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[11]"CU= =yQ=m Q}N=D |vRw ẁtHt uDiQo Q_v QO =@ p=UQ= |=Q@ |Ov@xDUO u}}aD w
|L=Q] xr�Ut |=Q@ =Q |]N |R} Qxt=vQ@ pOt l} 'u=}}=QLY w xO=R|Uwt
u}t-=DxQ}HvR |OQ@y=Q C=t}tYD 'pOt u}= QO "OvOQm |iQat |} wQ=O u}t-=DxQ}HvR
OQwt QO |m}Dm =D C=t}tYD w '|} wQ=O `} RwD w O}rwD Rm =Qt E=OL= w ?=NDv= pt=W

"QwWm K]U QO wQ=O `} RwD xw}W "1 pmW
'OwW|t dq@= w ?} wYD KqY|P `H=Qt \UwD xm QwWm QO wQ=O `} RwD x@ \w@ Qt
C}r=ai w T}U-=D xt=vu}}; 2 xQY@D 2 Ov@ x@ xHwD =@ 'u}vJty "OQ}PB|t CQwY
\@=w[ j@] 'QwWm |=yu=DU= swUl} QO x@aW O=H}= '|} wQ=O VNB |=yCmQW
O}}-=D =@ x@aW 10 E=OL= '`k=w QO "CU= |t=Rr= '|} wQ=O VNB |=yCmQW C}r=ai
|} wQ=O VNB CmQW T}U-=D C=t=Rr= pk=OL R= 'x]w@ Qt |wQ=O w =Pe |=yCvw=at
=yvD VNB |=yCmQW 'xt=vu}}; u}= T=U=Q@ 'u}= Q@ xwqa "CU= QwWm K]U QO
'CqwYLt `} RwD w Ovvm|t O=OQ=Qk O=kav= x@ CQO=@t R=Ht |} wQ=O C=UU-wt =@
Qy 'Qo}O CQ=@a x@ "OW=@|t |} wQ=O u=oOvvmu}t-=D =@ xOW xDU@ |=yO=OQ=Qk T=U=Q@
T=U=Q@ w R=Ht xOvvmu}t-=D |=yCmQW R= wQ=O Ci=} QO u=mt= =yvD |} wQ=O CmQW
^iL hOy =@ 'hrDNt VNB |=yCmQW u}@ pO=@D 'u}vJty "OQ=O =Q O=OQ=Qk l}

"CU}v Q}PBu=mt= 'wQ=O |@=}OQ u=} QH
=Q QwWm K]U QO wQ=O `} RwD w VNB CmQW l} OQmrta R= |}=tv '1 pmW
VNB |=yCmQW \UwD O}=@ wQ=O 'xOvvmu}t-=D R= wQ=O Ci=} QO R= TB "OyO|t u=Wv
QwWm QU=QU QO |@aW |=Q=O VNB CmQW Qy "OUQ@ |v=tQO Rm =Qt w =yxv=NwQ=O x@
|=yVywSB QO 'pwtat Qw]x@ "OQ=O hrDNt \=kv QO |}=yQ=@v= x@aW Qy w xOw@
VNB x@aW Qy x@ xOvvmu}t-=D Qy R= wQ=O p=UQ= u=mt= xm CU= u}= Q@ ZQi OwHwt
C=}rta |=[i QO 'p=L u}= =@ "OQ=O OwHw =yxv=NwQ=O x@ s}kDUt CQwYx@ =} w
=@ O=OQ=Qk OwHw CQwY QO =yvD xOvvmu}t-=D Qy '|vwv=k C=t=Rr= =@ ?U=vDt w |ak=w
=Hv; R= wQ=O 'TBU "Ovm p=UQ= CmQW |RmQt Q=@v= x@ =Q =ywQ=O Ov=wD|t VNB CmQW
pO=@D "OQ}o|t Q=Qk =yxv=NwQ=O Q=}DN= QO C}=yv QO w C}=Oy =yu=DUQyW ?aW x@
C}=aQ CyH x@ R}v VNB |=yCmQW Q}=U ?aW =@ =} VNB l} ?aW u}@ wQ=O

"CU}v Q}PBu=mt= wQ=O |@=}OQ pY=
xm@W |L=Q] 'u}t-=D xQ}HvR Qy Q@ COt Ovr@ Q}F-=D =@ w |OQ@y=Q C=t}tYD R=
OwHwt Cq}yUD xv}y@ u=mt u}}aD pt=W pw= s=o QO 's}tYD u}= [3]"CU= u; `} RwD
xQ}HvR QO sqk= `} RwD |wor= w u=R}t u}}aD pt=W |Oa@ xrLQt QO w CU= xQ}HvR QO
OQwt xv}y@ xm@W u}}aD |=Q@ xrLQt u}= QO xm |rY= |=xv} Ry sqk= ,=awv "OwW|t
|D=}rta |=yxv} Ry w ?aW E=OL= |=yxv} Ry R= OvDQ=@a 'OQ}o|t Q=Qk xO=iDU=
|} wQ=O `} RwD xm@W |=Q@ xv}y@ Q=DN=U u}}aD |=Q@ |rOt 'VywSB u}= QO "xv=}r=U
x�=Q= R}v w xOW QmP |vwv=k C=QQkt w \@=w[ C}=aQ =@ w |ak=w |=}vO T=}kt QO
Cq=wU x@ VywSB u}= QO 'Qo}O CQ=@a x@ "CU= xOW x�=Q= u; =@ ?U=vDt |rLx=Q

%CU= xOW xO=O MU=B Q} R |U=U=
|wLv x@ OwW |L=Q] CU}=@|t xvwoJ VNB CmQW Qy |} wQ=O u}t-=DxQ}HvR �
Qy |=Q@ ?aW XNWt O=OaD pk=OL T}U-=D R= sa= OwHwt |vwv=k C=t=Rr= xm

144



2|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "Q[=L VywSB =@ |UQQ@ OQwt Cq=kt xU}=kt "1 pwOH

|]N |R} Qxt=vQ@ pOt ?r=k QO =Q `} RwD RmQt OvJ w xOvvmO}rwD l} 'xOvvmu}t-=D
K]U V}=Ri= w l}DUHr |=yxv} Ry Vy=m pt=W xiOy OvJ |v=mt= K}LY OOa

[14]"OvO=O xaUwD 'u=oOvvmu}t-=D ?=NDv= R= C}=[Q
u}kkLt Q}=U \UwD xDiQo CQwY |=yVywSB =@ Q[=L VywSB '1 pwOH QO
C=t=Rr= x@ xHwD R=CU= CQ=@a x@=Wt OQ=wt =@VywSB u}= Cw=iD "CU= xOW xU}=kt
xar=]t l} ?r=k QO pOt |WN@ QF= 'u}vJty "wQ=O `} RwD xm@W |L=Q] QO |vwv=k
OvJ QO 'C}=yv QO "CU= xDiQo Q=Qk |UQQ@ w EL@ OQwt |ak=w |=yxO=O =@ |OQwt

xv}W}@ |R=Uxv}tm w pm xv} Ry |R=Uxv}tm hOy =@ 'xm@W QO O=wt u=} QH |ovwoJ
[12]"OvwW|t P=ND= 'xOWv xO=O VWwB |=[=kD

|} wQ=O C=tON x@ u=Q=t}@ |UQDUO p}yUD Qw_vt x@ 'u=Q=mty w |Q=Ox@H
=yxv=NwQ=O ?U=vDt `} RwD hOy =@ =Q =yxv=NwQ=O xv}y@ |@=}u=mt 'R=Q}W QyW QO
T}U-=D xv}y@ u=mt '|R=i AHP VwQ =@ 'VywSB u}= QO "OvO=O Q=Qk |UQQ@ OQwt

[13]"CU= xOW `k=w xHwD OQwt O}OH |=yxv=NwQ=O
OvJ pt=W wQ=O u}t-=DxQ}HvR |=Q@ |rY= |R} Qxt=vQ@ pOt '|}=wW}B w |QDvqm

145



u=Q=
mty

wxH
wN

=QyR
/"""

`}Rw
Dxv}

y@|
wor=

|L
=Q]

wC
q}y

UD|
@=}u=

mt

+
X
p2P

X
b2B

X
c2C

LBClc �QBCpbc) � TC

+
X
b2B

Eb � EC (1)

"CU= ?aW T}U-=D xv} Ry w `} RwD xv} Ry VN@ wO R= pmWDt �1 x]@=Q� hOy `@=D
|RmQtQ=@v= x@ s xOvvmu}t-=D R= =ywQ=O p=UQ= xv} Ry ẁtHt '`} RwD xv} Ry VN@ QO
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C}OwOLt "3"3X
s2S

QSDps =
X
b2B

QDBpb 8p 2 P (2)

QDBpb =
X
c2C

QBCpbc 8p 2 P; b 2 B (3)X
b2B

QBCpbc = Dempc 8p 2 P; c 2 C (4)

QSDps � CapSps 8p 2 P; s 2 S (5)

QSDps � Ctrps 8p 2 P; s 2 S (6)X
b2B

QDBpb � CapDp 8p 2 P (7)

QDBpb � CapDP � EB 8p 2 P; b 2 B (8)X
b
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ẁv w xOvvmu}t-=D |=yCmQW O=OaD w u=mt 'xt=vu}}; 16 xO=t 3 Ov@ x@ xHwD =@ ��
&CU= XNWt 'Ovvm|t u}t-=D l} Qy xm |}=ywQ=O

"CU= XNWt wQ=O Qy |=R= x@ VNB CmQW C}iQ_ ��
&CU= XNWt wQ=O VNB CmQW ?aW |=Q@ xwkr=@ |=yu=mt �

&CU= |L=wv C}atH R= |a@=D w xOw@ XNWt |a]k CQwYx@ =[=kD u=R}t �
&CU= XNWt V}B R= w C@=F hQYt Rm =Qt �

&CU= |v}tR ptL Q@ |vD@t pkvwptL �
"CU}v R=Ht Ow@tm |L]U I}y QO �

hOy `@=D "2"3
min z : (

X
p2P

X
s2S

LSDs �QSDps

+
X
p2P

X
b2B

LDBb �QDBpb

146



2|
xQ=t

W'
39

|xQ
wO'

�14
02

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt |vwQ}@ sD} Qwor= `]=kD Qorta "1"4

OvRQi Q=OQ@ wO x@ 'Or=w Q=OQ@ wO s=eO= =@ VySB u}= QO xOW xOQ@ Q=m x@ `]=kD Qorta
|=yQ=OQ@ "Ovm|t ^iL =Q |OwQw |=yQ=OQ@ QY=va ẁtHt 'Qorta u}= "OUQ|t
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