitYpit �X
p

X
i

~CcpitYpit

�X
p

X
i

X
j

~TcpijtDijXpijt �X
j

~PcjtZjt

�X
j

X
m

~TcjmtDjmWjmt

#
(12)

s:t:(2); (3); (4); (5); (6); (7); (8); (9); (10); (11)X
p

X
i

�
~PepiYpit

�
+
X
p

X
i

X
j

~TepiXpijt � ~Ccap1t 8t
(13)X

j

~PeZjt +
X
j

X
m

~TeWjmt � ~Ccap2t 8t (14)
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2|
xQ=t

W'
37

�1
|xQ

wO'
�14

00
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt X
j

~PeZjt +
X
j

X
m

~TeWjmt � ~Ccap2t + e+
2t 8t (22)

e+
1t; e

+
2t � 0 8t (23)

Q=WDv= x}tyU QO Ow@tm =@ xH=wt CQwY QO xm Ovm|t u=}@ 21 C}OwOLt
w ptL w |Qw;`tH 'CW=OQ@ 'O}rwD |=yC}r=ai s=Hv= u}L QO u@ QmO}Um =|O
OwHw Ow@tm u=R}t u}= O} QN u=mt= '|a=QR j]=vt QO |RQw=Wm |=yOv=tUB pkv
x@ u; p=kDv= w R@U CNwU O}rwD u}L QO =Q u=mt= u}ty R}v 22 C}OwOLt "OQ=O
=Q s}tYD |=yQ}eDt OwOL 23 C}OwOLt "Ovm|t sy=Qi |DU} R x=oW}q=B QO Q=R=@

"OyO|t u=Wv

Tv=W C}OwOLt |R=i |R} Qxt=vQ@ pOt "5
'sQwD MQv Ovv=t |}=yQDt=Q=B "OvDUy |a]kQ}e =yQDt=Q=B R= |Q=}U@ |ak=w |=}vO QO
j]=vt CL=Ut u}= Q@ xwqa "CU= Q}}eD p=L QO xDUw}B C=}r=t MQv w =yxv} Ry
C}@ weQt w TvH x@ xHwD =@ pwYLt ẁv Qy CWm CyH xO=iDU= p@=k |a=QR
p@=k |a]k CQwYx@ 'hrDNt |=yxQwO QO =yQwDm =i u}= uOw@ Q}eDt w l =N
|R=i |R} Qxt=vQ@ |=ypOt 'C}a]k sOa pQDvm |=Q@ p}rO u}ty x@ "CU}v u=}@
C}OwOLt |R=i |R} Qxt=vQ@ OQm} wQ R= xr=kt u}= QO xm CU= xDi=} xaUwD |Q=}U@
"CU= xOW xO=iDU= pOt |a]kQ}e |=yQDt=Q=B C}a]k sOa =@ xH=wt |=Q@ Tv=W
p@=k Q=Okt u} QD|vOW 'OQ=O xm |k}ta |[=} Q s}y=it x]U=w x@ OQm} wQ u}=
|R} Qxt=vQ@ OQm} wQ u}vJty "OQ}o|t Q_v QO |a]kQ}e |=yQDt=Q=B |=Q@ =Q Q=_Dv=
C}a]k sOa pQDvm |=Q@ |}xkvRwP w |FrFt `} RwD R= Tv=W C}OwOLt |R=i
Q_v QO =Q Q} R xO=U |R=Uxv}y@ pOt 'QDy@ lQO |=Q@ p=L [38]"Ovm|t xO=iDU=

%O} Q}o@
Min z = fy + cx

s:t:

Ax � d
Bx = 0
Sx � Ny
y 2 f0; 1g
x � 0 (24)

|=yQDt=Q=B N ?}=Q[ T} QD=t w d 'c |=yQ=OQ@ '|a]k QDt=Q=B f Q=OQ@ O}vm ZQi
'Tv=WC}OwOLt |R=i |R} Qxt=vQ@|rY= pOt uDN=U |=Q@ "CU= xr�Ut|a]kQ}e
Qorta R= w hOy `@=D |a]kQ}e |=yQDt=Q=B |R=UpOt |=Q@ Q=_Dv= p@=k Q=Okt l} R=
u=Wv 25 pOt QO xm OwW|t xO=iDU= Tv=W |=yC}OwOLt |R=UpOt |=Q@ s=Rr=
CqO=at x@ =Q |R=i Tv=W |=yC}OwOLt ,=t}kDUt s=Rr= Qorta "CU= xOW xO=O
uOQw;Q@ |=Q@ s=Rr= Qorta uOw@ QDQ=O|vat x@ xHwD =@ "Ovm|t p}O@D =yu; pO=at |a]k
|R=UpOt |=Q@ |}xkvRwP |R=i `} RwD R= xr=kt u}= QO [38]'Tv=W |=yC}OwOLt

"CU= xOW xO=iDU= =yQDt=Q=B C}a]k sOa
Min E [Z] = E [f ] y + E [~c]x

s:t:

�X
p

X
i

~HcpitYpit �X
p

X
i

~CcpitYpit

�X
p

X
i

X
j

~TcpijtDijXpijt �X
j

~PcjtZjt

�X
j

X
m

~TcjmtDjmWjmt � �t �e+
1t � e�1t�� �t �e+

2t � e�2t�#
(16)

s:t:(2); (3); (4); (5); (6); (7); (8); (9); (10); (11)X
p

X
i

�
~PepiYpit

�
+
X
p

X
i

X
j

~TepiXpijt + e�1t

� ~Ccap1t + e+
1t 8t (17)X

j

~PeZjt +
X
j

X
m

~TeWjmt + e�2t � ~Ccap2t + e+
2t 8t (18)

e�1t; e+
1t; e

�
2t; e

+
2t � 0 8t (19)

Q=WDv= x}tyU O=R=t =} Ow@tm =@ xH=wt CQwY QO xm Ovm|t u=}@ 17 C}OwOLt
pkv w ptL w |Qw;`tH 'CW=OQ@ 'O}rwD |=yC}r=ai s=Hv= u}L QO u@ Qm O}Um =|O
O=R=t =} Ow@tm Q=Okt VwQi =} O} QN u=mt= '|a=QR j]=vt QO |RQw=Wm |=yOv=tUB
Q=WDv= x}tyU O=R=t =} Ow@tm VwQi =} O} QN u=mt= R}v 18 C}OwOLt "OQ=O OwHw
Rm =Qt x@ u; pkv w ptL w R@U CNwU O}rwD |=yC}r=ai s=Hv= u}L u@ Qm O}Um =|O

"Ovm|t u=}@ =Q s}tYD |=yQ}eDt OwOL 19 C}OwOLt "OyO|t u=Wv =Q Q=R=@

u@ Qm u=Q@H CU=}U "4"4
CU=}U u}= "OyO|t =Q QDW}@ u@ Qm O} QN RwHt =yCmQW x@ u@ Qm u=Q@H CU=}U
x@ Ovv=wD|tv 'u@ Qm R=Ht Q=Okt xv}W}@ ?Hwt x@ =yCmQW xm OwW|t xO=iDU= |Dkw
|v=tR "CU= t xQwO QO u@ Qm sQowr}m Qy O} QN Ct}k �t "OvUQ@ Q_v OQwt O}rwD u=R}t
R= =yx=oW}q=B w |a=QR j]=vt O}rwD R= |W=v xOW QWDvt u@ Qm O}Um =|O u=R}t xm
Q}=U R= Ovv=wD|t OW=@ QDW}@ u@ Qm O}Um =|O Q=WDv= |=Q@ xOW u}}aD R=Ht Q=Okt
|QDsm u@ Qm O}Um =|O x@ OwN O}rwD |=Q@ xm |DU} R |=yx=oW}q=B w |a=QR j]=vt
Q=Okt ?}DQD x@ R}v e+

2t w e+
1t "OvQN@ =Q Ow@tm u@ Qm O}Um =|O u=R}t 'OvQ=O G=}DL=

"OyO|t u=Wv =Q|DU} R |=yx=oW}q=B w|a=QR j]=vt QO xOW |Q=O} QN R=Ht u@ Qm

Max z =
X
t

1
(1 + �)t�1

"X
j

X
m

~RtWjmt

�X
p

X
i

~HcpitYpit �X
p

X
i

~CcpitYpit

�X
p

X
i

X
j

~TcpijtDijXpijt �X
j

~PcjtZjt

�X
j

X
m

~TcjmtDjmWjmt � �te+
1t � �te+

2t

#
(20)

s:t:(2); (3); (4); (5); (6); (7); (8); (9); (10); (11)X
p

X
i

�
~PepiYpit

�
+
X
p

X
i

X
j

~TepiXpijt

� ~Ccap1t + e+
1t 8t (21)
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"""p
Uvu

}t- =D
|xQ

}HvR
|xm

@Wl
}|

L=Q]"|OOa |=yp=Ft R}=U "2 pwOH

"3 pwOH

T P M J I |OOa p=Ft
3 2 3 2 3 q1

lJwm R}=U5 4 5 4 5 q2
7 6 7 6 7 q3

10 8 10 8 8 q4
nQR@ R}=U12 10 12 10 10 q5

15 12 15 12 12 q6

"=yQDt=Q=B OwOL
QDt=Q=B Q=Okt QDt=Q=B Q=Okt

~Rt [6000; 6300] ~�j [2000; 2080]

~Hcpit [4 00; 7 25] Dij [200; 450]

~Ccpit [ 74; 3 44] Djm [200; 420]

~Tcpijt [0 38; 3 31] ~�pi [164; 194]

~Pcjt [1 37; 2 40] ~Pepi [58; 62]

~Tcjmt [1 099; 4 398] ~Tepi [97 02; 99 23]

hmt [540; 1010] ~Pe 18 72
�t [10 00; 12 00] �t [6 00; 8 00]

~Te 20 246 �pj [0 6; 0 9]


pit [2 00; 5 50] ~Txt [0 1; 0 32]

~Ccap1t [380000; 918600] ~Ccap2t [300000; 210000]

v 0 25

"hOy `@=D Q=Okt Q@ VwQi Ot;QO QDt=Q=B Q}F-=D "2 pmW
w |iQYt Q=R=@ |=[=kD u=R}t 'R@U CNwU VwQi R= pY=L Ot;QO u=R}t Q}_v
CNwU swO pUv u}t-=D |xQ}HvR hOy `@=D Q=Okt Q@ |DU} R x=oW}q=B O}rwD C}iQ_
2 pmW QO VwQi Ot;QO C=Q}}eD x@C@Uv hOy `@=D C=Q}}eD "CU= xOW |UQQ@ R@U

"CU= xOW xO=O u=Wv
w |rY= pOt QO VwQi R= pY=L Ot;QO V}=Ri= =@ OwW|t xOy=Wt xm u=vJ
|R=Uxv}W}@ hOy `@=D xm =QJ &O@=}|t V}=Ri= hOy `@=D Q=Okt =yCU=}U Q}=U QO
R= pY=L Ot;QO V}=Ri= =@ xm CU= |a}@] TB "CU= u}t-=D |xQ}HvR sDU}U OwU

Nec
n
Ax � ~d

o � �m 8m 2M
Bx = 0
Nec

n
Sx � ~Ny

o � �m 8m 2M
y 2 f0; 1g
x � 0 (25)

� u=v}t]= K]U R= QDsm O}=@ Ov=|a]kQ}e |=yQDt=Q=B pt=W xm |}=yC}OwOLt
[39]%OQm h} QaD Q} R CQwYx@ u=wD|t =Q |a]kQ}e pOt u}=Q@=v@ "OvW=@

Min E [Z] = fy +
�
c(1) + c(2) + c(3) + c(4)

4
�
x

s:t:

Ax � (1� �m) d(3) + �md(4)

8m 2M
Bx = 0
Sx � �(1� �m)N(2) + �mN(1)

�
y 8m 2M

y 2 f0; 1g
x � 0 (26)

QO xOW x�=Q= |a]kQ}e pOt pO=at |a]k |=ypOt 'xOW xDio ?r=]t x@ xHwD =@
%Ow@ Oy=wN Q} R CQwYx@ swU VN@

|OOa G}=Dv "6
|=Q@ OwW|t x�=Q= Rto Q=Ri=sQv R= xO=iDU= =@ pOt pL R= pY=L G}=Dv VN@ u}= QO
QO hrDNt |=yxR=Ov= =@ q6 w q5 'q4 'q3 'q2 'q1 |OOa p=Ft VW 'pOt pL
w 2 pwOH QO p=Ft VW Qy |=Q@ =yQDt=Q=B R= l} Qy OwOL "CU= xOW xDiQo Q_v

"CU= xOW xO=O u=Wv 3 pwOH QO pOt pL CyH =yQDt=Q=B Q}O=kt
u=Wv |OOa p=Ft VW Qy |=Q@ =Q hrDNt |=ypOt pL G}=Dv '4 pwOH
u=R}t 'QDnQR@ T=}kt =@ |OOa |=yp=Ft QO OwW|t xOy=Wt xm u=vJ "OyO|t
"O@=}|tV}=Ri= =[=kD uOQw;Q@ |=Q@ R@UCNwU O}rwD u=R}t 'xH}Dv QO w Q=R=@ |=[=kD
Q=OktC}a]k sOa Kw]UV}=Ri= =@ u}vJty "OwW|t QDW}@ hOy `@=D Q=Okt u}=Q@=v@
C}a]k sOa Kw]U QO xm p}rO u}= x@ O@=}|t Vy=m =ypOt s=tD QO hOy `@=D
|=ylU} Q ptLDt u}t-=D |xQ}HvR sDU}U '|a]kQ}e |=yQDt=Q=B x@ xHwD =@ QDq=@
Ot;QO |R=Uxv}W}@ xm hOy `@=D Q=Okt xH}DvQO OwW|t R@UCNwU O}rwD QO |QDW}@
xOt; CUO x@ G}=Dv x@ xHwD =@ "O@=}|t Vy=m 'CU= R@U CNwU VwQi R= pY=L
QO R@U CNwU VwQi R= pY=L Ot;QO xm OQm u=}@ u=wD|t |OOa p=Ft VW u}= R=
,qwtat 'R=Ht Q=Okt xv}W}@ w u@ Qm CQ=HD |@}mQD CU=}U CLD |DU} R x=oW}q=B
|Q}oQ=m x@ u}vJty "CU=yCU=}U Q}=U CLD VwQi R= pY=L Ot;QO R= QDW}@
Ot;QO Vy=m ?Hwt |DU} R x=oW}q=B QO u@ Qm Q=WDv= R=Ht Q=Okt u} QDW}@ CU=}U
O}rwD C}OwOLt =@ x=oW}q=B CU=}U u}= CLD xm =QJ 'OwW|t VwQi R= pY=L

"Ovm O}rwD |QDW}@ R@U CNwU Ov=wD|tv w OwW|t xH=wt
C}a]k sOa K]U QO swO |OOa p=Ft '|O=yvW}B pOt C}U=UL p}rLD |=Q@
R@U CNwU u}t-=D |xQ}HvR |O}rm |=yQDt=Q=B Q}F-=D w CU= xOW xDiQo Q_v QO 0 9
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tR�
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QW
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Q}Ot
w`}

=vY
|U

Ovyt u@ Qm |=yCU=}U uDiQo Q_v QO uwO@ |a]kQ}e pOt |a]k pO=at

|a]k pO=at

Max z =
P
t

1
(1+�)t�1

"P
j

P
m

�Rt(1)+Rt(2)+Rt(3)+Rt(4)
4

�
Wjmt

�P
p

P
i

�Hcpit(1)+Hcpit(2)+Hcpit(3)+Hcpit(4)
4

�
Ypit �P

p

P
i

�Ccpit(1)+Ccpit(2)+Ccpit(3)+Ccpit(4)
4

�
Ypit

�P
p

P
i

P
j

�Tcpijt(1)+Tcpijt(2)+Tcpijt(3)+Tcpijt(4)
4

�
DijXpijt �P

j

�Pcjt(1)+Pcjt(2)+Pcjt(3)+Pcjt(4)
4

�
Zjt

�P
j

P
m

�Tcjmt(1)+Tcjmt(2)+Tcjmt(3)+Tcjmt(4)
4

�
DjmWjmt

#
(27)

s:t:(4); (5); (6); (7); (8); (9); (10); (11)

Ypit � �(1� '1)�pi(2) + '1�pi(1)
�

pit 8p; i; t

(28)

Zjt � �(1� '2)�j(2) + '2�j(1)
� 8j; t

(29)

u@ Qm Q=WDv= R=Ht Q=Okt xv}W}@ CU=}U |a]kQ}e pOt

|a]k pO=at

Max z =
P
t

1
(1+�)t�1

"P
j

P
m

�Rt(1)+Rt(2)+Rt(3)+Rt(4)
4

�
Wjmt

�P
p

P
i

�Hcpit(1)+Hcpit(2)+Hcpit(3)+Hcpit(4)
4

�
Ypit �P

p

P
i

�Ccpit(1)+Ccpit(2)+Ccpit(3)+Ccpit(4)
4

�
Ypit

�P
p

P
i

P
j

�Tcpijt(1)+Tcpijt(2)+Tcpijt(3)+Tcpijt(4)
4

�
DijXpijt �P

j

�Pcjt(1)+Pcjt(2)+Pcjt(3)+Pcjt(4)
4

�
zjt

�P
j

P
m

�Tcjmt(1)+Tcjmt(2)+Tcjmt(3)+Tcjmt(4)
4

�
DjmWjmt

#
(30)

s:t:(4); (5); (6); (7); (8); (9); (10); (11); (28); (29)

0 �P
p

P
i

[(1� '3) Pepi(2) + '3Pepi(1)
�
Ypit +

P
p

P
i

P
j

�
(1� '4)Tepi(2) + '4Tepi(1)

�
Xpijt

� h(1� '5)Ccap1t(2) + '5Ccap1t(1)

i 8t
(31)

0 �P
j

�
(1� '6)Pe(2) + '6Pe(1)

�
Zjt +

P
j

P
m

�
(1� '7)Te(2) + '7Te(1)

�
Wjmt �

h
(1� '8)Ccap2t(2) + '8Ccap2t(1)

i 8t
(32)

u@ Qm CQ=HD CU=}U |a]kQ}e pOt

Max z =
P
t

1
(1+�)t�1

"P
j

P
m

�Rt(1)+Rt(2)+Rt(3)+Rt(4)
4

�
Wjmt

�P
p

P
i

�Hcpit(1)+Hcpit(2)+Hcpit(3)+Hcpit(4)
4

�
Ypit �P

p

P
i

�Ccpit(1)+Ccpit(2)+Ccpit(3)+Ccpit(4)
4

�
Ypit

�P
p

P
i

P
j

�Tcpijt(1)+Tcpijt(2)+Tcpijt(3)+Tcpijt(4)
4

�
DijXpijt �P

j

�Pcjt(1)+Pcjt(2)+Pcjt(3)+Pcjt(4)
4

�
zjt

�P
j

P
m

�Tcjmt(1)+Tcjmt(2)+Tcjmt(3)+Tcjmt(4)
4

�
DjmWjmt

�P
p

P
i

�Txt(1)+Txt(2)+Txt(3)+Txt(4)
4

��Pepi(1)+Pepi(2)+Pepi(3)+Pepi(4)
4

�
Ypit

�P
p

P
i

P
j

�Txt(1)+Txt(2)+Txt(3)+Txt(4)
4

��Tepi(1)+Tepi(2)+Tepi(3)+Tepi(4)
4

�
Xpijt

�P
j

�Txt(1)+Txt(2)+Txt(3)+Txt(4)
4

��Pe(1)+Pe(2)+Pe(3)+Pe(4)
4

�
Zjt

�P
j

P
m

�Txt(1)+Txt(2)+Txt(3)+Txt(4)
4

��Te(1)+Te(2)+Te(3)+Te(4)
4

�
Wjmt

#
(33)

s:t:(4); (5); (6); (7); (8); (9); (10); (11); (11); (28); (29)
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L=Q]R=Ht Q=Okt xv}W}@ w u@ Qm CQ=HD |@}mQD CU=}U |a]kQ}e pOt |a]k pO=at

Max z =
P
t

1
(1+�)t�1

"P
j

P
m

�Rt(1)+Rt(2)+Rt(3)+Rt(4)
4

�
wjmt

�P
p

P
i

�Hcpit(1)+Hcpit(2)+Hcpit(3)+Hcpit(4)
4

�
Ypit �P

p

P
i

�Ccpit(1)+Ccpit(2)+Ccpit(3)+Ccpit(4)
4

�
Ypit

�P
p

P
i

P
j

�Tcpijt(1)+Tcpijt(2)+Tcpijt(3)+Tcpijt(4)
4

�
DijXpijt �P

j

�Pcjt(1)+Pcjt(2)+Pcjt(3)+Pcjt(4)
4

�
zjt

�P
j

P
m

�Tcjmt(1)+Tcjmt(2)+Tcjmt(3)+Tcjmt(4)
4

�
DjmWjmt � �t

�
e+1t � e�1t

�� �t �e+2t � e�2t�#
(34)

s:t:(4); (5); (6); (7); (8); (9); (10); (11); (28); (29)
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