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%OW=@ Q=QkQ@ 1 |x]@=Q xm OwW|t xO} RoQ@ j w i |xv} RoX

s2S
[p (s) �Rij (s)] > 0 (1)

w OvDi}@ j=iD= CU= umtt xm CU= |}=yCr=L |t=tD xawtHt S 'u; QO xm
s Cr=L xm CU= u; p=tDL= p(s) "CU= u=yH R= xS} w Cr=L l} (s 2 S)s

s |xS} w Cr=L QO =Q j |xv} Ro x@ C@Uv i |xv} Ro CQUL Rij(s) w ODi}@ j=iD=
pOt x@ CQUL pOt 'OW=@ Q=QkQ@ 2 |x]@=Q Qo = xm CU= QmP x@ sRq "OyO|t u=Wv

"O@=}|t pRvD C}@ wr]t
Rij (s) � Uj (s)� Ui (s) (2)

\UwD xOW x�=Q= pOt syt C}OwOLt wO x@ xQ=W= =@ R}v [22]'�2010� TwQm
|iO=YD CQUL |R=Uxv}tm |=Q@ |O}OH pOt [20]'�2008� u=Q=mty w TwQm
x@ C@Uv \ki CQUL |r@k pOt xm CU= u; C}OwOLt u}rw= "CU= xOQm x�=Q=
xm |r=L QO "CU= Q=_Dv= OQwt =} 'OwW|t x@ QHD u}W}B |=yxv} Ro R= xv} Ro u} QDy@
'Ovm pta ?NDvt |xv} Ro R= QDy@ xm 'xv} Ro Qy OwHw xm OvyO|t u=Wv C=Oy=Wt
\UwD xOW x@ QHD CQUL x@ 'OW=@ xv} Ro u} QDy@ R= QDh}a[ u; OQmrta OvJ Qy
\UwD xOW x�=Q= p=tDL= `@=D xm CU= u}= swO C}OwOLt "OvR|t ut=O xOvQ}os}tYD
O=H}= |v=UWm w |}x}W=L Q=F; R= |Q}ojDWt QO xm 'CU= 18Q=wtyQ}e 'u}W}B pOt
OwHwt |=yQ=Ri=sQv R= u=wDv pOt pL |=Q@ xm OwW|t ?Hwt u}= w Ovm|t p=mW=
QO [20]'�2008� TwQm "OQ@ Q=mx@ =Q T} wvCUO |=yOm O}=@ Q=J=v x@ w OQm xO=iDU=

%CU= xOQm h} QaD 3 |x]@=Q CQwYx@ =Q i CQUL 'O}OH pOt
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u=Wv =Pr "Ovvm sy=Qi |QDW}@ C}=[Q 'xOWv ?=NDv= |=yxv} Ro xm OR}yQB@ |Dr=L
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"OQw; CUO x@ Srs [Crs (x)] |=Q@ |L} QY |x]@=Q u=wD|tv CQwY u}= QO =Q} R
j@=]t |iO=YD CQUL |Qw�D R= |O}OH h} QaD Q[=L VN@ QO p}rO u}ty x@

%CU= xOW x�=Q= 11 |x]@=Q

Rrsi =
kX
j=1
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Crsi � Crsj � (11)

p}O@D ?} Q[ � 's OYkt x@ r -=O@t R= i Q}Ut QiU |xv} Ry 'Crsi u; QO xm
`k=w QO "CU= rs OYkt - -=O@t GwR u}@ |=yQ}Ut O=OaD k w CQUL x@ xv} Ry
Cw=iD =@ s}kDUt |x]@=Q Q@ Q=m \UwD xOW lQO CQUL u=R}t OwW|t ZQi
|@=NDv= Q}Ut QO QiU |xv} Ry w OQ=O =yQ}Ut Q}=U =@ |@=NDv= Q}Ut QiU |xv} Ry
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�(Crsi �Crsj )
! (12)

C}=[Q `@=D '=]N w |aU VwQ R= xO=iDU= =@ w 12 |x]@=Q R= |Q}op=QoDv= =@
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CUO x@ 15 |x]@=Q R= Crsi w CU= a u=tm QiU u=tR ta w u=} QH xa

%CU= 8 |x]@=Q pmW x@ i |xv} Ro ?=NDv= p=tDL= ?}DQD u}= x@
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u}=Q@=v@ w OQ=Ov xDU@ pmW l} xm CU= u}= TwQm \UwD xOW x�=Q= pOt pmWt
|R=UpOt |=Q@ xm@W |L=Q] |xr�Ut u}}=B K]U QO =Q u; |oO=U x@ u=wD|tv
|=Q@ |@U=vt |xDU@ sQi 'Q[=L Q=DWwv QO "OQ@ Q=m x@ l}i=QD |rO=aD |=yu=} QH
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qrsSrs [Crs (x)] +
X
x

xata (xa)�X
a

Z xa

0
ta (!) d!
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pOt "Ow@ Oy=wN C0a0 u=tm C}iQ_ 'xLv=U ẁkw \}=QW QO "OwW|t xDiQo Q_v QO
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Cr=L x@ =Q xm@W w C} Q}Ot =Q xLv=U |QDtm u=tR QO Ov=wD|t xm@W C} Q}Ot u;

"Ov=OQoR=@ |O=a
"CU= uDNwOv= swyit 'OQ=O xQ=W= u; x@ [14]'�2000� Rw} Q xm |Qo}O swyit
|=Q@ "OW=@ Q}PBu=mt= u} Ro}=H Q}Ut R= xO=iDU= 'CUmW RwQ@ R= TB xm =vat u}O@
|=yu=} QH R=C}=tL |=Q@ |i=mC}iQ_ O}=@ xm@W QO =yu=tm 'swyit u}= |R=UxO=}B
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"CU=

p}rLD w x} RHD w G}=Dv "4
QO xDi=} xaUwD |=ypOt T=U= Q@ xm@W |xDUw}B |L=Q] |xr�Ut '|vwvm VN@ QO
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w xQo 6 R= pmWDt '�1 pmW� CU= xOW x�=Q= �1986� u=Q=mty w pwm} Q}Uv=wU

%OwW|t u=}@ 34 |x]@=QCQwYx@ u=tm Qy QiU u=tR `@=D "CU= u=tm 16
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�
xa
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��
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5 9 3 3 3
4 4 20 4 4
9 3 50 5 5
1 2 20 2 6
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3 10 1 1 8
2 45 8 3 9
5 3 3 3 10
6 2 2 9 11
8 6 10 4 12
5 44 25 4 13
3 20 33 2 14
6 1 5 5 15
1 4=5 1 6 16
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&xHOw@ u=R}t %B
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X
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s:t: ymin � ya � ymax ; a 2 A (28)X
a2A

Ga (ya) � B (29)

%OwW|t h} QaD 33 |r= 30 |=yx]@=Q CQwYx@ x = x (y) 'u; QO xm
minZ = �P

rs
�qrs0@ 1

krs�

0@ln

0@krsP
i=1

e
krs�

 P
j 6=i

Crsj

!1A� krsP
i=1

krs� Crsi i

1A1A
+
P
x
xata (xa)�P

a

R xa
0 ta (!) d!

(30)

Cpa0 = Cp0a0 ; a0 2 A (31)

� � � � 1 (32)

Crsi =
X
a

Ca (xa) �rsa;i (33)
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"Ow@y@ R= V}B xm@W |=yu=tm |=Q@ |Q@DU XN=W "4 pwOH
|Q@DU XN=W QiU u=tR u=tm

xLv=U R= TB xLv=U R= V}B xLv=U
0 0000 336 7214 336 7214 1

443 5043 780 2257 336 7214 2
124; 774=9886 125; 111=7100 336 7214 3

0 0000 336 7214 336 7214 4
0 0000 336 7214 336 7214 5
21 3084 358 0298 336 7214 6
�0 0989 336 6225 336 7214 7

2; 105=3121 2; 442=0334 336 7214 8
20; 066=1499 20; 402=8713 336 7214 9

0 0000 336 7214 336 7214 10
0 0000 336 7214 336 7214 11
9 4583 346 1797 336 7214 12

4; 426=4622 94; 763=1836 336 7214 13
444 6220 781 3434 336 7214 14
109 5760 446 2974 336 7214 15

497; 429=7386 497; 766=4600 336 7214 16

QO u=tm C}iQ_ �20 \ki Qo = "CU= xO=O u=Wv u=tm O=OUv= u=R}t Q}}eD x@ =Q
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"Ow@ Oy=wN u=Um}
xm '=[=kD R= |WN@ xm CU= xOW sy=Qi u=mt= u}= xDi=} xaUwD pOt QO u}vJty
CU=[=kD R= |D@Uv � "OwW OQ=w pOt QO 'OwW|tv xO=O MU=B xLv=U ẁkw p}rO x@
CU=vat u=O@ w CU= 1 u; |q=@ u=Qm '26 |x]@=Q j@=]t "OwW xO=O MU=B O}=@ xm
R= |D@Uv |xv}tm '�� u=ty =}� � u}}=B u=Qm "OwW xO=O MU=B =[=kD |t=tD xm
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xm CU= C@=F |}=yu=tm |=Q@ '4 pwOH QO xr�Ut |q=@ K]U hOy `@=D 'OwW|t

"CU= |R}J=v Q=}U@ Q=Okt =} QiY =yv; |Q@DU XN=W
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|DL p}rO u}ty x@ "CU= QiY Q@=Q@ 'CU= xO=Ov MQ xm@W QO |}xLv=U I}y xm
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|=yw} Q=vU CLD xr�Ut |q=@ K]U hOy `@=D |xv}y@ Q}O=kt Q}}eD '2 pmW QO
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