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|=yOQm} wQ R= '|[=} Q |=ypOt ẁv u}= |Q=DN=U |oO}J}B x@ xHwD=@ "Ov=xO=O
x@ uO}UQ w xOWx�=Q= pOt pL |=Q@ "CUH xQy@ u=wD|t wHwCUH Q@ |vD@t
wHwCUH Q@|vD@t |=Q=m |=yOQm} wQ R= |m} 'pwkat u=tR QO =Q=m |=y?=wH
Qt= u}= |rwkat u=tR QO |HwQN |=y?=wH C}i}m Q@xwqa =D OW Oy=wN xO=iDU=

"ODi}@ j=iD=
"OwW|t x�=Q= \w@ Qt |[=} Q pOt w K} QWD p}YiDx@ xr�Ut =OD@= xt=O= QO
p�=Ut |wQ Q@ xiOyOvJ AUQo |Q=mD@= sD} Qwor= '|O=yvW}B pOt pL |=Q@ TBU
xU}=kt =yVywSB QO OwHwt |=yx} wQ =@ w OQ}o|t Q=Qk p}rLD w x} RHD OQwt hrDNt
"OwW|t x�=Q= |}=yDv= VN@ QO |D; |=yO=yvW}B w |Q}oxH}Dv 'C}=yv QO "OwW|t

xr�Ut u=}@ "2
w '=yQDt=Q=B '=yXN=W 'C=}[Qi TBU "OwW|t u=}@ xr�Ut =OD@= 'VN@ u}= QO
p}YiD x@ |O=yvW}B |[=} Q pOt C}=yv QO w h} QaD xr�Ut s}tYD |=yQ}eDt

"OwW|t K} QWD

xr�Ut u=}@ "1"2
xm CU= xDU@xkrL |xm@W l} xr=kt u}= QO xar=]t OQwt u}t-=D |xQ}HvR |xm@W
w wrH x@ wQ Q}Ut QO pw= xDUO u=} QDWt w '`} RwD Rm =Qt 'O}rwD Rm =Qt 'u}t-=D Rm =Qt
w 'OOHt `} RwD Rm =Qt '`iO Rm =Qt 'Ci=} R=@ Rm =Qt '|v=@}DWB Rm =Qt '|Qw;`tH Rm =Qt
Rm =Qt 'wrH x@ wQ |xm@W QO "CU= xQ}HvR CWoQ@ Q}Ut QO swO xDUO u=} QDWt
p}O@D 'O}rwD Rm =Qt QO O=wt u}= xm OvQ=O xOya Q@ =Q s=N O=wt |x}yD C}rw�Ut u}t-=D
x@ pw= xDUO u=} QDWt R=}v `iQ w `} RwD Qw_vtx@ TBU w xOW|}=yv CqwYLt x@
|DvQDv}= O} QN CQwYx@ =Q OwN R=}v u=} QDWt u}= xm OvwW|t xO=DUQi `} RwD Rm =Qt
CqwYLt xm|DQwY QO ?ka x@ wQ Q}Ut QO "Ovvm|t xOQw;Q@ |rwtat O} QN =}
Q}taD |=Q@ |v=@}DWB Rm =Qt x@ OvwW ?w}at pw= xDUO u=} QDWt \UwD xOW`} RwD
QO pw= xDUO Q=R=@ R= |DWoR=@ CqwYLt |iQ] R= "OvwW|t xO=DUQi Z} waD =}
xO=DUQi Ci=} R=@ Rm =Qt x@ =} `iO Rm =Qt x@ =} |UQR=@ C=}rta R= Oa@ |Qw;`tH Rm =Qt
CqwYLt x=Qtyx@ O}rwD Rm =Qt |x}rw= O=wt C=a}=[ Ci=} R=@ Rm =Qt QO "OvwW|t
OvwW|t xO=DUQi u}t-=D Rm =Qt x@ x}rw= O=wt CQwYx@ =} |Qw;`tH Rm =Qt R= |DWoQ@

35



"""xD
U@x

krL
u}t

- =D|
xQ}H

vR|
xm@W

|L
=Q]&h C}iQ_ =@ k `} RwD RmQt E=OL= C@=F |xv} Ry %FYkh

&h C}iQ_ =@ c |Qw;`tH RmQt C@=F |xv} Ry %FHch

&h C}iQ_ =@ s OOHt `} RwD RmQt E=OL= C@=F |xv} Ry %FOsh
&h C}iQ_ =@ r Ci=} R=@ RmQt E=OL= C@=F |xv} Ry %FUrh

&i |xOvvmu}t-=D R= e x}rw= O=wt OL=w Qy |x}yD |xv} Ry %SCie
&j O}rwD RmQt QO p pwYLt OL=w Qy O}rwD |xv} Ry %MCjp

&r Ci=} R=@ RmQt QO p pwYLt OL=w Qy OOHt O}rwD |xv} Ry %RMCrp
&k `} RwD RmQt QO p pwYLt OL=w Qy |Q=Oxov w `} RwD |xv} Ry %DCkp

&c |Qw;`tH RmQt QO p pwYLt OL=w Qy uwtR; |xv} Ry %CCcp
&d `iO RmQt QO p pwYLt OL=w Qy `iO |xv} Ry %DPCdp

&s OOHt `} RwD RmQt QO p pwYLt OL=w Qy OOHt `} RwD |xv} Ry %RDCsp
&r Ci=} R=@ RmQt QO p pwYLt OL=w Qy Ci=} R=@ |xv} Ry %RCrp

&r Ci=} R=@ RmQt QO p s=N |xO=t OL=w Qy Ci=} R=@ |xv} Ry %RCre
&j O}rwD RmQtx@ i xOvvmu}t-=D R= e |x}rw= xO=t OL=w Qy O} QN w ptL |xv} Ry %Tije

&k |xOvvmO}rwD x@ j |xOvvmO}rwD R= p pwYLt OL=w Qy ptL |xv} Ry %Tjkp
&m |QDWt x@ k |xOvvm`} RwD R= p pwYLt OL=w Qy ptL |xv} Ry %Tkmp

&c |Qw;`tH RmQt x@ m |QDWt R= p pwYLt OL=w Qy ptL |xv} Ry %Tmcp
&d `iO RmQt x@ c |Qw;`tH RmQt R= p pwYLt OL=w Qy ptL |xv} Ry %Tcdp

&r Ci=} R=@ RmQt x@ c |Qw;`tH RmQt R= p pwYLt OL=w Qy ptL |xv} Ry %Tcrp
&s OOHt `} RwD RmQt x@ r Ci=} R=@ RmQt R= p pwYLt OL=w Qy ptL |xv} Ry %Trsp

&i u}t-=D RmQt x@ r Ci=} R=@ RmQt R= p pwYLt OL=w Qy ptL |xv} Ry %Trip
&n |QDWt x@ s OOHt `} RwD RmQtR= p pwYLt OL=w Qy ptL |xv} Ry %Tsnp
&m |QDWt x@ g |v=@}DWB RmQtR= p pwYLt OL=w Qy ptL |xv} Ry %Tgmp
&g |v=@}DWB RmQt x@ j O}rwD RmQtR= p pwYLt OL=w Qy ptL |xv} Ry %Tjgp
&r Ci=} R=@ RmQt x@ j O}rwD RmQtR= p pwYLt OL=w Qy ptL |xv} Ry %Tjrp

ptLDt p pwYLt |=Q@ C}=U lQD p}rOx@ k |xOvvm`} RwD xm |}xv} Ry %hlkp
&OwW|t

|=Q@ |DvQDv}= VwQi sDU}U |R=Ov=x=Q p}rOx@ k |xOvvm`} RwD xm |}xv} Ry %hkp
&�|D=}rta |=yxv} Ry� OwW|t ptLDt p pwYLt

&i u}t-=D RmQt C}iQ_ |xv}W}@ %cai
&h C}iQ_ K]U =@ j O}rwD RmQt C}iQ_ |xv}W}@ %cajh
&h C}iQ_ K]U =@ k `} RwD RmQt C}iQ_ |xv}W}@ %cakh

&h C}iQ_ K]U =@ c |Qw;`tH RmQt C}iQ_ |xv}W}@ %cach
&h C}iQ_ K]U =@ s OOHt `} RwD RmQt C}iQ_ |xv}W}@ %cash

&h C}iQ_ K]U =@ r Ci=} R=@ RmQt C}iQ_ |xv}W}@ %carh
&|Qw;`tH Rm =Qt x@ pw= Q=R=@ R= xOWxO=iDU= CqwYLt CWoR=@ MQv %RT

&`iO MQv %RD
&Ci=} R=@ MQv %RS

&j |xOvvmO}rwD h K]U QO |reW CYQi Qy O=H}= R= pY=L OwU %Pjh
&k |xOvvm`} RwD h K]U QO |reW CYQi Qy O=H}= R= pY=L OwU %Pkh

&s OOHt |xOvvm`} RwD h K]U QO |reW CYQi Qy O=H}= R= pY=L OwU %Psh
&r Ci=} R=@ h K]U QO |reW CYQi Qy O=H}= R= pY=L OwU %Prh

&c |Qw;`tH RmQt h K]U QO |reW CYQi Qy O=H}= R= pY=L OwU %Pch
&Ci=} R=@ x@ xv=NQ=m R= x}rw= O=wt CWoR=@ MQv %RR

&Ci=} R=@ QO OOHt O}rwD MQv %RM

XNWtCi=} R=@ w 'OOHt `} RwD '|Qw;`tH '`} RwD 'O}rwD |xwkr=@ Rm =Qt |=yu=mt �
"CU=

"CU= XNWt =yu; C}iQ_ u}vJty w E=OL= p@=k Cq}yUD O=OaD �
"CU= xOW xDiQo Q_v QO |a]k Q}e CQwYx@ =[=kD �

R= sa= Qo}O |=yxv} Ry Q}=U w Cq}yUD R= l} Qy QO |D=}rta |=yxv} Ry Q}O=kt �
"CU= XNWt pkv w ptL |=yxv} Ry

w '|D=}rta 'CUB |=yxv} Ry pt=W |DvQDv}= VwQi x@ \w@ Qt O} QN |=yxv} Ry �
"CU= pwYLt Ct}k

w OvQ@=Q@ sy =@ TmaQ@ w |v=@}DWB RmQt x@ |QDWt R= pkv w ptL |=yxv} Ry �
sy=@ R}v TmaQ@ w xOvvmO}rwD x@ |v=@}DWB R= pkv w ptL |=yxv} Ry u}vJty

"OvQ@=Q@
"CU= Z} waD pt=W sy w Q}taD pt=W sy =t |v=@}DWB Rm =Qt �

O}rwD sy w Ci=} R=@ x@ \w@ Qt C=}rta sy Ci=} R=@ Rm =Qt QO CU= xOW ZQi �
"OwW|t s=Hv= OOHt

"Ovvm|t =O}B p=kDv=Ci=} R=@ Rm =Qt x@Ci=} R=@ |=Q@ =yxv=NQ=m |x}rw= O=wt C=a}=[ �
"OwW|t s=Hv= R}v |UQR=@ C=}rta |Qw;`tH Rm =Qt QO �

|yOCtON Rm =Qt ?=NDv= QO |D}OwOLt xvwoI}y `} RwD w O}rwD Rm =Qt w |QDWt �
"OvQ=Ov |Q}oCtON w

p;xO}= w |k]vt pwYLt ?=NDv= QO |QDWt Q=DiQ |DvQDv}= VwQi OQm} wQ QO �
"CU= xOW ZQi

"OvDUy |v=@}DWB C=tON |=Q=O CqwYLt |xty �

=yQDt=Q=B w =yXN=W "3"2
&u=oOvvmu}t-=D |=Q@ C@=F |=yu=mt |xawtHt %i 2 I

&pw= Q=R=@ u=} QDWt |=Q@ C@=F |=yu=mt |xawtHt %m 2M
&swO Q=R=@ u=} QDWt |=Q@ C@=F |=yu=mt |xawtHt %n 2 N

&`iO Rm =Qt |=Q@ C@=F |=yu=mt |xawtHt %d 2 D
&|v=@}DWB Rm =Qt |=Q@ C@=F |=yu=mt |xawtHt %g 2 G

&E=OL= |=Q@ O}rwD Rm =Qt xwkr=@ |=yu=mt |xawtHt %j 2 J
&E=OL= |=Q@ `} RwD Rm =Qt xwkr=@ |=yu=mt |xawtHt %k 2 K

&E=OL= |=Q@ |Qw;`tH Rm =Qt xwkr=@ |=yu=mt |xawtHt %c 2 C
&E=OL= |=Q@ OOHt `} RwD Rm =Qt xwkr=@ |=yu=mt |xawtHt %s 2 S

&E=OL= |=Q@ Ci=} R=@ Rm =Qt xwkr=@ |=yu=mt |xawtHt %r 2 R
&CqwYLt |xawtHt %p 2 P
&x}rw= O=wt |xawtHt %e 2 E

&xwkr=@ |=yu=mt |=Q@ C}iQ_ Kw]U |xawtHt %h 2 H
VwQi� swO xDUO Q=R=@ QO k OOHt |xOvvm`} RwD p pwYLt VwQi Ct}k %DPnp

&�|rwtat
&p pwYLt R= n |QDWt |=[=kD %DEnp

&k xOvvm`} RwD p pwYLt |QDWt Qy |=R= x@ xDiQCUO R= OwU u=R}t %LPkp
&h C}iQ_ =@ j O}rwD RmQt E=OL= C@=F |xv} Ry %FXjh

36



2/
1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt &�|rwtat VwQi� pw= xDUO Q=R=@ QO k |xOvvm`} RwD p pwYLt VwQiCt}k %SPpk

&k |xOvvm`} RwD QO p pwYLt |xOWu}}aD C}i}m %QVkp
&k |xOvvm`} RwD QO p pwYLt |xOWu}}aD |v=@}DWB %GAkp
&k |xOvvm`} RwD QO p pwYLt pair=@ u=} QDWt O=OaD %Dkp

&QiY CQwY u}= Q}e QO '1 OwW E=OL= h C}iQ_ =@ j O}rwD RmQt Qo = %Xjh
&QiY CQwY u}= Q}e QO '1 OwW E=OL= h C}iQ_ =@ k `} RwD RmQt Qo = %Ykh

&QiY CQwY u}= Q}e QO '1 OwW E=OL= h C}iQ_ =@ c |Qw;`tH RmQt Qo = %Hch
&QiY CQwY u}= Q}e QO '1 OwW E=OL= hC}iQ_ =@ s OOHt `} RwD RmQt Qo = %Osh
&QiY CQwY u}= Q}e QO '1 OwW E=OL= h C}iQ_ =@ r Ci=} R=@ RmQt Qo = %Urh
Q_v QO =Q uqa= Ct}k VwQi pmW 'p pwYLt |=Q@ k |xOvvm`} RwD Qo = %XFkp

&QiY CQwY u}= Q}e QO '1 OQ}o@
OQ}o@ Q_v QO =Q xO}=Rt VwQi pmW 'p pwYLt |=Q@ k |xOvvm`} RwD Qo = %XAkp

&QiY CQwY u}= Q}e QO '1
s}kDUt O} QN w xO}=Rt VwQi pmW 'p pwYLt |=Q@ k |xOvvm`} RwD Qo = %XBKP

&QiY CQwY u}= Q}e QO '1 OQ}o@ Q_v QO =Q
Ct}k VwQi pmWx@ k |xOvvm`} RwD p pwYLt VwQi C}=U Qo = %Y FKP
|w=Ut =} R= QDnQR@ |QDWt |Q=PoVRQ= |va}� OwW ?=NDv= O} QN |=Q@ xOWuqa=

&QiY CQwY u}= Q}e QO '1 �OW=@ C}=U QO xOWu}}aD VwQi Ct}k =@
|=Q@ xO}=Rt VwQi pmWx@ k |xOvvm`} RwD p pwYLt VwQi C}=U Qo = % Y AKP
|xv=DU; =@ |w=Ut =} R= QDnQR@ |QDWt |Q=PoVRQ= Qo = |va}� OwW ?=NDv= xO}=Rt

&QiY CQwY u}= Q}e QO '1 �OW=@ CmQ=Wt
w xO}=Rt VwQi pmWx@ k |xOvvm`} RwD p pwYLt VwQi C}=U Qo = %Y BKP
|xv=DU; u}@ |QDWt |Q=PoVRQ= Qo = |va}� OwW ?=NDv= xO}=Rt |=Q@ s}kDUt O} QN

&QiY CQwY u}= Q}e QO '1 �OW=@ O} QN |xv=DU; w CmQ=Wt
O} QN w xO}=Rt VwQi pmWx@ k |xOvvm`} RwD p pwYLt VwQiC}=U Qo = %ZBKP
R= QDnQR@ |QDWt |Q=PoVRQ= Qo = |va}� OwW ?=NDv= s}kDUt O} QN |=Q@ s}kDUt

&QiY CQwY u}= Q}e QO '1 �OW=@ O} QN |xv=DU; =@ |w=Ut =}
lQD xOWuqa= Ct}k pmWx@ k |xOvvm`} RwD p pwYLt VwQi C}=U Qo = %LFkp

&QiY CQwY u}= Q}e QO '1 OwW
'1 OwW lQD xO}=Rt pmWx@ k |xOvvm`} RwD p pwYLt VwQi C}=U Qo = %LAKP

&QiY CQwY u}= Q}e QO
s}kDUt O} QN w xO}=Rt pmWx@ k |xOvvm`} RwD p pwYLt VwQiC}=U Qo = %LBKP

&QiY CQwY u}= Q}e QO '1 OwW lQD
|xOvvm`} RwD |DvQDv}= VwQi j} Q] R= p pwYLt |=Q@ m |QDWt R=}v Qo = %Mkmp

&QiY OwW u}t-=D |rwtat VwQi j} Q] R= Qo = w '1 OwW u}t-=D k
'OwW|t xO=DUQi g |v=@}DWB RmQt x@ m |QDWt \UwD xm p pwYLt Qo = %Gkmp

&QiY OwW Z} waD w OW=@v Q}taD p@=k Qo = w '1 OW=@ Q}taD p@=k
CQwY u}= Q}e QO '1 OQ}o@ |DvQDv}= VwQi x@ s}tYD k |xOvvm`} RwD Qo = %WEK

&QiY
Ct}k pmWx@ p pwYLt VwQi R= k |xOvvm`} RwD Q=_Dv= OQwt xOR=@ %EPFKP

&|DvQDv}= VwQi QO xOWuqa=
xO}=Rt pmWx@ p pwYLt VwQi R= k |xOvvm`} RwD Q=_Dv= OQwt xOR=@ %EPAKP

&|DvQDv}= VwQi QO
xO}=Rt pmWx@ p pwYLt VwQi R= k |xOvvm`} RwD Q=_Dv= OQwt xOR=@ %EPBKP

"|DvQDv}= VwQi QO s}kDUt O} QN w

&Ci=} R=@ QO x}rw= |xO=t x@ p}O@D MQv %RI
&OwW|t O}rwD j |xOvvmO}rwD \UwD xm p pwYLt uOw@?w}at MQv %RDjp

xOvvm`} RwD R= p pwYLt �|v=@}DWB Rm =Qt x@ CWoQ@� |ivt |=[=kD MQv %RNkp
&k

=@ j O}rwD RmQt E=OL= CQwY QO xOWO=H}= |reW |=yCYQi pm O=OaD %JOjh
&CU= h C}iQ_

=@ k `} RwD RmQt E=OL= CQwY QO xOWO=H}= |reW |=yCYQi pm O=OaD %JOkh
&CU= h C}iQ_

|Qw;`tH RmQt E=OL= CQwY QO xOWO=H}= |reW |=yCYQi pm O=OaD %JOch
&CU= h C}iQ_ =@ c

OOHt `} RwDRmQt E=OL= CQwY QO xOW O=H}= |reW |=yCYQi pm O=OaD %JOsh
&CU= h C}iQ_ =@ s

r Ci=} R=@ RmQt E=OL= CQwY QO xOWO=H}= |reW |=yCYQi pm O=OaD %JOrh
&CU= h C}iQ_ =@

&E=OL= |=Q@ O}rwD Rm =Qt O=OaD |xv}W}@ %NX
&E=OL= |=Q@ `} RwD Rm =Qt O=OaD |xv}W}@ %NY

&E=OL= |=Q@ |Qw;`tH Rm =Qt O=OaD |xv}W}@ %NH
&E=OL= |=Q@ OOHt `} RwD Rm =Qt O=OaD |xv}W}@ %NO

&E=OL= |=Q@ Ci=} R=@ Rm =Qt O=OaD |xv}W}@ %NU
&k |xOvvm`} RwD QO p pwYLt xwkr=@ u=} QDWt O=OaD %Gkp

&k |xOvvm`} RwD QO OwHwt p pwYLt Ct}k |xOWp=tQv |vRw pt=a %�kp
&k |xOvvm`} RwD QO OwHwt p pwYLt C}i}m |xOWp=tQv |vRw pt=a %�kp

&k |xOvvm`} RwD QO OwHwt p pwYLt |v=@}DWB |xOWp=tQv |vRw pt=a %kp
"|reW |=yCYQi pm O=OaD |=Q@ xOWp=tQv |vRw pt=a %�oj

s}tYD |=yQ}eDt "4"2
&j O}rwD RmQt x@ i u}t-=D RmQt R= e |xOWptL |x}rw= |xO=t O=OaD %Qije

&r Ci=} R=@ RmQt x@ c |Qw;`tH RmQt R= p |xOWptL pwYLt O=OaD %Qcrp
&k `} RwD RmQt x@ j O}rwD RmQt R= p |xOWptL pwYLt O=OaD %Qjkp
&m |QDWt x@ k `} RwD RmQt R= p |xOWptL pwYLt O=OaD %Qkmp

VwQi QO m |QDWt x@ k `} RwD RmQt R= p |xOWptL pwYLt O=OaD %QEkmp
&|DvQDv}=

&s OOHt `} RwD RmQt x@ r Ci=} R=@ RmQt R= p |xOWptL pwYLt O=OaD %Qrsp
&c |Qw;`tH RmQt x@ m |QDWt R= p |xOWptL pwYLt O=OaD %Qmcp
&d `iO RmQt x@ c |Qw;`tH RmQt R= p |xOWptL pwYLt O=OaD %Qcdp

&n |QDWt x@ s OOHt `} RwD RmQt R= p |xOWptL pwYLt O=OaD %Qsnp
&i u}t-=D RmQt x@ r Ci=} R=@ RmQt R= e |xOWptL s=N xO=t O=OaD %Qrie
&m |QDWt x@ g |v=@}DWB RmQt R= p |xOWptL pwYLt O=OaD %Qgmp
&j O}rwD RmQt x@ g |v=@}DWB RmQt R= p |xOWptL pwYLt O=OaD %Qgjp
&g |v=@}DWB RmQt x@ j O}rwD RmQt R= p xOW ptL pwYLt O=OaD %Qjgp

&g |v=@}DWB RmQt x@ m |QDWt R= p |xOWptL pwYLt O=OaD %Qmgp
|QDWt x@ g |v=@}DWB RmQt R= p |xOWptL |[} waD pwYLt O=OaD %QNgmp

&m
&r Ci=} R=@ RmQt x@ j O}rwD RmQt R= e |xOWptL s=N xO=t O=OaD %Qjre
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P
8i
P
8j
P
8e
SCieQije +

P
8j
P
8k
P
8p
MCjpQjkp

+
P
8k
P
8m
P
8p
DCkpQkmp +

P
8r
P
8s
P
8p
RMCrpQrsp

+
P
8m
P
8c
P
8p
CCcpQmcp +

P
8c
P
8d
P
8p
DPCdpQcdp

+
P
8s
P
8n
P
8p
RDCspQsnp +

P
8c
P
8r
P
8p
RCrpQcrp

+
P
8j
P
8r
P
8e
RCreQjre

1CCCCCCCCCCCCCA
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0BBBBBBBBBBBBBBBB@

P
8i
P
8j
P
8e
TijeQije +

P
8j
P
8k
P
8p
TjkpQjkp

+
P
8k
P
8m
P
8p
TkmpQkmp +

P
8m
P
8c
P
8p
TmcpQmcp

+
P
8c
P
8d
P
8p
TcdpQcdp +

P
8c
P
8r
P
8p
TcrpQcrp

+
P
8r
P
8s
P
8p
TrspQrsp +

P
8r
P
8i
P
8p
TripQrip

+
P
8s
P
8n
P
8p
TsnpQsnp +

P
8j
P
8r
P
8p
TjrpQjrp

+2(
P
8j
P
8g
P
8p
TjgpQjgp) + 2(

P
8g
P
8m
P
8p
TgmpQgmp)

1CCCCCCCCCCCCCCCCA
(2)

Subject to :X
8g

X
8p

Qjgp =
X
8g

X
8p

Qgjp; 8j 2 J (3)X
8k

X
8p

Qjkp +
X
8r

X
8e

Qjre =
X
8i

X
8e

Qije; 8j 2 J (4)X
8r

X
8e

Qjre =
X
8i

X
8e

Qije:RR; 8j 2 J (5)X
8j
Qjkp =

X
8m

Qkmp(1�Mkmp) +
X
8m

QEkmpMkmp;

8k 2 K; p 2 P (6)X
8k

Qkmp(1�Mkmp) +
X
8k

QEkmpMkmp = DEmp;

8m 2M; p 2 P (7)X
8c
Qmcp = DEmp:RT ; 8m 2M; p 2 P (8)X

8g
Qmgp = DEmp:RNkp; 8m 2M; p 2 P; k 2 K (9)X

8m

X
8p

QgmpGgmp +
X
8m

X
8p

QNgmp(1�Ggmp)

=
X
8m

X
8p

Qmgp; 8g 2 G (10)X
8j

X
8p

Qjgp =
X
8m

X
8p

QNgmp; 8g 2 G (11)X
8d

Qcdp =
X
8m

Qmcp:RD; 8c 2 C; p 2 P (12)X
8r

Qcrp =
X
8m

Qmcp:RS; 8c 2 C; p 2 P (13)X
8s

Qrsp =
X
8c
Qcrp:RM ; 8r 2 R; p 2 P (14)X

8i

X
8e

Qrie=
X
8c

X
8p

Qcrp:RI +
X
8j

X
8e

Qjre:RI; 8r 2 R
(15)

|O=yvW}B |[=} Q pOt "5"2
\rDNt K}LY OOa|]N Q}e |R} Qxt=vQ@ p�=Ut xDUO R= xar=]t OQwt|[=} Q pOt
lD \}=QW QO xDU@xkrL |xiOyOvJ `@=D x=Qty x@ |rwYLtOvJ w �MINLP�
'|O=YDk= h=Oy= pt=W xm CU= C}a]k sOa CQwYx@ |}=yQDt=Q=B =@ x=Qty |}xQwO
R= |W=v OwU uwJty |t}y=it xOWx�=Q= pOt hOy `@=D QO "CU= |i}m w '|a=tDH=
u=R}t uOQmxv}tm w xDiQCUOR= VwQi R= |W=v u=} R '|}=Rp=eDW= w |DvQDv}= VwQi
QO u}= Q@xwqa "CU= xOW xDiQo Q_v QO |a} RwD w |O}rwD CqwYLt uOw@?w}at
|=Q@ |QDWt Qy OQi x@ QYLvt |=yQ=}at T=U= Q@ |QDWt Qy ?=NDv= xOWx�=Q= pOt
ZQiV}B Q@ =v@ |QDWt Qy xm|Qw] x@CU=C}ty= R�=L Q_v OQwt pwYLt ?=NDv=
pwYLt C}i}m w 'Ct}k '|v=@}DWB |=yXN=W |wQ Ov=wD|t OwN |vyP j}qa w
QO C}OwOLt l} =@ ẁ[wt u}= xm Ov} RoQ@ =Q C}@ wr]t u} QDW}@ w Ovm |Q=PoVRQ=
w|v=[tQ|xr=kt pOt|OL =D xr=ktu}= |R=UpOtCtUk QO "CU= xOWp=ta= pOt
QDTwtrt =Q u; wCU= xOW xi=[= R}v |Qo}O s}y=it w xOW xO=O xaUwD [15]Vv=Q=mty
R= u}vJty w xOW O}m -=D?ka x@ wQl}DUHrCyH QO p@k R= QDW}@ xm|Qw]x@ xOQm
|R=Uxv}y@ QO |aU w xOW C@LY |v=Uv= |wQ}v |}=Rp=eDW= |wQ Q@ xQ}HvR C=QF=
'O} QN |=Q@ QDu=RQ= |y=Q w swO xDUO Q=R=@ O=H}= '|v=@}DWBT}U-=D pFt |QDWt O} QN
R= [17]u=Q=mty wnv=}H|xr=kt QO "CU= xDiQo Q=Qk xO=iDU= OQwt|DvQDv}= O} QN Ovv=t
s}tYD &CU= xOW C@LY u=} QDWt |wQ p@=kDt QF= w |DvQDv}= VwQi w O} QN swyit
swyitu}= Ovw}B O=H}= Q@xwqa w s}vm s=eO=u}t-=D |xQ}HvR QO pOt =@ =Q swyitu}= s}DiQo
xQ=W= R}v h=Oy= |R=Uxv}y@ w |QDWt |wQ Qt= u}= C@Ft Q}F-=D x@ xQ}HvR C=U}U-=D w
%s} R=OQB|t xr�Ut |[=} Q pOt u=}@ x@ xOWxDio |=y|Qw;wv x@ xHwD =@ p=L "s}vm

Minf1 =

0BBBB@
P
8j
P
8k
P
8p
RDjpQjkp

+
P
8k
P
8m
P
8p

(Qkmp(1�Mkmp)

+QEkmpMkmp)RNkp

1CCCCA (1)

Maxf2 =

0BBBBBBBB@

P
8k
P
8p

(EPFkpXFkp

+EPAkpXAkp + EPBkpXBkp)

�P
8k
P
8p
hlkp(LFkp + LAkp + LBkp)

�P
8k
P
8p
hkp(XFkp +XAkp +XBkp)
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P
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P
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P
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PkhJOkhYkh

+
P
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P
8h
PchJOchHch+

P
8s
P
8h
PshJOshOsh

+
P
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P
8h
PrhJOrhUrh
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+

0@X
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X
8m

X
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QkmpSPkp+
X
8s

X
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X
8p

QsnpDPnp
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X
8p
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P
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FXjhXjh +

P
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FYkhYkh

+
P
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P
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+
P
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34
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|xQ
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�13
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u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt X

8r
Urh � 1; 8r 2 R (42)X

8j

X
8h

Xjh � NX (43)X
8k

X
8h

Ykh � NY (44)X
8c

X
8h

Hch � NH (45)X
8s

X
8h

Osh � NO (46)X
8r

X
8h

Urh � NU (47)

XFkp; XAkp; XBkp; LFkp; LAkp; LBkp; Xjh; Ykh;Hch; Osh;

Urh;WEk; Y Fkp; Y Akp; Y Bkp; ZBkp;Mkmp;

Gkmp 2 f0; 1g ; 8k; p; j; h; c; s; r;m (48)

Qije; Qjkp; Qkmp; QEkmp; Qrsp; Qmcp; Qcdp; Qsnp; Qcrp;

Qjre; Qgmp; Qmgp; Qjgp; Qgjp; QNgmp; Qrie; SPkp; QVkp;

GAkp � 0; Int;
8i; j; e; k; p; d; g; n; h; c; s; r;m (49)

EPFkp; EPAkp; EPBkp � 0; 8k; p (50)

Q=R=@ QO |a} RwD w |O}rwD ?w}at CqwYLt O=OaD uOQmxv}tm Qw_vtx@ 1 hOy `@=D
=Q xQ}HvR |=yxv} Ry pm |=yvt Ot;QO CQwYx@ OwU uOQmxv}W}@ 2 "CU= pw= xDUO
R= |W=v |=yxv} Ry |=yvt |DvQDv}= VwQi R= pY=L Ot;QO pw= RDv=QB xm OyO|t u=Wv
VwQi w|reW |=yCYQi O=H}= R=|W=v OwU?}DQDx@ swU w swO |=yRDv=QB &CU= u;
'sQ=yJ |=yRDv=QB "OvyO|t u=Wv =Q swO w pw= xDUO |=yQ=R=@ QO CqwYLt |rwtat
|=yxv} Ry 'E=OL= |=yxv} Ry 'xDiQCUOR= VwQi ?}DQDx@ sDiy w 'sWW 'sHvB
19 =D 3 |=yC}OwOLt "OvyO|t u=Wv =Q pkv w ptL |=yxv} Ry w '|D=}rta
ẁtHt xm|Qw]x@ OvyO|t u=Wv =Q Cq}yUD x@ |HwQN w |OwQw |=yu=} QH pO=aD
C}OwOLt "u; R=|HwQN |=yu=} QH ẁtHt =@CU= Q@=Q@ xQo Qy x@ |OwQw |=yu=} QH
u=wvax@ pwYLt |v=@}DWB w 'pwYLt C}i}m 'pwYLt Ct}k xm OyO|t u=Wv 20
xOvvm`} RwD l} pair=@ u=} QDWt O=OaD u}}aD Vkv xQ=}atOvJ |Q}os}tYD |=ypt=a
pwYLt ?=NDv= jL xOW?Um C}@ wr]t |xv}W}@ x@ xHwD =@ |QDWt Qy w OvQ=O =Q
VwQi |=Q@ xOvvm`} RwD Qy xm Ovm|t XNWt 21 C}OwOLt "OQ=O =Q OwN Q_v OQwt
|=yC}OwOLt "Ovm xO=iDU= Ov=wD|t VwQi pmW l} R= \ki pwYLt Qy |DvQDv}=
u=}@ xm OvDUy xOvvm`} RwD Qy |DvQDv}= VwQi pmW ?=NDv= x@ \w@ Qt 24 =D 22
|=ypmW R=|m} Ov=wD|t x=ov; OQ}o@|DvQDv}=VwQi x@ s}tYD xOvvm`} RwD Qo = Ovvm|t
pmW x@ \w@ Qt 26 w 25 |=yC}OwOLt "Ovm ?=NDv= OwN Q_v j@] =Q VwQi
VwQi pmW x@ \w@ Qt 28 w 27 |=yC}OwOLt "OvDUy xOWuqa= Ct}k VwQi
"Ov=s}kDUt O} QN w xO}=Rt VwQi pmW x@ \w@ Qt 31 =D 29 |=yC}OwOLt w xO}=Rt
Rm =Qt w u}t-=D Rm =Qt R=|HwQN |=yu=} QH xm OvyO|t u=Wv 34 =D 32 |=yC}OwOLt
OvyO|t u=Wv 37 =D 35 |=yC}OwOLt "Ovm|tv Rw=HD Rm =QtC}iQ_ R= `} RwD w O}rwD
C}iQ_ R= 'OOHt `} RwD w 'Ci=} R=@ Rm =Qt '|Qw;`tH Rm =Qt x@ |OwQw |=yu=} QH xm
'O}rwD Rm =Qt xm Ovvm|t u}t[D?}DQDx@ 42 =D 38 |=yC}OwOLt "Ovm|tv Rw=HD Rm =Qt
C}iQ_K]Ul} =@ QFm =OLCi=} R=@ w OOHt `} RwD Rm =Qt '|Qw;`tH Rm =Qt '`} RwD Rm =Qt

X
8r

X
8p

Qrsp =
X
8n

X
8p

Qsnp; 8s 2 S (16)X
8s

Qsnp = DEnp; 8n 2 N; p 2 P (17)X
8c

X
8p

Qcrp +
X
8j

X
8e

Qjre =
X
8i

X
8e

Qrie +
X
8s

X
8p

Qrsp;

8r 2 R (18)X
8m

Qmcp =
X
8d

Qcdp +
X
8r

Qcrp; 8c 2 C; p 2 P (19)

Dkp = Gkp � �kpSPkp � �kpQVkp � kpGAkp;
8k 2 K; p 2 P (20)

XFkp +XAkp +XBkp = 1; 8k 2 K; p 2 P (21)

XFkp �WEk; 8k 2 K; p 2 P (22)

XAkp �WEk; 8k 2 K; p 2 P (23)

XBkp �WEk; 8k 2 K; p 2 P (24)

Y Fkp � XFkp; 8k 2 K; p 2 P (25)

Y Fkp + LFkp = 1; 8k 2 K; p 2 P (26)

Y Akp � XAkp; 8k 2 K; p 2 P (27)

Y Akp + LAkp = 1; 8k 2 K; p 2 P (28)

Y Bkp � XBkp; 8k 2 K; p 2 P (29)

ZBkp � XBkp; 8k 2 K; p 2 P (30)

Y Bkp + ZBkp + LBkp = 1; 8k 2 K; p 2 P (31)X
8j

X
8e

Qije � Cai; 8i 2 I (32)X
8k

X
8p

Qjkp +
X
8g

X
8p

Qjgp +
X
8r

X
8p

Qjrp �X
8h

CajhXjh;

8j 2 J (33)X
8m

X
8p

Qkmp(1�Mkmp) +
X
8m

X
8p

QEkmpMkmp

�X
8h

CakhYkh; 8k 2 K (34)X
8m

X
8p

Qmcp �X
8h

CachHch; 8c 2 C (35)X
8r

X
8p

Qrsp �X
8h

CashOsh; 8s 2 S (36)X
8c

X
8p

Qcrp +
X
8j

X
8e

Qjre �X
8h

CarhUrh 8r 2 R (37)X
8h

Xjh � 1; 8j 2 J (38)X
8h

Ykh � 1; 8k 2 K (39)X
8h

Hch � 1; 8c 2 C (40)X
8h

Osh � 1; 8s 2 S (41)
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ZQi "OvwW|t ?=NDv= =yu} QDy@ w OyO|t X}YND =Q |Q=Okt =[a= R= s=Om Qy
e� w[ax@ \w@ Qt C}@ wr]t c(e) w CUQyi |=[a= s=tD |xawtHt E s}vm|t
u} QDtm ?}DQDx@ emax w emin O}vm ZQi u}vJty "OW=@ �CU= E R= |w[a xm

"OW=@ E |xawtHt |=[a= x@ \w@ Qt C}@ wr]t u} QDW}@ w
|=[a= u}}aD xm OvDUy E R= |}xawtHtQ} R xOWOwOLt CUQyi |=[a=
,qFt� Q=Okt Q@ |vD@t =} �=[a= �30 =} w[a 4 ,qFt� O=OaD Q@|vD@t Ov=wD|t u;
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w (RCL = E) Ow@ Oy=wN u} QDW}@ CUQyi |=[a= O=OaD '� = 1 xm|DQwY
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"Ovm|t pta QD|iO=YD sD} Qwor= 'OW=@ QDm}ORv QiY x@ � xJ Qy Cr=L u}= QO
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qj
; qi = (Z

�
Ai

)� (51)

Q}O=kt xm CU= XNWt pwtQi R= "CU= P Qy C=QF= V}=Ri= =} Vy=m |=Q@ � QDt=Q=B
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"CU= s}tYD |=yQ}eDt OwOL x@ \w@ Qt 50 =D 48 |=yC}OwOLt "Ovvm|t OwOLt

|O=yvW}B sD} Qwor= "3
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|xv}y@ ?=wH l} pw= |xrLQt ?=wH R= ẁQW =@ xm |rLt |wHwCUH |xrLQt
|rLt |xv}y@ ?=wH l} x@ QHvt Q=QmD Qy u}=Q@=v@ "OwW|t xOQw; CUOx@ |rLt
|xrLQt QO "CU=yQ=QmD s=tD QO xOt;CUOx@ ?=wH u} QDy@ |}=yv ?=wH xm OwW|t
xHwt ?=wH xm =vat u}= x@ "O};|t CUOx@ xr�Ut R= xHwt ?=wH l} sD} Qwor= pw=
CUOx@ Q=QmD xU =@ fP1; P3; P6g xHwt ?=wH,qFt "O};|t CUOx@ xir-wt x@ xir-wt
R= |DUQyi 'pw= xrLQt R= Q=QmD Qy QO Qo}O u=}@x@ "OQ=O xir-wt xU =Q} R 'CU= xOt;
=@ w x}yD OvwW ?=NDv= xHwt ?=wH R= |QYva u=wvax@ Ovv=wD|t xm |QY=va s=tD
CUQyi u}= x=ov; "OwW|t ?=NDv= QY=va u; R= |m} '`@=D l} \UwD =yu; |@=} RQ=
xt=O= QOku; Q=m u}= "OQ}o|t Q=Qk xO=iDU= OQwt |Oa@ Q=QmD |=Q@ w OwW|t K}LYD

"OwW |yD CUQyi u=tRsy w OwW pt=m xHwt ?=wH l} =D O@=}|t
14QY=va u} QDy@ CUQyi =} 13=y=O}Ov=m OwOLt CUQyi x@ xOQ@s=v CUQyi
xm OvDUy |QY=va s=tD R= |}xawtHtQ} R CUQyi u}= |=[a= "CU= hwQat
Q=Okt pk=OL xm \QW u}= =@ OvwW ?=NDv= xHwt ?=wH R= |QYva u=wvax@ Ovv=wD|t
u}= |=[a= u=}t R= ?=NDv= "Ovvm ?Um =Q QYva Qy |@=} RQ= `@=D |=Q@ xOWu}}aD
uDW=O x@ \wvt sD} Qwor= swO |xrLQt ẁQW "OwW|t s=Hv= hO=YD x@ CUQyi
xHwt pw= |xrLQt R= xOt;CUOx@ ?=wH xm|DQwY QO "CU= xHwt ?=wH l}
?=wH p}O@D |=Q@ [19]15KqY= VwQ l} �C}OwOLt OwHw p}rOx@ ,qFt� OW=@v
xr�Ut R= xHwt ?=wH l} pw= |xrLQt s=tD= =@ "OwW|t p=ta= xHwt x@ xHwt Q}e
|wHwCUH |x} wQ l} R= uDiQoltm =@ swO |xrLQt QO "CU= xOt; CUOx@
=@ "OwW|t pY=L |rLt |xv}y@ ?=wH pw= |xrLQt ?=wH |o}=Uty QO |rLt
u=wvax@ xOW?Um ?=wH u} QDy@ w hkwDt sD} Qwor= |=QH= xtD=N \QW uOWQ=QkQ@

"OwW|t ?=NDv= |}=yv ?=wH
(RCL) =y=O}Ov=m |xOWOwOLt CUQyi |x}yD "1"1"3

|rY= QDt=Q=B wO sD} Qwor= u}= "CU= u; |oO=U AUQo sD} Qwor= |=y|oS} w R= |m}
CUQyi QO OwHwt QY=vaC}i}m x@ |Qo}O wCU= \w@ Qt xtD=N Q=}at x@ |m} %OQ=O
CU= xOW u}}aD Q=QmD O=OaD R}v sD} Qwor= |=QH= u=}=B \QW "CU= xOW OwOLt
Q=QmD Q=@ Qy u=tR xmv}= x@ xHwD =@ "OwW u}}aD QDy@ |=y?=wH C}i}m x@ xHwD=@ xm
=yQ=QmD O=OaD =@ |]N |}x]@=Q sD} Qwor= |=QH= u=tR 'CU= Q@=Q@ sy =@ ,=@} QkD sD} Qwor=
uDi=} w =QH= QDW}@ u=tR |=vat x@ =yQ=QmD uOw@ QDW}@ xYqN Qw]x@ "CW=O Oy=wN
OwOLt CUQyi QO =[a= O=OaD u}}aD 'sD} Qwor= swO QDt=Q=B "Ow@ Oy=wN QDy@ ?=wH
x@ =yu; O=OaD u}}aD u}=Q@=v@ "CU= QY=va u} QDy@ pt=W CUQyi u}= "CU= xOW
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Ovyt QDW}@ xOt; CUOx@ |=y?=wH QO |oOvm =QB w ẁvD Q=m u}= =@ =Q} R "OvDUy QDW}@

"OwW|t

(NSGA-II) ?wret=v |R=U?DQt l}DvS sD} Qwor= "2"3
sD} Qwor= |R=Uxv}y@ p�=Ut |=yVywSB QO xiOyOvJ |x}rw= |=ysD} Qwor= R= |m}
CU= |rt=mD |=ysD} Qwor= R= |m} xm CU= �NSGA� ?wret=v |R=U?DQt l}DvS
sD} Qwor= T=U= Q@ sD} Qwor= u}= "OwQ|t Q=mx@ xiOyOvJ p�=Ut pL Qw_vtx@ xm
l}DvS sD} Qwor= ?}=at [21]"OW xO=O xaUwD xiOyOvJ p�=Ut pL |=Q@ l}DvS
'|Q=Pol =QDW= |=yQDt=Q=B u}}aD x@ R=}v '|}=Qox@Nv sOa Q}_v ?wret=v |R=U?DQt
sD} Qwor= |iQat x@ QHvt =y?wret=v |R=U?DQt |=Q@ |D=@U=Lt |=y|oO}J}B w

[22]"OW NSGA-II x@ hwQat ?wret=v |R=U?DQt l}DvS |xDi=}xaUwD
|xU}=kt w xar=]t OQwt |xr�Ut pL |=Q@ NSGA-II sD} Qwor= R= xr=kt u}= QO
sD} Qwor= |=yQDt=Q=B "CU= xOW xO=iDU= |O=yvW}B sD} Qwor= R= pY=L G}=Dv =@ u;
w '0 3 VyH p=tDL= '0 8 Q@=Q@ `]=kD p=tDL= '50 Q@=Q@ C}atH |R=Ov= pt=W
`]=kD Qorta T=U= Q@ VyH w `]=kD Qorta "OvDUy 100 sD} Qwor= Q=QmD O=OaD
?=NDv= VwQ l} C}=yv QO w CU= |v}Wv=H VyH Qorta w xDUw}B CN=wvm}
sD} Qwor= CQ=Jwri [23]"CU= Q=mx@ ?=NDv= OQ@y=Q u=wvax@ l} w QiY |}xk@=Ut

"CU= xOW xO=O u=Wv 2 pmW QO NSGA-II

C=U}=kt w p}rLD w x} RHD "4
wO OQmrta |xU}=kt x@ 'VN@ u}= QO '|O=yvW}B sD} Qwor= |}=Q=m |UQQ@ |=Q@
|=ysD} Qwor= "CU= xOW xDN=OQBNSGA-II wMOGRASB|Q=mD@==Qi sD} Qwor=
=@ |}xv=}=Q QO =yV}=tR; w xOW Om MATLAB Q=Ri=sQv R= xO=iDU= =@ |O=yvW}B
'G}=Dv |xU}=kt w |@=} RQ= Qw_vtx@ "Ov=xOW =QH= |D}=@=o}o 8 w RAM 2 GHz

"CU= xOW s=Hv= 'Ov=xOW xO=O u=Wv 1 pwOH QO xm xr�Ut 10 |=Q@ =yV}=tR;
"Ov=xOW pL sD} Qwor= wO R= xO=iDU= =@ xvwtv p�=Ut TBU

"xOWO}rwD |W}=tR; p�=Ut "1 pwOH
O=Oa= O=OaD O=OaD O=OaD |xQ=tWRm =Qt Rm =Qt CqwYLt u=oOvvmu}t-=D xr�UtCi=} R=@ `} RwD
1 1 1 2 1
1 2 3 2 2
2 3 5 4 3
2 3 10 4 4
3 5 10 5 5
3 5 20 5 6
4 10 20 10 7
4 10 30 10 8
5 12 50 10 9
5 15 100 20 10

&|v=@}DWB Rm =Qt |=Q@ C@=F |=yu=mt |xawtHt �
&E=OL= |=Q@ O}rwD Rm =Qt xwkr=@ |=yu=mt |xawtHt �
&E=OL= |=Q@ `} RwD Rm =Qt xwkr=@ |=yu=mt |xawtHt �

&E=OL= |=Q@ |Qw;`tH Rm =Qt xwkr=@ |=yu=mt |xawtHt �
&E=OL= |=Q@ OOHt `} RwD Rm =Qt xwkr=@ |=yu=mt |xawtHt �

&E=OL= |=Q@ Ci=} R=@ Rm =Qt xwkr=@ |=yu=mt |xawtHt �
&CqwYLt |xawtHt �
&x}rw= O=wt |xawtHt �

"xwkr=@ |=yu=mt |=Q@ C}iQ_ Kw]U |xawtHt �
=yuS =OD@= 'l} w QiY |=yQ}eDt |=Q@ '?=wH Q=DN=U |}=WoRtQ Qw_vtx@
O}rm Q=DN=U x@ xHwD =@ TBU w |yOQ=Okt l} w QiY u}@ |iO=YD CQwYx@
OOa l} w uS Qy |x}rw= C}akwt x@ xDU@ C}=yv QO w OvwW|t ?DQt 18|iO=YD
QiY Q}O=kt 'CU= l} Q=Okt =@ =yQ}eDt O=OaD |xOvyOu=Wv xm xOWO}rwD |iO=YD
xr�Ut |}=WoRtQ w |Q=PoRtQ |=Q@ "O@=}|t X}YND xOW?DQt |=yuS |=Q@ l} =}
=D QiY u}@ R}v xr�Ut |xDUw}B |=yQ}eDt "CU= xOW xO=iDU= [21]`HQt Q=DN=U R=

"OvwW|t |yOQ=Okt xOW h} QaD |q=@ OL
sD} Qwor= |@=} RQ= |xwLv "4"1"3

swyit wO R= xO=iDU= =@ C}atH |Ov@x@DQ =y?=wH |@=} RQ= |=Q@ VN@ u}= QO
|R=U?DQt QO "OwW|t s=Hv= |t=LOR= |xrY=i w =y?wret=v `} QU |R=U?DQt
CQwYx@reswyit R= xO=iDU= =@ =y?wret=vT=U= Q@C}atH|Ov@x@DQ =y?wret=v`} QU
'=y?wret=v Kw]UT=U= Q@n|xR=Ov= =@|D}atHuOQm?DQt|=Q@|rm Qw]x@ "OQ}o|t
uOw@?wret =D OwW|t xU}=kt C}atH QO OwHwt Qo}O |=y?=wH s=tD =@ ?=wH Qy
xm OQ=O OwHw =y?=wH R= |}xawtHt C}=yv QO "OOQo XNWt ?=wH uOw@v =}
|=yRQt R= RQt u}rw= =y?=wH u}= TB &OvwW|tv Qo}Oty ?wret w ?r=e s=Om I}y
'|Oa@ |=yRQt QO OwHwt |=y?=wH u}}aD |=Q@ "OvyO|t p}mWD =Q ?wret=v
Q=QmD xQ=@ wO Ov}=Qi w OwW|t xDiQo xO}O=v Ckwt Qw]x@ pw= RQt QO OwHwt |=y?=wH
xt=O= OvQ}o@ Q=Qk ?wret=v |=yRQt uwQO =y?=wH s=tD xm|v=tR =D Ov}=Qi u}= "OwW|t

[22]"O@=}|t
\UwDt 'C}atH QO X=N ?=wHl} h=Q]= ?=wH sm =QD u}tND |=Q@ |iQ] R=
OwW|t x@U=Lt h=Oy= Q}O=kt T=U=Q@ Qw=Ht ?=wH wO Qy R= ?=wH u}= |xrY=i
l} |t=LOR= xrY=i |x@U=Lt |=Q@ "OwW|t xO}t=v s=LOR= |xrY=i 'Q=Okt u}= w
?=wH u; xm s} Q}o|t Q_vQO =Q |r}]DUt u} QDoQR@ RQt l} QO OwHwt X=N ?=wH
p}]DUt |=yT-=Q ?=wH u; CtU wO QO Qw=Ht ?=wH wO w p}]DUt uwQO X=N
|=Q@ |t=LOR= |xrY=i u=wvax@ =Q u; ZQa l} w pw] l} ẁtHt w OvW=@
O}=@ =OD@= |t=LOR= |xrY=i |x@U=Lt |=Q@ "s} Qw;|t CUOx@ X=N ?=wH u;
TBU "OvwW ?DQt |OwaY CQwYx@ hOy `@=D Qy Q=Okt T=U= Q@ C}atH O=Qi=
Q=Okt u} QDtm w u} QDW}@ =@ |=y?=wH� RQt Qy |=yDv= w =OD@= QO OwHwt |=y?=wH
'sD} Qwor= u}= QO "OvQ}o|t OwN x@ C}=yv}@ |t=LOR= |xrY=i Q=Okt �hOy `@=D
|xawtHt w[a u}t=i |=Q@ s=m hOy `@=D Q=Okt |xOvyOu=Wv n[j]distance

QDW}@ sm =QD |xOvvmu=}@ |t=LOR= |xrY=i QDtm Q=Okt =@ ?=wH l} [22]"CU= n
|}=y?=wH Oa@ |xrLQt |=Q@CU= ?wr]t u}=Q@=v@ "CU= ?=wH u; h=Q]= QO ?=wH
|t=LOR= |xrY=i |=Q=O |DQ=@a x@ =} QDtm sm =QD =@ x}L=v QO xm OvwW ?=NDv=

41



"""xD
U@x

krL
u}t

- =D|
xQ}H

vR|
xm@W

|L
=Q]

"wDQ=B ?=wH O=OaD Q=}at T=U= Q@ sD} Qwor= wO |xU}=kt "3 pmW

"|Q=PoxrY=i Q=}at T=U= Q@ sD} Qwor= wO |xU}=kt "4 pmW

"|D=@U=Lt u=tR Q=}at T=U= Q@ sD} Qwor= wO |xU}=kt "5 pmW

"p;xO}= ?=wH R= xrY=i Q=}at T=U= Q@ sD} Qwor= wO |xU}=kt "6 pmW

"NSGA-II CQ=Jwri "2 pmW
[24]%Ov=xOW xDiQo Q_v QO Q=}at Q=yJ'|O=yvW}B|=ysD} Qwor= OQmrta|UQQ@|=Q@

&(NOS) |} wDQ=B |=y?=wH O=OaD "1
&(Spacing) xrY=i "2

&(MID) p;xO}= ?=wH R= xrY=i u}ov=}t "3
"(Time) �x}v=F ?UL Q@� x@U=Lt u=tR "4

3w2|=ypwOHQO|O=yvW}B|=ysD} Qwor=|=Q@ QwmPt|=yQ=}at|=Q@pY=LG}=Dv
|=y?=wH Q}O=kt T=U= Q@ |O=yvW}B |=ysD} Qwor= u}vJty "CU= xOW xO=O u=Wv
xOy=Wt p@=k 6 =D 3 |=ypmW QO pY=L G}=Dv xm Ov=xOW xU}=kt xOt;CUOx@
,=D@Uv OQmrta sD} Qwor= xm OwW|t xOy=Wt 'pY=L |=ypmW x@ xHwD =@ "CU=
uDiQoQ_vQO =@ xm|r=L QO Ovm|t pY=L u=tR w |Q=PoxrY=i Q=}at x@ xHwD =@ |QDy@

"OvQ=O |v=Um} ,=D@Uv OQmrta sD} Qwor= wO =yQ=}at Q}=U
sD} Qwor= =ysD} Qwor= G}=Dv |HwQN w xOWs=Hv= |m}i=Qo C=U}=kt x@ xHwD =@
u}= xm OQ=O =Q xOWx�=Q= |xO}J}B pOt pL |=Q@ |@U=vt |}=Q=m xiOyOvJ AUQo
xm Qw]u=ty "CU= u; OvUB Q@ Q=m OQm} wQ w sD} Qwor= |rY= |xkrL Crax@ Qt=
CU= Q=OQwNQ@ |}q=@ |}=Qoty CaQU R= sD} Qwor= OvyO|t u=Wv 6 =D 3 |=ypmW

"OvQ=O |QDtm h=QLv= pY=L |wDQ=B |=y?=wH w
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Ovyt "�p;xO}= ?=wH R= xrY=i '|Q=PoxrY=i� |W}=tR; p�=Ut |wQ Q@ sD} Qwor= wO |=QH= |D=@U=Lt G}=Dv "2 pwOH

p;xO}= ?=wH R= xrY=i |Q=PoxrY=i |xQ=tW
NSGA-II MOGRASB NSGA-II MOGRASB xr�Ut
9 87E + 08 9 69E + 08 6 52E + 07 6 52E + 07 1
9 69E + 08 6 52E + 08 1 42E + 07 5 64E + 07 2
9 86E + 08 9 86E + 08 9 62E + 08 1 65E + 08 3
6 85E + 08 6 32E + 08 6 49E + 07 9 86E + 07 4
9 58E + 07 4 22E + 08 9 69E + 08 6 52E + 07 5
9 90E + 08 6 98E + 08 4 92E + 07 9 57E + 07 6
3 21E + 09 6 58E + 09 9 64E + 08 2 30E + 07 7
3 17E + 09 5 69E + 09 9 62E + 08 6 58E + 07 8
6 83E + 10 8 87E + 09 3 76E + 08 9 69E + 08 9
8 37E + 10 9 84E + 09 6 37E + 08 6 99E + 08 10

"�|D=@U=Lt u=tR 'wDQ=B ?=wH O=OaD� |W}=tR; p�=Ut |wQ Q@ sD} Qwor= wO |=QH= |D=@U=Lt G}=Dv "3 pwOH
wDQ=B ?=wH O=OaD |D=@U=Lt u=tR |xQ=tW

NSGA-II MOGRASB NSGA-II MOGRASB xr�Ut
18 15 46 25 36 25 1
19 9 96 65 85 36 2
20 12 145 36 123 55 3
17 13 159 36 178 69 4
15 12 296 35 225 36 5
16 12 391 02 369 40 6
18 18 520 81 398 66 7
14 16 690 96 522 82 8
15 11 1028 33 863; 35 9
15 8 1436 80 1125 65 10

R= sy u=vmQ=m p=eDW= R= |W=v OwU R}v |iQ] R= w xOW |UQQ@ |QDWt |Q=DiQ

VN@ QO "CU= xOW |krD |a=tDH= |Q}PBC}rw�Ut |awv x@ sy w |O=YDk= Q_vt
?w}at O=wtVy=m |=[i QO|Di=} R=@ w|]}LtCU} R swyit R}v|DWoR=@l}DUHr
AUQo sD} Qwor= l} xOWx�=Q= pOt pL |=Q@ "CU= xDiQo Q=Qk p}rLD w x} RHD OQwt
=@ xOWx�=Q= pOt |}=Q=m C=@F= Qw_vtx@ "OW x�=Q= pOt pL |=Q@ xiOyOvJ |r=aiv=
|xiOyOvJAUQo sD} Qwor=|}=Q=m Qov=}@G}=Dv "OW xU}=kt xiOyOvJl}DvS sD} Qwor=

"CU= j}kLD u}= |xDU@xkrL u}t-=D |xQ}HvR |xr�Ut pL |=Q@ |O=yvW}B

|Q}oxH}Dv "5
pwYLt u}OvJ =@ u}t-=D |xQ}HvR |xm@W|L=Q] |=Q@|[=} Q pOtl} 'j}kLD u}=
Q=DN=U QO "OQm x�=Q= C}a]k sOa \}=QW QO xDU@xkrL CQwYx@ =Q hOy u}OvJ w
|UQQ@ OQwt R}v |@=}u=mt C=t}tYD w O=OaD w OvQ=O |v}atC}iQ_ Cq}yUD 'xr�Ut
OQ@y=Q T=U=Q@ |DvQDv}= VwQi j]vt 'hOy `@=D |O=YDk= VN@ QO "OvQ}o|t Q=Qk

=yCWwv=B
1. greedy randomized adaptive search procedures (GRASP)
2. supply chain management
3. forward logistics
4. reverse logistics
5. closed loop supply chain
6. end of life
7. corporate social responsibility
8. mixed integer non-linear programming

9. posted price
10. pure auction
11. buy-price auction
12. multiple attribute decision making
13. restricted candidate list (RCL)
14. elite solutions
15. repair procedure
16. greedy
17. reactive GRA
18. random key
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