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|v=Uv= |wQ}v '|Q=Pox}=tQU |xSwQB l} |=QH= |=Q@ "CU= |reW |=yCYQi
'xSwQB u=Q=mu=t}B 'xSwQB Qw=Wt 'xSwQB Q}Ot '=tQiQ=m 'xSwQB |r=t |t=L Q}_v |Dw=iDt
xm CU= QmP u=}=W "CU= R=}v OQwt Qy=t w xO=U u=QoQ=m 'xSwQB |rY= u=Q=Os=yU
'CU= sRq xSwQB |=yDv= =D =OD@= R= C@=F CQwYx@ R=}v OQwt Q=m |wQ}v R= |NQ@ OwHw
|=yCYQi O=OaD "Ow@ Ovy=wN Q=m x@ pweWt |y=Dwm u=tR COt |=Q@ =yv; R= |NQ@ =t=
%OwW|t x@U=Lt u}vJ |Q=Pox}=tQU |=yxSwQB ?=NDv= =@ xOW O=H}= C@=F |reWX
j

X
t

~fojt xjt (14)

u}vJ R}v |Q=Pox}=tQU |=yxSwQB ?=NDv= R= pY=L Q}eDt |reW |=yCYQi O=OaD
%OwW|t x@U=LtX

j

X
t

~vojt xjt (15)

p}tLD u=tR=U x@ =Q |O=} R |=yxv} Ry xm xSwQB |=QH= QO CqmWt u} QDtyt R= |m}
|=yRwQ R= |O=OaD 'u; ẁv x@ xDU@=w xSwQB Qy QO "CU= Q=m R= |W=v EO=wL 'Ovm|t

u}vJ xSwQB |=QH= |=Q@ R=}v OQwt Ca=U � Qiv T=U= Q@ |v=Uv= |wQ}v |xv} Ry
%OwW|t x@U=LtX

l

X
j

X
t

~lclt whl xjt (5)

j@=]t xSwQB |=QH= |=Q@ R=}v OQwt Ca=U � u}W=t T=U= Q@ Cq; u}W=t |xv} Ry w
%OwW|t x@U=Lt 6 |xrO=atX

m

X
j

X
t

~Mcmt whm xjt (6)

u}vJ xSwQB |=QH= pLt x@ u=oOvvmu}t-=D R= x}rw= O=wt p=kDv= |=Q@ QiU |xv} Ry
%OW Oy=wN x@U=LtX

r

X
s

X
j

X
t

~Tcrsjt dsj yrsjt (7)

%OwW|t x@U=Lt u}vJ R}v xSwQB QO Q}oQO u=vmQ=m |=Q@ |y=iQ C=v=mt= |xv} RyX
k

X
j

X
t

~Sckjt okjt (8)

Q=}U@ pwB VRQ= w |v=tR |xQwO 'xSwQB uOw@ |O=YDk= |UQQ@ QO xm u}= x@ xHwD =@
Q@ "CU= xOW xO=iDU= p} RvD MQv swyit R= pt=a wO u}= Q}F-=D |=Q@ 'CU= Q=PoQ}F-=D

%Ow@ Oy=wN Q} R CQwYx@ 1 |xrO=at 'T=U= u}=
MaxZ1 =

P
t

1
(1+ir)t�1 [

P
j

~pjt xjt

�P
j

~Fcjt xjt�P
s

P
r

P
j

~pcsrt yrsjt�P
r

P
s

P
j

~ocrst ursjt�P
l

P
j

~lclt whl xjt

�P
m

P
j

~Mcmt whm xjt�P
r

P
s

P
j

~Tcrsjt dsj yrsjt

�P
k

P
j

~Sckjt okjt]

(9)

|]}LtCU} R hOy `@=D "4"3
R= x}rw= O=wt p=kDv= |=Q@ w CU= x}rw= O=wt u}t-=D x@ R=}v xSwQB Qy |=QH= |=Q@
'x}rw= O=wt pkv w ptL QF= QO "OwW xO=iDU= x}rkv p}=Uw R= O}=@ u=oOvvmu}t-=D
O}Um = 'OQowo O}Um =|O 'u=Dt 'u@ Qm O}Um =|O Q}_v |}xv=Nro |=yR=o |O=} R Q}O=kt
CtqU |=Q@ COW x@ xm OwW|t QWDvt Q=Qi |r; C=@}mQD w u}ovU C=Rri 'uSwQD}v
u=wvax@|r}Ui |=yCNwU\UwD xOW QWDvt|}xv=Nro |=yR=o "CU= Q[tC} QW@
xOW xDN=vW =wyw ?; QO xHwD p@=k C=Q}}eD w |v=yH V}=tQo QO pt=a u} QDsyt

[33]"CU=
|=yCNwU OvtR=}v x}rw= O=wt pkv w ptL |=Q@ x}rkv p}=Uw 'Qo}O |wU R=
QO CaQU x@ |r}Ui |=yCNwU |=Q@ u=yH C}atH R=}v u=R}t "OvDUy |r}Ui
x@ wQ |=[=kD u}= Ov=wD|tv OwHwt |SQv= `@=vt xm |Qw] x@ 'CU= V}=Ri= p=L
=} 2 |SQv= |=Q@ =[=kD xm OwW|t |v}@V}B 2050 p=U =D "OR=U xOQw;Q@ =Q OWQ
R= Civ |v=yH hQYt xOW s=Hv= |=y|v}@V}B T=U= Q@ [34]"OwW Q@=Q@ 3 |DL
p=U QO� RwQ QO xmW@ uw}r}t 104 x@ '�2007 p=U QO� RwQ QO xmW@ uw}r}t 86
|r}Ui |=yCNwU uOw@ s=tD= x@ wQ x@ xHwD =@ [35]"Ci=} Oy=wN V}=Ri= �2030
Q=}U@ |r}Ui |=yCNwU R= xO=iDU= QO |} wHxiQY '|]}LtCU} R |=y|v=Qov w
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Ovyt yrsjt � ~caprs ursjt; 8r; s; j; t (30)

ursjt � xjt; 8r; s; j; t (31)

xjt 2 f0; 1g ; 8j; t (32)

yrsjt � 0; 8r; s; j; t (33)

ursjt 2 f0; 1g ; 8r; s; j; t (34)

okjt 2 f0; 1g ; 8k; j; t (35)

�rt � 0; 8r; t (36)

?=NDv= Q=@m} =yvD |v=tR |xQwO Qy QO xSwQB Qy xm Ovm|t u}t[D 21 C}OwOLt
xOW |R} Qxt=vQ@ |v=tR ji= QO O}=@ xSwQB Qy '22 C}OwOLt T=U= Q@ "OwW|t
s=Hv= |=Q@ R=}v OQwt |x}rw= O=wt pm xm Ovm|t XNWt 23 C}OwOLt "OwW p}tmD
"OwQ QD=Qi |v=tR |xQwO Qy QO TQDUO QO |x}rw= O=wt R= O}=@v xOW ?=NDv= |=yxSwQB
|=yxSwQB |=Q@ R=}v OQwt Cq;u}W=t |Q=m C=a=U xm Ovm|t u=}@ 24 C}OwOLt
Q@ "Ovmv Rw=HD |v=tR |xQwO Qy QO TQDUO QO Ca=U � u}W=t R= xOW ?=NDv=
R= xOW ?=NDv= |=yxSwQB s=Hv= |=Q@ R=}v OQwt Ca=U � Qiv '25 C}OwOLt T=U=
x@ \w@ Qt 26 C}OwOLt "OwQ|tv QD=Qi |v=tR |xQwO Qy QO TQDUO QO Ca=U � Qiv
=yv; R=|m} =yvD '=yxSwQB |Q=oR=U=v CQwY QO u; T=U= Q@ wCU= Q=oR=U=v |=yxv} Ro
u=}@ =Q =yxSwQB u}@ |O=YDk= ptmt C}OwOLt '27 C}OwOLt "OW Ovy=wN ?=NDv=
xOW|Q=O} QN|x}rw= O=wtpm 'xSwQB Qy QO xm Ovm|tXNWt 28C}OwOLt "Ovm|t
29C}OwOLt "CU= xSwQB u; p}tmD |=Q@ R=}v OQwt |x}rw= O=wt Q@=Q@ u=oOvvmu}t-=D R=
|x}rw= O=wt Q@=Q@ u=oOvvmu}t-=D R= xOW |Q=O} QN |x}rw= |xO=t pm xm Ovm|tXNWt
|x}rw= O=wt u=R}t '30 C}OwOLt T=U= Q@ "CU= |v=tR |xQwO Qy QO TQDUO QO
Ovm|t XNWt 31 C}OwOLt "CU= QDtm u=oOvvmu}t-=D C}iQ_ R= xOW |Q=O} QN
?=NDv= x}rw= O=wt u}t-=D |=Q@ u=oOvvmu}t-=D 'xSwQB l} ?=NDv= CQwY QO =yvD xm
"Ovm|tXNWt =Q xr�Ut s}tYD |=yQ}eDt OwOL 36 =D 32C}OwOLt "OW Ovy=wN

|v=mt= |R=i |R} Qxt=vQ@ OQm}wQ "4
|=Q@ "OvDUy C}a]ksOa |=Q=O =yQDt=Q=B R= |NQ@ 'p@k VN@ QO |O=yvW}B pOt QO
|R=Uxv}y@ '|iO=YD |R=Uxv}y@ Q}_v |}=yOQm} wQ R= =yQDt=Q=BC}a]ksOa =@ OQwNQ@
'Q=DWwv u}= QO "OQm xO=iDU= u=wD|t |@}mQD |=yOQm} wQ w Q=wDU= |R=Uxv}y@ '|R=i
|R=i |R=Uxv}y@ VwQ R= pOt |=yQDt=Q=B QO OwHwt C}a]ksOa =@ xyH=wt |=Q@
u=v}t]=?}=Q[ R= |R=i|[=} Q |R} Qxt=vQ@ |=ypOt QO "CU= xOW xO=iDU=|v=mt=
VwQ [38w37]"OwW|t xO=iDU= =yQDt=Q=B C}a]k sOa u=}@ |=Q@ C} w[a `@=wD w |R=i
[39]wS w wUm =\UwD Q=@u}DUNv 'Q=DWwvu}= QO xO=iDU= OQwt|v=mt= |R=i |R=Uxv}y@
xH=wt |OOaDt u=QoVywSB p=@k= =@ u; R}t;C}kiwt OQ@ Q=m x@ xHwD =@ w OW O=yvW}B
VRQ= w Q=_Dv= OQwt xrY=i pFt |[=} Q |wk s}y=it x}=B Q@ VwQ u}= "CU= xOW
|=yQDt=Q=B xty xm OwW|t ZQi VwQ u}= QO "CU=|mDt |R=i O=Oa= R= Q=_Dv= OQwt
=Q (�; P (�); PoS) |v=mt= |=[i "Ovvm|t |wQ}B |FrFt `} RwD `@=D R= |a]kQ}e
`@=D 'x=wNrO |xawtHt l} ?}DQD x@ PoS w P (�) '� u; QO xm O} Q}o@ Q_v QO
|=yQDt=Q=B Q}O=kt u}}aD |=Q@ "Ovvm XNWt =Q |v=mt= Q=}at l} w � |xawtHt
%OvOQm xO=iDU=Me Q=}at R= [33]wS w wUm = 'xv=v}@O@ w xv=v}@VwN OwOL u}@|a]kQ}e
Me(A) = Nec(A) + &(Pos(A)�Nec(A)) (37)

h=Oy= R= |m} u}=Q@=v@ "OwQ|t u}@ R= |Q=m C=Q]N w =y?}U; p}rO x@ |Q=m
xDiQ CUO R= |=yRwQ QO xm CU= lU} Q u} QDtm =@ |=yxSwQB ?=NDv= '|a=tDH=

%CW=O s}y=wN T=U= u}= Q@ "OwW|t u=}=tvX
j

X
t

~Idjt xjt (16)

|wQ}v ?PH x@ p}=tD =yxSwQB R= |Q=}U@ QO xSwQB u=Q=mu=t}B w u=}=tQiQ=m xm u}= x@ Q_v
u}=Q@=v@ "OvQ}o|t Q=Qk xt}@ VWwB CLD |OwOLt O=Qi= O=OaD ,qwtat 'OvQ=O Q}eDt Q=m
%CU= xOW xDiQo Q_v QO Q} R hOy `@=D 'xt}@ VWwB CLD O=Qi= O=OaD V}=Ri= |=Q@X
j

X
t

~fscjt xjt (17)

w OW=@ xSwQB |=QH= pLt |O=YDk=C}a[w Ow@y@ O}=@ xSwQB Qy |rY= h=Oy= R= |m}
%CU= xOW xDiQo Q_v QO|a=tDH=hOy `@=D R=|WN@ u=wvax@ Q} R CQ=@a Qw_vtu}O@X
j

X
t

~�jt xjt (18)

Oy=wN V}=Ri= u=vmQ=m C}=[Q u=R}t '|y=iQ C=v=mt= uDiQo Q_v QO =@ u}= Q@ xwqa
%s} Q=O w Ci=}X

k

X
j

X
t

~jskjt okjt (19)

hOy `@=D 'xSwQB |a=tDH= |=yC}rw�Ut w h=Oy= R= l} Qy uRw uDiQo Q_v QO =@
%Ow@ Oy=wN Q} R CQwYx@ |a=tDH=

MaxZ3 = Ws1

"P
j

P
t

( ~fojt + ~vojt)xjt

#
+Ws2

"
�P

j

P
t

~Idjt xjt +
P
j

P
t

~fscjt xjt

#
+

Ws3

"P
j

P
t

~�jt xjt

#
+Ws4

"P
k

P
j

P
t

~jskjt okjt

# (20)

|O=yvW}B |xr�Ut |=yC}OwOLt "6"3X
t

xjt � 1; 8j (21)X
t

�
t+ fduj�xjt � T + 1; 8j (22)X

j

~�rj xjt � �rt; 8r; t (23)X
j

~mj xjt � ~�mt; 8m; t (24)X
j

~� lj xjt � ~
lt; 8l; t (25)X
t

xjt +
X
t

xht � 1; 8j; h 2 Hj (26)X
t

xjt =
X
t

xkt; 8j; k 2 Ej (27)X
r

X
s

X
t

yrsjt =
X
t

X
r

~�rj xjt; 8j (28)X
s

X
j

yrsjt = �rt; 8r; t (29)
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x�=Q=%OvwW|t xDWwv 43 w 42 |=ypOt
UAM :

Min
�1� &

2 C1 +1
2 C2 + &

2 C3
�
x

A2 x+ (1� �) (A3�A2)x � b2� (1� �) (b2� b1)
N2 x� (1� �) (N2�N1)x � d2 + (1� �) (d3� d2)

x � 0: (42)

LAM :

Min
�1� &

2 C1 +1
2 C2 + &

2 C3
�
x

A2 x� � (A2�A1)x � b2 + (1� �) (b3� b2)
N2 x+ (1� �) (N3�N2)x � d2�� (d2� d1)

x � 0: (43)

|a]k pO=at pOt 'Me Q=}at Q@ |vD@t |v=mt= |R} Qxt=vQ@ VwQ uDiQo Q_v QO =@
%R= Ow@ Oy=wN CQ=@a UAM T=U= Q@ |O=yvW}B |a]kQ}e |xr�Ut

MaxZ1 =
P
t

1
(1+ir)t�1 [

P
j

�
1�&

2 p(1)
jt + 1

2 p
(2)
jt + &

2 p
(3)
jt

�
xjt

�P
j

�
1�&

2 Fc(1)
jt + 1

2 Fc
(2)
jt + &

2 Fc
(3)
jt

�
xjt�P

s

P
r

P
j

�
1�&

2 pc(1)
srt + 1

2 pc
(2)
srt + &

2 pc
(3)
srt

�
yrsjt�P

r

P
s

P
j

�
1�&

2 oc(1)
rst + 1

2 oc
(2)
rst + &

2 oc
(3)
rst

�
ursjt�P

l

P
j

�
1�&

2 lc(1)
lt + 1

2 lc
(2)
lt + &

2 lc
(3)
lt

�
whl xjt

�P
m

P
j

�
1�&

2 Mc(1)
mt + 1

2 Mc(2)
mt + &

2 Mc(3)
mt

�
whm xjt

�P
r

P
s

P
j

�
1�&

2 Tc(1)
rsjt + 1

2 Tc
(2)
rsjt + &

2 Tc
(3)
rsjt

�
dsj yrsjt

�P
k

P
j

�
1�&

2 Sc(1)
kjt + 1

2 Sc
(2)
kjt + &

2 Sc
(3)
kjt

�
okjt]

(44)

MinZ2 =

We1

"P
r

P
s

P
j

P
t

�
1�&

2 gh(1)
rsj + 1

2 gh
(2)
rsj + &

2 gh
(3)
rsj

�
dsj yrsjt

#
+We2

"P
r

P
s

P
j

P
t

�
1�&

2 e(1)
rsj + 1

2 e
(2)
rsj + &

2 e
(3)
rsj

�
dsj yrsjt

#
+

We3

"P
r

P
j

P
t

�
1�&

2 wg(1)
rj + 1

2 wg
(2)
rj + &

2 wg
(3)
rj

�
xjt

#
(45)

� xv=v}@VwN QDt=Q=B l} � w CU= P (�) QO x=wNrO |xawtHt l} A 'u; QO xm
PoS(A) wNec(A) `@=wD "Ovm|tTmavt =Q xOvQ}os}tYD C=Q_v xmCU= xv=v}@O@
QO "Ovvm|t XNWt |v=mt= |=[i QO =Q A |xawtHt u=mt= w swRr ?}DQD x@ R}v
|R} Qxt=vQ@ pOt "OwW|t xO=O KQW xYqN CQwYx@ [39]wS w wUm = OQm} wQ 'xt=O=

%O} Q}o@ Q_v QO =Q Q} R |]N
Min ~Cx

~Ax � ~b

~Nx � ~d

x � 0: (38)

xDiQo Q_v QO |FrFt |R=i O=Oa= CQwYx@ |a]kQ}e |=yQDt=Q=B 'pOt u}= QO
OQwt Q=Okt |=yQorta R= 'Me Q=}at T=U= Q@ |v=mt= |R} Qxt=vQ@ QO "OwW|t
pOt u}=Q@=v@ "OwW|t xO=iDU= |v=mt= |=yC}OwOLt w Tv=W C}OwOLt 'Q=_Dv=

%OwW|t u=}@ u}vJ 38 |[=} Q
Min ~Cx

Me
n

~Ax � ~b
o � �

Me
n

~Nx � ~d
o � �

x � 0: (39)

wUm = "OvDUy |v=mt= |=yC}OwOLt |R=UxOQw;Q@ Kw]U |xv}tm � w � 'u; QO xm
(LAM) u}}=B ?} QkD pOt w (UAM) q=@ ?} QkD pOt x@ =Q q=@ pOt [39]wS w

%R= CU= CQ=@a UAM pOt "OvOQm p}O@D
MinE

h
~C
i
x

Pos
n

~Ax � ~b
o � �

Pos
n

~Nx � ~d
o � �

x � 0: (40)

%OwW|t xDWwv u}vJ R}v LAM pOt
MinE

h
~C
i
x

Nec
n

~Ax � ~b
o � �

Nec
n

~Nx � ~d
o � �

x � 0: (41)

T=U= Q@ ?}DQD x@ R}v 'LAM w UAM |v=mt= |=ypOt '|a]k pO=at |=ypOt

MaxZ3 = Ws1
"P
j

P
t

� 1�&
2 fo(1)

jt + 1
2 fo

(2)
jt + &

2 fo
(3)
jt

�
xjt +

P
j

P
t

� 1�&
2 vo(1)

jt + 1
2 vo

(2)
jt + &

2 vo
(3)
jt

�
xjt

#
+Ws2

"
�P

j

P
t

� 1�&
2 Id(1)

jt + 1
2 Id

(2)
jt + &

2 Id
(3)
jt

�
xjt +

P
j

P
t

� 1�&
2 fsc(1)

jt + 1
2 fsc

(2)
jt + &

2 fsc
(3)
jt

�
xjt

#
+

Ws3
"P
j

P
t

� 1�&
2 �(1)

jt + 1
2 �

(2)
jt + &

2 �
(3)
jt

�
xjt

#
+Ws4

"P
k

P
j

P
t

� 1�&
2 js(1)

kjt + 1
2 js

(2)
kjt + &

2 js
(3)
kjt

�
okjt

#
(46)
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Ovyt u} QDO@ � u} QDy@ VwQ R= xO=iDU= =@ |a=tDH= w |]}LtCU} R |=yQ=}at C}ty=
|=Q@ |rt=aD |R=i |R} Qxt=vQ@ VwQ l} R= 'swO |xrLQt QO "OwW|t u}}aD |ywQo
xO=iDU= xiOylD |xr�Ut l} x@ xiOyOvJ |[=} Q |R} Qxt=vQ@ |xr�Ut p}O@D

"OW Oy=wN

|ywQo u} QDO@ � u} QDy@ VwQ "1"5
|Q}os}tYD |xr�Ut |=yQ=}at uRw u}}aD |=Q@ 2015 p=U QO u} QDO@ � u} QDy@ VwQ
xOvQ}os}tYD l} C=L}HQD R= =yvD VwQ u}= xm u}= x@ xHwD =@ [40]"OW |iQat
'u=oOvQ}os}tYD R= |ywQo C=Q_v |=v@tQ@ =yQ=}at uRw u}}aD |=Q@ 'Ovm|t xO=iDU=
xO=iDU= [41]u=Q=mty w |v=Qta |ywQo u} QDO@ � u} QDy@ VwQ R= Q[=L Q=DWwv QO

%CU= xOW xO=O K}[wD xYqN CQwYx@ VwQ u}= |=ys=o "CU= xOW
"O}vm u}}aD =Q |Q}os}tYD |xr�Ut |=Q@ syt |=yQ=}at "1 s=o

"O}vm u}}aD u=oOvQ}os}tYD R= l} Qy x=oO}O R= =Q =yQ=}at u} QDO@ w u} QDy@ "2 s=o
Q_v T=U= Q@ =yQ=}at x}k@ x@ C@Uv =Q 'B 'Q=}at u} QDy@ C}LHQ= "3 s=o

%O}vm XNWt Q} R CQwYx@ 9 =D 1 O=Oa= =@ r xOvQ}os}tYD

ArB = (arB1; arB2; :::; arBn) (59)

Q_v T=U= Q@ 'W 'Q=}at u} QDO@ x@ C@Uv =Q =yQ=}at Q}=U C}LHQ= "4 s=o
%O}vm XNWt Q} R CQwYx@ 9 =D 1 O=Oa= =@ r xOvQ}os}tYD

ArW = (ar1W ; ar2W ; :::; arnW ) (60)

T=U= Q@ o Q=}at x@ C@Uv Q=}at u} QDy@ C}LHQ= 'arBo uDiQo Q_v QO =@ "5 s=o
T=U= Q@ Q=}at u} QDO@ x@ C@Uv o Q=}at C}LHQ= 'aroW w r xOvQ}os}tYD Q_v
%O}vm XNWt Q} R pOt T=U= Q@ =Q Q=}at Qy |xv}y@ uRw 'r xOvQ}os}tYD Q_v

Min
X
r

�r (61)

jwB � arBo woj � �r; 8o; r (62)

jwo� aroW wW j � �r; 8o; r (63)X
o

wo = 1; (64)

wo � 0; 8o (65)

u}vJ u; |]N pO=at |xr�Ut 'CU= |]NQ}e q=@ |xr�Ut xm u}= x@ xHwD =@
%CU= xOW xDWwv

Min
X
r

�r (66)

s:t:(64); (65)

wB � arBo wo � �r; 8o; r (67)

wB � arBo wo � � �r; 8o; r (68)

wo� aroW wW � �r; 8o; r (69)

wo� aroW wW � � �r; 8o; r (70)

s:t:(21); (26); (27); (29); (31)� (36)X
t

�
t+
h
du(2)

j � (1� �)
�
du(2)

j � du(1)
j

�i�
xjt � T + 1; 8j

(47)X
j

h
�(2)
rj � (1� �)

�
�(2)
rj ��(1)

rj

�i
xjt � �rt; 8r; t (48)X

j

h
(2)
mj � (1� �)

�
(2)
mj � (1)

mj

�i
xjt � �(2)

mt + (1� �)
�
�(3)
mt� �(2)

mt

�
; 8m; t (49)X

j

h
� (2)
lj � (1� �)

�
� (2)
lj � � (1)

lj

�i
xjt � 
(2)

lt + (1� �)
�


(3)
lt �
(2)

lt

�
; 8l; t (50)X

r

X
s

X
t

yrsjt �X
t

X
r
�(2)
rj xjt; 8j

(51)X
r

X
s

X
t

yrsjt �X
t

X
r
�(3)
rj xjt; 8j

(52)

yrsjt �
h
cap(2)

rs + (1� �)
�
cap(3)

rs � cap(2)
rs

�i
ursjt; 8r; s; j; t

(53)

u=}@ u}vJ R}v LAM T=U= Q@ |O=yvW}B |a]kQ}e |xr�Ut |a]k pO=at pOt
%OwW|t

MaxE (Z1)
MinE (Z2)

MaxE (Z3)

s:t:(21); (26); (27); (29); (31)� (36); (51); (52)X
t

�
t+
h
du(2)

j + (1� �)
�
du(3)

j � du(2)
j

�i�
xjt � T + 1;

8j (54)X
j

h
�(2)
rj + (1� �)

�
�(3)
rj ��(2)

rj

�i
xjt � �rt;

8r; t (55)X
j

h
(2)
mj + (1� �)

�
(3)
mj � (2)

mj

�i
xjt � �(2)

mt��
�
�(2)
mt� �(1)

mt

�
;

8m; t (56)X
j

h
� (2)
lj + (1� �)

�
� (3)
lj � � (2)

lj

�i
xjt � 
(2)

lt ��
�


(2)
lt �
(1)

lt

�
;

8l; t (57)

yrsjt �
h
cap(2)

rs ��
�
cap(2)

rs � cap(1)
rs

�i
ursjt; 8r; s; j; t (58)

pL VwQ "5
'pw= |xrLQt QO "CU= xOW xO=iDU= |}xrLQtwO pL VwQ l} R= xr=kt u}= QO
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"""|
=yxS

wQB?
=NDv

=|
=Q@|

[=}
Qp

Otl
}|

x�=Q="=yQDt=Q=B OwOL "2 pwOH
=yQDt=Q=B Q=Okt =yQDt=Q=B Q=Okt

~Pjt [100000000; 500000000] ~
lt [0; 30]
�Fcjt [3000000; 21000000] dsj [0; 150]

~pcsrt [2000; 5000] ~ersj [5; 20]

~ocrst [5000; 6000] ~ghrsj [1; 5]
~Mcmt [1000; 4000] ~fojt [3; 10]
~lclt [8000; 30000] ~vojt [4; 10]

~Sckjt [3000; 12000] ~Idjt [5; 8]
~Tcrsjt [10; 30] ~jskjt [0; 0 8]

ir �10 ~�jt [0 02; 0 04]
~�rj [0; 20] whl [0; 8]

~�lj [0; 10] whm [0; 8]

~mj [0; 20] ~caprs [200; 1000]
~�mt [0; 50] ~duj [1; 10]

"|]}LtCU} R |=yQ=}at QO u=oOvQ}os}tYD C}LHQ= "3 pwOH
=yQ=}at u} QDO@ w u} QDy@ xOvQ}os}tYD

e3 e2 e1 Q=}at
9 1 6 u} QDy@ (e2) 1
1 9 7 u} QDO@ (e3)

8 7 1 u} QDy@ (e1) 2
1 6 8 u} QDO@ (e3)

9 1 5 u} QDy@ (e2) 3
1 9 6 u} QDO@ (e3)

9 1 4 u} QDy@ (e2) 4
1 9 7 u} QDO@ (e3)

8 6 1 u} QDy@ (e1) 5
1 7 8 u} QDO@ (e3)

u=Wv =Q u=vmQ=m |y=iQ C=v=mt= s4 w xk]vt |O=YDk= |xaUwD s3 'u=vmQ=m |=Q@
u=Wv =Q |a=tDH= w |]}LtCU} R |=yQ=}at |xv}y@ uRw R}v 6 w 5 pwOH "OyO|t

"OvyO|t
Q=Ri=sQv QO pOt "CU= xOW xO=iDU= Cw=iDt p=Ft 10 R= |OOa G}=Dv |=Q@
7 pwOH QO |OOa|=yp=Ft |=yxawtHt xR=Ov= "CU= xOW|U} wvOm Rto |R=Uxv}y@
'8 pwOH QO "CU= xOW xO=O u=Wv 8 pwOH QO pOt pL R= pY=L |OOa G}=Dv w

"Ovm|t XNWt =Q |a]k Cr=L QO hOy `@=D Q}O=kt D
|=yp=Ft xty QO =yxSwQB |=QH= R= pY=L OwU OwW|t xOy=Wt xm u=vJ
x=oO}O T=U= Q@ UAM pOt =Q} R 'CU= LAM R= QDW}@ UAM pOt QO |OOa
V}=Ri= =@ =yxSwQB |=QH= R= pY=L OwU u}vJty "CU= xDiQo pmW xv=v}@VwN
V}=Ri= =yxSwQB OwU xm |v=tR "O@=}|t V}=Ri= '� 'xOvQ}os}tYD xv=v}@VwN C=Q_v
|=Q@ |QDW}@ |x}rw= O=wt w OW Oy=wN ?=NDv= |QDW}@ |=yxSwQB O=OaD 'O@=}|t
pLt x@ u=oOvvmu}t-=D R= x}rw= O=wt p=UQ= |=Q@ "Ow@ Oy=wN R=}v OQwt =yxSwQB |=QH=

|rt=aD |R=i |R} Qxt=vQ@ VwQ "2"5
VwQ 'uwr}UB= C}OwOLt VwQ Q}_v |irDNt |=yVwQ xiOyOvJ p�=Ut pL |=Q@
|R=i |R} Qxt=vQ@ VwQ R= xr=kt u}= QO "OQ=O OwHw |vRw `tH OQm} wQ w `t=H Q=}at
xiOyOvJ p�=Ut pL |=Q@ 2008 p=U QO [42]|v}Uy w |@=QD \UwD xm |rt=aD
(PIS)C@Ft p;xO}= |=y?=wH OQm} wQ u}= QO "OwW|t xO=iDU= 'CU= xOW O=yvW}B
%OwW|t x@U=Lt u}vJ xr�Ut hOy `@=wD |=Q@ (NIS) |ivt p;xO}= |=y?=wH w

ZPIS1 = MaxZ1; ZNIS1 = MinZ1 (71)

ZPIS2 = MinZ2; ZNIS2 = MaxZ2 (72)

ZPIS3 = MaxZ3; ZNIS3 = MinZ3 (73)

%OwW|t h} QaD Q} R CQwYx@ R}v hOy `@=wD R= l} Qy |=Q@ |]N C} w[a `@=D

�1 (Z1) =

8>>><>>>:
1; Z1 > ZPIS1
Z1 �ZNIS1

ZPIS1 �ZNIS1
; ZNIS1 � Z1 � ZPIS1

0; Z1 < ZNIS1

(74)

�2 (Z2) =

8>>><>>>:
1; Z2 < ZPIS2
ZNIS2 �Z2

ZNIS2 �ZPIS2
; ZPIS2 � Z2 � ZNIS2

0; Z2 > ZNIS2

(75)

�3 (Z3) =

8>>><>>>:
1; Z3 > ZPIS3
Z3 �ZNIS3

ZPIS3 �ZNIS3
; ZNIS3 � Z3 � ZPIS3

0; Z3 < ZNIS3

(76)

%OwW|t xO=iDU= Q} R pwtQi R= xiOylD pOt l} x@ xiOyOvJ pOt p}O@D |=Q@
Max� (x) = '�0 + (1� ')

X
h

$h �h (x) (77)

�0 � �h (x) ; 8h (78)

x 2 F (x) ; �0; ' 2 [0; 1] : (79)

?=wH |=[i 'h hOy `@=D |@Uv C}ty= ?}DQD x@ ' w F (x) '$h 'q=@ pOt QO
xHQO �h(x) w �0 = min

h
f�h(x)g "Ovm|t XNWt =Q u=Q@H ?} Q[ w xr�Ut

"CU= h hOy `@=D C} w[a

|OOa G}=Dv "6
|=yVwQ R= xO=iDU= =@ |O=yvW}B pOt pL T=U= Q@ |OOa G}=Dv 'VN@ u}= QO
u=Wv =Q |OOa |=yp=Ft |OwQw |=yQDt=Q=B Q}O=kt 2 pwOH "OwW|t xO=O KQW pL
OQi 5 C=Q_v R=|a=tDH= w|]}LtCU} R hOy `@=D |=RH= uRw u}}aD |=Q@ "OyO|t
C}LHQ= 3 pwOH QO "CU= xOW xO=iDU= |Q=Pox}=tQU |=yxSwQB |xRwL QO xQ@N
Q=}at u} QDO@ x@ C@Uv =yQ=}at Q}=U C}LHQ= w =yQ=}at Q}=U x@ C@Uv Q=}at u} QDy@
Q=WDv= u=R}t e1 'pwOH u}= QO "CU= xOW xO=O u=Wv |]}LtCU} R pt=wa |=Q@
"CU= xOW O}rwD C=a}=[ u=R}t e3 w |SQv= hQYt u=R}t e2 '|}xv=Nro |=yR=o
u}= QO "OyO|t u=Wv =Q |a=tDH= |=yQ=}at QO u=oOvQ}os}tYD C}LHQ= 4 pwOH
|DtqU w |vt}= |=yC}r=ai s2 'xOW O=H}= |reW |=yCYQi O=OaD s1 'pwOH
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1|
xQ=t

W'
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�1
|xQ

wO'
�14

01
u=DU

@=D�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt '|Q=O}=B uDiQo Q_v QO =@ OwW|t xOy=Wt xm Qw]u=ty "CU= Q=_Dv= OQwt OwU
u=R}t x@ ?}DQD x@ UAM w LAM '|a]k pOt QO |O=YDk= hOy `@=D Q=Okt
hOy `@=wD Q}osWJ Ow@y@ ?Hwt =t= 'O@=}|t Vy=m OYQO 0 13 w 1 19 '0 13
|=ypOt QO |]}LtCU} R ?QNt C=QF= "OW Oy=wN |a=tDH= w |]}LtCU} R
'Q@=Q@ 2 31 u=R}t x@ ?}DQD x@ OwU |R=Uxv}W}@ pOt QO UAM w LAM '|a]k
|a=tDH= hOy `@=D "CU= |Q=O}=B uDiQo Q_v QO =@ pOt Q@=Q@ 2 25 w Q@=Q@ 2 82
98 97 w 95 40 u=R}t x@ ?}DQD x@ SM Cr=L QOUAM w |a]k |=ypOt
LAM pOt |a=tDH= hOy `@=D "CU= xDi=} Ow@y@ PM Cr=L x@ C@Uv OYQO

"CU= PM Cr=L Q@=Q@ 2 06 'SM Cr=L QO R}v

C}U=UL p}rLD "7
QO Ca=U � Qiv 'p} RvD MQv '' |=yQDt=Q=B x@ C@Uv hOy `@=D C=Q}}eD VN@ u}= QO
"OwW|t |UQQ@ 5 |OOa p=Ft T=U= Q@ TQDUO QO Ca=U � u}W=t w TQDUO

hOy `@=wD Q@ ' Q}F-=D "1"7
|UQQ@ OQwt `@=wD R= l} Qy C} w[a xHQO Q=Okt 'hOy `@=wD Q@ ' Q}F-=D |UQQ@ |=Q@
xm Qw]u=ty "CU= xOW C@F hOy `@=wD Q@ ' Q}F-=D 10 pwOH QO "CU= xDiQo Q=Qk
xHQO w Vy=m pw= hOy `@=D C} w[a xHQO Q=Okt 'V}=Ri= =@ 'OwW|t xOy=Wt
OvwQ R}v swU hOy `@=D C} w[a xHQO "O@=}|t V}=Ri= swO hOy `@=D C} w[a
|NQ@ |=R= x@ LAM w UAM '|a]k |=ypOt R= l} Qy QO xD@r= "OQ=Ov |Y=N

"CU= xOv=t |k=@ Q}}eD uwO@ C} w[a xHQO Q=Okt '' Q}O=kt R=

hOy `@=wD Q@ p} RvD MQv Q}F-=D "2"7
xm u=vJ "CU= xOW xO=O u=Wv 11 pwOH QO hOy `@=wD Q@ p} RvD MQv Q}F-=D
hOy `@=D u}vJty "O@=}|t Vy=m pm OwU p} RvD MQv V}=Ri= =@ 'OwW|t xOy=Wt
Cq=L R= |NQ@ QO w Vy=m |@Uv Qw] x@ |a=tDH= hOy `@=D w |]}LtCU} R
OwU Q@ =yQDt=Q=B u} QDQ=PoQ}F-=D R= |m} p} RvD MQv xm CW=O xHwD O}=@ " Ovv=t |t C@=F
'Qw;OwU |xSwQB l} CU= umtt u; uDiQo Q_v QO =@ xm CU= xSwQB |=QH= R= pY=L
QF-=Dt Q=Pox}=tQU |=yxv} Ry sy w =yOt;QO sy xm u}= x@ Q_v "OwW |krD |O=YDk=Q}e
Qw;OwU |=yxSwQB O}=@ u=tR pt=a w p} RvD MQv x@ xHwD =@ u}=Q@=v@ 'CU= p} RvD MQv R=

"OvwW ?=NDv=

hOy `@=wD Q@ TQDUO QO Ca=U � u}W=t Q}F-=D "3"7
QO "CU= xOW xO=O u=Wv 12 pwOH QO TQDUO QO Ca=U � u}W=t QFm =OL Q}F-=D
Cr=L x@ C@Uv =Q Ca=U � u}W=t QFm =OL C=Q}}eD OYQO pw= uwDU pwOH u}=
'|v=tR |xQwO Qy QO TQDUO QO Ca=U � u}W=t V}=Ri= =@ "OyO|t u=Wv x}=B
|Q=Pox}=tQU |=yxSwQB |=QH= R= pY=L OwU w CU= s=Hv= p@=k |QDW}@ |=yxSwQB
|]}LtCU} R hOy `@=D 'xOW ?=NDv= |=yxSwQB O=OaD V}=Ri= =@ "O@=}|t V}=Ri=
syt pt=a l} u=tR |rm Qw] x@ "O@=}|t V}=Ri= R}v |a=tDH= hOy `@=D w V}=Ri=
QO C=a=U � u}W=t Qo = w OwW|t ?wULt xOW ?=NDv= |=yxSwQB |Qw;OwU QO
xSwQB R=}v OQwt C=a=U � u}W=t Ovv=wD@ xSwQB |}=OD@= |v=tR |=yxQwO QO TQDUO

"OwW|t pY=L Q=Pox}=tQU |=Q@ |}q=@ OwU 'Ovmu}t-=D =Q

"|a=tDH= |=yQ=}at QO u=oOvQ}os}tYD C}LHQ= "4 pwOH
=yQ=}at u} QDO@ w u} QDy@ xOvQ}os}tYD

s4 s3 s2 s1 Q=}at
4 5 1 9 u} QDy@ (s2) 1
6 7 9 1 u} QDO@ (s1)

6 1 5 9 u} QDy@ (s3) 2
5 9 6 1 u} QDO@ (s1)

9 5 1 7 u} QDy@ (s2) 3
1 6 9 5 u} QDO@ (s4)

6 1 5 9 u} QDy@ (s3) 4
6 9 7 1 u} QDO@ (s1)

9 1 4 5 u} QDy@ (s3) 5
1 9 6 5 u} QDO@ (s4)

"|]}LtCU} R |=yQ=}at uRw "5 pwOH
e3 e2 e1 =yQ=}at

0 2182 0 2909 0 4909 =yQ=}at uRw

"|a=tDH= |=yQ=}at uRw "6 pwOH
s4 s3 s2 s1 =yQ=}at

0 1482 0 3333 0 3333 0 1852 =yQ=}at uRw

"|OOa |=yp=Ft QO =yxawtHt |xR=Ov= "7 pwOH
jKj jSj jLj jM j jRj jT j jJj |OOa p=Ft
2 3 2 2 3 7 5 1
2 3 3 3 4 7 7 2
3 4 3 4 5 8 10 3
3 4 4 4 6 8 13 4
4 5 4 5 7 9 15 5
4 5 5 5 8 10 17 6
5 6 5 6 9 11 21 7
5 6 6 6 10 12 24 8
6 7 6 7 11 13 28 9
6 7 7 7 12 14 30 10

|=yR=o |O=} R Q}O=kt u; p=@vO x@ w OwW|t xO=iDU= x}rkv p}=Uw R= xSwQB |=QH=
V}=Ri= |]}LtCU} R hOy `@=D Q=Okt u}=Q@=v@ 'OwW|t hQYt |SQv= w |}xv=Nro
uwJ 'O@=}|t V}=Ri= =yxSwQB OwU =@ ?U=vDt R}v |a=tDH= hOy `@=D Q}O=kt "O@=}|t
|QDW}@ |reW |=yCYQi O=OaD 'OwW ?=NDv= |QDW}@ |=yxSwQB O=OaD xm |v=tR

"OW Oy=wN O=H}= R}v
'CU= |O=YDk= Oa@ Q@ RmQtD QDW}@ xSwQB ?=NDv= |=ypOt QO xm u}= x@ xHwD =@
QO "CU= xOW |UQQ@ |Q=Pox}=tQU |=yxSwQB ?=NDv= Q@ |Q=O}=B O=a@= Q}F-=D u}=Q@=v@
pOt SM 'pwOH u}= QO "CU= xOW C@F sHvB |OOa p=Ft T=U= Q@ G}=Dv 9 pwOH
|R=Uxv}W}@ uDiQo Q_v QO =@ pOt PM w Q=O}=B |xaUwD h=Oy= Q@ |vD@t |O=yvW}B
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Ovyt "hOy `@=wD Q@ ' Q}F-=D "10 pwOH

"hOy `@=wD Q@ ir Q}F-=D "11 pwOH

"hOy `@=wD Q@ TQDUO QO Ca=U � u}W=t Q}F-=D "12 pwOH

"OvUQ|t|Qw;OwU x@ QDOwR =yxSwQB w OwW|tu}t-=D|QDx=Dwmu=tR QO =yxSwQB s=Hv=|=Q@
uwJ 'x}=B Cr=L x@ C@Uv TQDUO QO Ca=U � Qiv QFm =OL V}=Ri= =@ u}vJty
|=yCYQi O=OaD u}vJty w xk]vt Q@ xSwQB |O=YDk= Q}F-=D 'O@=}|tV}=Ri= |Qw;OwU
Cr=L x@ C@Uv |a=tDH= hOy `@=D xH}Dv QO w xOW QDW}@ xOW O=H}= |reW

hOy `@=wD Q@ TQDUO QO Ca=U � Qiv QFm =OL Q}F-=D "4"7
xm Qw]u=ty "CU= xOW xO=O u=Wv 13 pwOH QOTQDUO QOCa=U � Qiv QFm =OL Q}F-=D
R=}v OQwt |v=Uv= |wQ}v 'TQDUO QO Ca=U Qiv � QFm =OL V}=Ri= =@ OwW|t xOy=Wt
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x�=Q="hOy `@=wD Q@ TQDUO QO Ca=U � Qiv Q}F-=D "13 pwOH

|=yxSwQB O=OaD 'UAM pOt QO "CU= |a]k Cr=L w LAM R= QDW}@ UAM

|SQv= Q}O=kt 'CU= QDW}@ u; OwU xm Qw]u=ty u}=Q@=v@ 'OwW|t ?=NDv= |QDW}@
`@=D TB 'OW Oy=wN QWDvt |QDW}@ |}xv=Nro |=yR=o Q}O=kt w hQYt |QDW}@
R= QDW}@ |OOa |=y p=Ft QFm = QO UAM pOt QO R}v |]}LtCU} R hOy
hOy `@=D |OOa |=yp=Ft QFm = QO 'UAM pOt u}vJty "CU= LAM pOt
|OOa G}=Dv T=U= Q@ "OQ=O |a]k pOt w LAM pOt x@ C@Uv |QDW}@ |a=tDH=
O=a@= Q}osWJ Ow@y@ Ea=@ Q=O}=B |xaUwD h=Oy= uDiQo Q_v QO xm OQm u=}@ u=wD|t
Q@ |yHwD p@=k Q}F-=D xm u; uwO@ 'OW Oy=wN |Q=O}=B |a=tDH= w |]}LtCU} R
CQwY QO xm Ovm|t XNWt VywSB u}= G}=Dv "OW=@ xDW=O xSwQB |=QH= OwU
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