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WKH ZHLJKWHG 6REROHY VSDFHV DUH SURYHG�
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Lq wkh �iwlhv ri wkh odvw fhqwxu| L1Yhnxd ^48~4:` vxjjhvwhg d qhz pdwkh0
pdwlfdo phwkrg ri hodvwlf sulvpdwlf vkhoov +l1h1/ sodwhv ri yduldeoh wklfnqhvv,
zklfk zdv edvhg rq wkh h{sdqvlrq ri �hogv ri wkh glvsodfhphqw yhfwru/
vwudlq dqg vwuhvv whqvruv ri wkh wkuhh~glphqvlrqdo wkhru| ri olqhdu hodvwlf0
lw| lqwr ruwkrjrqdo Irxulhu~Ohjhqguh vhulhv zlwk uhvshfw wr wkh yduldeoh ri
sodwh wklfnqhvv1 E| wuxqfdwlqj ri wkh fruuhvsrqglqj vhulhv dqg suhvhuylqj
rqo| wkh �uvw Q . 4 whupv ri wkh h{sdqvlrqv kh rewdlqhg wkh vr fdoohg Q 0
wk dssur{lpdwlrq +Q @ 3> 4> 5> � � �,1 Hdfk ri wkhvh dssur{lpdwlrqv frqvlvwv
ri 6Q . 6 htxdwlrqv dqg fdq eh frqvlghuhg dv lqghshqghqw pdwkhpdwlfdo
prgho ri sodwhv1 Wkh �uvw dssur{lpdwlrq +iru Q @ 4, dfwxdoo| frlqflghv
zlwk wkh fodvvlfdo sodwh ehqglqj wkhru|1
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Lq 4<88 L1Yhnxd ^48/49` udlvhg wkh sureohp ri lqyhvwljdwlrq ri fxvshg
vkhoov/ l1h1/ vxfk rqhv zkrvh wklfnqhvv ydqlvkhv rq vrph sduw ri wkh erxqgdu|
ri wkh vkhoo1 Lq wkh vwdwlf fdvh wkh sureohp pdwkhpdwlfdoo| ohdgv wr wkh
txhvwlrq ri vhwwlqj dqg vroylqj ri erxqgdu| ydoxh sureohpv iru hyhq rughu
htxdwlrqv dqg v|vwhpv ri hoolswlf w|sh zlwk rughu ghjhqhudwlrq1

Lq wkh fdvh ri wkh �uvw dssur{lpdwlrq ri L1Yhnxd*v yhuvlrq ri wkh hodvwlf
vkhoo wkhru| +l1h1/ iru Q @ 4, wkh jhqhudo v|vwhp frqvlvwv ri vl{ vhfrqg rughu
gl�huhqwldo htxdwlrqv1 Wklv v|vwhp lv vsolw lqwr wzr dxwrqrprxv v|vwhpv
dqg wkh| duh uhdg dv iroorzv +^49`/ s1:8,=
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zkhuh x�> x2> x�> dqg y�> y2> y� duh xqnqrzq ixqfwlrqv dqg duh fdoohg wkh

prphqwv ri wkh glvsodfhphqw yhfwru/ � dqg � A 3 duh Odp�h*v frqvwdqwv/
[�>[2>[� dqg \�> \2> \� duh wkh Irxulhu~Ohjhqguh prphqwv ri d jlyhq
yroxph irufh/ k lv wkh wklfnqhvv ri wkh sodwh1 Wkh v|vwhp lv frqvlghuhg rq
wkh vr fdoohg plggoh vxuidfh $ ri wkh vkhoo/ zklfk lv dfwxdoo| wkh ruwkrjrqdo
surmhfwlrq ri wkh vkhoo rq wkh sodqh R{|1
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Lq wklv sdshu zh vwxg| wkh fdvh zkhq wkh plggoh vxuidfh $ lv d sodqh
erxqghg grpdlq zlwk d vprrwk erxqgdu| C$ 5 F�/ zkhuh

C$ @ �f ^ ��

�f @ i+{> 3, = d � { � e> d> e 5 LU> d ? ej>

�� @ i+{> |, = +{> |, 5 C$> | � 3j=

�f _ �� @ i+d> 3,> +e> 3,j=
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Lq zkdw iroorzv zh frqvlghu rqo| v|vwhp +414, dqg lqyhvwljdwh wkh Glulfkohw
w|sh erxqgdu| ydoxh sureohp1 Fohduo|/ wklv v|vwhp lv vwurqjo| hoolswlf rq
$ q �f zlwk rughu ghjhqhudwlrq rq �f1

Qrwh wkdw e| gl�huhqw dssurdfkhv wkh vlplodu sureohpv iru wkh }hur +Q @
3, dssur{lpdwlrq duh frqvlghuhg lq wkh uhihuhqfhv ^;043` dqg ^5/7`1 Wkh
v|vwhpv fruuhvsrqglqj wr Q @ 3 dqg Q @ 4 dssur{lpdwlrqv duh hvvhqwldoo|
gl�huhqw e| wkh vwuxfwxuh dqg wkhuhiruh wkh phwkrgv ghyhorshg lq wkh deryh
flwhg sdshuv gr qrw dsso| wr wkh v|vwhp +414,1

2� �� �*�@h) 4@|ih�@*�
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Uhihuhqfhv

41 Ehvre R1Y1/ Lolq Y1S1/ Qlnrovnll V1P1 Lqwhjudo uhsuhvhqwdwlrqv ri ixqfwlrqv

dqg hpehgglqj wkhruhpv1 Prvfrz/ %Qdxnd%/ 4<:8 +lq uxvvldq,1

51 Ghygduldql J1 Rq d v|vwhp ri htxdwlrqv ri hoolswlf w|sh ghjhqhudwlqj rq wkh

zkroh erxqgdu| ri d vprrwk grpdlq1 Vrylhw grnodg|/ 686 +4<<:,/ 8/ 407 +lq

uxvvldq,1

61 Ghygduldql J1 Hoolswlf htxdwlrqv ri vhfrqg rughu zlwk vlqjxodu frh�flhqwv1

Gl�1 Xudy1/ 64+4<<8,/ <30<6 +lq uxvvldq,1

71 Ghygduldql J1 Rq d v|vwhp ri htxdwlrqv ri hoolswlf w|sh ghjhqhudwlqj rq wkh

zkroh erxqgdu| ri wkh uhfwdqjoh1 Gl�1 Xudy1/ 66+4<<:,/ ;<0<8 +lq uxvvldq,

81 Ghygduldql J1Nruq*v zhljkwhg lqhtxdolw|1 Frqwlqlxp phfkdqlfv1 Surfhhg0

lqjv ri Jhrujldq Whfkqlfdo Xqly1/ 4 +4<<:,/ 54058 +lq uxvvldq,1

91 Ilfkhud J1 H{lvwhqfh wkhruhpv lq hodvwlflw|1 Kdqgexfk ghu sk|vln/ Edqg /

Vsulqjhu0Yhuohj/ Ehuolq0Khljhoehuj/ Qhz0\run/ 4<:51

:1 Kdug| J1K1/ Olwwohzrrg M1H1/ Sro|d J1 Lqhtxdolwlhv1 Fdpeulgjh= Fdpeulgjh

Xqly1 Suhvv1/ 4<671

;1 Mdldql J1Y1Wkh �uvw erxqgdu| ydoxh sureohp ri fxvshg sulvpdwlf vkhoo wkhru|

lq }hur dssur{lpdwlrq ri Yhnxd wkhru|1 Surfhhglqjv ri L1 Yhnxd Lqvw1 Dsso1

Pdwk1/ 5<+4<;;,/ 806;1 +lq uxvvldq,

<1 Mdldql J1Y1 Lqlwldo dqg erxqgdu| ydoxh sureohpv iru vlqjxodu gl�huhqwldo

htxdwlrqv dqg dssolfdwlrqv wr wkh wkhru| ri fxvshg eduv dqg sodwhv11Frpsoh{

phwkrgv iru sduwldo gl�huhqwldo htxdwlrqv1 Noxzhu Dfdghplf Sxeolvkhuv1

Gruguhfkw 2 Ervwrq2 Orqgrq/ 4<<</ 446047<1

431 Mdldql J1Y1 Hodvwlf erglhv zlwk qrq0vprrwk erxqgdulhv0fxvshg sodwhv dqg

vkhoov1 ]DPP/ y1 :9 +4<<9,/ 44:04531

441 Qlnrovnll V1P1 Dssur{lpdwlrq ri ixqfwlrqv ri vhyhudo yduldeohv dqg hpehg0

glqj wkhruhpv1 Prvfrz/ %Qdxnd%/ 4<::1 +lq uxvvldq,1

451 Qlnrovnll V1P1/ Ol}runlq S1L1/ Plurvklq Q1Y1 Zhljkw ixqfwlrqdo vsdfhv dqg

wkhlu dssolfdwlrqv iru lqyhvwljdwlrq ri erxqgdu| sureohpv ri ghjhqhudwlqj ho0

olswlf htxdwlrqvhtxdwlrqv1 L}y11 Yl1 Xfk1 ]dy1/ Pdw1/ ; +4<;;,/ 70631 +lq

uxvvldq,1
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461 Uhnwru|v U1 Yduldwlrqdo phwkrgv lq pdwkhpdwlfv/ vflhqfh dqg hqjlqhhulqj1

G1Uhlgho1 Sxeo1 Sruguhfki0Ervwrq/ 4<::1

471 Wulheho K1 Lqwhusrodwlrq wkhru|/ ixqfwlrq vsdfhv/ gl�huhqwldo rshudwruv1 Ehuolq/

%GYZ%/ 4<:;1

481 Yhnxd L1Q1 Rq d zd| ri fdofxodwlqj ri sulvpdwlf vkhoov1 Surfhhglqjv ri

D1Ud}pdg}h Lqvw1 Pdwk1 Jhrujldq Dfdg1 Vfl1 54+4<88,/ 4<4058<1 +lq

uxvvldq,1

491 Yhnxd L1Q1 Wkhru| ri wklq vkdoorz vkhoov zlwk yduldeoh wklfnqhvv1 Surfhhglqjv

ri D1 Ud}pdg}h Lqvw1 Pdwk1 Jhrujldq Dfdg1 Vfl1 63+4<98,/ 40436 +lq

uxvvldq,1

4:1 Yhnxd L1Q1 Vkhoo wkhru|= jhqhudo phwkrgv ri frqvwuxfwlrq1 Slwpdq dgydqfhg

sxeolvklqj surjudp/ Ervwrq0Orqgrq0Phoexuqh/ 4<;81

4;1 Ylvkln P1L1 Erxqgdu| ydoxh sureohpv iru hoolswlf htxdwlrqv ghjhqhudwlqj rq

wkh erxqgdu| ri grpdlq1 Pdwk1 Ve1/ 68+::, +4<87,/ 6/ 846089;1 +lq uxvvldq,1

4<1 Yodglplury Y1V1 Htxdwlrqv ri pdwkhpdwlfdo sk|vlfv 1 Prvfrz/ %Qdxnd%/

4<;;1 +lq uxvvldq,1
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