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CU=xOQm ^=Lr =Q OvwW pDNt sy =@ u=tRsy u=oOvvmu}t=D s=tD xm Cr=L l} =yvD
=Q OW=@ |irDNt |=yw} Q=vU |=Q=O Ov=wD|t xm pt=m pmW � x@ pqDN= lU} Q w
x@ CU= xO}OQo ^=Lr |D=k}kLD h=mW u}= Q=m u}= QO =Pr [17]"CU=xOQmv ^=Lr
h}iND ^=Lr =@ VQ=iU X}YND w xOvvmu}t=D ?=NDv= xr�Ut l} xm |vat u}=
CyHx@ w CU= xOW xDiQo Q_v QO RmQtDt x=oO}O w uOw@ |rwYLt OvJ '|tHL
u=oOvvmu}t=D R= uDiQo ltm 'u=@}DWB u}t=D |D_=iL |=yCU=}U |Q}PBh=]av=
pOtl} =D}=yv wCU= xOW ^=Lr u=v}t]= xQ}NP R= xO=iDU= Qw]u}ty w xOWv pDNt
QmPx@ sRq "CU= xOW x�=Q= QiwLt w} Q=vU |iO=YD |]N K}LYOOa |R} Qxt=vQ@
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� P
i=2Is

P
j

((abij + cbij +T bij) qmin
ij z0ij)�P

i=2Is
P
j

P
b

(cij(xijb�xijbs)(1� dib)) +
P
j
bj Bjs +P

i=2Is
P
j
Lij(xij �xijs + qmin

ij z0ij)]

(1)

O=OQ=Qk C@=F xv} Ry x@U=Lt CyH ?}DQDx@ hOy `@=D QO P
i

(vizi + v0iz0i)

?}DQDx@ P
i

P
j

(xij(aij + Tij)) CQ=@a "CU= u=@}DWB w |rY= u=oOvvmu}t=D
O} QN Q}O=kt |=Q@ Q=O} QN ptL xv} Ry w |rY= u=oOvvmu}t=D O}rwD |=yxv} Ry
xOvvmXNWt P

i

P
j

P
b

(cijxijb(1 � dib)) CQ=@a "CU= p=tQv \}=QW QOP
i

P
j

((abij + CQ=@a "CU= CQ=HD sHL h}iND uDiQo Q_vQO =@ O} QN xv} Ry
w O} QN xv} Ry 'u=oOvvmu}t=D O}rwD |=yxv} Ry ?}DQD x@ cbij +T bij) qmin

ij z0ij)

7



Q=mt
yw

|m
rtx

yr=/
"""QO

=@V
Q=iU

X}
YN

Dw
xOvv

mu}t
=D?
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t�CU= xOW xDiQo Q_vQO R=Ht pqDN= \}=QW QO Ow@tm � OW=@ =[=kD u=R}t |w=Ut
R= p@k xrLQt QO OQwt Qy |=Q@ xOvvmO}rwD |=[=kD xOvvmu}t[D 3 C}OwOLt
p=tQv \}=QW QO u=v}t]= xQ}NP w CU}v R=Ht p=tQv \}=QW QO Ow@tm "CU= pqDN=

"CU= xOW xDiQo Q_v QO R=Ht
xOvvmu}t-=D Qy x@ xOW xO=O VQ=iU Q=Okt pm xm Ovm|t u}t[D 4 C}OwOLt

"Ovm|tv Rw=HD xOvvmu}t-=D C}iQ_ R= 'xOWv pDNt
O}rwD C}iQ_ x@ =Q xOW pDNt |rY= xOvvmu}t=D R= O} QN Q=Okt 5 C}OwOLt

&Ovm|t OwOLt pqDN= R= TB xOvvmu}t=D TQDUO QO
\}=QW QO xOW xO=O VQ=iU Q}O=kt xOvvmO}rwD xm OyO|t u=Wv 6 C}OwOLt

"Ovm|t Ci=} QO pqDN= |w} Q=vU Qy QO xOWv pDNt u=oOvvmu}t-=D R= =Q |O=a
xOvvmu}t=D l} R= |r=UQ= pwYLt Qy Q=Okt xm Ovm|t u}t[D 7 C}OwOLt

"OwQv QD=Qi |O=a \}=QW QO xOvvmu}t-=D R= xOW |Q=O} QN |=yq=m R= pDNt
=@ O=OQ=Qk Oka sOa CQwY QO xm Ovvm|t u}t[D ?}DQD x@ 9 w 8 C}OwOLt
xOvvmu}t-=D R= xOW |Q=O} QN |q=m Qy Q=Okt '|rY= xOvvmu}t-=D u=wva x@ xOvvmu}t-=D

"Ow@ Oy=wN QiY =@ Q@=Q@ pDNt w xOWv pDNt |rY=
xOvvmu}t-=D Qy R= xOW p=UQ= sqk= Q=Okt xm Ovm|t u}t[D 10 C}OwOLt
QO xOvvmu}t=D R= xOW |Q=O} QN sqk= Q@=Q@ =} QDW}@ O}=@ |} w} Q=vU Qy CLD pDNt
"CU= pqDN= R= TB xOv=t}k=@ xOvvmu}t-=D C}iQ_ OYQO QO ?Q[ |O=a \}=QW
xOvvmu}t=D =@ O=OQ=Qk s}_vD sOa CQwY QO xm Ovm|t u}t[D 11 C}OwOLt
�u=@}DWB xOvvmu}t-=D u=wvax@� xOvvmu}t-=D u; R= O} QN dr@t 'u=@}DWB xOvvmu}t=D u=wvax@

"CU= QiY
u=R}t x@ xOvvmu}t=D Qy ?=NDv= CQwY QO xm Ovm|t u}t[D 12 C}OwOLt

"OwW |Q=O} QN xOW u}}aD Q=Okt pk=OL
"Ovm|t x@U=Lt =Q w} Q=vU Qy CLD pwYLt Qy Ow@tm u=R}t 13 C}OwOLt

"OyO|t u=Wv =Q p=tQv \}=QW QO u=v}t]= xQ}NP u=R}t 14 C}OwOLt
QDW}@ VQ=@v= |=[i R= u=v}t]= xQ}NP u=R}t xm Ovm|t u}t[D 15 C}OwOLt

"OW=@v
Ovv=wD|tv w} Q=vU Qy pDNt u=oOvvmu}t-=D xm Ovvm|t u}t[D 16 C}OwOLt

"OvwW xO=iDU= w} Q=vU u; u=@}DWB xOvvmu}t-=D u=wvax@
|v=tR 'xOWv pDNt|rY= xOvvmu}t=D xmCU=C}ak=w u}= Qov=}@ 17C}OwOLt
s=Hv= p=tQv \}=QW QO VQ=iU xm OQ}PB|t =Q pwYLt xi=[= Q=Okt CyH VQ=iU

"OW=@ xDiQo
|O=a C}a[w QO |rY= u=oOvvmu}t-=D O=OaD pm xm Ovm|t u=}@ 18 C}OwOLt

"Ovm Rw=HD O=OaD QFm =OL R= O}=@v ?=v u}t=D xQ}HvR pwY= =@ j@=]t
pDNt w p=tQv \}=QW QO h}iND |=yxR=@ u}}aD CyH 20 w 19 C}OwOLt

"CU= |rY= u=oOvvmu}t=D xOW
O} QN hrDNt Kw]U QO O} QN ẁtHt xm Ovm|t u}t[D 22 w 21 C}OwOLt

"CU= O} QN Q=Okt =@ Q@=Q@ pwYLt Qy w xOvvm u}t=D Qy |=R=x@
�u=@}DWB w |rY=� xOvvmu}t=D |v=tR xm Ovm|t u}t[D 24 w 23 C}OwOLt

"OW=@ xOW ?=NDv= xOvvmu}t=D xm OwW|t ?=NDv= |rwYLt |=Q@
Ov=wD|t\ki X=N |q=ml} |=Q@ xOvvmu}t=D Qy xmOvm|t u=}@ 25C}OwOLt

"OW=@ u=@}DWB xOvvmu}t=D =} |rY= xOvvmu}t=D l}
\ki OwW ?=NDv= xOvvmu}t=D xm |DQwY QO xm Ovm|t u}t[D 26 w C}OwOLt

"OwW|t ?=NDv= u; |tHL h}iND K]U l}
"OyO|t u=Wv =Q |Q}os}tYD |=yQ}eDt ẁv 29 w 28 |=yC}OwOLt s=Hv=QU

Subjectto :X
i2Is

(zijs + yijs +xij + qmin
ij z0ij) +

X
i=2Is

xijs � Dj 8s; j (2)X
i

(xij + qmin
ij z0ij) � Dj 8j (3)

xij + zijs + yijs + qmin
ij z0ij � Rij capi 8i 2 Is; s; j (4)

xijs � capiRij ris 8i =2 Is; s; j (5)

xij = xijs 8i 2 Is; s; j (6)

xij � xijs 8i =2 Is; s; j (7)

xij + zijs �M zij 8i 2 Is; s; j (8)

xijs �M zij d 8i =2 Is; s; j (9)

xijs � xij ris d 8i =2 Is; s; j (10)

yijs �M z0ij 8i 2 Is; s; j (11)

xij � qminij zij 8i; j (12)

Bjs = Dj �
 P
i2Is

�
xij + zijs + yijs + qminij z0ij

�
+
P
i=2Is

xijs

!
8s; j

(13)

sj =

 X
i

�
xij + qminij z0ij

�!�Dj 8j (14)

sj � ej 8j (15)

yijs = 0 8i =2 Is; s; j (16)

zijs �Mxij 8i 2 Is; s; j (17)X
i

zij � nj 8j (18)

Qibwib �X
j

cijxijb < Qi;b+1wib 8i; b (19)

Qibwibs �X
j

cijxijbs < Qi;b+1wibs 8i =2 Is; b; s (20)X
b

xijb = xij 8i; j (21)X
b

xijbs = xijs 8i =2 Is; j; s (22)

zij � zi 8i; j (23)

z0ij � z0i 8i; j (24)

zij + z0ij � 1 8i; j (25)X
b

wib = zi 8i (26)X
b

wibs = zi 8i =2 Is; s (27)

xij ; xijs; yijs; zijs; xijb; xijbs � 0 8i; j; s (28)

zij ; z0ij ; zi; z0i; wib; wibs = f0; 1g 8i; j; s (29)

=} QDmJwm pqDN= \}=QW QO O} QN u=R}t `tH xm CU= u}= Qov=}@ 2 C}OwOLt
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1|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt |iO=YD Q}eDt R= V ar(� 2 (0; 1))� xOW xO=O Q]N K]U =@ "O} Q}o@ Q_vQO =Q

%CU= xOW xO=O Q} R CQwYx@ x
V aR� [ex] := min f� : Pr (~x � �) � 1� �g (31)

QO wU=Qw} w Qqi=m =Q C \UwD / Q]N K]U QO CV aR 'Q} R xrO=at x@ xHwD =@
%CU= xOW h} QaD 2000 p=U

CV aR� [~x] = E f ~xj ~x � V aR� (~x)g (32)

VRQ= u=wvax@ u=wD|t =Q CV aR '|R=U min xr�Ut l} |=Q@ xm OvOQm C@=F =yv;
%OQm x@U=Lt ?wr]t hOy

CV aR� (~x) = min
�
� + 1

1� � max (~x� �; 0)
�

(33)

xOW h} QaD V}B R= |=yw} Q=vU R= |=xawtHt |=Q@ xm OvOQm C@=F u}vJty =yv;
�i(i = |mtm |=yQ}eDt |iQat =@ u=wD|t =Q Q} R xrO=at 'x]w@ Qt Cq=tDL= =@

%OQm p}O@D |]N |U} wvxt=vQ@ l} x@ � 2 (0; 1) |=Q@ w 1; : : : ; N)

min � + 1
1� �

NX
i=1

�i�i (34)

subjectto : �i � Li � �8i (35)

�i � 08i (36)

s}tYD Q}eDt %� "CU= i |w} Q=vU x@ \w@ Qt Q=_Dv=OQwt QQ[ jkLD Li xm |}=H
&?wr]t Q=Okt xOvyOu=Wv

&�Ovm|t Rw=HD � R= i |w} Q=vU QO xm |Q=Okt u=wvax@ i� |w} Q=vU Q@ QQ[ xr=@vO %�i
p@=k xvt=O '1 x@ uOW l}ORv =@� "OQ}PB|t xOvQ}os}tYD xm |Q=mx_i=Lt K]U %�

"�OwW|t QDl} Q=@ OQ=wt u} QDO@ pw@k
ModelSS&OA CV aR :

min � + 1
1� �

X
s

psTs

Subjectto : (2� 29) (37)

Ts �P
i

(vizi + v0iz0i) +
P
i

P
j

(xij(aij +Tij))+P
i

P
j

P
b

(cij xijb(1� dib))+P
i

P
j

((abij + cbij +T bij) qmin
ij z0ij) +

P
j
sj hj +P

i2Is
P
j

(c
0b
ij + a

0b
ij +T

0b
ij ) yijs +P

i2Is
P
j

(c0ij + a0ij +T 0ij) zijs�P
i=2Is

P
j

(aij + Tij)(xij �xijs)
� P
i=2Is

P
j

((abij + cbij +T bij) qmin
ij z0ij)�P

i=2Is
P
j

P
b

(cij(xijb�xijbs)(1� dib)) +
P
j
bj Bjs +P

i=2Is
P
j
Lij(xij �xijs + qmin

ij z0ij)� � 8s

(38)

Ts � 08s (39)

xDiQo Q_vQO u=@}DWB u=oOvvmu}t=D O=OaD B w |rY= u=oOvvmu}t=D O=OaD M Qo =
"OwW x@U=Lt CQwYx@ Ov=wD|t pqDN= |=yw} Q=vU O=OaD OwW

"OwW x@U=Lt Q} R CQwYx@ Ov=wD|t w} Q=vU Qy ẁkw p=tDL=

ps =
Y
i=2Is

pi
Y
i2Is

(1� pi) (30)

Q=O} QN lU} Q C}a[w uDiQo Q_vQO =@ pOt "3"3
"CU= xOW xDN=U (V aR) lU} Q ZQat QO VRQ= s=v@ Q=}at T=U=Q@ CVaR
[17]"Q=m xvwtv l} QO lU} Q |Q}o xR=Ov= |=Q@ CU= ?w@Lt VwQ l} V aR
xOvyO u=Wv xm CU= hOy ji= QO u=} R/OwU |v}@ V}B `} RwD l} V aR `k=wQO
|v=QL@ Q=Okt uDi=} |vat x@ |Q=t; Q_v R= w [18]OW=@|t hOy ji= QO QQ[ xv}W}@
X=N K]U l} Q} R G}=Dv s=tD Q@ V aR [19]"CU= Q_vOQwt u=v}t]= K]U |=Q@
%OyO|t MU=B p=-wU u}= x@ V ar '/ p=tDL= x@ xHwD =@ 'wQu}= R= "OQ=O RmQtD
C}@ w@Lt OwHw =@ �#CU}J hOy ji= l} QO �100 / p=tDL= =@ C=irD QFm =OL�
?wr]t=v |oS} w OvJ |=Q=O l}vmD u}= 'lU} Q C} Q}Ot w |r=t Qwt= QO V aR
Q=}at V aR xm OvOQm u=WvQ]=N 1999 p=U QO u=Q=mty w QvUDQ; "CU= syt
"OQ=O xov =Q |Q}PB `tHQ} R C}Y=N CU= xDUv=wDv =Q} R 'CU}v Q]N R= |tHUvt
xvwtv QO |mD O=a@= QO VaRs `tH R= QDq=@ Ov=wD|t Q=m xvwtv l} V aR 'u}=Q@=v@
lU} Q Q=}at f(o) xm|}=H f(x+ y) � f(x) + f(y) |va}� [17]OW=@ =yQ=m
CyH QO |]QW lU} Q ZQat QO VRQ= 'Q}N= |=yp=U QO |wQ u}ty R= "�CU=
=@ xm|t=ovy 'u}= Q@xwqa [19]"CU= xOW |iQat lU} Q ZQat QO VRQ= pt=mD
CU= Q=wWO V aR |R=U xv}y@ 'OwW x@U=Lt w} Q=vU Q@ |vD@t OQm} wQ R= xO=iDU=
VwQ R= xm CU= xOW Ea=@ p}qO u}= [17]"�2000� p=U QO wU=Qw} w Qqi=m =Q�
ZQat QO VRQ= "OwW xO=iDU= CV aR |]QW lU} Q ZQat QO VRQ= u} Ro}=H
w CU= xDiQo Q=Qk p=@kDU= OQwt sHUvt lU} Q Q=}at l} u=wvax@ |]QW lU} Q
=@ =Qu; xm O}OQo KQ]t u; C} Q}Ot w lU} Q |Q}oxR=Ov= |=Q@ |O}it Q=R@= u=wvax@
Q@=Q@ =Q Q=_Dv= OQwt u=} R 'Q=}at u}= Qo}O CQ=@ax@ "OvyO|t V}=tv CV aR O=tv
"Ovm|t OQw;Q@ 'XNWt u=v}t]= K]U QO 'lU} Q ZQat QO VRQ= R= QDq=@ =} w
QDxv=Q=m x_i=Lt lU} Q ZQat QO VRQ= Q=}at x@ C@Uv x=oO}O u}= wQ u}= R=

[19]"CU=
|Q}oxR=Ov= |=Q@ |QDsHUvt Q=}atCV aRCio u=wD|t p@kEL=@t x@ xHwD =@

%OQm xQ=W= Q} R OQ=wt x@ u=wD|t u; RQ=@ C=}YwYN R= w CU= lU} Q
|yOR=@ uQ=kDt=v `} RwD =@ xH=wt QOTv=} Q=w � u}ov=}t R}r=v; x@C@UvCV aR "1

&Ovm|t pta QDy@ 'x}=tQU
=Qoty |R} Q xt=vQ@ xr�Ut l} pL xH}Dv QO qwtat CV aR |R=Upk=OL "2
OyO|t xR=H= xOvQ}os}tYD x@ xmCU=|]N|R} Qxt=vQ@p�=Ut Ovv=t �?OLt�

[19]"O};Q@ nQR@ T=}kt =@ xr�Ut l} xOya R= |QDy@ w QD=Q=m CQwYx@
CV aR =Q} R OwW|t V aR uOv=UQ pk=OL x@ Ea=@ CV aR |Q}o xR=Ov=
CV aR |Q}o xR=Ov= �O}vm xOy=Wt =Q Q} R xrO=at� "CU= V aR |w=Ut =} QDW}@
V aR R= X=N |v=tR xQwO l} |] C=irD xm OQ}o|t Q_vQO =Q G}=Dv R= xDUO u;
R= xm OwW|t xO=O xR=H= G}=Dv R= (1 � �)100� x@ Qo}O CQ=@ax@ "CU= QDW}@
"CU= xOW xO=O u=Wv CV aR \UwD G}=Dv u}= \UwDt Q=Okt w Ovm Rw=HD V aR
CU= u; P=ND= x@ p}=t xOvQ}os}tYD l} xm =Q |Q=mx_i=Lt K]U / '|rm Qw]x@
"CU= xOW x�=Q= Q} R xrO=at QO CV aR w V aR |tUQ h} QaD "OyO|t u=Wv
CU= xH}Dv l} R= |W=v QQ[ xOvyOu=Wv xm x |iO=YD Q}eDt l} 'p=Ft u=wvax@
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=NDv
=pO

tOyO|t u=Wv cV aR pOt QO =Q Q=O} QN sy w u=@}DWB =} |rY= R= sa= u=oOvvmu}t=D
"CU= |OwaY qt=m OvwQ CU= XNWt xm Qw]u=ty xm

|UQQ@ =Q Q=O} QN xv} Ry Q@lU} QC}a[w Q}F-=D xmCU= |Qo}O Q=Owtv 3 pmW
%Ovm|t

0 95 =D 0 5 R= �V}=Ri= Q}F-=D xOvvmXNWt jwi Q=Owtv OW xDio xmQw]u=ty
OvwQ |rm CQwYx@ O}v}@|t xmQw]u=ty xm Ovm|t XNWt =Q Q=O} QN xv} Ry Q@

"OvQ=O |�RH C=v=Uwv =@ |OwaY
XNWt =Q u=oOvvmu}t=D xv} Ry Q@ =QlU} QC}a[w Q}F-=D?}DQD u=tyx@ 4 pmW

%OQ=O Q=O} QN xv} Ry x@=Wt |OvwQ xm Ovm|t
Q}=U Q@ xOvQ}os}tYD lU} Q C}a[w Q}F-=D 'C=Q}}eD u}= Cra |UQQ@ |=Q@

"OQ}o|tQ=Qk |UQQ@ OQwt xr�Ut |=yQ}eDt
|Q}F-=D u=oOvvmu}t=D ?=NDv= |wQ lU} Q C}a[w '|OQwt xar=]t u}= QO
C=a]k s=tD |=Q@ |rY= u=oOvvmu}t=D xm Ow@ CQwYu}= x@ OQ=wt xty QO w xDW=Ov
?=NDv= Q_v R= u}vJsy "Ow@ xOW xO} RoQ@ xa]k wO |=Q@ u=@}DWB xOvvmu}t=D w
p=tDL= xm CU= u}= j=iD= u}= Cra "Ow@ x@=Wt OQ=wt xty QO R}v h}iND K]U
\UwD xm pqDN= \}=QW QO =yv; xv} Ry V}=Ri= OYQO w u=oOvvmu}t=D pqDN=
Ow@ CQwYu}= x@ xH}Dv xOw@ u}}=B Q=}U@ xOW xO=O Q=Qk Q=}DN= QO wmB=U CmQW
xv} Ry OQ=wt s=tD QO =Q} R "CiQv u=v}t]= xQ}NP CtUx@ pOt 'OQwt I}y QO xm
O} QN xQ=wty w CU= xOw@ QDq=@ pqDN= \}=QW QO =yxv} Ry V}=Ri= R= |Q=Oyov
u=oOvvmu}t=D R= O} QN Q=Okt TB "CU= xOW QDxiQYx@ pqDN= \}=QW QO xi=[=

"Q=O} QN xv} Ry w lU} Q C}a[w u}@ \=@DQ= KQW "3 pmW

"u=oOvvmu}t=D xv} Ry w lU} Q C}a[w u}@ \=@DQ= KQW "4 pmW

w} Q=vU Vy=m VwQ "4"3
O=OaD xm|v=tR XwYNx@ =yw} Q=vU O=OaD xm Ci=} QO u=wD|t jwi x]@=Q x@ xHwD =@
VwQ l} O}=@ '|OQ=wt u}vJ QO "OwW|t O=} R Q=}U@ OW=@ q=@ x@ GvB u=oOvvmu}t=D
C=@U=Lt |oO}J}B Vy=m w =yw} Q=vU u} QDptDLt ?=NDv= |=Q@ w} Q=vU Vy=m

"OwW p=ta=
xOW xO=iDU= Qw_vt u}= |=Q@ 3 p=tDL= QFm =OL =@ xO=U |Q}o xvwtv R='Q=m u}= QO

[10]%CU= Q} R pL=Qt pt=W xm CU=
&O}vm ?=NDv= =Q �Q_v OQwt |=yw} Q=vU O=OaD� %(N) "1s=o

O=H}= =Q umtt |=yw} Q=vU xty '\}=QW OH=w u=oOvvmu}t-=D O=OaD x@ xHwD =@ "2s=o
&O}vm

&O}vm x@U=Lt =Q w} Q=vU Qy p=tDL= xOW QmP x]@=Q x@ xHwD =@ "3s=o
&=yv; p=tDL= j@] Q@ =yw} Q=vU |R=U?DQt %sQ=yJ s=o "4s=o

"O}vm ?=NDv= OvQ=O =Q p=tDL= u} QDW}@ xm |rw= |w} Q=vU %N "5s=o

|OQwt xar=]t "5"3
u}t-=D w |UOvyt |L=Q] CmQW 'wmB=U CmQW QO xOW ?=NDv= |OQwt xar=]t
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