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xDiQo Q_v QO q=m |OwHwt |}xDUO |Q=PoCt}k Cq=kt QFm = Ovv=ty R}v xr=kt u}=

[13]"CU= xOWv
pkDUt ,qt=m |q=m wO |=Q@ =Q |@}mQD |}xDUO VwQi |SD=QDU= �2013� =woQ=@
G}=Dv "CU= xDi=} CUO xv}y@ |=yCt}k x@ pOt |xaUwD j} Q] R= w 'OQ@ Q=m x@
OvtOwU Q=}U@ 'OvWwQi|t =Q pkDUt ,qt=m |q=m wO xm |v=oOvWwQi |=Q@ xar=]t u}=

[14]"CU=

36



1/
2|

xQ=t
W'

33
�1

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt &Q=@v= C}iQ_ %R

&Ovm|t p=eW= Q=@v= QO i |q=m xm |}=[i %ri
&=[=kD |iO=YD VN@ CN=wvm} `} RwD `@=D QDt=Q=B %[ai bi]

xOW xO=O VQ=iU =[=kD Q@ O=R=t xm |}q=m OL=w Qy |=R=x@ |Q=Oxov |xv} Ry %hi
&CU=

&s=i |q=m Ow@tm OL=w Qy |=R=x@ |OwHwt Ow@tm |xv} Ry %�i
&i |q=m R=Ht Ct}k xawtHt %Pi

|oDU@ty xHQO� i |q=m |=[=kD Q@ j |q=m Ct}k Q}F-=D |xOvyOu=Wv QDt=Q=B %�ij
&�j w i |q=m

&i |q=m |=[=kD umtt QFm =OL %Di
&=[=kD |a]k VN@ %di

&=[=kD `@=D |iO=YD VN@ %"i
"s=i |q=m |=[=kD |r=tDL= CtUk |atHD `} RwD `@=D %Fi

xr�Ut s}tYD |=yQ}eDt "3"3
&i |q=m Ct}k %pi

"i |q=m |OwHwt %qi

pOt "4"3
Q_v QO =@ w �2012� |Qwt pOt T=U=Q@ xr=kt u}= QO |UQQ@ OQwt |xr�Ut pOt

"CU= xDi=}xaUwD Ow@tm |xv} Ry w |}xDUO |Q=PoCt}k uDiQo

Max
3X
i=1

(pi � Ci)qi � (pi + hi)
qiX
d=0

Fi(p; d)

� �i
MaxDiX
d=qi

(1� Fi(p; d)) (1)

St :

p3 � p2 + p1 (2)

p3 � max(p1; p2) (3)X
i

riqi � R (4)

pi 2 Pi (5)

li � qi � ui (6)

VQ=iU |=yq=m R= |W=v OwU "1 %CU= xOW p}mWD CtUk xU R= hOy `@=D
R= q=m u}t-=D |xv} Ry QUm R= s=i |q=m OL=w Qy VwQi R= pY=L OwU &xOW xO=O
xDiQv VwQi x@ |q=m OL=w Qy |Q=Oxov |xv} Ry "2 "O};|t CUOx@ VwQi Ct}k
xO=O VQ=iU u=R}t R= QDsm =[=kD xm u; p=tDL= CtUk u}= QO &x}=tQU |xv} Ry w
Ow@tm |xv} Ry "3 "OwW|t ?Q[ pY=L |xt} QH u=R}t QO w x@U=Lt 'OwW xOW
'x@U=Lt OW=@ VQ=iU u=R}t R= V}@ =[=kD xm u; p=tDL= R}v OQwt u}= QO &|OwHwt

"OwW|t ?Q[ u; |xt} QH QO w
|@}mQD |Ov@xDUO |SD=QDU= C}OwOLt u} QD|rY= xm OyO|t u=Wv 2 |x]@=Q
|=yq=m Ct}k `tH R= O}=@ 2 w 1 |q=m pt=W =yq=m xDUO Ct}k "CU=yq=m
O} QN u=} QDWt |=Q@ w OUQ@ Q_v x@ |k]vt =yq=m |Ov@xDUO =D OW=@ QDsm 2 w 1

xr�Ut Q}eDt �Ct}k� w Ovm |Q}os}tYD Ct}k |xv}tR QO Ov=wD|tv xOvWwQi "1
xOW |UQQ@ CqwYLt ?}mQD u} QDy@ w VQ=iU |xv}y@ Q=Okt w} Q=vU u}= QO &CU=
R= s=OmQy |xv}y@ Q=Okt w Ct}k w 'CU= XNWt CqwYLt ?}mQD O=OaD "2 "CU=
CyH ?U=vt |=yq=m R= |}xDUO =yvD xar=]t u}= QO "CU= xOW |UQQ@ CqwYLt
[25]"OwW|tv xDiQo Q_v QO |}xDUO |Q=PoCt}k |=y|SD=QDU= w OwW|t x�=Q= VwQi

xr�Ut h} QaD "3
OQ=O |OwOLt C}iQ_ VQ=@v= xm CiQo s}y=wN Q_v QO =Q |WwQixOQN xr=kt u}= QO
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u} QDy@ =@ x]kv u}= u}vJty "Ow@ Oy=wN xoptk CQwYx@ sD} Qwor= s=k Q=QmD QO
|xH}Dv xJv=vJ &OwW|t xU}=kt (xopt) |rai Q=QmD =D sD} Qwor= |rm |xH}Dv
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u}= xm CU= K[=w ,qt=m "Ov=|rai |x}L=v u} QDptDLt |=yxWwo 'Qo}O |=yxWwo
R= xOv=t|k=@ |x}L=v pm "OvW=@ xDW=Ov |w=Ut CL=Ut CU= umtt =yx}L=vQ} R
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|=[i R= x@DQtxU ?=wH |=[i xJv=vJ "2 "OwW|t hkwDt CQwYu}= Q}e QO w
'�OW=@ xOW |Ov@ R=Qi= ?=wH |=[i Q=@ xU pk=OL� OwW QDlJwm |rY= ?=wH

"O@=}|t xt=O= swO |xrLQt R= pL w OUQ|t u=}=B x@ sD} Qwor= pw= |xrLQt

R= |m} Ct}k R= =yq=m xDUO Ct}k xm |DQwY QO "OW=@ xiQY x@ =yq=m |}xDUO
u=} QDWt |xty w CU}v xiQY x@ CqwYLt |xv=o =OH O} QN 'OW=@ QDlJwm =yu;
O=OaD QDsm |xv} Ry =@ ?}DQD u}= x@ xm =QJ 'Ovvm|t ?=NDv= O} QN |=Q@ =Q =yq=m xDUO
R= s=OmQy Ct}k R= O}=@ =yq=m xDUO Ct}k u}=Q@=v@ "Ov=xOQm |Q=O} QN q=m |QDW}@
4 |x]@=Q "OQ=OQ@ QO =Q xDmv u}= 3 |x]@=Q "OW=@ QDW}@ xv=o =OH CQwYx@ =yq=m
Q=@v= |=[i R= QDW}@ xm Ovm|t u}t[D C}OwOLt u}= "CU= Q=@v= |=[i C}OwOLt
|xawtHt QO O}=@ q=m Qy Ct}k xm OyO|t u=Wv 5 |x]@=Q "OwWv xO=O VQ=iU
q=m VQ=iU u=R}t xm Ovm|t u}t[D 6 |x]@=Q "OwW u}}aD q=m u; Ct}k R=Ht
x@U=Lt 7 |x]@=Q R= hOy `@=D QO MaxDi Q=Okt "OQ}o@ Q=Qk u; R=Ht xR=@ QO

%OwW|t
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X
8�ij�0

�ij :max pj +
X
8�ij�0

�ij :min pj + bi
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pL sD} Qwor= "4
=OD@= pw= |xrLQt QO "CU= xOW xO=O xaUwD |}xrLQtwO sD} Qwor= jwi pOt pL |=Q@
CUO xv}y@ |=y?=wH R= |QDlJwm |=[i x@ |}xv=}W; R=Qi= |xDi=} Ow@y@ VwQ =@
CyH OvJ QO =Q pw= |xrLQt QO xrY=L ?=wH u} QDy@ swO |xrLQt QO "s}@=}|t
QO "OwW|t xv}y@ ?=wH x@ QDu�t]t w QD`} QU |@=}CUO ?@U xm s}yO|t xaUwD
QDxO=U ?Hwt xm OwW|t pOt OQ=w |OwQw u=wvax@ w C@=F q Q}eDt sD} Qwor= u}=
Q}eDt ?=wH |=[i R= |k]=vt pw= |xrLQt |=yDv= QO "OwW|t xr�Ut pL uOW

"OwW|t hPL OwN x@ OwN OQ=O xrY=i xv}y@ ?=wH R= xm q

sD} Qwor= |=ys=o "1"4
|=Q@ |Dw=iDt |=yVwQ %q |=yQ}eDt T=U=Q@ =[i |x}rw= |Ov@ R=Qi= "1 s=o
'sD} Qwor= u}= QO "CU= xOW xO=iDU= |}xv=}W; R=Qi= sD} Qwor= QO =[i |Ov@ R=Qi=
|=yC}OwOLt x@ xHwD =@� q Q}eDt Qy |xOwOLt '=[i |x}rw= |Ov@ R=Qi= Qw_vtx@
u}= C} Rt "OwW|t s}UkD |w=Ut CtUk wO x@ �L w U OwOL u}}aD x@ \w@ Qt
QDq=@ O=a@= =@ |=y=[i x@ u; s}taD u=mt= 'uOw@ xO=U Q@ xwqa |Ov@s}UkD VwQ
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�

QO "O};|t OwHw x@ R=Qi=CWy T=U= u}= Q@ 'q=m xU |=Q@ ?=wH |=[i |Ov@s}UkD =@
|Ov@ R=Qi= u}rw= QO w Ov=xR=Ov=sy x}rw= |Ov@ R=Qi= R= pY=L ?amt CWy u}= 1 s=o
xDiQo xvwtv xOW pY=L |x}L=v 8 R= "OQ=Ov OwHw ptmt |xk]vt w xDW=O R=Qi= 8

"OwW|t
CN=wvm} |iO=YD |xvwtvN 'x}rw= |=yR=Qi= OwOL u}}aD R=TB %|Q}o xvwtv "2 s=o

"OwW|t xDiQo =yR=Qi= R= l} Qy R=
xOW xDiQo |=yxvwtv %xOvQ@ R=Qi= u}}aD w uOw@ ptDLt XN=W |x@U=Lt "3 s=o
xOvQ@ R=Qi= u}}aD w R=Qi= Qy |=Q@ uOw@ ptDLt XN=W u}tND Qw_vtx@ p@k s=o QO
|Q=OQ@ pt=W |iO=YD |xvwtv Qy "OwW|t xO=iDU= �|Oa@ Q=QmD R=Qi= u} QDptDLt�
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xvwtv p�=Ut h} QaD |=Q@ CU= xOWv Q=m u=OvJ C=}@O= QO =yq=m Q}=U w q=m OwN
|Qwt |xr=kt =@ xm |}=yQDt=Q=B h} QaD |=Q@ %Ov=xOW h} QaD Q} R CQwYx@ =Q =yQDt=Q=B
QO xr=kt u}= C=}[Qi =Q} R 'CU= xOW xO=iDU= u=W}= VwQ R= Ov=lQDWt �2012�

"OQ=O j}kLD u}= =@ =Q Cy=@W u} QDW}@ OwHwt C=}@O= u}@
&i |q=m OL=w l} u}t-=D Ct}k %ci

&=[=kD Ct}k x@ xDU@=w CtUk xv}tm Q@=Q@ 4 =D 1 5 u}@ %�i
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&Q=_Dv= OQwt |=[=kD �30 =D �10 u}@ %bi
&bi %ai

&O} QN |xv} Ry �15 =D �5 u}@ %hi
&O} QN |xv} Ry �30 =D �20 u}@ %�i
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OwHw |a]k CQwYx@ O=} R |oO}J}B p}rOx@ xr�Ut pOt pL u=mt= xm =Hv; R=
VwQ R= =Q lJwm R}=U =@ p�=Ut |xv}y@ ?=wH 'pOt |}=Q=m uO=O u=Wv |=Q@ 'OQ=Ov
xU}=kt sD} Qwor= R= pY=L ?=wH =@ =y?=wH u}= w xOQw; CUOx@ pt=m VQ=tW
CQwYx@ xr�Ut 10 xr�UthrDNt |=yxR=Ov= R= |QU xU |=Q@ 1 pwOH QO "OwW|t
=D 15 u}@ |iO=YD CQwYx@ =yq=m u}t-=D |xv} Ry u; QO xm xOW h} QaD |iO=YD

"Ovm|t Q}}eD 20
=D C@=F q sD} Qwor= |=]N 'CU= xOW xO=O u=Wv 1 pwOH QO xm Qw]u=ty
CUOx@ pt=m VQ=tW VwQ j} Q] R= u; |xv}y@ ?=wH xm � xr�Ut R}=U u} QDnQR@

"CU= QiY �xOt;

nQR@ R}=U =@ xr�Ut |D=@U=Lt G}=Dv "2"5
CyH "O@=}|t V}=Ri= |}=tv CQwYx@ umtt Cq=L O=OaD 'xr�Ut R}=U V}=Ri= =@
QDnQR@ R}=U =@ xvwtv |xr�Ut l} 'OQ=wt u}= QO |O=yvW}B sD} Qwor= |}=Q=m V}=tv
u}}aD |=Q@ sD} Qwor= \UwD xOW |UQQ@ |=yCr=L O=OaD w pL u=tR w xOW O=H}=
pY=L G}=Dv =@ G}=Dv u}= u}vJty "CU= xOW xO=O V}=tv 2 pwOH QO |}=yv ?=wH
u}= x@ =Q Cy=@W u} QDW}@ OwHwt C=}@O= u}@ QO xm [21]nQR@ R}=U p�=Ut pL R=

"CU= xOW xU}=kt 'OQ=O VywSB
VwQ =@ ?=wH |xOwOLt w x}rw= ?=wH 'sD} Qwor= pw= |xrLQt QO xm =Hv; R=
R= p@k |UQQ@ |=Q@ sRq |=y?=wH O=OaD 'OwW|t u}}aD |}q=@ CkO =@ w |Ov@ R=Qi=
Vy=m OwHwt |=yVwQ x@ C@Uv |yHwD p@=k CQwYx@ xv}y@ ?=wH x@ |@=}CUO
?=wH x@ |QDx=Dwm u=tR QO sD} Qwor= 'xDi=} Vy=m pL u=tR ?}DQD u}= x@ "O@=}|t
QO �2012� |Qwt \UwD xOW x�=Q= sD} Qwor= QO p=Ft |=Q@ "O@=}|t CUO QDy@
|xk}kO 30 QO ?=wH u} QDy@ 'Cq=L O=OaD uOW O=} R p}rOx@ 'QDnQR@ R}=U p�=Ut

Q}O=kt R= |Q=OQ@ 'p@k |xrLQt R= xOt; CUOx@ |}=yv xopt %�swO |xrLQt� "6 s=o
pL R= xrLQt u}= |OwQw xopt = [q01 ; q02 ; q03 ] "CU=yq=m R= s=Om Qy VQ=iU
Q}}eD =OD@= "OwW|t xO=O xaUwD CyH OvJ QO x}rw= ?=wH xrLQt u}= QO "CU=
"OwW|t |UQQ@ xv=o =OH CQwYx@ q Q}O=kt R= s=OmQy Q}}eD =@ hOy `@=D QO pY=L
q Q}eDt "OwW|t |UQQ@ =yq Q}=U uOv=t C@=F =@ q l} Q=Okt Q}}eD CyH Qy QO

"O@=}|t Vy=m OL=w l} =} V}=Ri= OL=w l} |iO=YD CQwYx@

qi =

8<:q0
i + 1
q0
i � 1

for i = 1; 2; 3

p@k s=o QO xOW O}rwD O}OH CyH xU |=R=x@ xr�Ut hOy `@=D xrLQt u}= QO "7 s=o
u} QDW}@ xm |DyH 'OW=@ xDi=} V}=Ri= hOy `@=D xm |DQwY QO "OwW|t x@U=Lt
xt=O= 6 s=o R= xr�Ut pL w OwW|t 6 s=o QO xopt u} Ro}=H xDW=O =Q V}=Ri=
V}=Ri= hOy `@=D xOW O}rwD CyH xU R= s=OmI}y |=R=x@ xJv=vJ =t= "Ovm|t =O}B
CQwYx@ VQ=iU Q}O=kt p@k s=o QO xm =Hv; R= "OwW|t O}rwD O}OH CyH xU 'O@=}v
Q}}eD 6 s=o CyH hqNQ@ s=o u}= QO 'Ov=xOW QDW}@ =} QDsm OL=w l} |iO=YD

"Ovvm|t
O}OH CyH xU |=R=x@ xr�Ut hOy `@=D 'p@k Cr=L x@=Wt sy Cr=L u}= QO
xm |DyH 'OW=@ xDi=} V}=Ri= hOy `@=D xm |DQwY QO "OwW|t x@U=Lt xOW O}rwD
6 s=o R= xr�Ut pL w OwW|t 6 s=o QO xopt u} Ro}=H xDW=O =Q V}=Ri= u} QDW}@
sy R=@ xOW O}rwD CyH xU R= s=OmI}y |=R=x@ xm |DQwYQO =t= "Ovm|t =O}B xt=O=

"OwQ|t 8 s=o x@ sD} Qwor= 'O@=}v V}=Ri= hOy `@=D
wO VQ=iU Q}O=kt &OwW|t xO=O Q}}eD u=tRsy CQwYx@ q Q=Okt wO Q=@ u}= "8 s=o
|iO=YD CQwYx@ =yq=m R= s=Om Qy VQ=iU 'Ovm|t Q}}eD u=tRsy CQwYx@ q=m
p=tDL= =@ s=Om Qy Q}}eD hrDNt Cr=L Q=yJ ?}DQD u}= x@ "O@=}|t Vy=m =} V}=Ri=

%OQ=O OwHw 0 25

qi; qj =

8>>>>>>><>>>>>>>:
q0
i + 1; q0

j + 1
q0
i � 1; q0

j + 1
q0
i + 1; q0

j � 1
q0
i � 1; q0

j � 1
"Ovm|t Q}}eD u=tRsy CQwYx@ q3q2 w q1q3 'q1q2 =yq=m R= |}=DwO xwQo Qy u}=Q@=v@
O}rwD O}OH CyH xU |=R=x@ xr�Ut hOy `@=D 'p@k Cr=L x@=Wt sy Cr=L u}= QO
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