
�13
98

u=DU
tR�

'h}
QWC

}Q}O
tw

`}=v
Y

|U
Ovyt

54
�43

"X
'2/

1|
xQ=t

W'
35

�1
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|xr�Ut xiOywO w |}xrLQtxU |R=UpOt

w ?=NDv= 'pkvwptL |R} Qxt=vQ@
x}rkv p}=Uw O@U |vi C=Q}}eD

�O=DU=� �|Q}W@ |Oyt
�OWQ= |U=vWQ� |wHWv=O� |vUL =U} QB

Oy=W x=oWv=O '|UOvyt |vi xOmWv=O '`}=vY |UOvyt xwQo

x�=Q= pkvwptL |R} Qxt=vQ@ |=Q@ xiOywO |}xrLQtOvJ |[=} Q pOt l} 'xr=kt u}= QO
&CU= xDi=}xaUwD pkvwptL |R} Qxt=vQ@ |=Q@ |[=} Q pOt l} 'pw= |xrLQt QO "OwW|t

OwU x@ xHwD =@ x}rkv p}=Uw |xv}y@ O@U ?=NDv= |xr�Ut 'swO |xrLQt QO u; R= TB
C=Q}}eD |xiOywO pOt 'swU |xrLQt QO w OwW|t pL x}rkv p}=Uw R= l} Qy R= pY=L
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Ovm|t CmQL x@ ẁQW |RmQt |xv=}=B l} R= x}rkv |xr}Uw Qy 'xr�Ut u}= QO "Ovm
xv}tm QiU |xv} Ry u=R}t 'xr�Ut u}= QO "OOQo|tR=@ xv=}=B u=ty x@ C}=yv QO w
uwO@ 'xr�Ut u}= "OwW|t C}=aQ R}v x}rkv |xr}Uw Qy C}iQ_ xm|r=L QO 'OwW|t
x}rkv |xr}Uw |@=} Q}Ut |xr�Ut x@ Cy=@W 'x}rkv |xr}Uw |=Q@ C}iQ_ C}OwOLt
[3]"OwW|t s=Hv= u=tRty R}v |Qo}O |=y|R} Qxt=vQ@ xm Cw=iD u}= =@ CW=O Oy=wN
=@ xOvvmptL p}=Uw |@=} Q}Ut |xr�Ut |xaUwD x@ |yHwD p@=k Cq=kt uwvm =D
=y|oS} w u}= s=tD "Ov=xOwRi= u; x@ =Q |irDNt |=y|oS} w w Ov=xDN=OQB OwOLt C}iQ_
xrtH R= [5w4]"CU= xOW h} QaD pkvwptL |xm@W QO |ak=w \}=QW |xOy=Wt =@
|xr�Ut |xaUwD p=@vOx@ pkvwptL |=yCmQW QO|ak=w\}=QW R= s=yr= =@ xm|Dq=kt

"OQm xQ=W= Q} R OQ=wt x@ u=wD|t 'Ov=xOw@ |@=} Q}Ut
|=yu=ow=v x@ \w@ Qt |=yxv} Ry uOQm xv}tm Q@|v@t xiOywO |rOt [6]`HQt QO
|=Q@ pOt u}= "CU= xOW x�=Q= =yu; C}iQ_ R= xO=iDU= uOQm xv}W}@ w Cw=iDt
|=Q@ xv}y@ |xv} Ry [7]`HQt QO "CU= xOW O=yvW}B xr=@ R |Qw;`tH sDU}U C} Q}Ot
|}xxvwox@ x}rkv |xr}Uw Qy \UwD xOW |] Ci=Ut Q=Okt w Cw=iDt |x}rkv p}=Uw
|xr}Uw u}OvJ u=wD|t xQo l} QO =[=kD uOW xOQw;Q@ |=Q@ xm OwW|t x@U=Lt
QO xv=}=B QO =yuw}t=m |=Q@ pkvwptL |xr�Ut l} [8]`HQt QO "O=O X=YDN= x}rkv
xDiQo Q_v QO =Q xiOywO |]N |R} Qxt=vQ@ pOt l} xr=kt u}= "CU= xOW xDiQo Q_v
w CU= uw}t=m Qy \UwD xOW |] Ci=Ut pm uOQm xv}tm u; pw= hOy xm CU=
=@ [9]`HQt "CU= uw}t=m Qy x@ \w@ Qt C=}rta u=tR uOQm xv}tm 'swO hOy `@=D
pwYLt u}OvJ 'u=ow=v u}OvJ %Ovv=t =yQv}Dv=m x@ \w@ Qt |=y|oS} w Q@ `t=H |O}O
|iQat x@ |@ wvH |xQm QO =yuw}t=m |rkvwptL `}=vY QO |v=tR |xQHvB w uoty
OvJ [10]`HQt QO "CU= xDN=OQB pkvwptL |xr�Ut |R} Qxt=vQ@ |=Q@ x}=BpOt wO
O=OaD |xv}W}@ Q}_v |}=yC}OwOLt w |v=tR |xQHvB uDiQo Q_v QO =@ |R=UpOt
"CU= xOW x�=Q= 'O}=t}B@ Ov=wD|t |v=tR |xQwO Qy QO u}W=t Qy xm |}=yu=tm
QO OQ@ Q=m =@ x}rkv p}=Uw X}YND |]N |R} Qxt=vQ@ |xr�Ut l} [11]`HQt QO
=@ xm |}=yu}W=t O=OaD xr=kt u}= QO "CU= xOW x�=Q= p} RQ@ pkvwptL |=yCmQW

"OwW|t u}}aD 'Ov}=t}B|t =Q =yQ}Ut |r=N w QB C}iQ_
|Q}os}tYD u=tRsy Qw]x@ 'pkvwptL |xm@W |R} Qxt=vQ@ |R} QKQ] Q@ xwqa
x@ [12]`HQt QO "CU= Q=OQwNQ@ |O=} R Q=}U@ C}ty= R= u=tR=U `@=vt OQwt QO
|OQ@y=Q |=yxt=vQ@ |x�=Q= w pkvwptL |=yCmQW QO =yu=ow=v C} Q}Ot C}ty=
uwJ |}=yOQ@y=Q '`@=vt R= QF-wt xO=iDU= Qw_vtx@ xr=kt u}= QO "Ovm|t xQ=W= pkvwptL
=y=[=kD x@ |} woNU=B '=y=[=kD uOQm xOQw;Q@ Qw_vtx@ xv=}=B QO =yu=ow=v |Q=Oyov
=@ pO=@D C}=yv QO w x}rkv p}=Uw |xQ=H= w Qo}O pkvwptL CmQW |=yVQ=iU w
"CU= xOW xQ=W= lQDWt |R} Qxt=vQ@l} |R=UxO=}B w xOQsy pkvwptL |=yCmQW
|xm@W l} QO G}=Q Qw]x@ hrDNt |=yxQwO QO u=} QDWt |=[=kD QO C=Q}}eD
|}xYN=W x}rkv |xr}Uw Qy |}=Q=m u; |xH}Dv QO w ODi=|t j=iD= u}t-=D |xQ}HvR
Q@xwqa "CU= |@=} RQ= p@=k xQwO u}OvJ CWPo w KQ] uOW |}=QH= R= TB xm CU=
Qy |x}=tQU xOR=@ u}ov=}t T=U= Q@ ,qwtat xm x}rkv |xr}Uw Qy |}=Q=m |UQQ@

|L=Q] x@ u; QO xm OwW|t |vi |R} Qxt=vQ@ R=i OQ=w xr�Ut swU |xrLQt QO
xDN=OQB VwQi =} O} QN |=Q@ x}rkv p}=Uw ?=NDv= |=Q@ xiOywO |[=} Q pOt l}
Q=Okt w u; lqyDU= |xv} Ry '|v}at COt R= TB CU= umtt =Q} R &CU= xOW
QDxiQY x@ uwQkt 'x}rkv |xr}Uw l} VwQi 'pkvwptL |=Q@ xOW |v}@V}B |=[=kD
\w@ Qt CqmWt w xOW QmP |=y|oO}J}B x@ xHwD =@ xrLQt u}= "OW=@ u; xO=iDU= R=
|D=}rta C=aw[wt x@ u; QO wCU= xOW =OH |L=Q] p}rLD R= |D=@U=Lt p�=Ut x@
pkvwptL CmQW |=Q@ Qw;OwU |x}rkv p}=Uw uDi=} pt=W xrLQt u}= "OwW|t xQ=W=
'xrLQt u}= QO "CU= u; R= Oa@ |R} Qxt=vQ@ ji= w |R} Qxt=vQ@ |xQwO Qy |=yDv= QO
=@ Ot;QO hqDN= 'u; pw= hOy `@=D xm CU= xOW |L=Q] xiOywO |[=} Q pOt l}
xv}W}@ =Q x}rkv p}=Uw |x}=tQU ?=wN w lqyDU= 'VwQiwO} QN |=yxv} Ry ẁtHt
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ẁv Qy R= |@U=vt O=OaD w ?}mQD u}}aD x@ =Q pkvwptL CmQW u=R} Qxt=vQ@ w u=Q}Ot
p�=Ut w \}=QW |xOy=Wt =@ R}v wQV}B |xr=kt QO "CU= xOQm Q=O=w x}rkv |xr}Uw
C=k}kLD u}= QO "CU= xDiQo CQwY |R=UpOt pkvwptL |=yCmQW QO |ak=w
Q=oR=U |=yq=m ptL x@ \w@ Qt CqmWt =OD@= QO pkvwptL |=yCmQW QO |v=O}t
'|R} Qxt=vQ@ ji= l} QO x}rkv p}=Uw |=yxv} Ry x@ \w@ Qt p�=Ut TBU w Q=oR=U=v w
'CU= xOQm OwN x}rkv p}=Uw uO=O Q=Qk xO}=Rt QO x@ Qw@Ht =Q u=tR=U C}=yv QO xm
|=yq=m ptL uDiQo Q_v QO x@ \w@ Qt Q=DN=U xDiQoCQwY C=ar=]t QO "OW xOy=Wt
xOW xDiQo Q_v QO xr=kt u}= |R=UpOt pw= |xrLQt QO xm 'CU= xOWv xO}O Q=oR=U=v
x@ xHwD =@ Q=@m} p=U OvJQy 'xar=]t OQwt pkvwptL CmQW Qo}O hQ] R= "CU=
"OvQ=Po|t VwQi |=Q@ xO}=Rt x@ =Q =yu; 'x}rkv p}=Uw uOW lryDUt w =[=kD C=Q}}eD
|xv} Ry C} Q}Ot |=Q@ j}kO |R} Qxt=vQ@ l} xr=kt u}= swU w swO |xrLQt QO wQu}=R=
p}=Uw VwQiwO} QN x@ u=wD|t u; T=U= Q@ xm OwW|t xDiQo Q_v QO x}rkv p}=Uw

"CN=OQB xQwO Qy |=yDv= QO x}rkv
|wor= '|R} Qxt=vQ@ |xQwO Qy QO x[Qa w =[=kD x@ xHwD =@ pw= |xrLQt QO
xOQm |] xm |Q}Ut 'u}W=t uU x@ xHwD =@ x}rkv |xr}Uw Qy |=Q@ Q}Ut |xv}y@
'xOW |] Q}Ut =@ Q_=vDt w OwW|t x@U=Lt 'CU= xOQm ptL xm |}q=m Q=Okt w
'pw= |xrLQt QO xDi=} xaUwD pOt "O};|t CUO x@ u}W=t Qy |xv} Ry w OwU Q}O=kt
=Q x}rkv p}=Uw |wWwCUW w C=Q}taD w |Q=Oyov 'CNwU 'pkvwptL |=yxv} Ry

"OQ}o|t Q_v QO |B QO|B |=yQ}Ut QO Q=oR=U=v |=yq=m ptL CQwY QO
ji= l} QO u}W=t Qy |=Q@ xOW x@U=Lt OwU x@ xHwD =@ swO |xrLQt QO
"OwW|t xDN=OQB |R} Qxt=vQ@ ji= QO =yu}W=t Ot;QO OvwQ |@=} RQ= x@ '|R} Qxt=vQ@

'QDy@ CQ=@a x@ "CU= Tv=} Q=w u}ov=}t pOt 'swO R=i QO xOW xO=iDU= pOt
|xQwO u}OvJ |=Q@ pw= |xrLQt QO xDi=}xaUwD |[=} Q pOt uOQm =QH= R= TB
OwU Q}O=kt CU= Cw=iDt =[=kD w x[Qa Q=Okt =yxQwO R= l} Qy QO xm |R} Qxt=vQ@
u; R= TB "OwW|t x@U=Lt |R} Qxt=vQ@ ji= u}= |=Q@ x}rkv p}=Uw R= l} Qy pY=L
=yu}W=t u}= Q=DiQ |@=} RQ= x@ u=wD|t Tv=} Q=w u}ov=}t xiOywO pOt R= |Q}oxQy@ =@
=} xOR=@ u=R}t uOW xv}W}@ pOt u}= pw= hOy `@=D "CN=OQB |R} Qxt=vQ@ ji= u}= QO
x}rkv p}=Uw |xv}y@ O@U x}rkv p}=Uw |xv}y@ O=OaD R= pY=L OwU u}ov=}t u=ty
x}rkv p}=Uw u}= ?=NDv= R= pY=L lU} Q u=R}t swO hOy `@=D w OwW|t h} QaD

"Ovm|t xv}tm =Q
p}=Uw O@U QO |vi C=Q}}eD O=H}= |=Q@ |[=} Q pOt l} swU |xrLQt QO
R= |Q}oxQy@ =@ xiOywO pOt u}= "CU= xDi=} xaUwD |R} Qxt=vQ@ |xQwO Qy |=Q@ x}rkv
|=yCt}k 'pw= |xrLQt QO |R} Qxt=vQ@ ji= |=Q@ xOW xORu}tND Xr=N OwU u=R}t
|xv}y@ O=OaD R= |y=o ; =@ w x}=tQU ?=wN w lqyDU= |=yxv} Ry 'VwQi w O} QN

45



"""|
xr�U

txi
Oyw

Ow
|}x

rLQt
xU

|R=
Up

Ot"wQV}B |xr=kt w xv}W}B QwQt Cq=kt R= l} Qy QO |R} Qxt=vQ@ ji= w |R} Qxt=vQ@ |xQwO Qy QO xOW PN= |=ys}tYD u}@ |}xU}=kt pwOH "1 pwOH
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|xv} Ry w C=Q}taD w |Q=Oyov 'wWwCUW 'xOvvmptL p}=Uw p=UQ= '|R=Up=ai
=[=kD x@ \w@ Qt C}OwOLt ?}DQD x@ 7 w 6 |x]@=Q "CU= xOvvmptL p}=Uw CNwU
xDiQo Q_v QO xQo uOw@ pO=aDt |=Q@ 8 |x]@=Q "OyO|t p}mWD =Q TQDUO QO `@=vt w
X=N xQo l} x@ |v=tR |xQwO Qy QO xm |}=yu}W=t QDy@ CQ=@a x@ &CU= xOW
Ovm|t O}m -=D 9 |x]@=Q "OvwW GQ=N xQo u; R= |Oa@ |xQwO QO O}=@ OvwW|t OQ=w
"OW=@ xDW=O Qw[L u=tm l} QO O}=@ QFm =OL |v=tR |xQwO Qy QO u}W=t Qy xm
C@Ft Q=Okt y Q}eDt xm |v=tR Qy xm OvwW|t Ea=@ ?}DQD x@ 11 w 10 |=yx]@=Q
i |xOvvmx[Qa |x]kv x@ pkvwptL CmQW R= u}W=t l} p@k |xQwO QO OQ}o|t
"OwW xOv=OQoR=@ pkvwptL CmQW x@ j |=[=kD |x]kv R= u; R= TB w OwW xO=DUQi
=@ o |q=m xm OQ}o@ l} Q=Okt |v=tR Q}eDt 
 'OvwW|t Ea=@ 13 w 12 |=yx]@=Q
14 |x]@=Q "OwW OQ=w j X=N xQo x@ |}x]kv Qy R= t |v=tR |xQwO QO w k u}W=t
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"""|
xr�U

txi
Oyw

Ow
|}x

rLQt
xU

|R=
Up

Ot|xrLQt QO "Ot; CUO x@ |R} Qxt=vQ@ ji= l} |=Q@ x}rkv p}=Uw R= |}xv}y@ ?}mQD
|R} Qxt=vQ@ |=yxQwO R= l} Qy |=yDv= QO x}rkv p}=Uw VwQiwO} QN |R} Qxt=vQ@ 'swU
'xrLQt u}= QO "OQ}PB|t CQwY u; R= Oa@ |v=tR ji= w |Oa@ |R} Qxt=vQ@ |xQwO |=Q@
|}xvwox@ OwW xDNwQi w |Q=O} QN uU s=Om =@ w =yu}W=t s=Om xm OwW|t u}}aD
u; R= TB |=yxQwO w xQwO u; |=yDv= QO |Q}os}tYD u}= R= pY=L OwU Q=Okt xm
|xrLQt xv}y@ O@U QO xOW x@U=Lt |xv}y@ O=OaD R= h=QLv= Q=Okt w OwW xv}W}@
=yvD Qo = xm CU= CyH u; R= xrLQt u}= uDiQo Q_v QO CQwQ[ "Ovm|t xv}tm =Q swO
p}=Uw lqyDU= uwJ |}=yxv} Ry 'OwW |wQ}B swO |xrLQt QO xOW PN= s}tYD R=
&OwW|tv xDiQo Q_v QO 'Ov@=}|tV}=Ri= |yHwD p@=k?} Q[ =@ |v=tR ji= QO xm x}rkv
Qo}O hQ] R= "OQ}o@ CQwY OOHt |UOvyt O}=@ u}W=t Qy uU x@ xHwD =@ TB
|rtmt pOt swU pOt 'OR=OQB|t |iO=YD |Q}os}tYD x@ swO pOt xm|}=Hu; R=
"Ovm|t p}OaD =Q =]N u; '|iO=YD |Q}os}tYD QO =]N OwHw CQwY QO xm CU=

=yT}Ov= "1"3"3
&x}rkv p}=Uw `=wv= |=Q@ T}Ov= %k ��

&x}rkv p}=Uw R= l} Qy uU x@ \w@ Qt T}Ov= %j ��
"pkvwptL |R} Qxt=vQ@ |=yxQwO |=Q@ T}Ov= %t ��

=yQDt=Q=B "2"3"3
&t |xQwO QO j uU =@ k uw}t=m |v}tND Xr=N OwU %profittk;j ��

&CU= j uU |=Q=O xm k u}W=t VwQi Ct}k %SD1jk ��
&CU= j uU |=Q=O xm k u}W=t O} QN Ct}k %SD2jk ��

&j uU =@ k u}W=t |x}=tQU ?=wN |xv} Ry %SCjk ��
&j uU =@ k u}W=t lqyDU= |xv} Ry Q=Okt %DEjk ��

&t |v=tR |xQwO QO x}rkv p}=Uw |=Q@ Q=@v= C}iQ_ Q=Okt %capt ��
"swO |xrLQt QO k ẁv x}rkv p}=Uw |xv}y@ O=OaD %portk ��

s}tYD |=yQ}eDt "3"3"3
'OW=@ xDW=O OwHw t |v=tR |xQwO |=yDv= QO j uU =@ k u}W=t Qo = % qtk;j ��

&QiY Q=Okt CQwY u}= Q}e QO OQ}o|t 1 Q=Okt
1 Q=Okt 'OwW |Q=O} QN t |v=tR |xQwO |=yDv= QO j uU =@ k u}W=t Qo = %rtk;j ��

&QiY Q=Okt CQwY u}= Q}e QO OQ}o|t
1 Q=Okt 'OwW xDNwQi t |v=tR |xQwO |=yDv= QO j uU =@ k u}W=t Qo = %ntk;j ��

&QiY Q=Okt CQwY u}= Q}e QO OQ}o|t
"|R} Qxt=vQ@ ji= QO k u}W=t C}r=ai |=yxQwO O=OaD %activek ��

x}rkv p}=Uw VwQiwO} QN xiOywO pOt "4"3"3
max obj1 = QP +QN �QR�QS �QD (22)

QP =
X
k

X
j

X
t

profittk;j � qtk;j (23)

QN =
X
k

X
j

X
t

SD1jk � ntk;j (24)

QR =
X
k

X
j

X
t

SD2jk � rtk;j (25)

QS =
X
k

X
j

X
t

SCjk � qtk;j (26)

QO x}rkv |xr}Uw Qy R= pY=L Ot;QO Q=}at h=QLv= u=ty x}rkv |xr}Uwl} R= pY=L
pY=L lU} Q uDiQo Q_v QO |=Q@ |YN=W u=wva x@ xm CU= |R} Qxt=vQ@ ji= |]
u}= uOQw; CUO x@ =@ QDy@ CQ=@ax@ "CU= xOW xDiQo Q_v QO x}rkv |xr}Uw Qy R=
�x}rkv |xr}Uw� syU l} |Qw;OwU u=Uwv u=R}t xm Ci=} QO u=wD|t Tv=} Q=w Q=Okt
QDW}@ Q=Okt u}= xJQy xm |Qw] x@ &CU= xDW=O |OvwQ xJ |R} Qxt=vQ@ ji= l} QO
|R} Qxt=vQ@ ji= |] QO syU u}= R= pY=L Ot;QO u=Uwv xm CU=vat u}= x@ OW=@
|=[=kD u=Uwv Cra x@ "OQ=O OwHw x}=tQU uDiQ CUO R= p=tDL= w CU= O=} R
CU= xar=]tCLDCmQW |ak=w |=yxeOeO R= |m} 'xOW xQ=W= ẁ[wt 'pkvwptL

"CU= xOw@ Q=O}=B |=[=kD |=Q=O x}rkv p}=Uw R}yHD x@ Ovtxkqa CmQW u}= w
max� = wT� =

X
i

wi�i (18)

min�2 = wT
X

w =
X
i

X
j

wiwj�ij (19)X
i

wi = 1 (20)

wi � 0 8i (21)

QO "Ovm|t x@U=Lt =Q x}rkv p}=Uw R= pY=L OwU xOR=@ u}ov=}t Q=Okt 18 |x]@=Q
R= pY=L lU} Q Q=Okt |Q}oxR=Ov= |=Q@ |YN=W xm - Tv=} Q=w Q=Okt 19 |x]@=Q
|=Q@ xm =Q|}xHOw@pm Q=Okt20|x]@=Q "OwW|t x@U=Lt -CUy x}rkvp}=Uw?=NDv=
Q}eDt ẁv 21 |x]@=Q w OQ}o|t Q_v QO OL=w 1CU= xOW xDiQo Q_v QO |Q=Pox}=tQU
p}[iD x@lU} Q w u}ov=}t |=yXN=W |x@U=Lt |xwLv "OyO|t u=Wv =Q s}tYD
xar=]t u}= QO 'OW xO=O K}[wD xtOkt QO xm Qw]u=ty "OwW|t xO=O K}[wD xt=O= QO
|R} Qxt=vQ@ |xQwO u}OvJ R= pmWDt xm CU= xOW xDiQo Q_v QO |R} Qxt=vQ@ ji= l}
|xr}Uw l} R= pY=L Ot;QO Q=Okt pw= |[=} Q pOt R= xO=iDU= =@ =OD@= QO "CU=
Ot;QO Q=Okt |x@U=Lt Qw_vt x@� OwW|t xOR u}tND |R} Qxt=vQ@ |xQwO Qy QO x}rkv
|[=} Q pOt xmCU= |QwQ[ |R} Qxt=vQ@ ji=l} |=R= x@ x}rkv p}=Uw u}= R= pY=L
OvyO|t p}mWD =Q |R} Qxt=vQ@ ji= Qo}Oty =@ xm |}=yxQwO O=OaD x@ w Q=@u}OvJ pw=
p}=Uw R=pY=L Ot;QOT} QD=tl} pw= |xrLQt R=pY=L|HwQN "�OwWpL w =QH=
T} QD=t uOQw; CUO x@ w |R=Up=tQv R= Oa@ "CU= |R} Qxt=vQ@ |=yxQwO QO x}rkv
T} QD=t u}= T=U= Q@ "OwW|t swO |xrLQt OQ=w xr�Ut 'x}rkv p}=Uw R= pY=L xOR=@
Qy R= pY=L xOR=@ Q=Okt Q=}at h=QLv= w �x}rkv |xr}Uw� syU Qy xOR=@ u}ov=}t 'xOR=@
=@ xOR=@ u}ov=}t "OwW|t x@U=Lt?rDt Q=Ri=sQv |r=t Q=R@= R= xO=iDU= =@ x}rkv |xr}Uw
Q=}ath=QLv=|x@U=Lt|=Q@ w O};|tCUO x@ Q}N=T} QD=tuwDU|wQ Q@|Q}ou}ov=}t
19|x]@=Q w i; j syUu}@Tv=} Q=wwm Q=Okt R= x}rkv |xr}Uw Qy R=pY=L xOR=@ Q=Okt
syU u}@ Tv=} Q=wwm Q=Okt '?rDt Q=Ri=sQv |r=t Q=R@= R= xO=iDU= =@ "CU= xOW xO=iDU=
T} QD=t w �x}rkv |xr}Uw� syU Qy xOR=@ u}ov=}t C}=yv QO w OwW|t x@U=Lt i; j
|R=UpOt swO |xrLQt |OwQw |=yQDt=Q=B u=wvax@ i; j syU u}@ Tv=} Q=wwm |a@ Qt
Ci=} QO u=wD|t Tv=} Q=wwm T} QD=t QO xOW GQO Q}O=kt T=U= Q@ "OvwW|t h} QaD
|x]@=Q Qo}Om} =@ QDy@ CQ=@a x@ "Ovvm|t pta xvwoJ Qo}Oty x@C@Uv i; j syU xm
O=OaD XwYN QO 'Oa@ |xrLQt w xrLQt u}=|] 'C}=yv QO "Tmar=@ =} OvQ=O s}kDUt
"OwW|t |Q}os}tYD 'OvwW |Q=Po =w =} |Q=Oyov '|Q=O} QN O}=@ xm |}x}rkv p}=Uw

Cq}yUD VwQiwO} QN `kwtx@ s}tYD "3"3
'swO |xrLQt QO 'Ot; CUO x@ u}W=t Qy |=Q@ |yOOwU |wor= pw= |xrLQt QO
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2/
1|

xQ=t
W'

35
�1

|xQ
wO'

�13
98

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt xO=iDU= =@ w |} wDQ=B |xawtHt CQwYx@ pOt u}= hOy `@=D wO C=Q}}eD u}vJty

"CU= xOW |UQQ@ uwr}UB= C}OwOLt VwQ R=

|R=i |v=tQ; |R} Qxt=vQ@ VwQ =@ |OOa p=Ft pL "1"4
3 pwOH QO 'hOy `@=wD R= l} Qy |=R= x@ pOt pL R= TB xOt; CUO x@ |=y?=wH
p}O@D xiOylD pOt l} x@ xOW O=yvW}B |xiOywO pOt CtUk u}= QO "CU= xOt;

"OwW|t

max f(�) =
2X
k=1

�k = �1 + �2 (35)

Constraint set from (22) to (28) (36)

�1 � Z1 � 8 985443� 108

1 52574� 1010 � 8 985443� 108 (37)

�2 � 271� Z2
271� 0 (38)

Constraint set from (29) to (34) (39)

�1; �2 � 1 (40)

36 |x]@=Q QO "OwW|t xv}W}@ hOy `@=wD|@=}CUO C=HQO ẁtHt 35 |x]@=Q QO
"OQ}o|t Q=Qk 'Ov=xOQm h} QaD |rY= pOt QO =Q swO w pw= hOy `@=D xm |]@=wQ s=tD
"Ovm|t h} QaD =Q swO w pw= hOy `@=D |=Q@ |@=}DUO |xHQO 38 w 37 |=yx]@=Q
"OQ}o|t Q=Qk swU |xrLQt QO |rY= pOt |=yC}OwOLt s=tD 39 |x]@=Q QO
x@ Q}O=kt u}@ |}xU}=kt p}rLD "Ovm|t h} QaD =Q s}tYD |=yQ}eDt ẁv 40 |x]@=Q
QO |R=i |v=tQ; |R} Qxt=vQ@ pOt pL w hOy `@=wD |xv=o =OH pL R= xOt; CUO
|=y?=wH 'CU= XNWt 1 pmW QO xm Qw]u=ty "CU= xOW xOQw; 2 w 1 pmW
|R=i |v=tQ; |R} Qxt=vQ@ VwQ R= xO=iDU= =@ xm xiOy lD pOt R= xOt; CUO x@
wQu}= R= w OQ}o|t Q_v QO =Q hOy `@=wD s=tD u=tRsy Qw]x@ 'CU= xOt; CUO x@
Q=}U@ hOy `@=wD |xv=o =OH pL R= pY=L |xv}y@ Q}O=kt x@ xOt; CUO x@ G}=Dv
xOW pO=at |xiOylD pOt |=QH= R= pY=L |=y?=wH u; Q@xwqa "CU= l}ORv

"CU= xOW xOQw; 4pwOH QO 'Gams23 5 Q=Ri=sQv \}Lt QO

uwr}UB= C}OwOLt VwQ =@ |OOa p=Ft pL "2"4
'C}OwOLt x@ =yu; R= |m} RH x@ hOy `@=wD s=tD p=kDv= =@ uwr}UB= C}OwOLt VwQ

|xv=o =OH pL |=R= x@ pw= hOy `@=D |xv}y@ Q=Okt u}@ |}xU}=kt p}rLD "1 pmW
"|R=i |v=tQ; |R} Qxt=vQ@ pOt pL w hOy `@=wD R= l} Qy

QD =
X
k

X
j

X
t

DEjk � qtk;j (27)

min obj2 =
X
k

jportk � activekj (28)

rtk;j = qt+1
k;j+1 � (1� qtk;j) 8k; j; t (29)

ntk;j = qtk;j � (1� qt+1
k;j+1) 8k; j; t (30)X

k

X
j

qtk;j � capt 8t (31)X
j

X
t

qtk;j = activek 8k (32)

qtk;j ; n
t
k;j ; r

t
k;j 2 f0; 1g (33)

activek � 0 (34)

OwU Q=Okt 23 |x]@=Q QO "Ovvm|t h} QaD =Q pw= hOy `@=D 28 =D 22 |=yx]@=Q
x@ =yu}W=t VwQi R= pY=L OwU Q=Okt 24 |x]@=Q QO w x}rkv p}=Uw R= pY=L
|=yxv} Ry uDiQo Q_v QO |=Q@ ?}DQD x@ 27 w 26 w 25 |=yx]@=Q "O};|t CUO
u}= swO hOy `@=D 28 |x]@=Q "Ov=xOW h} QaD x}=tQU ?=wN w lqyDU= 'O} QN
O=OaD R= x}rkv p}=Uw R= l} Qy O=OaD h=QLv= u=R}t u; QO xm Ovm|t h} QaD =Q pOt
xm|DQwY QO '29 |x]@=Q QO "OwW|t xv}tm swO |xrLQt QO xv}y@ |x}rkv p}=Uw
xDW=Ov OwHw t |xQwO QO =t= 'OW=@ xDW=O Qw[L t + 1 |xQwO QO u}W=t l}
|Q=O} QN t |xQwO QO k u}W=t xm =vat u}= x@ &OQ}o|t 1 Q=Okt rtk;j Q}eDt OW=@
xm|DQwYQO '30 |x]@=Q QO "OQ}o|t QiY Q=Okt CQwY u}= Q}e QO w CU= xOW
'OW=@ xDW=Ov OwHw t + 1 |xQwO QO =t= OW=@ xDW=O Qw[L t QO u}W=t l}
xOW xDNwQi t |xQwO QO k u}W=t xm =vat u}= x@ OQ}o|t 1 Q=Okt ntk;j Q}eDt
xOW xDiQo Q_v QO x}rkv p}=Uw |=Q@ xv=}=B C}iQ_ Q=Okt 31 |x]@=Q QO "CU=
u=Wv =Q |R} Qxt=vQ@ |xQwO QO xO=iDU= OQwt |x}rkv p}=Uw O=OaD 32 |x]@=Q "CU=
x@ xHwD =@ "OvyO|t u=Wv =Q s}tYD |=yQ}eDt ẁv 34 w 33 \@=wQ "OyO|t
Om x@W ?r=k QO xr�Ut pL pL=Qt 2 pwOH QO 'xr�Ut pL uOw@ |}xrLQtOvJ

"CU= xOW x�=Q=

|OOa p=Ft "4
|k]vt xOW |R=Ux}@W |=yxO=O T=U= Q@ |OOa p=Ft l} CtUk u}= QO
x=o@ w xm |}=yXN=W T=U= Q@ xr�Ut u}= |=yQDt=Q=B "CU= xOW O}rwD
u}= QO "CU= xOW s}_vD 'CU= xOQm u}}aD www.freightmetrics.com.au

ẁv 5 "CU= p=U 10 |R} Qxt=vQ@ ji= w p=U l} |R} Qxt=vQ@ |xQwO Qy 'p=Ft
|=yuU |=Q=O xm x}rkv |xr}Uw ẁv 5 'OvQ=oR=U=v Qo}Oty =@ wOx@ wO xm 'xrwtLt
OL=w 50 x}rkv p}=Uw |xv=}=B C}iQ_ "CU= xOW xDiQo Q_v QO 'OvDUy hrDNt
w x[Qa Q}O=kt xm xOW xDiQo Q_v QO p=Ft u}= QO x[Qa w =[=kD |x]kv 5 "CU=
|=yxv} Ry Q}O=kt "CU= xOW xOR u}tND U(70; 10) `} RwD R= xO=iDU= =@ =[=kD
x=o@ w QO xm |}=yXN=W T=U= Q@ p=Ft u}= QO """ w lqyDU= 'x}=tQU ?=wN
|xOvvmpL j} Q] R= Q_v OQwt |OOa p=Ft "CU= xOW x@U=Lt 'Ov=xOW QmP jwi
pOt "CU= xOW =QH= Gams 23=5 Q=Ri=sQv QO \rDNt K}LY OOa |R} Qxt=vQ@
pOt l} x@ 'C} w[a `@=wD R= xO=iDU= =@ u=wD|t =Q swU |xrLQt QO xOW O=yvW}B
"OQm pL |R=i |v=tQ; |R} Qxt=vQ@ VwQ R= xO=iDU= =@ TBU w OQm p}O@D xiOylD
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"""|
xr�U

txi
Oyw

Ow
|}x

rLQt
xU

|R=
Up

Ot"xar=]t OQwt |xr�Ut pL w |L=Q] pL=Qt Om x@W "2 pwOH
xr�Ut |=Q@ |R} Qxt=vQ@ ji= w |R} Qxt=vQ@ |=yxQwO s}_vD
Si;o;t w Dj;o;t |v}tND Q}O=kt %|OwQw u=tR w |OwQw

pw= |xrLQt

=yxQwO s=tD |=R= x@ w xQwO Qy |=OD@= %xr�Ut pL u=tR xr�Ut pL

=@ |R} Qxt=vQ@ |xQwO Qy |=R= x@ 1 |[=} Q pOt |xv=o =OH pL

hOyOt;QO |x@U=Lt w =yq=m ptL |xv}y@ |wor= |}=U=vW %hOy
|xQwO Qy QO x}rkv |xr}Uw Qy |=R= x@ wor= u}= =@ Q_=vDt

|R} Qxt=vQ@

Qy QO x}rkv |xr}Uw Qy |=R= x@ Ot;QO =} profittk;j T} QD=t
|HwQNswO |xrLQt |OwQw QDt=Q=B u=wva x@ xm |R} Qxt=vQ@ |xQwO

"OwW|t xDiQo Q_v QO

T} QD=t w �i Q}O=kt w profittk;j xOW p=tQv T} QD=t %|OwQw u=tR w |OwQw

swO |xrLQt

profittk;j xOW p=tQv T} QD=t T=U= Q@ xm PTv=} Q=wwm xr�Ut pL"Ov=xOW x@U=Lt
|R} Qxt=vQ@ ji= |=OD@= QO w Q=@m} %xr�Ut pL u=tR

p}=Uw |xv}y@ O@U u}}aD hOy =@ 2 |xrLQt |[=} Q pOt pL
hOyR= pY=L |v}tND Ot;QO T=U= Q@ |R} Qxt=vQ@ ji= |=Q@ x}rkv

1 |xrLQt |xOt; CUO x@ |x}rkv p}=Uw

=} x}rkv |xr}Uw Qy x@ xDi=}X=YDN= |xv}y@ |xHOw@ Q=Okt
|HwQNOwU |xrLQt QO |OwQw |=yQDt=Q=B R= |m} u=wvax@ xm portk

"OwW|t xDiQo Q_v QO

portk w profittk;j xOW p=tQv T} QD=t %|OwQw u=tR w |OwQw

swU |xrLQt

=yxQwO s=tD |=R= x@ w xQwO Qy |=yDv= %xr�Ut pL u=tR xr�Ut pL

'O} QN |=Q@ x}rkv p}=Uw u}@ R= ?U=vt |xv} Ro |}=U=vW
hOyxv}tm w |R} Qxt=vQ@ |xQwO Qy |=yDv= QO VwQi =} |Q=Oyov =}

activek w portk O=OaD |xrY=i uOQm

Qy (rtk;j) O} QN w (ntk;j) uDW=Po xO}=Rt x@ Ov}=Qi |ovwoJ |HwQN|R} Qxt=vQ@ |xQwO |=yDv= QO x}rkv |xr}Uw

"hOy `@=wD R= l} Qy |xv=o =OH |=QH= |=R= x@ xOt; CUO x@ Q}O=kt u}@ |xU}=kt pwOH "3 pwOH
2 hOy `@=D 1 hOy `@=D
8 985443 152 574 (�108) x}rkv p}=Uw R= pY=L OwU ẁtHt "1 hOy `@=D

0 271 s=yU O@U | xr�Ut QO s}tYD Q}eDt Q=Okt R= h=QLv= ẁtHt "2 hOy `@=D
(0; 0; 0; 0=72; 0=28) (0=4; 0=38; 0=16; 0=01; 0=05) (k1; k2; k3; k4; k5) |v=tR |QU QO xOW p=ai x}rkv p}=Uw OYQO

(0; 0; 0; 16; 6) (18; 23; 13; 0; 10) |v=tR |QU QO x}rkv p}=Uw R= l} Qy O} QN C=aiO O=OaD
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|U
Ovyt "|R=i |v=tQ; |R} Qxt=vQ@ |R=Uxv}y@ R= pY=L G}=Dv "4 pwOH

C}=[Q |xHQO R= l} Qy O} QN C=aiO O=OaD u}ov=}t Q=Okt R= h=QLv= Q=Okt "2 hOy `@=D OwU ẁtHt "1 hOy `@=D
(�1; �2)

|v=tR |QU QO x}rkv p}=Uw xv}y@ s=yU O@U R= pY=L (�1010) x}rkv p}=Uw R= pY=L
(k1; k2; k3; k4; k5)

(0=7; 0=93) (10; 6; 0; 15; 10) 19 1 10

pY=L |R} Qxt=vQ@ ji= QO p=ai |x}rkv p}=UwC@Uv u}@|}xU}=kt p}rLD "4 pmW
"hrDNt |=yw} Q=vU QO pOt pL R=

1 C}U=UL p}rLD "1"5
xOW xDiQo Q_v QO 1 pOt QO """ w wWwCUW 'pkvwptL x@ \w@ Qt |=yxv} Ry
Q}=U x@ C@Uv k5 u}W=t w OQ=O OwHw w} Q=vU 5 xm CU= u; Q@ ZQi "CU=
p}=Uw |=Q@ |}=yxv} Ry =OD@= w} Q=vU u}rw= QO "OwW|t lryDUt QDOwR =yu}W=t
\w@ Qt |=yxv} Ry |Oa@ |=yw} Q=vU QO TBU "CU= xOW xDiQo Q_v QO x}rkv
=yxv} Ry V}=Ri= u}= "OwW|t O=} R xDiQ xDiQ k2; : : : ; k5 |x}rkv p}=Uw x@
?}DQDx@ |r@k |=yw} Q=vU QO xm |}=yxv} Ry Q@=Q@ 8 w 6 '4 '2 '1 ?}=Q[ =@
OYQO 4 pmW "OQ}PB|t CQwY 'CU= xOW h} QaD k5 =D k1 |=yu}W=t |=Q@
u=Wv hrDNt |=yw} Q=vU |=R= x@ =Q |R} Qxt=vQ@ ji= QO xOW p=ai x}rkv p}=Uw
xU pOt |=QH= R= TB 'CU= XNWt 4 pmW QO xm Qw]u=ty 'OyO|t
'xDi=}xaUwD pOt xm OwW|t xOy=Wt =yw} Q=vU R= l} Qy |=Q@ xiOywO |}xrLQt
O=yvW}B x}rkv p}=Uw ?}mQD R= 'Qo}O |=yu}W=t Q}=U R= QDOwR =Q k5 u}W=t
Qw;OwU u}W=t u}= '|R} Qxt=vQ@ ji= |] QO xm OvJQy 'Ovm|t hPL xOW

"CU=

2 C}U=UL p}rLD "2"5
C@Uv x@ k3 u}W=t x@ \w@ Qt |=yxv}tR xm CU= u; Q@ ZQi p}rLD u}= QO
|xJQ=Bm} pOt R= xO=iDU= =@ Q_v OQwt |xr�Ut "CU= QDW}@ k1 u}W=t |=yxv} Ry
pOt R= xO=iDU= =@ TBU w x}rkv p}=Uw VwQiwO} QN |=Q@ xiOywO |}xrLQtOvJ
|xrLQt QO xDi=}xaUwD pOt =OD@= QO "CU= xOW pL l}Uqm pkvwptL |R} Qxt=vQ@
OwW|t =QH= pkvwptL CmQW QO x}rkv p}=Uw OwU |wor= u}}aD |=Q@ xr=kt u}= pw=
Qo}O |wU R= "O};|t CUO x@ xQwO Qy |=yDv= QO u}W=t Qy R= pY=L OwU w
l}Uqm pkvwptL pOt R= xO=iDU= =@ pkvwptL CmQW QO x}rkv p}=Uw OwU |wor=
QO pkvwptL |=yxv} Ry \ki 'l}Uqm pkvwptL pOt QO "CU= xOt; CUO x@
k1 |=yu}W=t l} Qy R= pY=L OwU Q}O=kt "OwW|t xDiQo Q_v QO hOy `@=D

|xv=o =OH pL |=R= x@ swO hOy `@=D xv}y@ Q=Okt u}@ |}xU}=kt p}rLD "2 pmW
"|R=i |v=tQ; |R} Qxt=vQ@ pOt pL w hOy `@=wD R= l} Qy

"uwr}UB= C}OwOLt VwQ R= xO=iDU= =@ xOt; CUO x@ |wDQ=B RQt "3 pmW

T=U= Q@ "OQm O=H}= wDQ=B RQt u=wD|t VwQ u}= =@ "OR=OQB|t xiOyOvJ p�=Ut pL x@
"CU= xOW xDiQo Q_v QO swO hOy `@=D |=Q@ uwr}UB= Q=Okt 20 'VwQ u}= swU s=o

"CU= xOy=Wt p@=k 3 pmW QO xOW KQ]t |OOa p=Ft |=Q@ wDQ=B RQt

C}U=UL p}rLD "5
'pw= p}rLD QO "CU= xOW |R} QKQ] C}U=UL p}rLD xU '|HvUQ=@Da= Qw_vtx@
OwW|t xO=O u=Wv w OwQ|t q=@ pw= pOt QO X=N u}W=t l} |=Q@ =yxv} Ry
=yu}W=t Q}=U R= QDOwR u}W=t u=ty 'xiOywO |}xrLQtOvJ pOt pL R= TB xm
=@ xiOywO |}xrLQtOvJ xOW O=yvW}B pOt 'swO p}rLD QO "OUQ|t VwQi x@
pOt OwHw CQwQ[ swU p}rLD QO "CU= xOW xU}=kt l}Uqm pkvwptL pOt
|UQQ@ |iO=YD |R} Qxt=vQ@ uDiQo Q_v QO |=Q@ swO |xrLQt QO Tv=} Q=w u}ov=}t

"OwW|t
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Ot"l}Uqm pkvwptL pOt R= xO=iDU= =@ x}rkv p}=Uw l} Qy R= pY=L |rm OwU w =yxv} Ry "5 pwOH

R= l} Qy |k}kL OwU VwQi R= pY=L OwU x}=tQU ?=wN |xv} Ry lqyDU= |xv} Ry
|=yxv} Ry ẁtHt R= pY=L OwU ẁtHt

(�107) x}rkv xr}Uw |xQwO |=yDv= QO
(�107) (�107)

`@=D QO xOWv xDiQo Q_v QO |=yDv= QO x}rkv p}=Uw

(�107)
pkvwptL pOt hOy p=U 10 |v=tR |QU

(�107) (�107)

22 9766 0 014989 0 040103 0 106973 28 75496 51 86364978 k1

58 61833 0 062234 0 166509 0 442091 30 03883 89 20352382 k2

49 67789 0 24122 0 645393 1 721554 30 78089 82 58450682 k3

"xDi=}xaUwD pkvwptL pOt R= xO=iDU= =@ x}rkv p}=Uw l} Qy R= pY=L |rm OwU w =yxv} Ry "6 pwOH
|k}kL OwU QO VwQi R= pY=L OwU R= l} Qy O} QN |xv} Ry ?=wN |xv} Ry lqyDU= |xv} Ry |=yDv= QO OwU ẁtHt
(�107) (�107) xQwO |=yDv= (�107) x}rkv p}=Uw (�107) x}=tQU (�107) (�107) |v=tR |QU

113 2281 0 208992 0 243398 0 052538 0 029252 133 3443 k1

114 9874 0 625627 0 726737 0 236385 0 149725 115 4764 k2

58 47627 2 902965 3 331577 0 755035 0 460766 60 12068 k3

|R} Qxt=vQ@ pOt R= xO=iDU= =@ u}W=t Qy Ot;QO u}@ |}xU}=kt p}rLD "6 pmW
"xDi=}xaUwD |xiOywO |R=ixU pOt w l}Uqm pkvwptL

|xiOywO pOt 'swU |xrLQt QO "OwW|t xDiQo Q_v QO s=yU O@U |xr�Ut |OwQw
lqyDU= 'x}=tQU ?=wN |xv} Ry uwJ |}=yxv} Ry uDiQo Q_v QO =@ xOW O=yvW}B
R= |y=o ; w OvDUy |irDNt |=yuU |=Q=O xm |}=yu}W=t VwQiwO} QN Ct}k w
VwQiwO} QN |R} Qxt=vQ@ x@ 'swO |xrLQt QO pOt pL R= pY=L |xv}y@ ?}mQD
w xOW O=yvW}B |xiOywO pOt R= xO=iDU= =@ =yxv} Ry Q}O=kt C}=yv QO "OR=OQB|t
l}Uqm pkvwptL pOt QO "OwW|t xU}=kt Qo}Oty =@ pkvwptL |R} Qxt=vQ@ pOt
QO x}rkv p}=Uw uDW=O xov C@=F ZQi =@ x}rkv |xr}Uw Qy R= pY=L OwU Q}O=kt
CUO x@ |rm OwU Q}O=kt w =yxv} Ry "OwW|t x@U=Lt |R} Qxt=vQ@ ji= |=yxQwO s=tD
pkvwptL pOt w l}Uqm pkvwptL pOt pL |=R=x@ x}rkv p}=Uw l} Qy |=Q@ xOt;
OwU u}@ |}xU}=kt p}rLD "CU= xOW xOQw; 6 w 5 pw=OH QO ?}DQD x@ xDi=}xaUwD
O=yvW}B pOt w l}Uqm pkvwptL |R} Qxt=vQ@ pOt wO \UwD xOt; CUO x@ |k}kL
=@ 'CU= XNWt 6 pmW QO xm Qw]u=ty "CU= xOy=Wt p@=k 6 pmW QO xOW

QO xDi=}xaUwD pkvwptL pOt QO x}rkv p}=Uw Ot;QO u}@ |}xU}=kt p}rLD "5 pmW
"l}Uqm pkvwptL |R} Qxt=vQ@ pOt w pw= |xrLQt

|}xrLQtOvJ |xJQ=Bm} pOt |=ypOt R= l} Qy pL w =QH= |=R=x@ k3 w k2 w
QO xm Qw]u=ty "CU= xU}=kt p@=k 5 pmW QO l}Uqm pkvwptL w xiOywO
?}DQD x@ k2 w k1 |=yu}W=t |=Q@ xOt; CUO x@ OwU CU= XNWt 5 pmW
u}ty |=Q@ xOW x@U=Lt OwU R= QDtm w QDW}@ pkvwptL xDi=}xaUwD pOt QO
QO pkvwptL xDi=}xaUwD pOt =Q} R &CU= l}Uqm pkvwptL pOt QO =yu}W=t
p}=Uw x@ \w@ Qt |=yxv} Ry |xty x@v=Hxty CQwYx@ 'xr=kt u}= pw= |xrLQt
C@Uv x@ k3 u}W=t x@ \w@ Qt |=yxv} Ry xm |}=Hu; R= w OQ}o|t Q_v QO =Q x}rkv
Q_=vDt OwU TB &CU= xOW xO=iDU= QDtm u; R= 'CU= QDW}@ k1 u}W=t |=yxv} Ry
QDtm l}Uqm pkvwptL pOt QO xOt; CUO x@ OwU x@ C@Uv u}W=t u}= =@

"CU=
"OwW|t xDN=OQB x}rkv p}=Uw |yOOwU C}a[w p}rLD x@ swO |xrLQt QO
QDt=Q=B u=wvax@ xDi=}xaUwD pkvwptL |R} Qxt=vQ@ pOt |xr}Uwx@ xOW x@U=Lt OwU
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=vY

|U
Ovyt "xiOylD |x}rkv p}=Uw VwQiwO} QN pOt |=QH= R= pY=L G}=Dv "7 pwOH

"1 hOy `@=D x@ xDi=} X=YDN= xHOw@ OYQO xOR=@ u}ov=}t R= pY=L Tv=} Q=w
(�109)

x}rkv |xr}Uw ẁv Qy x}=tQU x}rkv p}=Uw ?=NDv=
(k1; k2; k3)

1 745327 (0=1; 0; 0=9) 0 018392356 1 10

"x}rkv p}=Uw VwQi w O} QN w pkvwptL |R} Qxt=vQ@ xiOywO w xJQ=Bm} pOt |=QH= R= pY=L G}=Dv "8 pwOH
C}=[Q |xHQO 2 hOy `@=D "1 hOy `@=D x@ xDi=} X=YDN= xHOw@ OYQO xOR=@ u}ov=}t R= pY=L Tv=} Q=w

(�1; �2) (�109)
x}rkv |xr}Uw ẁv Qy x}=tQU x}rkv p}=Uw ?=NDv=

(k1; k2; k3)
(0=75; 0=37) 34 1 460264 (0=433; 0; 0=567) 0 011900936 0 71

|Q}oxH}Dv "6
w pkvwptL |R} Qxt=vQ@ |=Q@ xiOywO w |}xrLQtOvJ pOt l} xar=]t u}= QO
pw= |xrLQt QO pOt u}= "CU= xOW x�=Q= x}rkv p}=Uw VwQiwO} QN |R} Qxt=vQ@
uDiQo Q_v QO =@ x}rkv p}=Uw R= l} Qy |=Q@ Q}Ut |xv}y@ |wor= uDi=} p=@vO x@
|=y|HwQN R= xO=iDU= =@ swO |xrLQt QO "CU= CqwYLt |Q=oR=U=v C}OwOLt
|xrLQt QO "OwW|t ?=NDv= x}rkv p}=Uw |xv}y@ O@U pw= |xrLQt QO |[=} Q pOt
|=Q@ |}xiOywO pOt 'swO w pw= |xrLQt |[=} Q pOt |=y|HwQN x@ xHwD =@ swU
xDi=}xaUwD |R} Qxt=vQ@ |xQwO Qy |=yDv= QO x}rkv p}=Uw VwQiwO} QN |R} Qxt=vQ@
|R} Qxt=vQ@ VwQ R= xO=iDU= =@ swU |xrLQt QO xOW x�=Q= |xiOywO pOt "CU=
x@U=Lt hOy `@=wD R= l} Qy |=Q@ C} w[a Q}O=kt w CU= xOW pL |R=i |v=tQ;
Q_v QO pL=Qt R= l} Qy |}=Q=m |xOy=Wt w pOt Q=DiQ |@=} RQ= Qw_vtx@ "CU= xOW
CU= xOW xU}=kt l}Uqm pkvwptL |R} Qxt=vQ@ pOt =@ xDi=}xaUwD pOt xOW xDiQo
^=Lr x@ xDi=}xaUwD pkvwptL |R} Qxt=vQ@ pOt R= xO=iDU= xm OyO|t u=Wv G}=Dv w
|x@U=Lt w w}riDQB pOt hPL =@ Qo}O hQ] R= "Ow@ Oy=wN u=tR=U `iv x@ xv} Ry
|q=@ Q]N =@ xyH=wt R= |Q}owrH |=Q@ xm OW xO=O u=Wv Tv=} Q=w w OwU Q}O=kt
x@U=Lt =Q |Q=Pox}=tQU R= pY=L lU} Q w Tv=} Q=w xm |YN=W O}=@ |Q=Pox}=tQU
xm|}=Hu; R= "OwW xDiQo Q_v QO x}rkv p}=Uw VwQi w O} QN |R} Qxt=vQ@ QO Ovm|t
R= |m} QO |v=O}t C=k}kLD T=U= Q@ xar=]t u}= QO xDiQoCQwY |R=UpOt Ov}=Qi
w CNwU |=yxv} Ry uDiQq=@ x@ xHwD =@ w CU= xDiQo CQwY pkvwptL |=yCmQW
R= xO=iDU= 'Qr} QD =@ x=Qty x}rkv p}=Uw O} QN |=Q@ |Q=Pox}=tQU lU} Q |q=@ Q]N
|=yCmQW u=oOvQ}os}tYD w u=Q=PoCU=}U x@ xar=]t u}= QO xOW x�=Q= |R} Qxt=vQ@

"OwW|t O=yvW}B pkvwptL

O} QN Q@|v@t |=ys}tYD uOQm |}=QH= uwO@ w l}Uqm pkvwptL pOt R= xO=iDU=
x@ |O=} R Q=}U@ |=yxv} Ry xr=U 10 |R} Qxt=vQ@ ji= |] QO x}rkv p}=Uw VwQi =}

"OwW|t p}tLD u=tR=U

3 C}U=UL p}rLD "3"5
sWJ x@ QDW}@ s=yU O@U pOt OwHw CQwQ[ OW=@ O=} R OwU Tv=} Q=w xm|Dr=L QO

"O};|t
hOy `@=D uDiQo Q_v QO =@ \ki x}rkv p}=Uw VwQiwO} QN pOt |=QH= R= TB
u=R}t '|R} Qxt=vQ@ ji= QO xOW xDiQo Q=mx@ |x}rkv p}=Uw O@U uOQw; CUO x@ w pw=
ji= QO xOW |Q=O} QN |x}rkv p}=Uw R= pY=L lU} Q Qo}O CQ=@ax@ =} Tv=} Q=w
pkvwptL |R} Qxt=vQ@ |xiOywO pOt Qo}O hQ] R= "OwW|t x@U=Lt |R} Qxt=vQ@
O=yvW}B |x}rkv p}=Uw R= pY=L lU} Q u=R}t w =QH= x}rkv p}=Uw VwQiwO} QN w

"OwW|t x@U=Lt pOt u}= |xOW
|x}rkv p}=Uw R= pY=L Tv=} Q=w w xOR=@ u}ov=}t Q}O=kt 8 w 7 pw=OH QO
xOW xO=O u=Wv 'CU= xOt; CUO x@ =ypOt l} Qy |=QH= =@ xm xOW ?=NDv=
Q_v QO w s=yU O@U |xr�Ut Ow@v CQwY QO 'OwW|t xOy=Wt xm Qw]u=ty "CU=
CU= xH=wt lU} Q R= |O=} R Q=}U@ Q=Okt =@ u=tR=U 'lU} Q XN=W uDiQov
xmu}= p=L '�CU= 1 10 Cr=L u}= QO xOW x@U=Lt lU} Q XN=W Q=Okt�
OYQO =t= 'Ovm Q_vhQY x}=tQU xOR=@ u}ov=}t R= |OYQO R= Ov=wD|t u=tR=U
lU} Q XN=W Q=Okt "OQ}PBv =Q x}=tQU uDiQ CUO R= Q]N =} lU} Q R= |}q=@
xDi=} Vy=m p@k Cr=L x@ C@Uv xm CU= 0 71 Cr=L u}= QO xOW x@U=Lt

"CU=
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