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l}DvS sD} Qwor= R= 'C}iQ_ w xHOw@ ẁv R= |}=yC}OwOLt uDiQo Q_v QO =@ w OvOQm
|=yxv} Ry ?D=Qtx@ u} Ro}=H |=yq=m R= xO=iDU= xm OvDi=} QO w OvDiQo xQy@ pL |=Q@
Q=_Dv= OQwt |=yxv} Ry ?=QN |=yq=m OwHwTmax@ w 'OyO|tVy=m =Q Q=_Dv= OQwt

"OyO|t V}=Ri= =Q
|Q=PoCt}k 'sqk= u=tRsy VQ=iU C=t}tYD [20]u=Q=mty w u=} QO |Qwv
VwQixOQN u}OvJ w xOvvmO}rwD l} uDiQo Q_v QO =@ =Q ptL VwQ ?=NDv= w
=Q sqk= u=tRsy VQ=iU |xr�Ut [21]uwUO}O} w p}y uywm "OvOQm |R=UxJQ=Bm}
|oO}J}B '|Q=mD@= |=ypL x=Q |x�=Q= OwHw =@ 'u=W}= j}kLD T=U= Q@ "OvOQm |UQQ@

"CU= NP-Hard p�=Ut xDUO u}= w CU= xOv=t}k=@ u=vJty xr�Ut
"OvwW|tv OU=i |v; CQwYx@ xm OvDiQo Q_v QO =Q |tqk= [22]u=Q=mty w |;
T=U= Q@ |R=UpOt x@ 'sqk= u=tRsy VQ=iU u=mt= w h}iND uDiQo Q_v QO =@ =yv;
=Q pOt |Q=mD@==Qi |=yVwQ R= xO=iDU= =@ w xDN=OQB s}kDUtQ}e |Ov@xwQo OQm} wQ

"Ov=xOQm pL
|OwHwt pQDvm |=ypOt |UQQ@ x@ |OOaDt u}kkLt R}v |UQ=i Cq=kt QO
|=Q@ =Q |O=YDk= VQ=iU pOt [23]V}=Q}B w jQW |wQy "Ov=xDN=OQB Q}PBO=Ui sqk=
|R=UpOt pQDvm p@=k Q}eDt CQwYx@ p} wLD COt uDiQo Q_v QO =@ Q}PBO=Ui sqk=
xOW xOwRi= =yv; pOt x@ p} wLD u=tR COt Vy=m C@=@ |}xv} Ry ?}DQD u}O@ "OvOQm
|}=[Q "OwW sqk= QO QDsm O=Ui x@ QHvt Ov=wD|t p} wLD u=tR COt Vy=m "CU=
Q}eDt |@=QN MQv =@ Q}PBO=Ui sqk= |O=YDk= VQ=iU |R=UpOt x@ [24]u=Q=mty w
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"s}vm|t xO=iDU= �xvq=U� u=tR OL=w QO O} QN u=R}t x@ \w@ Qt Q}eDt R= |R=UpOt

7



"""|
vOW

OU=
isq

k=u
=tRs

yV
Q=iU

|xr
�Ut

|R=
Up

OtxO=iDU= OwWv Zkv xOvvmu}t-=D C}iQ_ xm u}= u}t[D |=Q@ 14 C}OwOLt "CU=
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+
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(19)

S:t:X
j

qij =
X
g

Di
�
ki + �ik2
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20 C}OwOLt 'xr�Ut |R=UpOt QO �i = 1 'J = 1 Q}O=kt |Q=Po}=H =@ %C=@F=
%O};|t CUO x@ 22 |x]@=Q j@=]t

qi =
X
g

Di
�

1 + �ik2
iTg
2

�
xig8i (22)

%O};|t CUO x@ 23 |x]@=Q hOy `@=D QO 22 x]@=Q |Q=Po}=H =@
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+
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+
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qij � capijyij 8i 2 I; j 2 J (14)

ki � 1 8i 2 I (15)

Tg; qij ; ki � 0 8i 2 I; j 2 J; g 2 G (16)
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e�ikimiT � 1�
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(27)
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29 C}OwOLt "OwWv Zkv xOvvmu}t-=D C}iQ_ xm CU= Qw_vt u}= x@ 28 C}OwOLt
xQ=wty Q}eDt u}=� CU= xOWv Ow@tm Q=JO q=m xm OyO|t u=Wv =Q u=tR R= |D@Uv
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O=Ui R= =D OQm xH=wt Ow@tm =@ O}=@ =Q =[=kD R= |QDW}@ OYQO 'q=m |Q}PBO=Ui MQv
Qy |Q=Oyov |xv} Ry V}=Ri= ?}DQD u}ty x@ "OwW |Q}owrH sqk= |OwHwt |q=@
C}=yv QO "OwW|t Ow@tm =@ xH=wt |=[=kD OYQO V}=Ri= ?Hwt R}v q=m OL=w
QO q=m u; R= |QDW}@ Q=Okt |Q=Oyov ?Hwt q=m OL=w Qy Ow@tm |xv} Ry V}=Ri=

"OwW|t Q=@v=

s}kDUtQ}e |Ov@xwQo OQm}wQ %swO w} Q=vU "3"3
u}= QO "CU= sqk= s}kDUtQ}e |Ov@xwQo 'u=tRsy VQ=iU |=yOQm} wQ Qo}O R=
|xNQJ R= |L}LY ?} Q[ QO q=m Qy w OwW|t ?=NDv= x}=B |xNQJ l} OQm} wQ
q=m Q=yJ |OwHwt Q=Owtv OQm} wQ u}= QDW}@ lQO |=Q@ "OwW|t xO=O VQ=iU x}=B
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u}= QO xm |Q}eDt "OwW|t xO=O VQ=iU x}=B |xNQJ u=tR R= |L}LY ?Q[t QO
K}LY ?} Q[ xm Ow@ Oy=wN mj OwW|t xi=[= |r@k OQm} wQ x@ C@Uv OQm} wQ

"CU= j |q=m xv}y@ xQwO pw] |=Q@
pm uOQm xv}tm pt=W CU= xOW xO=O u=Wv 26 |xrO=at QO xm hOy `@=D
|�RH |xv} Ry swO CtUk 'VQ=iU |rm |xv} Ry pw= CtUk xm CU=yxv} Ry
CtUk 'O} QN |xv} Ry sQ=yJ CtUk '|Q=Oyov |xv} Ry swU CtUk 'VQ=iU
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0 103 1 1008 23 1000 1 1
0 103 0 88 468 62 500 1 2
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"s}kDUtQ}e |Ov@xwQo OQm}wQ =@ |OOa p=Ft pL G}=Dv "4 pwOH
miT ki qi1 qi2 mi (i) q=m
0 105 1 1008 395 1000 1 1
0 105 0 885 468 688 500 1 2
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u=tR R= |D@Uv ki Q}eDt Q@ 2 |q=m |Q}PBO=Ui MQv QDt=Q=B C=Q}}eD Q}F-=D "4 pmW
"s}kDUt |Ov@xwQo OQm} wQ QO C@Ft |OwHwt =@

"CU= xOW QqO 66010 910 Q@=Q@ pm |xv} Ry "CU= xOW xO=O u=Wv 3 pwOH QO
xwQo wO QO sqk= 'CU= XNWt 3 pwOH QO xOW x�=Q= G}=Dv R= xm Qw]u=ty
QDW}@ Q=}U@ 4 w 3 |=yq=m x@ C@Uv 2 w 1 |q=m |=[=kD xm =Hu; R= "Ov=xDiQo Q=Qk
|y@=Wt xwQo QO xm CiQ|t Q=_Dv= 'CU= QDsm =yu; VQ=iU |�RH |=yxv} Ry w
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4 pwOH QO s}kDUtQ}e |Ov@xwQo OQm} wQ R= xO=iDU= =@ |OOa p=Ft pL G}=Dv
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wQ=O Q}N-=D =@ =D Ovv=t|t Q_Dvt OvwW|t xH=wt Ow@tm =@ xm |v=} QDWt OYQO 90 =Pr
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l} Q@=Q@ R}v u=tR OL=w "OvDUy |Q}oxR=Ov= OL=w uwO@ u}=Q@=v@ w OvDUy q=m uOW
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CU= s}kDUt |Ov@xwQo xm pw= |w} Q=vU QO xmCU= QmP x@ sRq "CU= xOW xO=O u=Wv
xJ xm Ovm|t u}}aD pOt w xDiQo Q_v QO =yq=m O=OaD =@ Q@=Q@ QFm =OL =Q =yxwQo O=OaD
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q=m |Q}PBO=Ui V}=Ri= Qo}O u=}@x@ "CU= xOW 2 |q=m R= C@Ft |OwHwt =@ u=tR
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xm OwW|t ?Hwt u}= "OwW |Q}owrH sqk= O=} R uOW OU=i R= pY=L u=} R R=
xH=wt Ow@tm =@ sqk= |=[=kD R= |QDW}@ OYQO xm =QJ &O@=} Vy=m VwQi pm u=R}t
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(A) VQ=iU|rY=|xv} RyV}=Ri= OYQO|ki= QwLt u; QO xmCU= xOW xO=O u=Wv

"CU= p=U ?ULQ@ VQ=iU |xQwO pw] |Owta QwLt w

QO O} QN u=R}t Q}eDt Q@ 2 |q=m |Q}PBO=Ui MQv QDt=Q=B C=Q}}eD Q}F-=D "5 pmW
"s}kDUt |Ov@xwQo OQm} wQ

|xQwO pw] Q}eDt Q@ 2 |q=m VQ=iU|rY= |xv} Ry QDt=Q=B C=Q}}eD Q}F-=D "6 pmW
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