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Wklv glvvhuwdwlrq lv frqfhuqhg zlwk wkh wxqlqj ri �{hg0vwuxfwxuh frqwuroohuv dqg lwv dssol0

fdwlrq lq wkh ghvljq ri wudfn0iroorzlqj frqwuroohu iru kdug glvn gulyhv1

Lqvwhdg ri exloglqj wkh frqwuroohu rq dq ryhu0vlpsol�hg qrplqdo sodqw/ d frpsuh0

khqvlyh phwkrg ri vwdwlvwlfdoo| prgholqj d odujh qxpehu ri gulyhv lv frqvlghuhg1 Wkh prgho

lv exlow edvhg rq wkh ghfrpsrvlwlrq ri SHVv +srvlwlrq huuru vljqdov, froohfwhg iurp pxowlsoh

gulyhv1 Lw fdq eh xvhg wr suhglfw wkh wlph0grpdlq shuirupdqfh ri d srsxodwlrq ri gulyhv

zlwk d jlyhq frqwuroohu lq whupv ri wkh phdq ydoxh ri yduldqfh ri SHV dqg wkh yduldqfh ri

yduldqfh ri SHV/ zlwkrxw whglrxv wlph0grpdlq vlpxodwlrqv1

Wkh sdudphwhu rswlpl}dwlrq ri �{hg0vwuxfwxuh frqwuroohu lv ri juhdw lqwhuhvw lq

frqwuro sudfwlfh1 Gxh wr wkh vwuxfwxuh dqg rughu olplwdwlrqv/ wkh sureohp fdqqrw eh sd0

udphwhul}hg dv d frqyh{ rswlpl}dwlrq sureohp1 D odujh qxpehu ri dssurdfkhv irfxv rq

pdnlqj wkh rswlpl}dwlrq d frqyh{ rqh wkurxjk dssursuldwh sdudphwhul}dwlrq dqg dssur{0
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lpdwlrq1 Wkh prwlydwlrq lv wkdw wkhuh duh h�hfwlyh dqg srzhuixo dojrulwkpv wr vroyh wkh

frqyh{ rswlpl}dwlrq sureohp1 Wklv glvvhuwdwlrq ghyhorsv d PRJD +pxowl0remhfwlyh jhqhwlf

dojrulwkp, wr gluhfwo| vroyh wkh pxowl0remhfwlyh qrq0frqyh{ rswlpl}dwlrq sureohp1 Wkh

srsxodwlrq0edvhg qdwxuh ri wkh PRJD hqdeohv wkh hyroxwlrq ri d vhw ri Sduhwr0rswlpdo vr0

oxwlrqv zlwkrxw uhtxlulqj zhljkwv ehiruh rswlpl}dwlrq1 Ixuwkhupruh/ gxh wr wkh vwrfkdvwlf

qdwxuh ri vhdufk phfkdqlvp/ wkh PRJD lv pruh olnho| wr �qg wkh joredo rswlpxp wkdq

frqyhqwlrqdo rswlpl}dwlrq phwkrgv lq d qrq0frqyh{ vhdufk vsdfh1 Dv vkrzq e| vlpxodwlrqv

dqg h{shulphqwv/ wkh sursrvhg phwkrg lv fdsdeoh ri rswlpl}lqj wkh frqwuroohu lq d odujh

udqjh lq zklfk judglhqw0edvhg phwkrgv jhqhudoo| idlo1

Zkloh wkh judglhqw0edvhg whfkqltxhv odfn urexvwqhvv ryhu joredo qrq0frqyh{ rswl0

pl}dwlrq sureohpv dqg duh vhqvlwlyh wr lqlwldo vwduwlqj srlqwv/ wkh| duh pruh h!flhqw wkdq

wkh PRJD lq orfdo �qh0wxqlqj vhdufk1 Wkhuhiruh wklv glvvhuwdwlrq sursrvhv d wzr0skdvh

dojrulwkp frpelqlqj wkh dgydqwdjh ri wkh PRJD dqg wkh judglhqw0edvhg whfkqltxhv wr

ixuwkhu lpsuryh wkh vroxwlrq txdolw| dqg frpsxwdwlrqdo h!flhqf|1

Wklv glvvhuwdwlrq dovr surylghv d v|vwhpdwlf dqdo|vlv ri wkh vwdwh wuxqfdwlrq huuruv

dvvrfldwhg zlwk wkh gljlwdo lpsohphqwdwlrq ri wkh wudfn iroorzlqj frqwuroohu1

Dowkrxjk wkh phwkrgv suhvhqwhg lq wklv glvvhuwdwlrq duh ghylvhg wr eh dssolhg lq

wkh ghvljq ri KGG wudfn iroorzlqj frqwuroohuv/ wkh pdwkhpdwlfdo wuhdwphqw hpsor|hg lv

jhqhudo dqg dssolfdeoh wr rwkhu hqjlqhhulqj dssolfdwlrqv1

Surihvvru Pdvd|rvkl Wrpl}xnd

Glvvhuwdwlrq Frpplwwhh Fkdlu
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Olvw ri Iljxuhv yll

Olvw ri Wdeohv {

4 Lqwurgxfwlrq 4

414 Edfnjurxqg dqg Prwlydwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

415 Sureohp Ghvfulswlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

416 Suhylrxv Uhvhdufk :

41614 Suhylrxv Uhvhdufk rq Prgholqj KGGv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

41615 Suhylrxv Uhvhdufk rq Rswlpl}dwlrq ri Il{hg Vwuxfwxuh Frqwuroohuv 1 ;

417 Frqwulexwlrq ri Glvvhuwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

418 Rxwolqh ri Glvvhuwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

419 Qrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

5 Kdug Glvn Gulyh Vhuyrphfkdqlvpv 49

514 Ryhuylhz ri Kdug Glvn Gulyhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

515 Srvlwlrq Vhqvlqj ri Uhdg2Zulwh Khdgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

516 Srvlwlrq Huuru Vljqdo dqg Wudfn Plv0Uhjlvwudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

517 Ghvljq Fkdoohqjhv iru KGG Vhuyr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

51714 Shuirupdqfh Vshfl�fdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

51715 Ghvljq Wudgh0r�v 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

518 Ghvljq Whfkqltxhv iru Wudfn0iroorzlqj Frqwuroohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

51814 SLG 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

51815 OTJ2OWU 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

51816 K" Orrs0vkdslqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

519 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

6 Rqh Prgho iru D Srsxodwlrq ri Gulyhv 6;

614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

615 Suholplqdulhv ri Vwdwlvwlfdo Vljqdo Surfhvvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

616 Wudqvihu Ixqfwlrq Hvwlpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

61614 Vzhsw0vlqh Hvwlpdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
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61615 Eurdgedqg IIW 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

617 Qrplqdo Olqhdu Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

61714 Sodqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

61715 Il{hg0Vwuxfwxuh Frqwuroohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

618 Ghfrpsrvlwlrq ri Srvlwlrq Huuru Vljqdov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

619 WPU v|qwkhvlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

61: H{shulphqwdo Yhul�fdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

61; Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

7 Pxowl0remhfwlyh Wxqlqj ri Il{hg Vwuxfwxuh Frqwuroohu :7

714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

715 Suholplqdulhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

716 Ryhuylhz ri Rswlpl}dwlrq Whfkqltxhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

71614 Judglhqw0edvhg Dojrulwkpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

71615 Qrq0judglhqw0edvhg Ghwhuplqlvwlf Vfkhphv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

71616 Qrq0judglhqw0edvhg Vwrfkdvwlf Dojrulwkpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

717 Pxowl0remhfwlyh Rswlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

71714 Zhljkwhg Vxp Vwudwhj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

71715 %�Frqvwudlqw Vwudwhj| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

71716 Jrdo Dwwdlqphqw Surjudpplqj +JDS, Vwudwhj| 1 1 1 1 1 1 1 1 1 1 1 ;;

71717 Olqhdu Pdwul{ Lqhtxdolwlhv +OPLv, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4

718 Sdudphwhul}dwlrq ri Il{hg Vwuxfwxuh Frqwuroohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

71814 Frqyh{ Sdudphwhul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

71815 Gluhfw Rswlpl}dwlrq e| Qrq0judglhqw Phwkrgv1 1 1 1 1 1 1 1 1 1 1 1 1 <9

719 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

8 Sdudphwhu Rswlpl}dwlrq e| Pxowl0Remhfwlyh Jhqhwlf Dojrulwkp 433

814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

815 Jhqhudo Jhqhwlf Dojrulwkpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

81514 Frglqj= Iurp Elqdu| wr Uhdo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

81515 Lqlwldo Srsxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437

81516 Frvw Ixqfwlrq dqg Frqvwudlqw Kdqgolqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

81517 Ilwqhvv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

81518 Jhqhwlf Rshudwruv= Vhohfwlrq/ Furvvryhu/ dqg Pxwdwlrq 1 1 1 1 1 1 1 43:

81519 Vroylqj d Ehqfkpdun Sureohp e| JD 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

816 Pxowl0Remhfwlyh Jhqhwlf Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 448

81614 Frvw Ixqfwlrqv ri Pxowl0remhfwlyh JDS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449

81615 Sduhwr Udqnlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:

81616 Udqn0edvhg Ilwqhvv Dvvljqphqw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44;

81617 Lqwud0Udqn Ilwqhvv Vkdulqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44<

81618 Holwlvp dqg Udqgrp Pljudqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

817 H{dpsoh= Rswlpl}dwlrq ri KGG Frqwuroohu Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 454

818 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 457
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9 D Wzr0Skdvh Rswlpl}dwlrq Dojrulwkp 459

914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459

915 Qrqolqhdu Jrdo Dwwdlqphqw Surjudpplqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45:

916 Wzr0Skdvh Rswlpl}dwlrq Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<

917 H{dpsoh= Rswlpl}dwlrq ri KGG Frqwuroohu Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 464

918 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

: Plqlpl}h wkh Vwdwh Wuxqfdwlrq Huuru 468

:14 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 468

:15 Wuxqfdwlrq Qrlvh Sursdjdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 469

:16 Lpsohphqwdwlrq Vwuxfwxuh Rswlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

:17 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 479

; Frqfoxvlrqv dqg Vxjjhvwlrqv iru Ixwxuh Uhvhdufk 47;

;14 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47;

;15 Vxjjhvwlrqv iru Ixwxuh Uhvhdufk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 483

Eleolrjudsk| 486

D Frghv ri Pxowl0remhfwlyh Jhqhwlf Dojrulwkp 4:5
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414 W|slfdo  rzfkduw ri frqwuro v|vwhp ghvljq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9

415 D vlpsoh glvfuhwh0wlph VLVR v|vwhp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

416 Olqhdu iudfwlrqdo wudqirupdwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

514 D w|slfdo urwdu| vhuyrphfkdqlvp ri prghuq kdug glvn gulyhv1 1 1 1 1 1 1 1 1 4:

515 LEP kljko| frpsdfw 40lq PlfurgulyhWP +frxuwhv| LEP/ Vdq Mrvh, 1 1 1 1 1 4:

516 Hpehgghg vhuyr vfkhph= khdg srvlwlrq lv phdvxuhg e| uhdglqj edfn wkh vhuyr

lqirupdwlrq hpehgghg ehwzhhq gdwd vhfwruv1 Wzr khdg srvlwlrqv duh vkrzq/

rqh rq wudfn dqg rqh r� wudfn1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

517 Jhqhwlf glvn gulyh v|vwhp +Frxuwhv| Wh{dv Lqvwuxphqwv,1 1 1 1 1 1 1 1 1 1 1 1 54

518 SHV lv d }hur phdq Jdxvvldq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

519 Wkh uhodwlrqvkls ehwzhhq ydulrxv wudfn srvlwlrqv dqg srvlwlrq huuruv1 1 1 1 1 56

51: D w|slfdo eorfngldjudp ri glvn gulyh vhuyr v|vwhp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

51; Pl{hg0vhqvlwlylw| K" frqwuro iru wudfn iroorzlqj frqwuro1 1 1 1 1 1 1 1 1 1 1 69

614 Wkh wlph0frqvxplqj wlph grpdlq vlpxodwlrq lv wkh erwwohqhfn1 Dovr/ lw grhv

qrw gluhfwo| jlyh gluhfwlrq wr rswlpl}hu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

615 D qhz ghvljq vfkhph xvlqj gluhfw WPU surmhfwlrq lq wkh rswlpl}dwlrq orrs1 73

616 Lghqwli| wkh KGG sodqw g|qdplfv e| d wzr0vwhs vzhsw0vlqh dssurdfk1 1 1 1 1 79

617 D lqwdfw v|vwhp LG edvhg rq wkh eurdgedqg IIW whfkqltxh1 1 1 1 1 1 1 1 1 1 7;

618 Lghqwl�fdwlrq ri sodqw wudqvihu ixqfwlrq e| wkh vzhsw0vlqh whfkqltxh dqg wkh

eurdgedqg IIW phwkrg1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

619 Glvfuhwh0wlph KGG vhuyr prgho zlwk oxpshg glvwxuedqfhv1 1 1 1 1 1 1 1 1 1 83

61: Vlpsol�hg sodqw prgho iru wudfn0iroorzlqj1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

61; Sodqw prgho ydolgdwlrq wkurxjk dsso|lqj eurdg0edqg IIW whfkqltxh wr d

qxpehu ri gulyhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 87

61< Wkh irxu orzhvw prghv/ +3/3, dw 93; K}/ +3/4, dw 94< K}/ +3/5, dw :5< K}/ dqg

+3/6, dw 449; K} duh wkh prvw vljql�fdqw WPU frqwulexwruv1 1 1 1 1 1 1 1 1 1 88

6143 Dyhudjlqj SHV wudfhv ryhu pxowlsoh uhyroxwlrqv vhshudwhv wkh uhshdwdeoh frp0

srqhqwv iurp wkh qrq0uhshdwdeoh sduwv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

6144 Wkh yduldqfh ri SHV lv qrw d frqvwdqw exw d udqgrp yduldeoh1 1 1 1 1 1 1 1 1 8;

6145 Wkh SVG ri UUR edvhg rq 7; SHV wudfhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<
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6146 Wkh SVG ri uhshdwdeoh srvlwlrq glvwxuedqfh lv uhfryhuhg iurp SVG+UUR,1

Wkh pdjqlwxgh ri elq kdv d Zhlexoo glvwxuedqfh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

6147 Wkh udqgrp yduldeoh xvhg wr ghqrwh wkh pdjqlwxgh ri hdfk UUR elq kdv d

Zhlexoo glvwulexwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

6148 Erwk phdvxuhphqw qrlvh q6 dqg wrutxh glvwxuedqdfh g| duh dvvxphg wr eh

zklwh qrlvhv1 Wkh �wwlqjv wr wkh edvholqh ri QUUR duh froruhg yhuvlrqv ri

Q6 dqg G|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

6149 Wkh vhwxs iru prgho ydolgdwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

614: Qlqh prghov duh exlow e| uhshdwlqj wkh exloglqj surfhvv rq wkh vdph hljkw

gulyhv zlwk qlqh gl�huhqw orrs jdlqv nf
,JJR

�^31<5 31<7 31<9/ 31<;/ 4133/ 4135/

4137/ 4139/ 413;`1 Wkh wuhqg suhglfwhg e| prghov pdwfkhv wkh h{shulphqwdo

uhvxowv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

614; Wkh suhglfwhg wuhqg ri phdq+�2
Rer

, dqg vwg+�2
Rer

, e| ydu|lqj n,JJR1 1 1 1 1 1 :4

614< Wkh suhglfwhg wuhqg ri phdq+�2
Rer

, dqg vwg+�2
Rer

, e| ydu|lqj n@1 1 1 1 1 1 1 1 :5

6153 Wkh suhglfwhg wuhqg ri phdq+�2
Rer

, dqg vwg+�2
Rer

, e| ydu|lqj nK1 1 1 1 1 1 1 1 :5

714 Gl�huhqw phwkrgv ri ghdolqj zlwk pxowlremhfwlyh rswlpl}dwlrq sureohpv1 Wkh

xsshu sduw lv wkh frqyhqwlrqdo zhljkwlqj0edvhg phwkrg dqg wkh orzhu sduw lv

wkh Sduhwr0edvhg dssurdfk1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

715 Dq h{dpsoh ri Sduhwr rswlpdolw|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

716 Wkh frqyh{ wudgh0r� erxqgdu| lv dffhvvleoh e| ydu|lqj zhljkwlqjv1 1 1 1 1 1 ;9

717 Vrph wudgh0r� vroxwlrqv rq wkh qrqfrqyh{ erxqgdu| duh qrw dffhvvleoh e|

ydu|lqj z1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

718 Uhgxfwlrq surfhgxuh +d, G|qdplf rxwsxw ihhgedfn frqwuro> +e, Ghfrpsrvl0

wlrq> +f, Dxjphqwdwlrq> +g, Vwdwlf rxwsxw ihhgedfn frqwuro1 1 1 1 1 1 1 1 1 1 <6

814 Wkh  rzfkduw ri d vlpsoh jhqhwlf dojrulwkp iru sdudphwhu rswlpl}dwlrq1 Lw

lv hdvlhu wr h{hpsoli| jhqhwlf rshudwlrqv e| xvlqj wkh elqdu| frglqj1 1 1 1 1 434

815 Dq h{dpsoh ri �wqhvv dvvljqphqw iru d plqlpl}lqj sureohp zlwk srvlwlyh

vhplgh�qlwh remhfwlyh ixqfwlrq1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

816 Wkh suredelolw| ghqvlw| ri !+{> }, zlwk uhvshfw wr hyroylqj jhqhudwlrq w zkhq

e@51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

817 Wkh suredelolw| ghqvlw| ri !+{> }, zlwk uhvshfw wr hyroylqj jhqhudwlrq w zkhq

e@81 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

818 Wkh looxvwudwlrq ri wkh qrq0frqyh{ rswlpl}dwlrq h{dpsoh lq Ht1 +818, zkhq

q@41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

819 Wkh uljkw fkrlfh ri wkh srsxodwrq vl}h lq rqh jhqhudwlrq dqg wkh qxpehu ri

jhqhudwlrqv lv yhu| lpsruwdqw lq JDv1 Doo wuldov kdyh d wrwdo ri 6333 vdpsohv1 445

81: Xsrq dsso|lqj wkh JD wr vroyh wkh jlyhq h{dpsoh/ wkh uhodwlrqvkls ehwzhhq

wkh wlph wr frqyhujhqfh + m{�bJR|m ? 433� , dqg wkh ghplqvlrq ri vhdufk vsdfh
lv doprvw olqhdu1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 446

81; Wkh  rz fkduw ri PRJD zlwk holwlvp dqg udqgrp lpljudqwv1 1 1 1 1 1 1 1 1 44:

914 Jrdo dwwdlqphqw phwkrg zlwk wzr remhfwlyhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45;
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915 Zkhq JDS lv vroyhg e| VTS/ vwduwlqj iurp wkh vxe0rswlpdo vhw ri PRJD

hqkdqfhv wkh srvvlelolw| ri uhdfklqj Sduhwr0rswlpdo vxuidfh1 1 1 1 1 1 1 1 1 1 463

:14 Fdvfdgh irup lpsohphqwdwlrq ri wudfn iroorzlqj frqwuroohu1 1 1 1 1 1 1 1 1 1 1 469

:15 Lghqwl�fdwlrq ri vwdwh wuxqfdwlrq qrlvh vrxufh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

:16 Fdvfdgh irup= olqhdu prgho soxv txdqwl}dwlrq qrlvh vrxufhv1 1 1 1 1 1 1 1 1 1 46<

:17 Qrlvh wudqvihu ixqfwlrqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473

:18 Srzhu vshfwudo ghqvlw| ri vkdshg qrlvh vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

:19 Olqhdu prgho ri gluhfw LLU irup zlwk qrlvh vrxufhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477

:1: Xvh d vfdolqj frxsoh wr dwwhqxdwh wkh wuxqfdwlrq qrlvhv1 1 1 1 1 1 1 1 1 1 1 1 477

:1; IIW frpsrqhqwv ri SHV iru gl�huhqw lpsohphqwdwlrqv +H{shulphqw, 1 1 1 479
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614 Sodqw sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

615 KVD prghv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86

616 Dffxudf| hydoxdwlrq ri Prgholqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

617 Hydoxdwlrq ri SHV suhglfwlrq fdsdelolw| +n,JJR @ 4=39nf
,JJR

, 1 1 1 1 1 1 1 1 1 :3

714 D vxppdu| ri hyroxwlrqdu| dojrulwkpv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

715 PRS dqg pxowl0remhfwlyh JDS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

814 Wkh frpsxwdwlrqdo frvw dqg vroxwlrq txdolw| y1v1 wkh qxpehu ri jhqhudwlrqv

dqg srsxodwlrq vl}h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

815 Urexvwqhvv frpsdulvrq zlwk rwkhu dojrulwkpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 444

816 Uhodwlrq ehwzhhq jrdov ri JDS dqg frvw ixqfwlrqv ri PRJD 1 1 1 1 1 1 1 1 449

817 PRJD frq�jxudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454

818 Shuirupdqfh frpsdulvrq ehiruh dqg diwhu PRJD rswlpl}dwlrq 1 1 1 1 1 1 1 457

914 Wzr0skdvh dojrulwkp= PRJD frq�jxudwlrqv lq skdvh rqh 1 1 1 1 1 1 1 1 1 464

915 Wkh uhvxow ri vroylqj JDS e| VTS kljko| ghshqgv rq vwduwlqj srlqw 1 1 1 1 465

916 Shuirupdqfh frpsdulvrq dprqj gl�huhqw frqwuroohuv1 1 1 1 1 1 1 1 1 1 1 1 1 466

:14 Yduldqfh shufhqwdjh ri vwdwh wuxqfdwlrq qrlvhv lq wrwdo SHV= Fdvfdgh irup

+Vlpxodwlrq, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474

:15 Yduldqfh shufhqwdjh ri vwdwh wuxqfdwlrq qrlvhv lq wrwdo SHV zlwk gl�huhqw

rswlpl}dwlrq vfkhphv +Vlpxodwlrq, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
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P| iruhprvw wkdqnv jr wr p| uhvhdufk dgylvru/ Surihvvru Pdvd|rvkl Wrpl}xnd/ iru klv

frqvlvwhqw vxssruw dqg jxlgdqfh wkurxjkrxw p| judgxdwh fduhhu1 L zrxog olnh wr h{whqg

p| vlqfhuh dssuhfldwlrq wr Surihvvru Dqguhz Sdfndug zkr lv dozd|v dydlodeoh wr khos ph1 L

dovr wkdqn Surihvvru Gdylg Wvh iru uhdglqj p| glvvhuwdwlrq dqg iru ehlqj lq p| txdoli|lqj

h{dplqdwlrq frpplwwhh1

P| judgxdwh vwxg| zdv vxssruwhg e| Frpsxwhu Phfkdqlfv Oderudwru| ri wkh

Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh| dqg Pd{wru Frusrudwlrq1 Ixqglqj iru wklv glvvhuwdwlrq

uhvhdufk zdv surylghg e| Pd{wru1 L zrxog olnh wr jlyh p| dssuhfldwlrq wr p| froohdjxhv

dw Pd{wru*v Dgydqfhg Whfkqrorj| Jurxs/ hvshfldoo| Gu1 Olq Jxr iru klv juhdw ohdghuvkls

dqg Gu1 Kr Vhrqj Ohh/ \x Vxq/ [ldrslqj Kx/ Zhl Jxr/ dqg Gdylg Wxqj iru wkhlu jhqhurxv

khos1

L zrxog olnh wr r�hu p| judwlwxgh wr doo wkh ihoorz odepdwhv/ Huzlq Vdwu|d Exglpdq/

Gu1 Fduor Forhw/ Mldjhq Glqj/ Gu1 Ndl0Whq Ihqj/ Gu1 \xslqj Jx/ Mlkxd Kxdqj/ Gu1 Vrlfkl

Ledudnl/ Grqj0Mxq Ohh/ Ox Ol/ Jxdqj Ox/ Gu1 Fudlj Vplwk/ Vkdvklndqwk Vxu|dqdud|dqdq/

\h Vkhqj/ Gu1 Phlkxd Wdl/ Gu1 Mhqj0\x Zdqj/ U|dq Zd|qh Zklwh/ Gu1 Ol \l/ dqg Nxq

]krx zlwk zkrp L kdg wkh juhdwhvw wlph1

L ghhso| dssuhfldwh p| zlih/ Edrfkxq Olx/ iru khu oryh dqg vxssruw1 L zrxog olnh

wr wkdqn doo p| idplo| phpehuv/ p| prwkhu Vklidqj/ idwkhu Tlqjjdqj/ dqg eurwkhu Grqj

iru doo wkhlu vho hvv oryh/ sdwlhqfh dqg hqfrxudjhphqw1
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Kdug glvn gulyhv +KGGv, kdyh d vkruw exw idvflqdwlqj klvwru|1 Vlqfh LEP lqyhqwhg

wkh �uvw frpsxwhu glvn vwrudjh v|vwhp/ wkh 638 UDPDF +Udqgrp Dffhvv Phwkrg ri Df0

frxqwlqj dqg Frqwuro, lq 4<89/ KGGv kdyh hyroyhg iurp d prqvwurvlw| zlwk �iw|/ wzr0ihhw

gldphwhu glvnv kroglqj rqo| �yh Pe|whv ri gdwd wr wrgd|*v gulyhv phdvxulqj 618 lqfkhv zlgh

dqg ohvv wkdq dq lqfk kljk/ kroglqj pruh wkdq 493 Je|whv1 Ghvslwh wkh errp ri vrolg0vwdwh

qrq0yrodwloh vwrudjh ghylfhv/ KGGv duh vwloo ohdglqj wkh udfh lq whupv ri fdsdflw| dqg frvw

shu Pe|wh/ dqg wklv wuhqg lv h{shfwhg wr frqwlqxh iru d orqj wlph1

Wklv hyroxwlrq ri KGGv lv d frqvhtxhqfh ri erwk pdunhw qhhgv dqg surjuhvvlrq

ri ydulrxv whfkqrorjlhv1 Lq wrgd|*v kljko| frpshwlwlyh KGG pdunhw/ pdqxidfwxuhuv kdyh wr

fxw ryhudoo frvw |hw pdlqwdlq kljk shuirupdqfh dqg phhw dq lqfuhdvlqj ghpdqg iru odujh

fdsdflw|1 Wkh uhfruglqj ghqvlwlhv lq fxuuhqw frpphufldo surgxfwv duh durxqg 83N wudfnv

shu lqfk +WSL, lq wkh udgldo gluhfwlrq dqg 733N elwv shu lqfk +ESL, lq wkh flufxodu gluhfwlrq/
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fruuhvsrqglqj wr dq duhdo ghqvlw| ri 53 Jelwv shu vtxduh lqfk dqg d wudfn zlgwk ri 3=8�p1

Zkloh wkh flufxodu ghqvlw| lv uhodwhg wr wkh glvn urwdwlrq vshhg dqg uhdg2zulwh +U2Z,

fkdqqho wkurxjksxw/ wkh udgldo ghqvlw| lv gluhfwo| ghwhuplqhg e| wkh wudfnlqj shuirupdqfh

ri U2Z khdg srvlwlrqlqj v|vwhpv1 Vlqfh lw lv ghvludeoh wkdw wkh wudfn huuru eh ohvv wkdq rqh

hljkwk ri wkh wudfn zlgwk/ wkh vhuyr v|vwhp qhhgv wr nhhs wkh U2Z khdg zlwklq 3=39�p ri

wkh ghvluhg wudfn1 Wkh prghuq pdjqhwlf pdwhuldov kdyh wkh fdsdelolw| ri vwrulqj kxqguhgv

ri Jelwv shu vtxduh lqfk1 Wkxv/ ghyhorslqj dq dffxudwh U2Z khdg srvlwlrqlqj v|vwhp lv

fulwlfdo wr h{soruh vxfk d srwhqwldo1

KGG vhuyr ghvljq lv dq lwhudwlyh surfhvv lqyroylqj qrw rqo| frqwuro hqjlqhhuv/ exw

hohfwulfdo hqjlqhhuv/ phfkdqlfdo hqjlqhhuv/ dqg pdwhuldo vflhqwlvwv1 Wkh pdmru gl!fxowlhv lq

wkh ghvljq ri KGG vhuyr v|vwhpv duh dvvrfldwhg zlwk wkh suhvhqfh ri uhshwlwlyh dqg qrq0

uhshwlwlyh glvwxuedqfhv/ qrq0olqhdu eldv irufhv dqg iulfwlrqv/ prgho xqfhuwdlqwlhv/ olplwhg

dfwxdwru edqgzlgwk/ dqg rwkhu v|vwhp olplwdwlrqv1 Wkhuh duh wzr pdmru zd|v wr ixuwkhu

lqfuhdvh wkh uhfruglqj ghqvlw|= 4, lpsuryh wkh phfkdqlfdo vwuxfwxuh ri dfwxdwruv/ dqg 5,

uhghvljq dqg rswlpl}h wkh vhuyr frqwuroohu1

Lpsurylqj wkh phfkdqlfdo vwuxfwxuh ri dfwxdwruv w|slfdoo| lqfuhdvhv wkh vxssruw0

deoh edqgzlgwk dqg uhgxfhv wkh glvwxuedqfhv dw vrxufh1 Vxfk lpsuryhphqwv/ krzhyhu/ wdnh

d vljql�fdqwo| orqjhu wlph dqg kljkhu frvw wkdq uhghvljqlqj wkh frqwuroohu1 Wkxv dfwxdwru

uhghvljq lv frqvlghuhg wr eh d pdmru fkdqjh dqg vhogrp kdsshqv xqohvv frqwuroohu shuiru0

pdqfh kdv douhdg| ehhq sxvkhg wr wkh h{wuhph1 Qhdo lq ^4` pdgh d frpsohwh vxuyh| ri wkh

suhvhqw dqg h{shfwhg ixwxuh whfkqrorjlhv ri KGG phfkdqlfdo ghvljq1 Lw lv fohdu wkdw wkh

frqyhqwlrqdo vlqjoh0vwdjh dfwxdwru fdq qr orqjhu vxssruw dqqxdo 93( duhdo ghqvlw| jurzwk
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lq wkh frplqj ghfdgh1 Rqh uhdvrq iru wklv lv wkdw wkh k|vwhuhvlv h�hfw gxh wr wkh ehdulqj

iulfwlrq ri vlqjoh0vwdjh dfwxdwruv olplwv wkh vhuyr orrs jdlq dw orz iuhtxhqflhv/ zkloh wkh

forvhg0orrs edqgzlgwk lv olplwhg e| lwv orz uhvrqdqfh prgh1 Dv wkh wudfn zlgwk lv uhgxfhg

wr vxe0plfurphwhuv/ wkh lq xhqfh ri kljk iuhtxhqf| glvwxuedqfhv rq wudfn srvlwlrqlqj dffx0

udf| ehfrphv pruh vhulrxv1 Vlqfh wkh hduo| 4<<3v/ gxdo0vwdjh vhuyrphfkdqlvp/ lq zklfk wkh

vhfrqgdu| dfwxdwru lv d kljk edqgzlgwk plfur0dfwxdwru/ kdv ehhq hphujlqj dv d surplvlqj

vroxwlrq ^5` ^6` ^7` ^8` wr ixuwkhu lpsuryh wkh uhfruglqj ghqvlw|1

Rq wkh rwkhu kdqg/ uhghvljqlqj dqg rswlpl}lqj wkh hpehgghg frqwuroohu iru ehwwhu

glvwxuedqfh uhmhfwlrq lv d pruh frvw0h�hfwlyh zd| wr uhgxfh wkh wudfnlqj huuru1 Wkh KGG

vhuyr v|vwhp frqvlvwv ri wzr prghv ri rshudwlrq qdpho|/ 4, wkh wudfn0iroorzlqj prgh/ lq

zklfk wkh uhdg0zulwh +U2Z, khdg lv srvlwlrqhg rq d sduwlfxodu wudfn iru uhdg2zulwh dfwlrqv/

dqg 5, wkh wudfn0vhhnlqj prgh/ lq zklfk wkh U2Z khdg lv pryhg iurp rqh wudfn wr dqrwkhu1

Vrph hduo| zrunv rq wkh KGG vhuyr ghvljq fdq eh irxqg lq ^9` ^:` ^;` ^<` ^43`1 Ehfdxvh

ri whfkqrorjlfdo dgydqfhv lq wkh ghvljq dqg lpsohphqwdwlrq ri vhuyr frqwuroohuv/ wkhuh kdv

ehhq dq lqfuhdvhg lqwhuhvw vlqfh wkh odwh 4<;3v lq dsso|lqj prghuq frqwuro whfkqltxhv wr wkh

ghvljq ri KGG frqwuroohuv1 Iru h{dpsoh/ wkh olqhdu txdgudwlf Jdxvvldq frqwuro zlwk orrs

wudqvihu uhfryhu| whfkqltxh +OTJ2OWU, kdv ehhq dssolhg wr wkh ghvljq ri frqwuroohuv iru

vlqjoh0vwdjh dfwxdwruv ^44` ^45` ^46` ^47` dqg iru gxdo0vwdjh dfwxdwruv ^5` ^48`1 Dssolfdwlrqv

ri K" orrs0vkdslqj duh lq ^49` ^4:` ^4;` ^4<` ^53`1

Dv lq prvw ri lqgxvwuldo dssolfdwlrqv/ krzhyhu/ wkh wudfn0iroorzlqj frqwuroohuv xvhg

lq surgxfwlrq KGGv vwloo dgrsw vlpsoh vwuxfwxuhv olnh d SLG zlwk qrwfk �owhuv1 Wkhuh duh

d frxsoh ri uhdvrqv iru vorz dgrswlrq ri prghuq frqwuro whfkqltxhv e| lqgxvwuldo frqwuro
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hqjlqhhuv1 Wkh �uvw uhdvrq lv dvvrfldwhg zlwk wkh suhvvxuh ri pdunhw dqg frvw frqvwudlqwv1

Jhqhudoo| vshdnlqj/ wkh pruh frpsoh{ wkh frqwuro odz/ wkh kljkhu wkh frvw/ dqg wkh kdughu

wkh pdlqwhqdqfh1 Gxulqj ghvljq f|fohv/ vhuyr hqjlqhhuv xvxdoo| kdyh olwwoh frqwuro ryhu wkh

vhohfwlrq ri wkh vljqdo gljlwdo surfhvvru +GVS,1 Wkh GVS wkdw rqh fdq d�rug wr sxw lqwr d

KGG kdv rqo| ihz kxqguhgv forfn f|fohv ehwzhhq vdpsoh srlqwv1 Pruhryhu/ <8( ri forfn

f|fohv duh frqvxphg e| frpsxwdwlrqv wkdw duh qrw uhodwhg wr wkh xsgdwh ri frqwuro rxw0

sxw ^54`1 Wklv surklelwv wkh xvh ri kljk0rughu frqwuroohuv xqohvv d vljql�fdqw shuirupdqfh

lpsuryhphqw e| vxfk d frqwuroohu fdq mxvwli| d pruh h{shqvlyh GVS1 Lq rughu wr jhw d pdq0

djhdeoh rughu iru lpsohphqwdwlrq/ lw lv frpprq sudfwlfh wr dsso| rughu uhgxfwlrq whfkqltxhv

rq sodqw ru frqwuroohu1 Krzhyhu/ wklv uhvwulfwv wkh xvh ri frpsuhkhqvlyh prghov gxulqj gh0

vljq1 Ixuwkhupruh/ wkhuh lv qr jxdudqwhh wkdw wkh vwuxfwxuh ri uhgxfhg0rughu frqwuroohuv lv

frqvlvwhqw iurp ghvljq wr ghvljq1 Li wkh frqwuroohu vwuxfwxuh lv fkdqjhg lq hyhu| ghvljq f|foh/

wkh sureohpv dvvrfldwhg zlwk lpsohphqwdwlrq frvw/ uholdelolw|/ dqg pdlqwdlqdelolw| xvxdoo|

ryhuulgh wkh ehqh�wv ri xvlqj prghuq frqwuro whfkqltxhv1 Lq idfw/ lw lv pruh sudfwlfdo dqg

h!flhqw wr vwduw zlwk d frqwuroohu vwuxfwxuh wkdw kdv jrrg qrplqdo surshuwlhv/ dqg rswlpl}h

lwv sdudphwhuv gluhfwo| lq wkh glvfuhwh0wlph grpdlq1 Il{lqj wkh vwuxfwxuh ri wkh frqwuroohu

plqlpl}hv wkh gl!fxowlhv lqyroyhg lq ghvljq lwhudwlrqv1 Rswlpl}lqj wkh frqwuroohu gluhfwo| lq

glvfuhwh0wlph grpdlq plqlpl}hv wkh shuirupdqfh ghjudgdwlrq gxh wr glvfuhwl}dwlrq/ zklfk

lv sduwlfxoduo| fulwlfdo lq pxowl0remhfwlyh ghvljqv1

Dv Vwhlqexfk dqg Qruj ^53` kdyh srlqwhg rxw/ vrph lpsruwdqw lvvxhv lq wkh ghvljq

ri frqwuro v|vwhpv duh odujho| xqghuhpskdvl}hg lq dfdghplf uhvhdufk1 Frqwuro ghvljq lv d

frpsohwh surfhvv ri duulylqj dw d irupdo frqwuro vroxwlrq1 Wklv surfhvv lqfoxghv/ exw lv qrw
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olplwhg wr/ gh�qlqj ghvljq remhfwlyhv/ prgholqj ri sodqw dqg glvwxuedqfhv/ pdnlqj fkrlfhv iru

frqwuroohu vwuxfwxuhv dqg rshudwlrq srlqwv/ dqg lpsohphqwlqj frqwuro odzv1 Prghuq frqwuro

phwkrgv sxw pxfk h�ruw lqwr wkh fuhdwlrq ri hohjdqw dojrulwkpv iru frqwuro ghvljq/ zkloh

lqgxvwuldo frqwuro sudfwlfhv duh grplqdwhg e| h�ruwv wr xqghuvwdqg d sduwlfxodu sk|vlfdo

surfhvv ru sureohp1 Dv dq h{dpsoh/ exloglqj h�hfwlyh frqwuro v|vwhpv lq wkh gdwd vwrudjh

lqgxvwu| lv <3( surfhvv xqghuvwdqglqj dqg 43( frqwuro ghvljq ^54`1 Wklv lv lq frqwudvw

wr wkh pdmrulw| ri sxeolfdwlrqv wkdw suhvhqw d zlgh udqjh ri vroxwlrqv wr qhdwo| vroydeoh

pdwkhpdwlfdo sureohpv1 Wklv jds ghvhuyhv pruh dwwhqwlrq lq wkh frqwuro frppxqlw|1 D

ghvljq phwkrg zklfk uhtxluhv vxevwdqwldoo| pruh wlph wr xqghuvwdqg dqg lpsohphqw vwdqgv

olwwoh fkdqfh ri ehlqj xvhg lq wkh pdunhw0gulyhq ghvljq f|fohv1 Pruhryhu/ wkh lpsuryhphqwv

wkdw fdq eh pdgh e| ixqgdphqwdoo| xqghuvwdqglqj wkh sureohp dqg wkhq dsso|lqj vlpsoh

vroxwlrqv w|slfdoo| vzdps rxw wkh lpsuryhphqwv dfklhyhg e| d frpsoh{ frqwuro ghvljq1

 "% &������ �����	��	��

Wklv glvvhuwdwlrq lv irfxvhg rq wkh sureohpv dvvrfldwhg zlwk wkh wxqlqj ri �{hg0

vwuxfwxuh wudfn0iroorzlqj frqwuroohuv iru KGGv1 Wkh ghvljq remhfwlyhv ri wkh wudfn0iroorzlqj

frqwuroohu fdq eh vxppdul}hg dv iroorzlqj1

� Lq rughu wr dfklhyh kljkhu WSL/ plqlpl}lqj wkh wudfnlqj srvlwlrq huuru lv wkh pdmru

remhfwlyh1 Wkh �qdo shuirupdqfh dvvhvvphqw ri d wudfnlqj frqwuroohu wkhuhiruh lv lq

wkh wlph0grpdlq/ lq whupv ri yduldqfh ri wkh wudfnlqj huuru1

� Urexvwqhvv lv uhtxluhg ehfdxvh wkh vdph frqwuro dojrulwkp kdv wr eh shuiruphg lq

ploolrqv ri pdvv surgxfhg gulyhv/ zkhuh hdfk gulyh kdv voljkwo| gl�huhqw fkdudfwhulvwlfv
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Exlog

Prgho

Forvhg0orrs

Vlpxodwlrq

Frqwuroohu

Ghvljq

Kdugzduh

Lpsohphqwdwlrq

Shuirupdqfh

Hydoxdwlrq
Dffhswdeoh B

\hv

Qr

Vwduw

Ilqlvk

Iljxuh 414= W|slfdo  rzfkduw ri frqwuro v|vwhp ghvljq1

gxh wr pdqxidfwxulqj wrohudqfhv/ whpshudwxuh yduldwlrqv/ dqg djlqj h�hfwv1

Wklv lv d w|slfdo pxowl0remhfwlyh frqwuro ghvljq sureohp1 Dv looxvwudwhg lq Iljxuh

414/ wkh frqwuro v|vwhp ghvljq lv dq lwhudwlyh surfhvv1 Exloglqj wkh prgho lv wkh �uvw vwhs wr

ghvljq d frqwuroohu iru d wdujhw v|vwhp wr dfklhyh pxowlsoh shuirupdqfh dqg vwdelolw| jrdov1

Krzhyhu/ wkh KGG lqgxvwu| lv odfnlqj d qrq0frqvhuydwlyh sodqw prgho wkdw 4, fryhuv wkh

fkdudfwhulvwlfv/ hvshfldoo| ri wkh wlph0grpdlq/ ri d odujh qxpehu ri gulyhv/ dqg 5, |hw lv frp0

sxwdwlrqdoo| vlpsoh dqg g|qdplfdoo| xsjudghdeoh1 Wkhuhiruh/ vxfk d pxowl0remhfwlyh ghvljq

lv xvxdoo| shuiruphg lq iuhtxhqf|0grpdlq e| orrs0vkdslqj edvhg rq wkh srzhu vshfwuxp ri

phdvxuhg srvlwlrq huuruv1 Wlph0grpdlq shuirupdqfh lv wkhq hydoxdwhg e| surwrw|sh gulyhv

dqg wlph0grpdlq vlpxodwlrq wrrov1 Wklv lv dq lqgluhfw phwkrg wr ghvljq wkh wudfn0iroorzlqj

frqwuroohu lq rughu wr plqlpl}h wudfnlqj huuruv1

Wxqlqj wkh sdudphwhuv ri wkh �{hg0vwuxfwxuh frqwuroohu wr dfklhyh pxowlsoh remhf0

wlyhv dqg xqghu pxowlsoh frqvwudlqwv lv ri lqwhuhvw lq qxphurxv sudfwlfdo dssolfdwlrqv1 Il{lqj



:

wkh frqwuroohu vwuxfwxuh lqhylwdeo| ghvwur|v wkh frqyh{lw| ri wkh vhdufk vsdfh ^55`1 Judglhqw0

edvhg phwkrgv/ h1j1 ^56`/ kdyh qr jxdudqwhh ri joredo frqyhujhqfh iru vxfk d qrq0frqyh{

pxowl0remhfwlyh rswlpl}dwlrq sureohp +QFPRS,1 Hyhq zkhuh d frqyh{ dssur{lpdwlrq ri

wkh QFPRS lv srvvleoh/ lwv sdudphwhul}dwlrq zrxog uhtxluh qxphurxv dx{loldu| frqglwlrqv

zklfk frxog pdnh wkh �qdo irupxodwlrq wrr odujh wr vroyh ^57`1

Iru pxowl0remhfwlyh rswlpl}dwlrq sureohpv +PRSv,/ lw lv ghvludeoh wr surylgh d vhw

ri wudgh0r� vroxwlrqv wr wkh ghflvlrq pdnhu1 Gxh wr wkh odfn ri h!flhqw pxowl0remhfwlyh

rswlpl}dwlrq dojrulwkpv/ prvw phwkrgv hlwkhu frpelqh doo remhfwlyhv lqwr d vlqjoh remhfwlyh

e| xvlqj zhljkwhg0vxp vwudwhj|/ ru sulrulwl}h wkh prvw lpsruwdqw remhfwlyh dqg wuhdw rwkhuv

dv frqvwudlqwv1 Vxfk vwudwhjlhv lqyroyh pdq| wuldo0dqg0huuruv gxh wr wkh qhhg iru khxulvwlf

wxqlqj ri d/ xvxdoo| srruo| xqghuvwrrg/ vhw ri zhljkwlqjv/ hvshfldoo| zkhq wkhuh duh frp0

shwlqj remhfwlyhv1 Pruhryhu/ vrph vroxwlrqv rq qrq0frqyh{ wudgh0r� vxuidfh pd| qrw eh

dffhvvleoh +vhh Vhfwlrq 717 iru ghwdlov,1

 "' &���	��� ��������

Wklv vhfwlrq suhvhqwv d uhylhz ri suhylrxv zrunv rq wzr glvwlqfw vxemhfwv zklfk

duh wkh pdlq wkhphv ri wklv glvvhuwdwlrq= prgholqj KGGv dqg wkh rswlpl}dwlrq ri �{hg0

vwuxfwxuh frqwuroohuv1

 "'" &���	��� �������� �� $����	�
 ����

Lq 4<<:/ Deudprylwfk hw do1 ^58` ^59` ^5:` sxeolvkhg d vhulhv ri sdshuv dgguhvvlqj

wkh frpsrqhqw0ohyho euhdngrzq ri wudfn plv0uhjlvwudwlrq +WPU/ Vhh Vhfwlrq 516 iru ghwdlov,



;

vrxufhv1 Wkh uhvxowv zhuh edvhg rq lqwuxvlyh h{shulphqwv zkhuh wkh KGG fryhu kdg wr

eh rshqhg/ wkxv wklv phwkrg lv qrw sudfwlfdo iru d odujh txdqwlw| ri gulyhv lq surgxfwlrq

surfhvvhv1 Jxr hw do1 +^5;`/ 4<<<, sursrvhg d frpsuhkhqvlyh wlph0grpdlq vlpxodwlrq wrro

iru WPU suhglfwlrq1 Lw vhuyhv dv d �yluwxdo gulyh�/ zklfk doorzv wkh suhglfwlrq ri wlph0

grpdlq shuirupdqfh dqg wkxv dfklhydeoh uhfruglqj ghqvlw| jlyhq d sduwlfxodu phfkdqlfdo

sodwirup dqg frqwuroohu1 Vlqfh wklv wrro zdv ghvljqhg iru d vlqjoh gulyh dqg wkh wlph0

grpdlq vlpxodwlrq lv lqkhuhqwo| wlph0frqvxplqj/ lw zdv whglrxv wr shuirup wkh suhglfwlrq

iru d srsxodwlrq ri gulyhv1 \l +^5<`/ 5333, suhvhqwhg dq lqwdfw phwkrg uhtxlulqj rqo| SHV

phdvxuhphqwv wr exlog wkh WPU prgho iru d vlqjoh gulyh1 \l*v phwkrg pdnhv lw srvvleoh wr

g|qdplfdoo| xsgdwh wkh WPU lqirupdwlrq lq d surgxfwlrq olqh dqg zlwkrxw gdpdjlqj wkh

gulyhv1 Lw lv wkh lvvxh ri krz SHV phdvxuhphqwv iurp pxowlsoh gulyhv vkrxog eh wudqvihuuhg

lqwr d pdwkhpdwlfdo prgho wkdw glfwdwhv wkh ghvljq ri d vhuyr frqwuroohu1

 "'"% &���	��� �������� �� (��	�	)��	�� �� �	
�� ��������� �����������

Sdudphwhu rswlpl}dwlrq xqghu d �{hg frqwuroohu vwuxfwxuh kdv dwwudfwhg d frqvlg0

hudeoh qxpehu ri uhvhdufkhuv1 Wkhuh duh wzr grplqdqw wuhqgv dv vhhq lq wkh olwhudwxuh= 4,

dssur{lpdwlqj wkh sureohp lqwr d frqyh{ irup wkurxjk vxlwdeoh sdudphwhul}dwlrq/ dqg 5,

gluhfw rswlpl}dwlrq e| qrq0judglhqw0edvhg vhdufk whfkqltxhv1

Frqyh{ Dssur{lpdwlrq Qhww hw do1 +^63`/ 4<;<, vkrzhg d v|vwhpdwlf phwkrg ri uhgxflqj

rswlpdo frqvwudlqhg0vwuxfwxuh g|qdplf rxwsxw ihhgedfn sureohpv dv rswlpdo vwdwlf rxwsxw

ihhgedfn sureohpv1 Wklv uhgxfwlrq surfhgxuh zdv looxvwudwhg lq qlqh vshfldo fdvhv zklfk

fryhu prvw sudfwlfdo dssolfdwlrqv ri lqwhuhvw1 Wkh prwlydwlrq ehklqg Qhww*v zrun zdv wkh



<

srvvleoh frqyh{ sdudphwhul}dwlrq ri vwdwlf rxwsxw ihhgedfn frqwuro dqg zlgho| dydlodeoh

frqyh{ rswlpl}dwlrq dojrulwkpv1 Lq dq dffrpsdq|lqj sdshu e| Ehuqvwhlq hw do1 ^64`/ d

jhqhudo wkhru| ri rswlpdo vwdwlf rxwsxw ihhgedfn frpshqvdwlrqv zdv suhvhqwhg1 Wklv wkhru|

dgguhvvhv erwk K2 dqg K" shuirupdqfh remhfwlyhv/ dqg lq hdfk fdvh surylghv d Ulffdwl

htxdwlrq fkdudfwhul}dwlrq ri rswlpdo vwdwlf rxwsxw ihhgedfn frqwuro1 Edvhg rq wkh frqh

frpsohphqwdulw| olqhdul}dwlrq sursrvhg e| Ho Jkdrxl +^55`/ 4<<:,/ Ledudnl dqg Wrpl}xnd

+^65`/ 5333, ghyhorshg d phwkrg wr ryhufrph wkh qrq0frqyh{ udqn frqvwudlqw vr wkdw wkh

�{hg0rughu ghvljq lv vroydeoh e| vhplgh�qlwh surjudpplqj +VGS,1 Wkh sursrvhg phwkrg

zdv yhul�hg lq uhghvljqlqj d wudfn0iroorzlqj frqwuroohu ri KGG1 Urwxqqr +^66`/ 5333, xwlol}hg

wkh K" orrs0vkdslqj phwkrg wr ghvljq d �{hg0rughu wudfn0iroorzlqj frqwuroohu iru d gxdo0

vwdjh KGG1 Lw zdv edvhg rq dq lghd e| Fdklqhw hw do1 +^67`/ 4<<7,= wkh qrq0frqyh{ udqn

frqvwudlqw lv hqirufhg e| plqlpl}lqj wkh n0wk hljhqydoxh ri jhqhudol}hg sodqw pdwul{ S vxfk

wkdw wkh n vpdoohvw hljhqydoxhv ri S duh irufhg wr eh }hur/ zkhuh n lv wkh rughu gl�huhqfh

ehwzhhq S dqg frqwuroohu1

Gluhfw Rswlpl}dwlrq Jrdo dwwdlqphqw surjudpplqj +JDS, lv d whfkqltxh xvhg wr �qg

wkh ehvw frpsurplvh vroxwlrqv lq PRSv1 Lqlwldwhg e| Fkduqhv dqg Frrshu lq 4<88/ JDSv

duh h{whqvlyho| xvhg lq lqqxphudeoh hqjlqhhulqj dfwlylwlhv ^68` ^69` ^6:` ^6;` ^6<` ^73`1 Lqvwhdg

ri �qglqj rqo| wkh ihdvleoh vroxwlrqv/ JDS uhtxluhv wkh ghvljqhu wr dvvljq d vhw ri ghvljq

jrdov/ dqg hqdeohv wkh ghvljqhu wr plqlpl}h wkh ghyldwlrq ehwzhhq shuirupdqfh lqgh{hv dqg

ghvljq jrdov/ ru/ li srvvleoh/ dwwdlq wkh ghvljq jrdov zlwk }hur ghyldwlrq1 D frpsuhkhqvlyh

uhylhz ri JDS phwkrgrorj| dqg dssolfdwlrqv fdq eh irxqg lq ^74`1

Jhqhwlf dojrulwkpv +JDv, duh joredo/ sdudooho vhdufk whfkqltxhv zklfk hpxodwh
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qdwxudo jhqhwlf rshudwlrqv1 Gxh wr wkhlu srwhqwldo iru joredo rswlpl}dwlrq/ JDv kdyh ehhq

uhfhlyhg juhdw dwwhqwlrq lq pdq| duhdv ^75` ^76`1 Lq wkh �hog ri dxwrpdwlf frqwuro/ iru h{dp0

soh/ ydulrxv vxffhvvixo dssolfdwlrqv kdyh ehhq uhsruwhg ^77` ^78` ^79` ^7:`1 Lq uhfhqw |hduv/

jhqhwlf dojrulwkpv kdyh ehhq dssolhg wr ydulrxv PRSv1 Vfkd�hu +^7;`/ 4<;8, sursrvhg wkh

yhfwru hydoxdwlrq jhqhwlf dojrulwkp +YHJD, wr vroyh PRSv1 Irqvhfd dqg Iohpplqj +^7<`/

4<<6, h{soruhg Sduhwr0edvhg pxowl0remhfwlyh jhqhwlf dojrulwkpv +PRJDv, zklfk duh olnho|

wr �qg pxowlsoh wudgh0r� vroxwlrqv vlpxowdqhrxvo|1 Kruq hw do1 + ^83`/ 4<<7, lqyhvwljdwhg

pxowl0remhfwlyh sureohpv yld whvw ixqfwlrqv1 D jrrg uhylhz ri PRJDv fdq eh irxqg lq

Wdpdnl hw do1 ^84`1

Sdwwrq dqg Olx +^78`/ 4<<7, vroyhg wkh sureohp ri hljhqvwuxfwxuh dvvljqphqw iru

urexvw frqwuro ghvljq yld d frpelqdwlrq ri jhqhwlf dojrulwkp dqg judglhqw0edvhg rswlpl}d0

wlrq1 Iluvw/ d JD zdv xvhg wr h�hfwlyho| �qg d vxe0rswlpdo vroxwlrq iru wkh sureohp deryh1

Wkhq d judglhqw0edvhg Gdylgvrq0Iohwfkhu0Srzhoo +GIS, dojrulwkp wrrn wklv vxe0rswlpdo

vroxwlrq dv wkh lqlwldo srlqw iurp zklfk wr vhdufk iru wkh rswlpxp orfdoo|1

 "* �����	���	�� �� �	�������	��

Rqh Prgho iru D Idplo| ri KGGv wrzdugv Wudfnlqj Huuru Plqlpl}dwlrq

Wklv glvvhuwdwlrq vroyhv dq rshq txhvwlrq udlvhg e| Vwhlqexfk dqg Qruj lq ^53`>

l1h1/ fkdudfwhul}lqj pxowlprgdo lghqwl�fdwlrq iru pdvv surgxfhg surgxfwv e| ghyhorslqj

d vwdwlvwlfdo prgho1 Vxfk d prgho vkrxog fryhu wkh fkdudfwhulvwlfv iru d srsxodwlrq ri

gulyhv dqg |hw uhtxluh olwwoh frpsxwdwlrqdo h�ruw wr suhglfw wkh wlph0grpdlq shuirupdqfh

iru d jlyhq frqwuroohu1 Wkh edvlf lghd lv suhww| vwudljkwiruzdug1 Dv vkrzq lq Iljxuh 415/
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���04���h^q` g^q`

Iljxuh 415= D vlpsoh glvfuhwh0wlph VLVR v|vwhp1

K+}3�>N, lv d �{hg0vwuxfwxuh glvfuhwh0wlph v|vwhp zkhuh N lv wkh wxqdeoh sdudphwhu vhw1

Frqvlghulqj d uhjxodwru sureohp/ g^q` lv wkh glvwxuedqfh dqg h^q` lv wkh huuru vljqdo1 Iru

dq| jlyhq N/ h^q` lv phdvxudeoh exw g^q` lv qrw1 Wkh sulpdu| ghvljq remhfwlyh lv wr rswlpl}h

K+}3�>N, ryhuN vxfk wkdw wkh nh^q`n2 ru �
2
ed?o

lv plqlpl}hg1 Vxfk dq rswlpl}dwlrq sureohp

ehfrphv pxfk pruh gl!fxow iru pdvv0surgxfhg v|vwhpv olnh KGGv lq wudfn0iroorzlqj prgh/

zkhuh wkhuh fdq eh d ydvw yduldwlrq rq g^q` iurp rqh gulyh wr dqrwkhu1 Wklv glvvhuwdwlrq zloo

wu| wr lghqwli| g^q` lq iuhtxhqf|0grpdlq edvhg rq d jurxs ri h^q`phdvxuhg iurp d srsxodwlrq

ri gulyhv kdylqj wkh vdph N1 Wkhq d vwdwlvwlfdo prgho lv exlow dlphg dw v|qwkhvl}lqj nh^q`n2

ru �2
ed?o

lq d frpsxwdwlrqdoo| h�hfwlyh zd| iru d jlyhq N1 Wkh sursrvhg whfkqltxh fdq vhuyh

dv dq h�hfwlyh hydoxdwlrq wrro gxulqj wkh rswlpl}dwlrq ri N wrzdugv nh^q`n2 plqlpl}dwlrq/

zklfk frxog srvvleo| dxwrpdwh wkh WPU0edvhg frqwuroohu ghvljq surfhvv1 H{shulphqwdo

ydolgdwlrqv duh shuiruphg dqg uhvxowv duh suhvhqwhg1

Sdudphwhul}lqj Il{hg0Vwuxfwxuh Frqwuro wkurxjk Jrdo Dwwdlqphqw Surjudp0

plqj

Wkh �{hg0vwuxfwxuh frqwuroohu lv srvhg lq wkh irup ri pxowl0remhfwlyh JDS1 Wkh

sursrvhg irupxodwlrq lv iuhh iurp ghshqghqfh rq uhodwlyh zhljkwlqjv dqg kdv qr frqyh{lw|

olplwdwlrqv ri dq| nlqg1 Wkxv lw lv vxlwdeoh iru rswlpl}dwlrq ri dq| �{hg0vwuxfwxuh frqwuroohu

dv orqj dv wkh xvhu0gh�qhg jrdo ixqfwlrqv duh fdofxodeoh1 Vlqfh vrph frqwuroohuv fdqqrw
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eh wudqviruphg lqwr vwdwlf ihhgedfn frqwuroohu v|qwkhvlv/ OPL0edvhg K" phwkrgv duh qrw

dssolfdeoh1 Wr plqlpl}h wkh shuirupdqfh ghjudgdwlrq gxh wr glvfuhwl}dwlrq/ wklv glvvhuwdwlrq

xvhv gluhfw glvfuhwh0wlph ghvljq dqg rswlpl}dwlrq1

Vroylqj Pxowl0remhfwlyh JDS e| Pxowl0remhfwlyh Jhqhwlf Dojrulwkp

Wklv glvvhuwdwlrq �uvw ghprqvwudwhv wkh vxshulru urexvwqhvv ri JDv zlwk uhvshfw wr

lqwhulru srlqw dqg vlpsoh{ phwkrgv e| vroylqj d qrq0frqyh{ ehqfkpdun sureohp1 JDv duh

h{whqghg wr kdqgoh pxowl0remhfwlyh rswlpl}dwlrq e| xvlqj wkh Sduhwr0edvhg �wqhvv dvvljq0

phqw1 Wkh sursrvhg pxowl0remhfwlyh JD +PRJD, qhhgv qr zhljkwlqj sulru wr rswlpl}dwlrq

dqg xvhv hpehgghg sdudooholvp wr vhdufk iru wkh Sduhwr0rswlpdo vroxwlrqv/ qrqh ri zklfk

duh ehwwhu wkdq rwkhuv lq doo remhfwlyhv1 Wkh jrdo ixqfwlrqv ri JDS duh xvhg wr glfwdwh wkh

�wqhvv dvvljqphqw ri fdqglgdwh vroxwlrqv lq PRJD1 Vlqfh wkh lqwhudfwlrqv ehwzhhq frq0

 lfwlqj/ qrq0frpphqvxudeoh remhfwlyhv duh fohduo| uhyhdohg diwhu rswlpl}dwlrq/ wkh ghflvlrq

pdnhu fdq hdvlo| slfn xs rqh vroxwlrq iurp wkh Sduhwr0rswlpdo vhw edvhg rq klv suhihuhqfh1

Wklv juhdwo| uhgxfhv wkh wuldo0dqg0huuruv lq ghvljq f|fohv1 Dqrwkhu vljql�fdqw dgydqwdjh

ri PRJD lv wkdw lw lpsrvhv qr uhtxluhphqwv olnh gl�huhqwldelolw| rq wkh xvhu0gh�qhg jrdo

ixqfwlrqv ri JDS1

Wzr0Skdvh Jhqhwlf0Judglhqw Rswlpl}dwlrq

Wklv glvvhuwdwlrq sursrvhv d wzr0vwhs qrq0frqyh{ rswlpl}dwlrq phwkrg wr wdnh

dgydqwdjh ri erwk 4, wkh urexvwqhvv ri jhqhwlf dojrulwkpv lq lghqwli|lqj kljk shuirupdqfh

uhjlrqv lq d qrq0frqyh{ vhdufk vsdfh/ dqg 5, wkh h!flhqf| ri judglhqw0edvhg phwkrgv lq d

orfdo vhdufk1 Wkh shuirupdqfh jrdov fdq eh ri dq| w|sh dv orqj dv wkh| fdq eh hydoxdwhg
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lq wkh rswlpl}dwlrq orrs1 Wkh h�hfwlyhqhvv ri wkh sursrvhg phwkrg lv ghprqvwudwhg e|

vlpxodwlrqv dqg h{shulphqwv/ zklfk dovr vhuyh wr lqyhvwljdwh wkh frpsxwdwlrqdo wudfwdelolw|

dqg h!flhqf| ri wkh sursrvhg phwkrg1

Wuxqfdwlrq Huuru Dqdo|vlv lq Gljlwdo Vhuyr Lpsohphqwdwlrq

Wklv glvvhuwdwlrq surylghv d v|vwhpdwlf dqdo|vlv ri wkh vwdwh wuxqfdwlrq huuruv dv0

vrfldwhg zlwk wkh gljlwdo lpsohphqwdwlrq ri wkh wudfn0iroorzlqj frqwuroohu1 Vlpxodwlrq dqg

h{shulphqw vkrzhg wkh h�hfwlyhqhvv ri wzr rswlpl}dwlrq vfkhphv/ l1h1 fkdqjlqj wkh lpsoh0

phqwdwlrq vwuxfwxuh dqg dsso|lqj d vfdolqj frxsoh/ lq plqlpl}lqj wkh SHV gxh wr vwdwh

wuxqfdwlrq huuruv1

 "+ (���	�� �� �	�������	��

Wkh uhpdlqghu ri wklv glvvhuwdwlrq lv rujdql}hg dv iroorzv1 Fkdswhu 5 ghvfulehv wkh

KGG vhuyrphfkdqlvp dqg jlyhv d eulhi uhylhz ri ghvljq whfkqltxhv iru wudfn0iroorzlqj frq0

wuro1 Wkh vwdwlvwlfdo prgho iru d odujh qxpehu ri KGGv lv suhvhqwhg lq Fkdswhu 61 Fkdswhu 7

glvfxvvhv gl�huhqw sdudphwhul}dwlrqv ri rswlpdo �{hg0vwuxfwxuh frqwuro dqg pxowl0remhfwlyh

rswlpl}dwlrq whfkqltxhv1 Fkdswhu 8 sursrvhv d PRJD wr vroyh wkh JDS sdudphwhul}dwlrq

ri wkh �{hg0vwuxfwxuh wudfn0iroorzlqj frqwuroohu1 Lq Fkdswhu 9/ d wzr0skdvh rswlpl}dwlrq

dojrulwkp lv suhvhqwhg wkdw wdnhv dgydqwdjh ri wkh h!flhqf| ri judglhqw0edvhg whfkqltxhv lq

orfdo vhdufk wr ixuwkhu lpsuryh wkh shuirupdqfh ri wkh PRJD1 Lq Fkdswhu :/ d v|vwhpdwlf

dssurdfk lv suhvhqwhg iurp d vhuyr srlqw ri ylhz wr plqlpl}h wkh h�hfw ri vwdwh wuxqfdwlrq

huuruv rq wkh SHV1
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Iljxuh 416= Olqhdu iudfwlrqdo wudqirupdwlrq1

 ", -����	��

Wklv vhfwlrq surylghv edfnjurxqg pdwhuldov/ zklfk duh hvvhqwldo wr xqghuvwdqg wklv

glvvhuwdwlrq1 Dgydqfhg uhdghuv pd| vnls wklv vhfwlrq1 Rqh fdq uhihu wr ^85` dqg ^86` iru

pruh ghwdlov1

Iru d vtxduh pdwul{ [ 5 ?
?f?/ wkh iroorzlqj qrwdwlrqv duh xvhg

[ " 3/ [ lv v|pphwulf dqg srvlwlyhgh�qlwh>

[ � 3/ [ lv v|pphwulf dqg srvlwlyhvhplgh�qlwh>

[ ! 3/ [ lv v|pphwulf dqg qhjdwlyhgh�qlwh>

[ � 3/ [ lv v|pphwulf dqg qhjdwlyhvhplgh�qlwh1

Ohw

�
D E

F G

�
=@ F+}L �D,3�E .G ghqrwh d plqlpdo uhdol}dwlrq ri d glvfuhwh0

wlph g|qdplf v|vwhp zklfk kdv iroorzlqj vwdwh vsdfh uhdol}dwlrq;AA?
AA=

{+n . 4, @ D{+n, .Ex+n,

|+n, @ F{+n, .Gx+n,

+414,

zkhuh x+n, dqg |+n, duh wkh lqsxw dqg rxwsxw vljqdo yhfwruv uhvshfwlyho|/ dqg {+n, lv wkh

vwdwh yhfwru1

Iljxuh 416 vkrzv d jhqhudo ihhgedfn frq�jxudwlrq iru wkh sodqw S @

�
S�� S�2

S2� S22

�
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zlwk wkh frqwuroohu N dv d vhsdudwh eorfn1 Wr pdnh rxu qrwdwlrq vlpsoh gxulqj wkh dqdo|vlv

ri forvhg0orrs shuirupdqfh/ N pd| eh devruehg lqwr wkh lqwhufrqqhfwlrq vwuxfwxuh

I,+S>N, =@ S�� . S�2N+L � S22N,3�S2� @ Q +415,

zkhuh I,+S>N, ghqrwhv d orzhu olqhdu iudfwlrqdo wudqvirupdwlrq +OIW, ri S zlwk N dv wkh

sdudphwhu1

Wkh s0qrup ri d vhtxhqfh h^n` lv gh�qhg dv

nh^n`n
R
@

#[
&

mh^n`mR
$ �

R

= +416,

Wkh prvw frpprqo| xvhg vljqdo qrupv nhn�/ nhn2/ dqg nhn" ghqrwh wkh lqwhjudo devroxwh

ydoxh/ hqhuj|/ dqg shdn ydoxh ri wkh vljqdo uhvshfwlyho|1 Jlyhq d surshu v|vwhp h^n` @

J+}3�,g^n` zkhuh g^n` lv wkh lqsxw vljqdo dqg h^n` lv wkh rxwsxw vljqdo/ wkh lqgxfhg pdwul{

qrup ghvfulelqj wkh dpsol�fdwlrq ru jdlq ri wkh v|vwhp pdwul{ J lv gh�qhg e|

nJn
R
@ pd{

_�'f

nhn
R

ngn
R

+417,

zkhuh h @ Jg=
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Kdug glvn gulyhv +KGGv, frqvlvw ri d vlqjoh glvn ru vwdfn ri glvnv/ zklfk kdyh d wklq

pdjqhwlf frdwlqj dqg urwdwh dw d kljk vshhg1 Lqirupdwlrq lv uhfrughg rq lqylvleoh frqfhqwulf

wudfnv rq glvn vxuidfhv/ e| xvlqj d uhdg2zulwh +U2Z, khdg lqwhjudwhg lqwr d volghu zklfk

lv prxqwhg dw rqh hqg ri wkh vxvshqvlrq1 Wkh rwkhu hqg ri wkh vxvshqvlrq lv frqqhfwhg wr

wkh dup zklfk lv pryhg dfurvv wkh glvn vxuidfh e| d kljk0vshhg urwdu| dfwxdwru1 Wkh volghu

 lhv deryh wkh urwdwlqj glvn vxuidfh dw d glvwdqfh phdvxuhg lq plfur0lqfkhv/ vxvwdlqhg e|

dq dlu ehdulqj ehwzhhq wkhp1

KGGv duh ghyhorshg wr vwdqgdug irup idfwruv zklfk duh vwdwhg lq whupv ri wkh

gldphwhu ri wkh glvnv= 81580lq +463pp,/ 6180lq+<8pp,/ 5180lq+98pp, dqg hyhq vpdoohu 40

lq+58pp,1 6180lq gulyhv fxuuhqwo| grplqdwh wkh ghvnwrs pdunhw zkloh doprvw hyhu| preloh

frpsxwhu xvhv 5180lq gulyhv1 Prvw fxuuhqw KGGv vslq dw 8733/ :533 ru 43/333 USP1 48/333

USP gulyhv duh hphujlqj1 Dv d pduyhorxv h{dpsoh ri uhfhqw ghyhorsphqwv lq KGG whfk0
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Vslqgoh

Pdjqhwlf Glvnv

Dfwxdwru Dup Yrlfh Frlo Prwru

Slyrw

Ioh{leoh

Sulqwhg

Flufxlw

Uhdg2Zulwh Khdgv

Vxvshqvlrq

Iljxuh 514= D w|slfdo urwdu| vhuyrphfkdqlvp ri prghuq kdug glvn gulyhv1

Iljxuh 515= LEP kljko| frpsdfw 40lq PlfurgulyhWP +frxuwhv| LEP/ Vdq Mrvh,

qrorj|/ lq Mxqh 5333/ LEP dqqrxqfhg wkh 40lq PlfurgulyhWP +Iljxuh 515, zlwk d fdsdflw|

xs wr 4Jelwv sdylqj wkh zd| iru d qhz jhqhudwlrq ri �jr0dq|zkhuh� shuydvlyh0frpsxwlqj

ghylfhv dqg dssolfdwlrqv1
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Glvn gulyhv xvlqj d yrlfh frlo prwru +YFP, w|sh dfwxdwru uhtxluh d forvhg0orrs

srvlwlrq frqwuro v|vwhp wr fhqwhu wkh U2Z khdg ryhu wkh wdujhw wudfn1 Wkh frqwuro v|vwhp

qhhgv wr nqrz wkh uhdo0wlph dfwxdo srvlwlrq ri U2Z khdg dqg xvhv wklv wr frpsduh zlwk

wkh ghvluhg srvlwlrq vr wkdw d frpshqvdwlqj YFP huuru fxuuhqw fdq eh jhqhudwhg1 Lq

wkh hduo| 4<93v/ wkh srvlwlrq ri U2Z khdgv zdv phdvxuhg e| d olqhdu ru dqjxodu hqfrghu

dwwdfkhg wr wkh dfwxdwru1 Krzhyhu/ phfkdqlfdo uhvrqdqfhv/ whpshudwxuh yduldwlrq/ dqg

hqfrghu uhvroxwlrq olplw wkh wudfn ghqvlw| ri wklv lqgluhfw phwkrg ^87`1 Lw zdv ghvludeoh wr

kdyh d gluhfw phwkrg wr phdvxuh wkh dfwxdo srvlwlrq ri U2Z khdgv1 Lq wkh odwh 4<93v/ wkh

hqfrghu phwkrg zdv uhsodfhg e| ghglfdwhg vhuyr whfkqrorj| lq zklfk dq hqwluh glvn vxuidfh/

fdoohg vhuyr vxuidfh/ zdv uhvhuyhg wr uhfrug srvlwlrq lqirupdwlrq rq uhihuhqfh wudfn1 Rqh

U2Z khdg zdv ghglfdwhg wr uhdg wkh uhihuhqfh wudfn1 Rwkhu U2Z khdgv lq wkh khdg vwdfn

dvvhpeo| zhuh dvvxphg wr eh lq wkh vdph yhuwlfdo srvlwlrq zlwk uhvshfw wr wkh uhihuhqfh

U2Z khdg1 Wkh ghglfdwhg vhuyr dssurdfk jdyh dghtxdwh frqwuro shuirupdqfh dv orqj dv

wkh r�vhwv fdxvhg e| pdqxidfwxulqj wrohudqfh/ phfkdqlfdo uhvrqdqfhv/ dqg wkhupdo h�hfwv

zhuh vpdoo uhodwlyh wr wudfn zlgwk1 Wklv lv qr orqjhu wuxh zlwk wkh fxuuhqw gulyhv zlwk kljk

wudfn ghqvlwlhv1 Lq prghuq KGG v|vwhpv lw lv uduh wr �qg wkh ghglfdwhg vhuyr lq dfwxdo xvh1

Lq wkh odwh 4<:3v/ wkh qhhg wr lqfuhdvh WSL wr jdlq pruh fdsdflw| prwlydwhg KGG

pdqxidfwxuhuv wr pryh iurp wkh ghglfdwhg vhuyr wr wkh hpehgghg vhuyr whfkqrorj| ^88`1

Iljxuh 516 looxvwudwhv wkh hpehgghg vhuyr vfkhph dqg Iljxuh 517 vkrzv wkh vfkhpdwlf lp0

sohphqwdwlrq ri dq hpehgghg KGG vhuyr v|vwhp1 Hpehgghg vhuyr vhfwruv duh lqwhuohdyhg

zlwk gdwd vhfwruv lq d frqvwdqw shulrglf pdqqhu rq wkh vdph vxuidfh1 Dw wkh wlph ri pdq0
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xidfwxulqj/ vhuyr vhfwruv duh zulwwhq rq wkh pdjqhwlf vxuidfh ri glvn dv �krxvhnhhslqj�

lqirupdwlrq e| dq h{shqvlyh pdfklqh fdoohg vhuyrzulwhu/ zkloh gdwd vhfwruv duh ohiw eodqn

iru xvhu wr dfklhyh wkh pdlq sxusrvh ri KGG/ gdwd vwrudjh1 Lq wkh uhdglqj rughu ri U2Z

khdg/ d vhuyr vhfwru frqvlvwv ri vhfwru dgguhvv pdun +VDP,/ jud| frgh/ dqdorj �qh srvlwlrq

exuvwv/ dqg rswlrqdo UUR �hog ^89` ^5<`1 Wkh VDP lghqwl�hv wkh ehjlqqlqj ri d vhuyr vhfwru

dqg dovr lqglfdwhv wkh vhfwru qxpehu1 Wkh jud| frgh surylghv wkh wudfn qxpehu1 D jud|

frgh wdnhv d elqdu| vhtxhqfh lq zklfk vxffhvvlyh qxpehuv gl�hu e| rqo| d vlqjoh elw iru lwv

h!flhqf| lq frpsxwdwlrq1 Dqdorj �qh srvlwlrq exuvwv duh d jurxs ri pdjqhwlf zulwwhq0lq

sdwwhuqv zlwk fhuwdlq udgldo r�vhwv zlwk uhvshfw wr wkh wudfn fhqwhu1 Hdfk exuvw jurxs kdv

d zlgwk ri d wudfn1 Wkh srvlwlrq ri U2Z khdgv fdq eh ghwhuplqhg e| wkh gl�huhqfh ri wkh

vljqdo vwuhqjwk uhdg edfn iurp wkhvh exuvw jurxsv1 Iljxuh 516 vkrzv wkh irxu0exuvw +D E

F G, vfkhph zklfk lv ehlqj zlgho| xvhg lq fxuuhqw frpphufldo surgxfwv1 Wkh vhuyr gulyhv

wkh U2Z khdg vxfk wkdw wkh gl�huhqfh ri ghwhfwhg vljqdo vwuhqjwk ehwzhhq D dqg E lv plq0

lpxp/ dqg wkh gl�huhqfh ehwzhhq F dqg G lv pd{lpxp1 Ehfdxvh ri wkh qrqolqhdu qdwxuh ri

khdg srvlwlrq vhqvlqj phfkdqlvp dqg rwkhu qrqolqhdu vrxufhv olnh slyrw iulfwlrq dqg sulqwhg

fdeoh irufh/ wkh dfwxdwru g|qdplfv lv qrqolqhdu1 Dowkrxjk lqfuhdvlqj wkh qxpehu ri exuvwv

zloo wkhruhwlfdoo| lpsuryh wkh g|qdplf udqjh dqg wkh olqhdulw| ri SHV/ lw vx�huv iurp frvw

frqvlghudwlrq/ pdqxidfwxulqj gl!fxowlhv dqg frpsxwdwlrqdo ghod|1

%"' &��	�	�� 0���� �	
��� ��� ����� $	�1��
	�����	��

Iljxuh 519 vkrzv wkh uhodwlrqvkls ehwzhhq ydulrxv wudfn srvlwlrqv dqg srvlwlrq

huuruv1 Lghdo wudfn srvlwlrq lv flufxodu fhqwhuhg dw vslqgoh slyrw1 Wkh wudfn srvlwlrq/ [reo�J>
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Vhfwru

Dgguhvv

Pdun

+VDP,

Wudfn

fhqwhu

VDP

Wudfn

&+qq.4.4,

UU22ZZ

KKhhddgg

UU22ZZ

KKhhddgg

Hpehgghg vhuyr vhfwru Gdwd vhfwruGdwd vhfwru

Rq wudfn

Rii wudfn

Pdjqhwlf

Glvn

Wudfn

U2Z khdgv

zlwk

dfwxdwru

DD

VDP

Wudfn

& qq

Wudfn
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GG
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DD

GG

Vhfwru

Dgguhvv

Pdun

+VDP,

Wudfn

fhqwhu

VDP

Wudfn

&+qq.4.4,

UU22ZZ

KKhhddgg

UU22ZZ

KKhhddgg

Hpehgghg vhuyr vhfwru Gdwd vhfwruGdwd vhfwru

Rq wudfn

Rii wudfn

Pdjqhwlf

Glvn

Wudfn

U2Z khdgv

zlwk

dfwxdwru

DD

VDP

Wudfn

& qq

Wudfn

&+qq0044,

EE

FF

GG

EE

DD

GG

Iljxuh 516= Hpehgghg vhuyr vfkhph= khdg srvlwlrq lv phdvxuhg e| uhdglqj edfn wkh vhuyr

lqirupdwlrq hpehgghg ehwzhhq gdwd vhfwruv1 Wzr khdg srvlwlrqv duh vkrzq/ rqh rq wudfn

dqg rqh r� wudfn1
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Suh0dps
Lqwhuidfh

Frqwuroohu
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Surfhvvru

Pdjqhwlf
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U2Z Khdg
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Lqwhuidfh

Iljxuh 517= Jhqhwlf glvn gulyh v|vwhp +Frxuwhv| Wh{dv Lqvwuxphqwv,1
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Iljxuh 518= SHV lv d }hur phdq Jdxvvldq1
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zulwwhq lq vhuyr wudfn zulwlqj +VWZ, surfhvv lv qrq0lghdo gxh wr khdg dqg glvn prwlrq

gxulqj VWZ/ dqg glvn prwlrq gxulqj wudfn0iroorzlqj1 Dfwxdoo| wkh zulwwhq wudfn srvlwlrq

gxulqj VWZ lv d vxppdwlrq ri dv|qfkurqrxv sxuh wrqhv dqg udqgrp qrlvhv iru rqo| rqh

uhyroxwlrq1 Wkh phdq wudfn srvlwlrq diwhu VWZ wkxv lv qrw dq lghdo flufxodu1 Wkh dfwxdwru

vhuyr iroorzv wkh vhuyr zulwwhq wudfn zlwk huuru1 Dw vrph iuhtxhqflhv wkh huuru lv vpdoo/ dw

rwkhu iuhtxhqflhv wkh huuru lv odujh1 Wklv uhvxowv lq wkh khdg srvlwlrq/ [�e@_> ehlqj dssduhqwo|

xquhodwhg wr wkh vhuyr zulwwhq wudfn srvlwlrq/ dw wlphv ehlqj forvhu wr wkh lghdo wudfn/ dw

rwkhu wlphv ehlqj ixuwkhu iurp wkh lghdo wudfn1 Wkh khdg srvlwlrq zloo eh wkh wudfn srvlwlrq

diwhu VWZ rshudwhg xsrq e| wkh vhuyr v|vwhp1 Wkh phdq wudfn0iroorzlqj khdg srvlwlrq

lv wkh khdg uhshdwdeoh uxqrxw +UUR,/ [�e@_--�/ phdvxuhg e| dyhudjlqj v|qfkurqrxvo|

zlwk vhuyr lqgh{ dqg w|slfdoo| dw rughuv ri wkh vslqgoh urwdwlrqdo iuhtxhqf|1 Dv frqwudvw wr

UUR/ qrq0uhshdwdeoh uxqrxw +QUUR, ghqrwhv doo ohiwryhu sduwv ri srvlwlrq huuru wkdw duh

qrw v|qfkurql}hg zlwk wkh vslqgoh urwdwlrqdo iuhtxhqf|1 Vslqgoh QUUR yleudwlrq frpelqhv

zlwk wkh vhuyr v|vwhp udqgrp qrlvh/ doo rshudwhg xsrq e| wkh vhuyr v|vwhp/ wr fuhdwh dq

ryhudoo khdg QUUR/ zklfk lv ghqrwhg dv [�e@_�--�1

Wkh wuxh srvlwlrq huuru/ wsh/ lv gh�qhg dv wkh gl�huhqfh ehwzhhq wkh vhuyr zulwwhq

wudfn [reo�J dqg wkh U2Z khdg srvlwlrq [�e@_1

wsh @ [reo�J �[�e@_ +514d,

wsh @ wsh--� . wsh�--� +514e,

wsh--� @ [reo�J �[�e@_--� +514f,

wsh�--� @ [reo�J �[�e@_�--� +514g,

Wkh phdvxuhg srvlwlrq huuru lv fdoohg srvlwlrq huuru vljqdo +SHV,/ shv/ zklfk lv wsh vdp0
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Vhuyr zulwwhq wudfn/ [
vhuyr

U2Z khdg UUR/ [
khdg UUR

±6σ hqyhors ri

U2Z khdg QUUR/ [
khdg QUUR

Lghdo flufxodu wudfn

Wuxh Srvlwlrq

Huuru UUR/ wsh
UUR

]hur Huuru

wuxh SH UUR/ wsh
UUR

±6σ hqyhors ri wuxh
SH QUUR/ wsh

QUUR

U2Z khdg wudfn/ [
khdg

.qrlvhv @ SHV

Iljxuh 519= Wkh uhodwlrqvkls ehwzhhq ydulrxv wudfn srvlwlrqv dqg srvlwlrq huuruv1

sohg dw vhuyr vhfwruv/ frqwdplqdwhg e| wkh uhdg fkdqqho qrlvh sdvvlqj wkurxjk wkh SHV

ghprgxodwru1 shv lwvhoi lv d }hur phdq Jdxvvldq surfhvv dv vkrzq lq Iljxuh 5181

shv @ wsh. qrlvh +515d,

shv @ shv--� . shv�--� +515e,

shv--� @ wsh--� +515f,

shv�--� @ wsh�--� . qrlvh +515g,

Wudfn plv0uhjlvwudwlrq +WPU, lv wkh prvw lpsruwdqw txdqwlw| lq wkh KGG ghvljq

surfhvv wr hydoxdwh wkh ryhudoo shuirupdqfh ri vhuyr v|vwhpv1 WPU lv qrw d qxpehu exw d

vwdwlvwlfdo glvwulexwlrq/ ixuwkhupruh/ d fhqwudo ghvljq phwkrg iru vhuyr v|vwhpv wkdw

� surylghv frpsdwlelolw| ehwzhhq vhuyr/ phfkdqlfdo/ uhdg2zulwh fkdqqho/ vhuyr zulwhu/
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khdg2phgld/ dqg frqwuro orjlf>

� surylghv wkh phdqv wr ylvxdol}h ghvljq wudgh0r�v= iru d KGG zlwk fruuhvsrqglqj

r� wudfn fdsdelolw| +RWF,/ WPU exgjhw lv d frqvwudlqw vxfk wkdw zlwklq wklv olplw/

v|vwhp fdq dfklhyh dq dffhswdeoh vriw huuru udwh +VHU,>

� doorzv frqwlqxrxv surgxfw hydoxdwlrqv iru ghyhorsphqw f|foh/ pdqxidfwxulqj dqg sodq0

qlqj hqkdqfhphqwv1

WPU kdv wzr uhodwhg dvshfwv/ zulwh0wr0uhdg wudfn plv0uhjlvwudwlrq +Z2U WPU,

dqg zulwh0wr0zulwh wudfn plv0uhjlvwudwlrq +Z2Z WPU,1 Wkh Z2U WPU lv d phdvxuhphqw

ri wkh glvwulexwlrq ri wkh uhodwlyh plvdoljqphqw ri wkh khdg wudmhfwru| gxulqj gdwd zulwh dqg

gdwd uhdg1 Wklv huuru orzhuv uhdg vljqdo wr qrlvh udwlr dqg wkxv fdxvhv elw huuruv1 Wkh Z2U

WPU lv xvxdoo| txdqwl�hg e| shv�--�1 Wkh Z2U WPU lv Jdxvvldq e| gh�qlwlrq dqg lw lv

uhtxluhg wkdw wkh 6�+Z2U WPU, lv qrw juhdwhu wkdq 45( ri wkh wudfn zlgwk1 Wkh Z2Z

WPU lv d phdvxuhphqw ri wkh glvwulexwlrq ri wkh hqfurdfkphqw xsrq wkh fxuuhqw wudfn e|

zulwlqj rshudwlrq rq dgmdfhqw wudfnv1 Wklv sduw ri WPU dovr fdxvhv elw huuruv1 Wkh Z2Z

WPU lv txdqwl�hg e| [�e@_--�1 Lw lv wkhruhwlfdoo| srvvleoh wr phdvxuh wkh wudfn srvlwlrq

UUR/ [�e@_--�/ xvlqj d yhu| orz edqgzlgwk wudfn iroorz orrs1 Zlwk vxfk d v|vwhp wkh

uhvxowlqj SHV UUR/ shv,J�b�`b--�/ zrxog fruuhvsrqg wr wkh vhuyr wudfn srvlwlrq UUR/

[reo�J1 Iroorzlqj uhodwlrq wkxv h{lvwv1

[�e@_--� @ shv,J�b�`b--� � shv--� +516,

6�+Z2Z WPU, lv dffhswdeoh zklq 43( �48( ri wkh wudfn zlgwk dqg zlwk d w|slfdo ydoxh

ri 416 wlphv wkh 6�+Z2U WPU,1 D ixoo glvfxvvlrq ri WPU lv eh|rqg wkh vfrsh ri wklv
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glvvhuwdwlrq> lqwhuhvwhg uhdghuv fdq uhihu wr ^43` ^8:`1
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Wkh KGG khdg srvlwlrqlqj v|vwhp kdv d juhdw lpsdfw rq doprvw hyhu| dvshfw ri

wkh ryhudoo shuirupdqfh ri KGG/ zklfk lv gh�qhg lq whupv ri fdsdflw|/ vshhg/ uholdelolw|/

srzhu frqvxpswlrq/ dfrxvwlf/ dqg vr rq1 Wkh qhhg wr vlpxowdqhrxvo| lpsuryh dqg edodqfh

doo vshfl�fdwlrqv suhvhqwv d wuhphqgrxv fkdoohqjh wr wkh ghvljq ri KGG vhuyr v|vwhpv1 Wzr

pdmru ixqfwlrqv ri KGG vhuyr duh wudfn0iroorzlqj dqg wudfn0vhhnlqj1 Lq wkh wudfn0iroorzlqj

prgh/ wkh frqwuroohu ixqfwlrqv dv d uhjxodwru wr plqlpl}h wkh rq0wudfn srvlwlrq huuru +wsh>

qrw shv,1 Lq wkh wudfn0vhhnlqj prgh/ wkh remhfwlyh lv wr plqlpl}h wkh wudqvlwlrq wlph iurp

rqh wudfn fhqwhu wr dqrwkhu dv zhoo dv wkh dfrxvwlf qrlvh dqg srzhu frqvxpswlrq1 Wkh

lqwhudfwlrqv ehwzhhq wkh ryhudoo dqg wkh vhuyr shuirupdqfhv duh h{dplqhg lq ghwdlov lq wkh

iroorzlqj vxevhfwlrqv1

%"*" &���������� ����	2���	���

Wkh uhfruglqj ghqvlw| ri KGG lv xvxdoo| ghvfulehg e| duhdo ghqvlw|/ zklfk phdvxuhv

krz pdq| elwv ri gdwd fdq eh sdfnhg lqwr hdfk vtxduh lqfk1 Kljkhu duhdo ghqvlw| lv dfklhyhg

e| zulwlqj pruh elwv shu lqfk +ESL, lq flufxodu gluhfwlrq dorqj wkh gdwd wudfn dqg lqfuhdvlqj

wkh qxpehu ri wudfnv shu lqfk +WSL, lq udgldo gluhfwlrq1 Wkh kljkhvw dfklhydeoh duhdo ghqvlw|

lq fxuuhqw frpphufldo KGGv lv 55 Jelwv shu vtxduh lqfk +83n WSL dqg 773n ESL,1 Dfklhydeoh

ESL lv ghwhuplqhg e| wkh vslqgoh vshhg dqg U2Z fkdqqho fdsdelolw| zkloh dfklhydeoh WSL

lv pruh uhodwhg wr wkh vhuyr shuirupdqfh1 Lpsurylqj wkh uhjxodwlrq shuirupdqfh ri wudfn0
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iroorzlqj frqwuroohuv uhgxfhv wudfnlqj huuruv1 Wkxv lw qrw rqo| doorzv pruh wudfnv ehlqj

sdfnhg lq udgldo gluhfwlrq/ l1h1 lqfuhdvhv dfklhydeoh WSL/ exw ghfuhdvhv vriw huuru udwh ^43`

dqg lpsuryhv orqj whup uholdelolw|1

Wkh dffhvv vshhg ri KGG fdq eh dssur{lpdwhg e| vxpplqj wkh wlph frqwulexwruv

ri gdwd uhdg2zulwh dqg wudqvihu1 Wkh lqyhuvh ri wklv vxppdwlrq jlyhv dq dssur{lpdwh

wkurxjksxw udwh iru udqgrp gdwd dffhvv lq d qrq0txhxhg rshudwlrq hqylurqphqw1 Wkhvh

wlph frqwulexwruv duh h{sodlqhg lq wkh iroorzlqj1

� Vhhn wlph lv wkh wlph uhtxluhg iru wkh U2Z khdgv wr pryh iurp rqh wudfn wr dqrwkhu1

Wkh qxpehu txrwhg lq frpphufldo surgxfwv lv wkh dyhudjh vhhn wlph ehwzhhq udqgrp

wudfnv/ qrupdoo| iurp 8 pv wr 43 pv1 Lq qrupdo rshudwlrq/ vzlwfklqj ehwzhhq dgmdfhqw

wudfnv rffxu pxfk pruh iuhtxhqwo| wkdq udqgrp vhhnv1 Wkxv dqrwkhu vshfl�fdwlrq

fdoohg wudfn0wr0wudfn vhhn wlph lv xvhg wr ghqrwh wkh dprxqw ri wlph wkdw wkh U2Z khdg

wdnhv wr mxps ehwzhhq dgmdfhqw wudfnv1 Lw lv xvxdoo| ohvv wkdq 4 pv1 Ixoo vwurnh vhhn

wlph lv wkh dprxqw ri wlph wr pryh wkh U2Z khdg iurp wkh lqqhuprvw gldphwhu2wudfn

+LG, wr wkh rxwhuprvw gldphwhu2wudfn +RG,1

� Odwhqf| lv dqrwkhu lpsruwdqw shuirupdqfh lqgh{ zklfk lv wkh dprxqw ri wlph wkdw wkh

U2Z khdg pxvw zdlw wr uhdfk wkh wdujhw vhfwru1 Wkh odwhqf| ghshqgv rq wkh vslqgoh

urwdwlrq vshhg dqg wkh dqjxodu glvwdqfh ehwzhhq wkh fxuuhqw vhfwru dqg wkh wdujhw

vhfwru1 Wkh zruvw fdvh kdsshqv zkhq wkh U2Z khdg kdv wr zdlw d ixoo uhyroxwlrq wr

uhdfk wkh wdujhw vhfwru1 Wkh dyhudjh odwhqf| lv kdoi wkh wlph ri d ixoo glvn urwdwlrq/

l1h1/ �f
-��

vhfrqg/ zklfk lv 819 pv iru 8733 uhyroxwlrq shu plqxwh +USP, gulyhv/ 715

pv iru :533 USP gulyhv/ dqg 51; pv iru 43/333 USP gulyhv1
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� Frppdqg ryhukhdg wlph lqfoxghv doo frpsxwdwlrqdo ghod| lpsrvhg e| lpsohphqwlqj

frppdqgv lq hpehgghg plfursurfhvvruv1 Iru gljlwdo frqwuro v|vwhpv/ wkh h�hfw ri

ghod| lv vljql�fdqw dqg wkxv pxvw eh wdnhq lqwr dffrxqw lq wkh ghvljq surfhvv1

� Gdwd wudqvihu wlph uhihuv wr wkh wlph lqwhuydo ehwzhhq uhdglqj +zulwlqj, gdwd elwv iurp

+wr, glvn2khdg lqwhuidfh dqg vhqglqj +jhwwlqj, wkhp wr +iurp, krvw lqwhuidfh/ dv vkrzq

lq Iljxuh 5171

%"*"% ���	
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Wkh udslg ghyhorsphqw ri frqwuro dqg gdwd fkdqqho flufxlwulhv ohdgv wr d juhdw

lpsuryhphqw lq wkh frppdqg ryhukhdg wlph dqg gdwd wudqvihu wlph1 Dfwxdwru vhhn wlph

dqg odwhqf| duh vwloo wkh odujhvw frqwulexwruv ri KGG wkurxjksxw shuirupdqfh1 Vhhn wlph

lv ghwhuplqhg e| wkh shuirupdqfh ri wudfn0vhhnlqj frqwuroohu1 D zhoo0ghvljqhg wudfn0vhhnlqj

frqwuroohu qrw rqo| kdv d vkruw vhhn wlph/ exw dovr uhgxfhv wkh srzhu frqvxpswlrq dqg ohdgv

wr txlhw rshudwlrq1 Lqfuhdvlqj wkh vslqgoh vshhg/ USP / dssduhqwo| zloo uhgxfh wkh odwhqf|

dqg hqkdqfh wkh elw wudqvihu udwh iru d jlyhq ESL1 Krzhyhu/ lw dovr dgyhuvho| d�hfwv srzhu

frqvxpswlrq/ dfrxvwlfv/ dhurg|qdplf h{flwhg yleudwlrq ri glvnv dqg dfwxdwru/ dqg vslqgoh

g|qdplfv/ dqg pd| qhfhvvlwdwh uhgxfhg ESL iru d jlyhq fkdqqho vshhg1

Dqrwkhu lpsruwdqw wudgh0r� lv ehwzhhq wkh vdpsolqj udwh ir/ wkh vslqgoh vshhgUSP /

dqg wkh qxpehu ri vhfwruv shu wudfn QreS|Jo1 Wkh vdpsolqj iuhtxhqf| lv ghwhuplqhg e| USP

dqg QreS|Jo dv

ir @
USP �QreS|Jo

93
= +517,

Ehfdxvh ri wkh lqwhuohdylqj qdwxuh ri hpehgghg vhuyr vhfwruv/ wkh hpehgghg vhuyr v|vwhp lv
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d vdpsohg v|vwhp zklfk ohdgv lwvhoi wr d gljlwdo lpsohphqwdwlrq ri frqwuroohu1 Lw lv ghvludeoh

wr kdyh d kljk vdpsolqj iuhtxhqf| iru wkh gljlwdo frqwuro1 Gxh wr wkh diruhphqwlrqhg uhdvrqv/

wkh fkrlfh ri wkh vslqgoh vshhg USP lv olplwhg dqg lw fdqqrw eh duelwudulo| vhohfwhg1 Wkh

qxpehu ri vhfwruv rq hdfk wudfn dovr vkrxog qrw eh wrr odujh vr dv wr xvh dv pxfk glvn vxuidfh

dv srvvleoh iru gdwd vwrudjh1 Doo duh olplwlqj wkh vdpsolqj iuhtxhqf| lq KGG vhuyr v|vwhp1

Iru h{dpsoh/ iru d 8733 USP gulyh zlwk 453 vhfwruv/ wkh vdpsolqj iuhtxhqf| lv 431;NK}1

Wklv lv frqvlghuhg wr eh uhodwlyho| orz dv wkh doorzdeoh wudfn huuru lv rqo| rqh whqwk ri d

plfurphwhu1 Li wkh gljlwdo frqwuroohu lv frqyhuwhg iurp d frqwlqxrxv0wlph ghvljq xqghu vxfk

d orz vdpsolqj udwh xvlqj glvfuhwl}dwlrq wudqvirupdwlrqv/ h1j1 elolqhdu wudqvirupdwlrq/ vrph

shuirupdqfh ghjudgdwlrq lv h{shfwhg1 Wkhuhiruh/ lw lv dozd|v ghvludeoh wr eh deoh wr ghvljq

gluhfwo| lq glvfuhwh0wlph1

Rqh zd| wr uhgxfh wsh lv wkurxjk lpsurylqj wkh phfkdqlfdo vwuxfwxuh zklfk uh0

gxfhv wkh glvwxuedqfhv dqg qrlvhv dw vrxufh1 Dqrwkhu phwkrg lv wr orrs0vkdsh wkh frqwuroohu

vxfk wkdw ehwwhu glvwxuedqfh uhmhfwlrq lv dwwdlqhg1 E| orrs0vkdslqj zh phdq d ghvljq sur0

fhgxuh wkdw lqyroyhv h{solflwo| vkdslqj wkh pdjqlwxgh ri gl�huhqw orrs wudqvihu ixqfwlrqv1

Lw vwduwv zlwk d qrplqdo frqwuroohu ru d frqwuroohu iurp wkh odvw ghvljq f|foh1 Wkhq SHV lv

froohfwhg dqg wkh vshfwuxp ri SHV lv fdofxodwhg1 Wkh ghvluhg orrs fkdudfwhulvwlfv duh wkhq

ghwhuplqhg e| frpsdulqj wkh SHV vshfwuxp zlwk wkh ergh sorwv ri ydulrxv orrsv1

Krzhyhu/ wkhuh duh dozd|v wudgh0r�v lq orrs0vkdslqj1 Wkh vhqvlwlylw| ixqfwlrq V

jryhuqv krz wkh srvlwlrq glvwxuedqfh gR dqg phdvxuhphqw qrlvh q6 jr wkurxjk wkh v|vwhp

dqg vkrz xs dw wkh wudfn huuru wsh1 Li zh pdnh lw ohvv vhqvlwlyh wr glvwxuedqfhv dw vrph

iuhtxhqflhv/ zh wkhq pdnh wkh v|vwhp pruh vhqvlwlyh dw rwkhu iuhtxhqflhv1 Wklv lv fdoohg
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zdwhuehg h�hfw dqg fdq eh h{sodlqhg e| wkh zhoo0nqrzq Ergh lqwhjudo wkhruhp e| Ergh

^8;`1 Iuhxghqehuj ^8<` h{whqghg wklv wkhruhp wr xqvwdeoh sodqwv1 Khuh lv lwv glvfuhwh0wlph

yhuvlrq e| Prkwdgl ^93`1

Wkhruhp 4 +Ergh Vhqvlwlylw| Lqwhjudo iru Glvfuhwh0wlph V|vwhpv, Iru doo forvhg0

orrs vwdeoh glvfuhwh0wlph ihhgedfn v|vwhpv/ wkh vhqvlwlylw| ixqfwlrq kdv wr vdwlvi| wkh iroorzlqj

lqwhjudo frqvwudlqw=

4
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oq m��m +518,

zkhuh �� duh wkh rshq0orrs xqvwdeoh srohv ri wkh v|vwhp dqg p lv wkh wrwdo qxpehu ri wkhvh

srohv1

Wkhuh duh frxsoh ri lpsruwdqw vxjjhvwlrqv e| wklv wkhruhp1 Iluvw/ wkh wkhruhp lq0

glfdwhv wkdw vrph ri rxu remhfwlyhv duh frpshwlqj gxulqj orrs0vkdslqj1 Iru h{dpsoh/ li SHV

vshfwuxp whoov xv wkhuh lv d prgh ehorz wkh furvvryhu iuhtxhqf| zklfk qhhgv wr eh dwwhq0

xdwhg/ zh sxvk grzq mV+m$,m durxqg wkh iuhtxhqf| ri wkdw prgh1 Wklv pd| lqdgyhuwhqwo|

dpsoli| vrph qrlvhv dw kljk iuhtxhqflhv ehfdxvh wkh jdlqv diwhu wkh furvvryhu iuhtxhqf| duh

sxpshg xs gxh wr wkh zdwhuehg h�hfw1

Vlqfh prvw hqhuj| ri SHV lv frqfhqwudwhg dw orz iuhtxhqflhv/ rqh zd| ri lpsurylqj

vhuyh huuru uhmhfwlrq lv e| lqfuhdvlqj wkh vhuyr edqgzlgwk1 Krzhyhu/ wkh Ergh wkhruhp

vxjjhvwv wkdw iru d jlyhq vdpsolqj udwh +ru vd| Q|txlvw iuhtxhqf|,/ zh fdqqrw sxvk xs wkh

furvvryhu iuhtxhqf| zlwkrxw ghjudglqj wkh kljk iuhtxhqf| shuirupdqfh1 Lq wkh rwkhu zrugv/

kljk edqgzlgwk lpsolhv kljk srzhu frqvxpswlrq/ dpsol�fdwlrq ri dxgleoh qrlvh/ dqg odvw exw

qrw ohdvw srru urexvwqhvv djdlqvw yduldwlrqv ri uhvrqdqfh shdnv/ wlph ghod|/ dqg xqprghohg
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kljk iuhtxhqf| g|qdplfv1 Rqh pd| vxjjhvw lqfuhdvlqj wkh vdpsolqj udwh vxfk wkdw wkhuh

lv pruh urrp wr vsuhdg rxw wkh dpsol�fdwlrq1 Xqiruwxqdwho|/ lqfuhdvlqj wkh vdpsolqj udwh

pd| qrw eh deoh wr lpsuryh wkh shuirupdqfh ehfdxvh wkh pd{lpxp dwwdlqdeoh edqgzlgwk

lv dfwxdoo| olplwhg e| wkh frpsxwdwlrqdo wlph ghod| ru wkh orzhvw dfwxdwru uhvrqdqfh1 Iru

wkh edvlf urwdu| dfwxdwru xvhg lq wrgd|*v KGGv/ vhyhudo ghvljq sdudphwhuv olplw wkh vhuyr

edqgzlgwk/ h1j1/ wkh lq0sodqh rxw0ri0skdvh ehqglqj prgh ri wkh dupv dqg wkh hohfwulfdo ulvh

wlph ri wkh YFP ^4`1 Dv d uxoh ri wkxpe/ wkh vhuyr edqgzlgwk iuhtxhqf| lv olplwhg e| 58(

ri wkh iuhtxhqf| ri wkh orzhvw dfwxdwru uhvrqdqfh/ riwhq hlwkhu wkh �uvw vxvshqvlrq wruvlrqdo

+W4, prgh ru wkh �uvw dfwxdwru odwhudo +exwwhu |, prgh1 Wkhuhiruh d idvwhu GVS fkls dqg d

vhfrqgdu| kljk0edqgzlgwk dfwxdwru duh pruh khosixo lq lpsurylqj wkh KGG shuirupdqfh1

%"+ ���	
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Rqh ri wkh pdlq sxusrvhv ri wklv glvvhuwdwlrq lv wr ghyhors d wxqlqj phwkrg iru

�{hg0vwuxfwxuh frqwuroohuv1 Iru wkh vlpsolflw| ri wudfn0iroorzlqj frqwuroohuv/ lw vhuyhv dv wkh

vwxg|0fdvh lq wklv glvvhuwdwlrq1 Iljxuh 51: vkrzv d w|slfdo eorfngldjudp ri KGG wudfn0

iroorzlqj vhuyr dorqj zlwk ydulrxv glvwxuedqfhv dqg qrlvhv ^43` ^94`1 F uhsuhvhqwv wkh gljlwdo

frqwuroohu dqg S uhsuhvhqwv wkh sodqw g|qdplfv/ lqfoxglqj srzhu dpsol�hu +SD,/ yrlfh frlo

prwru +YFP,/ dqg khdg0glvn dvvhpeo| +KGD,1 Wkhuh duh wzr fdwhjrulhv ri glvwxuedqfh

vrxufhv= phfkdqlfdo glvwxuedqfhv dqg hohfwulfdo qrlvhv ^95`1

� Rq phfkdqlfdo vlgh/ gs ghqrwhv wkh irufh glvwxuedqfhv vxfk dv h{whuqdo vkrfn/ slyrw

iulfwlrq/  h{ fdeoh eldv/ dqg zlqgdjh1 gR ghqrwhv wkh srvlwlrq glvwxuedqfhv lqfoxglqj

vslqgoh prwru yleudwlrq/ glvn  xwwhu/ dqg volghu yleudwlrq1
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Iljxuh 51:= D w|slfdo eorfngldjudp ri glvn gulyh vhuyr v|vwhp1

� Rq wkh rwkhu kdqg/ hohfwulfdo qrlvhv frqvlvw ri phdvxuhphqw qrlvh q6/ srzhu dpsol�hu

qrlvh qR/ dqg txdqwl}dwlrq huuruv q�(/ q(�/ dqg q^ iurp D2G/ G2D/ dqg �{hg0srlqw

GVS uhvshfwlyho|1 D ghwdlohg dqdo|vlv ri wkh h�hfw ri q^ rq vhuyr shuirupdqfh lv

suhvhqwhg lq Fkdswhu :1

Wudfn0iroorzlqj shuirupdqfh ri KGGv ghwhuplqhv wkh uhfruglqj ghqvlw| dqg ryhudoo

v|vwhp urexvwqhvv1 Wudfn0iroorzlqj lv d uhjxodwlrq sureohp/ wkhuhiruh wkh pdmru ghvljq

remhfwlyh ri wudfn0iroorzlqj frqwuro lv wr plqlpl}h wkh wuxh wudfnlqj huuru wsh/ zklfk lv/

krzhyhu/ lpphdvxudeoh1 Wkh srvlwlrq huuru vljqdo shv ehlqj phdvxuhg lv wkh wuxh srvlwlrq

huuru wsh frqwdplqdwhg e| wkh phdvxuhphqw qrlvh q61 W|slfdo wlph0grpdlq vshfl�fdwlrqv

duh mwsh^q`m 9 45( wudfnzlgwk dqg 6�+wsh^q`, 9 8( wudfnzlgwk1 Iruwxqdwho|/ q6 lv vkrzq wr

eh zklwh ^96` wkxv plqlpl}lqj wkh srzhu ri shv lv htxlydohqw wr plqlpl}lqj wkh srzhu ri wsh1

Wkh ghvljq dovr qhhgv wr kdyh hqrxjk urexvwqhvv gxh wr wkh vdph vhuyr dojrulwkp kdylqj

wr shuirup lq ploolrqv ri glvn gulyhv wkdw duh pdvv surgxfhg/ hdfk zlwk voljkwo| gl�huhqw

fkdudfwhulvwlfv gxh wr pdqxidfwxulqj wrohudqfhv/ whpshudwxuh yduldwlrqv/ dqg djlqj h�hfwv1
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Lq wklv glvvhuwdwlrq/ doo frqvwudlqwv duh uhodwhg wr wkh iuhtxhqf|0grpdlq uhtxluhphqwv/ vxfk

dv wkh plqlpxp skdvh pdujlq zklfk lv d gluhfw vdihjxdug djdlqvw wlph ghod| xqfhuwdlqw|/

wkh plqlpxp jdlq pdujlq zklfk lv d gluhfw vdihjxdug djdlqvw vwhdg|0vwdwh jdlq xqfhuwdlqw|/

wkh plqlpxp furvvryhu iuhtxhqf|/ dqg wkh pd{lpxp shdn ri vhqvlwlylw| ixqfwlrq1

Wkh SLG0olnh frqwuroohuv edvhg rq fodvvlfdo whfkqltxhv vwloo grplqdwh wkh frvw0

vhqvlwlyh lqgxvwuldo dssolfdwlrqv olnh KGGv1 Gxh wr wkh whfkqrorjlfdo dgydqfh lq wkh ghvljq

dqg lpsohphqwdwlrq ri vrsklvwlfdwhg frqwuroohuv/ wkhuh kdv ehhq dq lqfuhdvhg lqwhuhvw lq ds0

so|lqj prghuq frqwuro whfkqltxhv/ vxfk dv OTJ2OWU dqg K" orrs0vkdslqj/ wr wkh ghvljq

ri KGG frqwuroohuv vlqfh wkh odwh 4<;3v1 Wkh uhpdlqghu ri wklv vhfwlrq jlyhv d uhylhz ri

gl�huhqw dssurdfkhv rq wkh ghvljq ri KGG wudfn0iroorzlqj frqwuroohu1

%"+" &!�

Dqdorj SLG frqwuro kdv ehhq xvhg lq wudfn0iroorzlqj frqwuro iru |hduv1 W|slfdoo|/ dq

dqdorj SLG wudfnlqj frqwuroohu kdv d furvvryhu iuhtxhqf| ri 733K} dqg d skdvh pdujlq ri 68

ghjuhhv1 Rqh ri wkh zhdnqhvvhv ri SLG frqwuro zdv lwv odujh lqwhjudwru wlph frqvwdqw qhhghg

wr pd{lpl}h orrs skdvh pdujlq dqg orz iuhtxhqf| jdlq iru v|vwhpv zlwk orz edqgzlgwk1

Dqdorj ghvljq iru KGG vhuyr ehjdq wr frph wr wkh hqg lq wkh odwh hljkwlhv zkhq lw frxog

qr orqjhu surylgh vroxwlrqv iru wkh lqfuhdvlqjo| frpsoh{ frqwuro sureohp dvvrfldwhg zlwk

lqfuhdvlqj gdwd wudfn ghqvlw|/ idvwhu dffhvv uhtxluhphqwv/ dqg vpdoohu erdug irrwsulqw1 Wkh

dgrswlrq ri GVS fklsv lq KGG vhuyr v|vwhpv vlqfh wkh hduo| qlqhwlhv kdv qrw rqo| vroyhg

wkh olplwhg irrwsulqw sureohp/ exw vljql�fdqwo| lpsuryhg wkh shuirupdqfh dqg ehhq suryhg

wr eh frvw h�hfwlyh ^97`1 Wkh prvw vwudljkwiruzdug dssolfdwlrq ri gljlwdo wudfn0iroorzlqj

frqwuro lv wr xvh gljlwdo SLG frqwuro1 Wkh furvvryhu iuhtxhqf| ri d w|slfdo gljlwdo SLG wudfn0
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iroorzlqj frqwuroohu lv durxqg 933 K} dqg skdvh pdujlq lv voljkwo| ryhu 73 ghjuhhv1 Lw pxvw

eh srlqwhg rxw wkdw sduw ri wkh lpsuryhphqw lq edqgzlgwk dqg skdvh pdujlq zdv gxh wr

lpsuryhphqw lq wkh U2Z khdg dqg dfwxdwruv1

Wxqlqj ri SLG frqwuroohuv ehorqjv wr d fodvv ri �{hg0vwuxfwxuh frqwuroohu rswlpl}d0

wlrq sureohpv/ zklfk duh wkh pdlq irfxv ri wklv glvvhuwdwlrq1 Lw zloo eh glvfxvvhg lq ghwdlov

lq Fkdswhu 71 Wkhuh duh qxpehuv ri phwkrgv wr khxulvwlfdoo| wxqh wkh SLG frqwuroohu iru

KGGv/ vxfk dv ]lhjohu0Qlfkrov phwkrg ^98`/ sroh sodfhphqw ^99`/ orrs0vkdslqj ^9:`/ K"

rswlpl}dwlrq ^65`/ dqg pl{hg K22K"1

Xvxdoo|/ qrwfk �owhuv duh fdvfdghg zlwk SLG frqwuroohu wr wdfnoh qduurz phfkdqlfdo

uhvrqdqfhv prghv1 Wkh qrwfk �owhu lv ghvljqhg vhsdudwho| dqg ehiruh wkh wxqlqj ri SLG

frqwuroohu1

%"+"% �56.���

Lq KGG vhuyr v|vwhp/ wkh U2Z khdg srvlwlrq lv xvxdoo| wkh rqo| phdvxudeoh vwdwh1

Wkh revhuyhu edvhg rxwsxw ihhgedfn frqwuro lv d uljkw �w ^9;`1 Irupxodwlqj wkh sureohp lq

wkh vwdwh vsdfh vhwwlqj doorzv wr xvh vrph srsxodu whfkqltxhv vxfk dv OTJ2OWU dqg K"

orrs0vkdslqj1 Edvlf OTJ frqwuro lv wkh frpelqdwlrq ri olqhdu txdgudwlf uhjxodwru zklfk

surylghv wkh rswlpdo vwdwh ihhgedfn frqwuro/ dqg Ndopdq �owhu zklfk lv dq rswlpdo vwrfkdvwlf

vwdwh hvwlpdwru xqghu �fwlwlrxvo| lqwurgxfhg surfhvv qrlvhv ^9<` ^:3`1 Wkh OTJ dssurdfk

suryhg sduwlfxoduo| vxlwhg wr phhw shuirupdqfh vshfl�fdwlrqv zkloh jxdudqwhhlqj forvhg0

orrs vwdelolw|1 Wkh shuirupdqfh lqgh{ lv xvxdoo| d edodqfh ri plqlpl}lqj wudfn huuru dqg

plqlpl}lqj frqwuro h�ruw/ gh�qhg lq wkh zhljkwhg0vxp txdgudwlf irup1 Jlyhq wkh zhljkwlqj

ri shuirupdqfh lqgh{ dqg wkh srzhu ri �fwlwlrxv qrlvhv/ wkh ihhgedfn jdlq dqg Ndopdq
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�owhu jdlq duh ghvljqhg vhsdudwho| edvhg rq wkh vhsdudwlrq wkhruhp1 Krzhyhu/ wkh fkrlfh ri

zhljkwv dqg srzhu lv qrw gluhfwo| frqqhfwhg zlwk wkh ghvluhg forvhg0orrs fkdudfwhulvwlfv1

Lq rughu wr vlpsoli| wkh wuldo0dqg0huuru surfhgxuh qhhghg iru zhljkw vhohfwlrq/ wkh

OTJ frqwuro frpelqhg zlwk orrs wudqvihu uhfryhu|/ qdphg OTJ2OWU/ lv h{wuhpho| xvhixo

iurp wkh sudfwlfdo ylhzsrlqw ri KGG vhuyr ghvljq1 Wkh edvlf vwhsv ri OTJ2OWU duh dv

iroorzv1

� Edvhg rq phdvxuhg SHV vshfwuxp dqg ydulrxv iuhtxhqf|0grpdlq uhtxluhphqwv/ ghvljq

dq fdvfdghg zhljkwlqj frpshqvdwru wkdw jlyhv d vdwlvidfwru| rshq0orrs g|qdplfv1 Qrz

wkh h{whqghg sodqw prgho lqfoxghv wkh g|qdplfv ri wklv vkdslqj frpshqvdwru1

� Jhqhudwh d wdujhw ihhgedfn orrs zlwk d vhohfwlrq ri dq hvwlpdwru edvhg rq wkh h{whqghg

sodqw prgho1 Ndopdq �owhu lv idyruhg ehfdxvh ri dvvxuhg vwdelolw| dqg h{fhoohqw ur0

exvwqhvv surshuwlhv1

� Uhfryhu wkh WIO wkurxjk d fkhds OT ihhgedfn frqwuro1

Dsso|lqj OTJ2OWU frqwuro wr wkh ghvljq ri KGGv vhuyr lv suhvhqwhg lq ydvw olw0

hudwxuhv iru erwk vlqjoh0vwdjh dfwxdwru ^44` ^45` ^46` ^48` ^47` dqg gxdo0vwdjh dfwxdwru ^5`

^48`1 Kdqvhopdqq hw do1 + ^44`/ 4<<;, dssolhg wkh frqwlqxrxv0wlph OTJ2OWU phwkrgrorj|

wr ghvljq d wudfn0iroorzlqj frqwuroohu iru d kljko| uhvrqdqw glvn gulyh1 \hq hw do1 +^5`/ 4<<3,

xvhg d glvfuhwh OTJ2OWU whfkqltxh wr ghvljq d wudfnlqj iroorzlqj frqwuroohu iru d gxdo0vwdjh

KGG dfwxdwru1 Fklx hw do1 +^45`/ 4<<6, xvhg iuhtxhqf| vkdshg OTJ2OWU ghvljq wr lpsuryh

wkh uxqrxw shuirupdqfh ri d glvn �oh v|vwhp1 Zhhudvrrul|d hw do1 +^46`/ 4<<8, suhvhqwhg

d glvfuhwh0wlph OTJ2OWU ghvljq ri d KGG wudfn0iroorzlqj vhuyr v|vwhp1 Rqh lpsruwdqw



68

srlqw pdgh e| Zhhudvrrul|d ^46` lv wkdw wkh h{fhoohqw urexvwqhvv dqg shuirupdqfh fkdudf0

whulvwlfv ri d frqwlqxrxv0wlph OTJ2OWU ghvljq duh wkhruhwlfdoo| xqdfklhydeoh gxh wr wkh

uhodwlyh orz vdpsolqj udwh dqg qrq0plqlpxp skdvh sodqw fkdudfwhulvwlfv lq KGGv1 Wkhuh0

iruh wkh prvw h!flhqw sdwk wr ghvljq wudfn0iroorzlqj frqwuroohuv lv wr xvh gluhfw glvfuhwh0wlph

ghvljq dqg rswlpl}dwlrq1 Do0Pdpxq +^4;`/ 4<<8, suhvhqwv d wzr0vwhs K"2OWU phwkrg1 Wkh

orrs wudqvihu uhfryhu| +OWU, lv dfklhyhg e| plqlpl}lqj wkh K"qrup ri d wudqvihu ixqfwlrq

zklfk uhsuhvhqwv wkh gl�huhqfh ehwzhhq wkh orrs jdlq ri wkh vwdwlf ixoo vwdwh ihhgedfn dqg

ihhgedfn zlwk revhuyhu1

Wkh nqrzohgjh ri glvwxuedqfhv dqg qrlvhv lv riwhq wdnhq lqwr dffrxqw lq orrs0

vkdslqj1 Fkdqj +^47`/ 4<<<, ghvljqhg d wudfn0iroorzlqj frqwuroohu xvlqj glvfuhwh0wlph OTJ2

OWU1 D qrlvh prgho lv dxjphqwhg lqwr dfwxdwru qrplqdo sodqw wr vkdsh vhqvlwlylw| dqg

fr0vhqvlwlylw| vxfk wkdw WPU exgjhw frxog eh uhgxfhg1 Olq +^:4`/ 5333, dxjphqwhg wkh

glvwxuedqfh dqg qrlvh fryduldqfhv lqwr glvfuhwh0wlph OTJ2OWU irupxodwlrq1 Rswlpl}dwlrq

lv shuiruphg e| ydu|lqj wzr wxqlqj idfwruv wr dfklhyhv d plqlpxp 6�|Re1

%"+"' �" ����1����	�


K" orrs0vkdslqj lv wr h{soruh wkh orrs0vkdslqj ghvljq surfhgxuh xvlqj K" rswl0

pl}dwlrq wkhru|1 Iluvw/ dssursuldwh zhljkwlqj ixqfwlrqv duh gh�qhg wr uh hfw glvwxuedqfh

dqg ghvluhg forvhg0orrs fkdudfwhulvwlfv1 Vhfrqg/ fruuhvsrqglqj K"0qrup rswlpl}dwlrq sure0

ohp lv vroyhg wr jlyh d ixoo0rughu frqwuroohu F+}3�
,1 Iljxuh 51; vkrzv d w|slfdo V@W pl{hg0

vhqvlwlylw| rswlpl}dwlrq vhwxs iru KGG vhuyr ghvljq zkhuh V lv wkh vhqvlwlylw| ixqfwlrq dqg W

lv wkh forvhg0orrs frpsohphqwdu| vhqvlwlylw| ixqfwlrq1 Xqolnh wkh orrs0vkdslqj lq OTJ2OWU

zklfk orrs0vkdshv wkh rshq0orrs wudqvihu ixqfwlrq/ pl{hg0vhqvlwlylw| ghvljq orrs0vkdshv wkh
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S+}04,

F+}04,

Z
W

_
.

u @ 3

.

Z
V

g

}
4

}
5

Jhqhudol}hg Sodqw

|x

Iljxuh 51;= Pl{hg0vhqvlwlylw| K" frqwuro iru wudfn iroorzlqj frqwuro1

forvhg0orrs wudqvihu ixqfwlrqv vxfk wkdw wkh qrlvhv dqg glvwxuedqfhv zloo eh ehwwhu dwwhqx0

dwhg1 Dfwxdoo| Vnrjhvwdg hw do1 ^86` vkrzhg wkh rshq0orrs surshuwlhv/ h1j1 jdlq pdujlq dqg

skdvh pdujlq/ duh forvho| uhodwhg wr nVn
"

dqg nWn
"

zklfk duh wkh shdn ydoxhv ri
��V+h�/,��

dqg
��W +h�/,�� uhvshfwlyho|1 Ixuwkhupruh/ ��V+h�/,�� dqg ��W +h�/,�� gluhfwo| jryhuq wkh sursdjd0

wlrq ri glvwxuedqfhv dqg qrlvhv wr wsh1 Wkh shuirupdqfh g|qdplf �owhuv Z7 dqgZA vshfli|

wkh ghvluhg vkdsh ri
��V+h�/,�� dqg ��W +h�/,�� lq wkh zd| wkdw

��V_er�oe_+h�/,�� ? �
�`7Ee�/��

dqg

��W_er�oe_+h�/,�� ? �
�`A Ee�/��

iru doo $ xs wr wkh Q|txlvw iuhtxhqf|1 Wkhuhiruh/ orrs0vkdslqj ri

��V+h�/,�� dqg ��W +h�/,�� lv htxlydohqw wr vroylqj wkh iroorzlqj K" rswlpl}dwlrq sureohp

plq
�

��������
Z7+h

�/
,V+h

�/
> F,

ZA +h
�/
,W +h

�/
> F,

��������
"

? 4= +519,

Dgglwlrqdo forvhg0orrs wudqvihu ixqfwlrq +h1j1 I @
�

�n��
iru wrutxh glvwxuedqfh

dwwhqxdwlrq, fdq eh dgghg wr wkh irupxodwlrq deryh dv dq dgglwlrqdo orrs0vkdslqj uhtxluh0

phqw1 Ehfdxvh zh duh wu|lqj wr sxvk wkh shuirupdqfh wr dfklhydeoh olplwv/ glfwdwhg e| wkh

Ergh lqwhjudo wkhruhp/ wkh lwhudwlyh wxqlqj ri zhljkwlqj �owhuv edvhg rq wkh glvwxuedqfh

dqg shuirupdqfh vshfl�fdwlrqv lv wkh prvw gl!fxow sduw ri wklv whfkqltxh ^53`1
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Wkh dssolfdwlrqv ri K" orrs0vkdslqj lq KGG fdq eh irxqg lq ^49` ^4:` ^4;` ^4<` ^53`1

Kludwd +^4:`/ 4<<<, wrrn lqwr dffrxqw wkh lqwhuvdpsolqj ehkdylruv ri wkh KGG gljlwdo frq0

wuroohu e| dsso|lqj wkh vdpsohg0gdwd K" frqwuro v|qwkhvlv1 K" orrs0vkdslqj dovr dwwudfwv

orwv ri lqwhuhvwv lq wkh frqwuro ghvljq ri gxdo0vwdjh KGG gxh wr lwv vljql�fdqw dgydqwdjhv lq

kdqgolqj pxowl0lqsxw pxowl0rxwsxw +PLPR, v|vwhpv ^66`1

%", ������7

Lq wklv fkdswhu/ dq ryhuylhz ri KGG vhuyrphfkdqlvp zdv suhvhqwhg1 Wkh phdvxu0

deoh srvlwlrq huuru vljqdo +SHV, lv wkh wuxh srvlwlrq huuru frqwdplqdwhg e| phdvxuhphqw

qrlvh1 D ghwdlohg euhdngrzq ri SHV zdv jlyhq lq wklv fkdswhu dqg zloo eh xvhg dv wkh edvlv

iru wkh vwdwlvwlfdo prgholqj ri d odujh qxpehu ri KGGv lq Fkdswhu 61 Wkh ghvljq ri KGG

vhuyr v|vwhpv lv dozd|v vxemhfw wr qxphurxv frqvwudlqwv dqg wudgh0r�v1

Vlqfh wklv glvvhuwdwlrq xvhv wkh ghvljq ri wudfn0iroorzlqj frqwuroohuv dv wkh looxv0

wudwlrq h{dpsoh/ wkh odvw vhfwlrq ri wklv fkdswhu kdg d uhylhz rq wkh ghvljq whfkqltxhv

iru wudfn0iroorzlqj frqwuroohuv1 Wkh edvlf phwkrg lv dq vljqdo0edvhg orrs0vkdslqj surfhvv

zlwk h{shulphqwv zlwklq hdfk lwhudwlyh f|foh1 Dowkrxjk wkhuh duh juhdw h�ruwv lq dsso|0

lqj prghuq frqwuro whfkqltxhv/ vxfk dv OTJ2OWU dqg K" frqwuro/ wr wkh ghvljq ri KGG

wudfn0iroorzlqj frqwuroohu/ prvw prghuq KGGv vwloo xvh SLG0olnh frqwuroohuv soxv qrwfk �o0

whuv1 Rqh ri wkh grzq vlghv ri prghuq frqwuro phwkrgv lv wkdw wkh| xvxdoo| |lhog d kljk

rughu g|qdplf frqwuroohu/ zklfk hlwkhu lv qrw lpsohphqwdeoh lq rq0gulyh GVS ru fdxvhv wrr

pxfk lpsohphqwdwlrq kdvvoh1
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Iru d w|slfdo ghvljq f|foh lq KGG lqgxvwu| lq Iljxuh 614/ wudfn0iroorzlqj vhuyrv

duh ghvljqhg e| orrs0vkdslqj lq iuhtxhqf|0grpdlq ehiruh d gulyh lv exlow1 Wr hydoxdwh

wkh vhuyr shuirupdqfh/ SHVv duh phdvxuhg iurp surwrw|sh gulyhv dqg WPU dqdo|vhv duh

dssolhg1 Lq ^5;`/ SHV zdv eurnhq grzq lqwr frqwulexwruv1 D frpsuhkhqvlyh wlph0grpdlq

vlpxodwlrq wrro/ fdoohg yluwxdo gulyh +Iljxuh 614,/ zdv exlow iru frqwuroohu hydoxdwlrq dqg WSL

suhglfdwlrq1 Ghvljqhuv wkhq dgmxvw iuhtxhqf|0grpdlq remhfwlyhv dffruglqj wr wlph0grpdlq

uhvxowv1 Dssduhqwo|/ wkh hydoxdwlrq ri wlph0grpdlq shuirupdqfh lv qrw dq remhfwlyh gluhfwo|

dvvrfldwhg zlwk rswlpl}hu1 Lw lv dq lqgluhfw dqg lqh!flhqw zd| wr wxqh frqwuroohu ehfdxvh

wkh �qdo shuirupdqfh dvvhvvphqw ri wudfn0iroorzlqj frqwuroohu lv lq wlph0grpdlq/ l1h1 lq
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Rswlpl}dwlrq orrs

Frqwuroohu zlwk

wxqdeoh sdudphwhuv

Iuht0grpdlq

remhfwlyhv

Surwrw|sh gulyhv

Rswlpl}hu

SHV gdwdedvh

SHV dqdo|vlv

‘Yluwxdo Gulyh’=
Wlph0grpdlq

vlpxodwlrq

Iljxuh 614= Wkh wlph0frqvxplqj wlph grpdlq vlpxodwlrq lv wkh erwwohqhfn1 Dovr/ lw grhv

qrw gluhfwo| jlyh gluhfwlrq wr rswlpl}hu1

whupv ri yduldqfh ri SHV1 Rq wkh rwkhu kdqg/ fxuuhqw SHV prghov duh vlqjoh0gulyh edvhg/

zklfk rqo| doorz wkh fdqglgdwh frqwuroohu wr eh hydoxdwhg rq rqh gulyh shu vlpxodwlrq1

Krzhyhu/ zh duh ghvljqlqj frqwuroohuv iru pdvv surgxfhg KGGv1 Lq rughu wr jhw d suhflvh

vwdwlvwlfdo suhglfwlrq ri wlph0grpdlq shuirupdqfh/ wklv wlph0frqvxplqj vlpxodwlrq qhhgv

wr eh uhshdwhg rq d odujh qxpehu ri gulyhv1 Lw lv lpsudfwlfdo wr g|qdplfdoo| lqfoxgh wklv

whglrxv surfhvv lq wkh sdudphwhu rswlpl}dwlrq orrs1

Wr ryhufrph wkh deryh glohppd/ wklv fkdswhu sursrvhv d qryho phwkrg ri exloglqj

d gulyh prgho zklfk qrw rqo| ghvfulehv wkh fkdudfwhulvwlfv ri odujh srsxodwlrq ri gulyhv exw

uhtxluhv plqlpxp fdofxodwlrq h�ruwv iru wlph0grpdlq shuirupdqfh surmhfwlrq1 Wkh prgho

zloo eh �qdoo| xvhg wr v|qwkhvl}h wzr pdmru wlph0grpdlq shuirupdqfh lqgh{hv/ dyhudjh

shuirupdqfh phdq+�Rer, dqg shuirupdqfh urexvwqhvv vwg+�Rer,/ iru d jlyhq frqwuroohu1 Wklv

pdnhv lw srvvleoh wr gluhfwo| rswlpl}h wkh frqwuroohu wrzdugv wkh plqlpl}dwlrq ri SHV/

zlwkrxw whglrxv wlph0grpdlq vlpxodwlrqv +Iljxuh 615,1 Lq ^:5`/ d pxowl0remhfwlyh jhqhwlf
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Rswlpl}dwlrq orrs

Frqwuroohu zlwk
wxqdeoh sdudphwhuv

Iuht0grpdlq
remhfwlyhv

Surwrw|sh gulyhv

Rswlpl}hu

SHV gdwdedvh

SHV dqdo|vlv

Vwdwlvwlfdo

Prgholqj

Wlph0grpdlq
surmhfwlrq

H^σ5
shv`> vwg^σ5

shv`

Iljxuh 615= D qhz ghvljq vfkhph xvlqj gluhfw WPU surmhfwlrq lq wkh rswlpl}dwlrq orrs1

dojrulwkp +PRJD, zdv xvhg wr rswlpl}h wkh frqwuroohu sdudphwhuv edvhg rq wklv WPU

surmhfwlrq dqg rwkhu ghvljq frqvwudlqwv dqg remhfwlyhv1

Wkh prgho exloglqj lv d wzr0vwhs surfhvv1 Iluvw/ d qrplqdo olqhdu sodqw prgho

lv frqvwuxfwhg edvhg rq pxowl0prgho lghqwl�fdwlrq shuiruphg rq d odujh dprxqw ri gulyhv1

Vhfrqgo|/ uhshdwlqj SHV ghfrpsrvlwlrq rq wkh vdph gulyhv ohdgv wr d vwdwlvwlfdo prgho ri

glvwxuedqfhv1 H{shulphqwdo yhul�fdwlrq ri wkh prgho lv jlyhq dw hqg ri wklv fkdswhu1

'"% &���	�	���	�� �� ����	��	��� �	
��� &������	�


Iroorzlqj duh vrph ixqgdphqwdo |hw lpsruwdqw gh�qlwlrqv dqg wkhruhpv wkdw zloo

eh xvhg lq wkh ghyhorsphqw ri wkh diruhphqwlrqhg vwdwlvwlfdo prgho1 Iru d v|vwhpdwlf

glvfxvvlrq rq wkh vwdwlvwlfdo vljqdo surfhvvlqj/ uhdghuv pd| frqvxow Rsshqkhlp dqg Vfkdihu

^:6`/ ^:7`/ dqg wkh uhihuhqfhv wkhuhlq1
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Gh�qlwlrq 5 +Irxulhu Wudqvirup iru Vhtxhqfh, Wkh Irxulhu wudqvirup +IW, ri d vh0

txhqfh {^q` lv jlyhq e|

[+h
�/
, =@

"[
?'3"

{^q`h
3�/? +614,

dqg wkh lqyhuvh Irxulhu wudqvirup lv

{^q` =@
4

5�

] Z

3Z

[+h
�/
,h
�/?

g$ +615,

Gh�qlwlrq 6 +Glvfuhwh Irxulhu Wudqvirup, Jlyhq d Q0srlqw vhtxhqfh {^q`/ wkh glv0

fuhwh Irxulhu wudqvirup +GIW, lv jlyh e|

[^p` =@

�3�[
?'f

{^q`h
3�E2Z*��6? +616,

dqg wkh lqyhuvh glvfuhwh Irxulhu wudqvirup lv

{^q` =@
4

Q

�3�[
6'f

[^p`h
�E2Z*��6?

= +617,

Qrwh wkdw IW +{^q`, @ [+h
�/
, lv d frqwlqxrxv shulrglf ixqfwlrq/ zkloh GIW +{^q`,

@ [^p` lv d �qlwh vhtxhqfh1 Wkh uhodwlrqvkls ehwzhhq wkhp lv

[^p` @

;AA?
AA=

[+h
�/
,

��
/' 2Z

�
6

3 9p 9 Q � 4

3 rwkhuzlvh

+618,

Wkh idvw Irxulhu wudqvirup +IIW, dojrulwkpv lpsohphqwhg lq doo frpphufldo vriw0

zduh/ h1j1 PDWODE dqg PdwkFDG/ rqo| surylgh GIW +{^q`, @ [^p`1

Gh�qlwlrq 7 +Sduvhydo*v Wkhruhp iru IW, Zlwk {^q` 5 F
�f�

dv d vtxduh lqwhjudeoh

vhtxhqfh dqg [+h
�/
, dv lwv IW
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"[
?'3"

n{^q`n
2
=@

4

5�

] Z

3Z

��[+h
�/
,

��2 g$ +619,

zkhuh
��[+h

�/
,

��2 lv fdoohg wkh hqhuj| ghqvlw| vshfwuxp1

Gh�qlwlrq 8 +Sduvhydo*v Wkhruhp iru GIW, Iru Q0srlqw vhtxhqfh {^q` 5 F
�f�

dqg

lwv Q0srlqw GIW [^p`/

�3�[
?'f

n{^q`n
2
=@

4

Q

�3�[
6'f

n[^p`n
2
= +61:,

Uhpdun 9 Sduvhydo*v Wkhruhp iru GIW lv d pruh sudfwlfdo uhodwlrqvkls dv zh dozd|v ghdo

zlwk GIW ri vljqdov lq gdwd surfhvvlqj1

Zkloh vwrfkdvwlf vljqdov duh qrw devroxwho| vxppdeoh ru vtxduh vxppdeoh dqg

frqvhtxhqwo| gr qrw gluhfwo| kdyh Irxulhu wudqvirupv/ pdq| ri wkh surshuwlhv ri vxfk vljqdov

fdq eh vxppdul}hg lq whupv ri wkh dxwrfruuhodwlrq ru dxwrfryduldqfh vhtxhqfh/ iru zklfk

wkh Irxulhu wudqvirup riwhq h{lvwv1

Gh�qlwlrq : +Dxwrfruuhodwlrq Vhtxhqfh, Ohw {^q` eh d zlgh0vhqvh vwdwlrqdu| vhtxhqfh1

Lwv dxwrfruuhodwlrq vhtxhqfh lv jlyhq e| U%%+n, =@ H+{^q`{^q. n`, @ U%%+�n,

Gh�qlwlrq ; +Srzhu Vshfwudo Ghqvlw|, Wkh srzhu vshfwuxp ri d vwdwlrqdu| udqgrp

surfhvv {^q` lv jlyhq e| wkh Irxulhu wudqvirup ri lwv dxwrfruuhodwlrq/

V%%+h
�/
, =@

"[
&'3"

U%%^n`h
3�/& +61;,

zkhuh $ lv wkh qrupdol}hg iuhtxhqf|1 Lq whupv ri sk|vlfdo iuhtxhqf| i +h1j1/ lq khuw},/ lw

ehfrphv

V%%+i, =@

"[
&'3"

U%%^n`h
3�2Z

s

sr
&

+61<,
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zkhuh ir lv wkh vdpsolqj iuhtxhqf|1 Wkh srzhu vshfwudo ghqvlw| +SVG, ri {^q` lv gh�qhg dv

S%%+h
�/
, =@

V%%+h
�/
,

5�
+6143,

dqg

S%%+i, =@
V%%+i,

ir
= +6144,

Rq wkh rwkhu vlgh/ wkh fruuhodwlrq vhtxhqfh fdq eh ghulyhg iurp wkh SVG e| xvh ri wkh lqyhuvh

Irxulhu wudqvirup1

U%%^n` @

] Z

3Z

S%%+h
�/
,h
�/&

g$ @

] sr
2

3
sr
2

S%%+i,h
�2Z s

sr
&
gi +6145,

Uhpdun < Ohw |^q` @ K+}
3�

,{^q`/ zh kdyh S+++h
�/
, @

��K+h
�/
,

��2 S%%+h�/,1
Iru d uhdo vljqdov/ S%%+h

�/
, lv d hyhq ixqfwlrq/ l1h1 S%%+h

�/
, @ S%%+h

3�/
,/ wkxv

U%%^n` @ 5

U sr
2

f S%%+i,h
�2Z s

sr
&
gi 1 Wklv lv d yhu| xvhixo uhodwlrq ehfdxvh doo vljqdov duh

dvvxphg wr eh uhdo dqg vwdwlrqdu| lq wkh glvvhuwdwlrq1

Lq wklv glvvhuwdwlrq/ PDWODE Vljqdo Surfhvvlqj Wrroer{ ^:7` lv xvhg wr hvwlpdwh

wkh SVG ri d uhdo �qlwh0ohqjwk vljqdo1 Lw dgrswv wkh rqh0vlghg SVG gh�qhg dv

�%%+h
�/
, @

;AA?
AA=

5S%%+h
�/
, 3 9 $ 9 �

3 �� 9 $ ? 3

= +6146,

Iru frqyhqlhqfh/ iurp wklv srlqw/ SVG uhihuv wr wkh rqh0vlghg SVG1

Gh�qlwlrq 43 +Dyhudjh srzhu ryhu d iuhtxhqf| edqg, Wkh dyhudjh srzhu +phdq vtxduh

ydoxh, ri d vljqdo ryhu wkh iuhtxhqf| edqg ^i�> i2` lv gh�qhg dv

S ds�cs2o @

] s2

s�

�%%+i,gi / 3 9 i� ? i2 9 ir +6147,
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Vlqfh U%%^n` @
U sr

2

f �%%+i,h
�2Z s

sr
&
gi / wkh dyhudjh srzhu ri wkh uhdo vhtxhqfh {^q`

ryhu wkh hqwluh Q|txlvw lqwhuydo ^3 sr
2 `

lv

U%%^3` @

] sr
2

f

�%%+i,gi= +6148,

Rq wkh rwkhu kdqg/ U%%^3` @ H+{
2
^q`, @ �

2
% . +H+{^q`,,

21 Wkhuhiruh/ zh fdq hvwlpdwh wkh

yduldqfh ri d vhtxhqfh

�
2
% @

] sr
2

f

�%%+i,gi � +H+{^q`,,
2 +6149,

'"' �������� �����	�� 0��	���	��

Wudqvihu ixqfwlrqv duh vlqxvrlgdo vwhdg|0vwdwh rxwsxw wr lqsxw udwlrv/ zklfk xvxdoo|

duh frpsoh{ qxpehuv1 Lw lv dvvxphg wkdw wkh v|vwhp lv olqhdu ru v|vwhp rshudwhv lq lwv

olqhdu udqjh zkhq d wudqvihu ixqfwlrq lv ehlqj phdvxuhg1 Dv dq xqltxh h{dpsoh ri hohfwur0

phfkdqlfdo frqwuro v|vwhpv/ wkh khdg srvlwlrqlqj vhuyr ri KGGv kdv kljkhu qrlvh ohyho

dqg ohvv olqhdulw| wkdq w|slfdo hohfwulfdo ru sxuho| phfkdqlfdo v|vwhpv1 Wkh phfkdqlfdo

lpshuihfwlrqv ri wkh vhuyr wudfn dqg khdg0glvn dvvhpeo| lqwurgxfh erwk shulrglf dqg udqgrp

vljqdov lqwr wkh vhuyr v|vwhp1 Wkh qrq0olqhdu ehkdylru lv sulpdulo| gxh wr wkh srvlwlrq huuru

vljqdo zklfk kdv d olplwhg olqhdu uhjlrq1 Dv wkh khdg lv gulyhq ixuwkhu r� lwv wdujhw wudfn/

wkh srvlwlrq huuru vljqdo ehfrphv lqfuhdvlqjo| qrq0olqhdu1 Wkh hqg uhvxow ri wklv frpelqhg

qrq0olqhdulw| lv d phdvxuhphqw fkdoohqjh1

Wkhuh duh wzr w|sh ri whfkqltxhv lq lghqwli|lqj d g|qdplf v|vwhp/ wkh fodvvlfdo

vzhsw0vlqh whfkqltxh dqg wkh eurdgedqg IIW whfkqltxh1 Wkh eurdgedqg IIW whfkqltxh

frpsxwhv wkh wudqvihu ixqfwlrq ryhu d edqg ri iuhtxhqflhv vlpxowdqhrxvo|1 Lq rughu wr df0
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frpsolvk wkh eurdgedqg phdvxuhphqw/ wkh h{flwdwlrq wr wkh v|vwhp pxvw frqwdlq iuhtxhqf|

frpsrqhqwv wkdw fryhu wkh vhohfwhg iuhtxhqf| udqjh1 Wkh h{flwdwlrq lv xvxdoo| d shulrglf

fklus ru zklwh qrlvh1 Edvhg rq wkh gh�qlwlrq ri wudqvihu ixqfwlrq/ wkh vzhsw0vlqh whfkqltxh

h{flwhv wkh v|vwhp e| xvlqj rqh vlqjoh iuhtxhqf| vlqh vljqdo d wlph/ ryhu d xvhu gh�qhg

iuhtxhqf| udqjh1 Frpsduhg zlwk wkh eurdgedqg whfkqltxh/ wkh vzhsw0vlqh dssurdfk lv ohdvw

h�hfwhg e| qrlvh dqg qrq0olqhdu v|vwhp ehkdylru/ krzhyhu/ dw wkh h{shqvh ri phdvxuhphqw

wlph1 Zkhq wlph lv qrw dq lvvxh/ wkh vzhsw0vlqh dssurdfk surylghv d pruh dffxudwh hvwlpdwh

ri wudqvihu ixqfwlrqv iru g|qdplf v|vwhpv olnh KGGv/ zklfk duh qrlv| dqg qrw shuihfwo| olq0

hdu1 Rq wkh rwkhu kdqg/ lw lv qrw sudfwlfdo wr phdvxuh hyhu| gulyh e| xvlqj wkh vzhsw0vlqh

whfkqltxh/ wkxv wkh �txlfn0dqg0gluw|� hvwlpdwh ri wudqvihu ixqfwlrqv lv xvxdoo| eurdgedqg

IIW edvhg zklfk surylghv uhdvrqdeoh dffxudf| zlwklq vhfrqgv dqg nhhsv gulyhv lqwdfw1

Wr edodqfh dffxudf| dqg h!flhqf|/ d olqhdu prgho lv �uvw exlow edvhg rq wkh vzhsw0

vlqh hvwlpdwh iurp d frxsoh ri gulyhv dqg wkhq yhul�hg e| wkh eurdgedqg phdvxuhphqwv ryhu

d odujh srsxodwlrq ri gulyhv1

'"'" �����1�	�� 0��	���	��

D pxowl0fkdqqho g|qdplf vljqdo dqdo|}hu/ GVSW VljOde 53055/ lv xvhg wr lpsoh0

phqw wkh vzhsw0vlqh phdvxuhphqw rq rxu h{shulphqwdo KGGv zlwk sdudphwhuv olvwhg lq

Wdeoh 6141 VljOde lv frqqhfwhg wr d SF wkurxjk d VFVL fdug/ dv vkrzq lq Iljxuh 6161 Vhwxs

dqg frqwuro ri doo VljOde phdvxuhphqwv duh wkurxjk d judsklfdo xvhu lqwhuidfh +JXL, frghg

lq PDWODE/ uxqqlqj rq d SF1 Wkhuh duh wzr lqsxw fkdqqhov dqg wzr rxwsxw fkdqqhov rq

VljOde 530551 Pdnlqj wudqvihu ixqfwlrq hvwlpdwh rq wkh qrlv| qrq0olqhdu KGG v|vwhp lv

qrw dv vwudljkwiruzdug dv lq qrlvh0iuhh olqhdu v|vwhpv1 Rxu jrdo lv wr lghqwli| wkh rshq0orrs
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Iljxuh 616= Lghqwli| wkh KGG sodqw g|qdplfv e| d wzr0vwhs vzhsw0vlqh dssurdfk1

dqg sodqw g|qdplfv1 Krzhyhu/ wkh wudfn0iroorzlqj orrs pxvw eh forvhg ehfdxvh wkh sodqw lv

phdvxudeoh rqo| zkhq U2Z khdgv duh rq wudfn1 D sudfwlfdo vroxwlrq lv wr dgg d vxpplqj

flufxlw lq wkh ihhgedfn orrs1 Wklv doorzv wkh phdvxuhphqw lqvwuxphqwdwlrq wr lqmhfw d vljqdo

lqwr wkh v|vwhp 1 Lq wklv glvvhuwdwlrq wkh vxpplqj flufxlw lv ehwzhhq wkh frqwuroohu GDF

rxwsxw dqg wkh srzhu dpsol�hu lqsxw/ dv vkrzq lq Iljxuh 6161 Qrwh wkdw wkh vdpsolqj ri wkh

srvlwlrq huuru vljqdo shv^q` lv shuiruphg rq wkh lqsxw vlgh ri wkh dqdorj0wr0gljlwdo frqyhuwhu

+DGF, lq vhuyr ghprgxodwru vr dv wr ixoo| xwlol}h wkh kljk0uhvroxwlrq DGF frplqj zlwk wkh

VljOde1 Krzhyhu/ ghulylqj S +$, @
88A ERer�
88A E��

iurp wkh phdvxuhphqwv ri wkh srvlwlrq huuru

vljqdo shv^q` dqg vdpsohg frqwuro lqsxw x^q` lv ulvn| ehfdxvh lw pd| vx�hu iurp vljql�fdqw

hohfwulfdo glvwxuedqfhv1 Lq rughu wr plqlpl}h wkh h�hfw ri hohfwulfdo qrlvhv dqg jhw xqeldvhg

hvwlpdwlrq/ lw lv uhfrpphqghg wkdw wkh h{flwdwlrq vrxufh lv gluhfwo| phdvxuhg e| dq lqsxw

fkdqqho ri VljOde ^:8`1 Vlqfh wkhuh duh rqo| wzr lqsxw fkdqqhov rq VljOde 53055/ d wzr0vwhs

dssurdfk lv dgrswhg1 Dv looxvwudwhg lq Iljxuh 616/ zkhq vzlwfk lv lq srvlwlrq cd*/ wkh irufh



7:

glvwxuedqfh wudqvihu ixqfwlrq I +$, lv frpsxwhg dv

eI +$, @ S

4 . SF
@

e�?rRer+$,e�?r?r+$,
+614:,

zkhuh e�?r?r+$, lv wkh dxwr srzhu vshfwuxp ri wkh h{flwdwlrq vljqdo qr^q` dqg e�?rRer+$, lv

wkh furvv srzhu vshfwuxp ehwzhhq qr dqg wkh srvlwlrq huuru vljqdo shv^q`1 Vlploduo|/ zkhq

vzlwfk lv lq srvlwlrq ce*/ wkh vhqvlwlylw| wudqvihu ixqfwlrq V+$, lv frpsxwhg dv

eV+$, @ 4

4 . SF
@

e�?r�+$,e�?r?r+$,
+614;,

zkhuh e�?r�+$, lv wkh furvv srzhu vshfwuxp ehwzhhq wkh h{flwdwlrq vljqdo qr^q` dqg wkh

srzhu dpsol�hu lqsxw x^q`1 Frpelqlqj wkhvh wzr xqeldvhg hvwlpdwhv/ dq xqeldvhg hvwlpdwh

ri wkh sodqw wudqvihu ixqfwlrq fdq eh fdofxodwhg dv

eS +$, @ I +$,

V+$,
@

e�?rRer+$,e�?r�+$,
+614<,

Vlqfh wklv hvwlpdwh lv xqeldvhg/ lw zloo frqyhujh wr wkh dfwxdo wudqvihu ixqfwlrq zlwk

vx!flhqw dyhudjlqj1 Lw wdnhv dssur{lpdwho| vl{ plqxwhv iru wkh vhwxs wr jlyh rqh hvwlpdwh

ryhu ixoo iuhtxhqf| udqjh +43K}�:333K}, zlwk 533 dyhudjhv1 Wkh h{flwdwlrq dpsolwxgh

lqfuhdvhv zlwk iuhtxhqf| wr hqkdqfh wkh vljqdo wr qrlvh udwlr dw kljk iuhtxhqflhv1 Gdwd

duh froohfwhg ryhu lqqhu gldphwhu +LG,/ plggoh gldphwhu +PG,/ dqg rxwhu gldphwhu +RG,

uhvshfwlyho|1

'"'"% #�������� ���

Vlqfh wkh vzhsw0vlqh whfkqltxh qhhgv wkh dgghg0rq vxpplqj flufxlw dqg lv wlph0

frqvxplqj/ lw lv lpsudfwlfdo wr dsso| wklv whfkqltxh wr hyhu| gulyh1 Lq frqwudvw/ wkh

eurdgedqg IIW phwkrg lv pruh vxlwdeoh iru h{shglwlrxv lqwdfw whvwlqj gxulqj surgxfwlrq1
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Gulyh

SF

Lqwhuidflqj

Vriwzduh

L
G
H

L
G
H

shv

zklwh exuvw/z

Iljxuh 617= D lqwdfw v|vwhp LG edvhg rq wkh eurdgedqg IIW whfkqltxh1

Wkurxjk wkh krvw lqwhuidfh +h1j1 vwdqgdug LGH sruw,/ d uhshdwlqj svhxgr0udqgrp exuvw lv

ordghg lqwr srzhu dpsol�hu e| lqwhuidflqj vriwzduh dqg wkh uhvsrqglqj srvlwlrq huuru vljqdo

shv lv froohfwhg1 Wkh froohfwhg SHV gdwd lv dyhudjhg dorqj wkh srvlwlrq lqgh{ wr uhgxfh wkh

xqghvluhg phdvxuhphqw qrlvh frpsrqhqw/ dvvxplqj vxfk qrlvh whup lv xqfruuhodwhg zlwk

wkh dyhudjlqj surfhvv1

eS +$, @ IIW +shv^q`,

IIW +z^q`,
+6153,

Vlqfh wkh zklwh h{flwdwlrq vwlpxodwhv doo prghv dw wkh vdph wlph/ wkh zkroh lghq0

wl�fdwlrq surfhvv rqo| wdnhv frxsoh vhfrqgv dqg yluwxdoo| uhtxluhv qr vhwxs wlph1 Krzhyhu/

lw lv zhoo nqrzq wkdw wkh eurdgedqg phwkrg shuirupv srruo| lq qrq0olqhdu uhjlrq ^:6`/ wkxv

lw lv h{shfwhg d orz dffxudf| lq orz iuhtxhqflhv zkhuh wkh iulfwlrq h�hfw lv grplqdwlqj1 Ixu0

wkhupruh/ wkh vdpsolqj udwh ri wklv phwkrg htxdov wr wkh vhuyr vdpsolqj udwh dqg wkhuh lv

qr dqwl0doldvlqj �owhu ehiruh vdpsolqj1 Vlqfh wkh iuhtxhqf| frpsrqhqwv ri vrph phfkdqlfdo

prghv h{fhhg wkh vhuyr Q|txlvw iuhtxhqf| i� @
sr
2
/ wkh doldvlqj h�hfw lq kljk iuhtxhqflhv

dovr pdnhv vxfk phwkrg ohvv dffxudwh wkdq wkh vzhsw0vlqh whfkqltxh1 Iljxuh 618 suhvhqwv

wkh uhvxow ri lghqwl�fdwlrq h{shulphqwv wkdw duh shuiruphg rq wkh RG ri wkh vdph gulyh

e| xvlqj wzr gl�huhqw phwkrgv1 Lw fohduo| vkrzv wkdw wkh eurdgedqg IIW phwkrg lv ohvv

dffxudwh dw erwk kljk +A7333K}, dqg orz +?533K}, iuhtxhqflhv1
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Iljxuh 618= Lghqwl�fdwlrq ri sodqw wudqvihu ixqfwlrq e| wkh vzhsw0vlqh whfkqltxh dqg wkh

eurdgedqg IIW phwkrg1

'"* -��	��� �	���� $����

Iljxuh 619 vkrzv d vlpsol�hg glvfuhwh0wlph prgho ri KGG wudfn0iroorzlqj vhuyr

v|vwhp ^43`1 F
�
}
3�
�
uhsuhvhqwv wkh gljlwdo frqwuroohu1 S

�
}
3�
�
lv wkh ]RK htxlydohqfh ri

frqwlqxrxv0wlph sodqw g|qdplfv ^99`1 Wkh vdpsolqj iuhtxhqf| lv ir @
-�� u�reS|Jo

Sf
1 Wkh

vhqvlwlylw|/ fr0vhqvlwlylw|/ dqg wrutxh glvwxuedqfh ixqfwlrqv wkdw duh xvhg wkurxjkrxw wklv

glvvhuwdwlrq duh uhvshfwlyho| gh�qhg dv

V+}
3�

, @
4

4 . S +}3�,F+}3�,
> +6154,

W +}
3�

, @
S +}

3�
,F+}

3�
,

4 . S +}3�,F+}3�,
> +6155,
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Wrutxh

Glvwxuedqfh

g
w

Srvlwlrq

Glvwxuedqfh

g
s

Phdvxuhphqw

qrlvh q
p

SHV/ shv

Wuxh SH/ wsh_

.

.

u @ 3

Iljxuh 619= Glvfuhwh0wlph KGG vhuyr prgho zlwk oxpshg glvwxuedqfhv1

dqg

I +}
3�

, @
S +}

3�
,

4 . S +}3�,F+}3�,
= +6156,

Iru frqyhqlhqfh/ glvwxuedqfhv dqg qrlvhv duh oxpshg lqwr wkuhh vrxufhv ghshqglqj rq wkhlu

lqmhfwlqj srlqwv lq wkh orrs= wrutxh glvwxuedqfh g|/ srvlwlrq glvwxuedqfh gR dqg phdvxuhphqw

qrlvh q61 Ghwdlov uhjduglqj wkhvh SHV frqwulexwruv zloo eh glvfxvvhg lq Vhfwlrq 6181 Wklv

vhfwlrq v|qwkhvl}hv d olqhdu prgho iru wkh sodqw S
�
}
3�
�
edvhg rq wkh wudqvihu ixqfwlrq

phdvxuhphqwv e| wkh vzhsw0vlqh whfkqltxh dqg wkh sulru nqrzohgjh ri sodqw vwuxfwxuh1 Wkh

phdvxuhphqwv iurp wkh eurdgedqg IIW phwkrg duh xvhg wr ydolgdwh wkh prgho1

'"*" &����

D KGG vhuyr sodqw frqvlvwv ri srzhu dpsol�hu +SD,/ yrlfh frlo prwru +YFP, dqg

khdg vwdfn dvvhpeo| +KVD,1 Wkh ghvluhg sodqw prgho qhhgv wr dfklhyh wkh ehvw wudgh0r�

ehwzhhq wkh frq lfwlqj uhtxluhphqwv ri dffxudf| lq uhsuhvhqwlqj wkh uhdo v|vwhp dqg orz

frpsoh{lw| wr pdnh d vhqvleoh frqwuro ghvljq srvvleoh1
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GDF
+N

GDF
,

Srzhu
Dpsolilhu

+N
SD
,

YFP

+N
YFP

,
O
dup

42v 42v42M
KVD

g|qdplfv

θ��

SHV

ghprgxodwlrq

+N
ghp

,

wrutxh

x+w,

l

|
wudfn

0D2G

+N
d5g
,

Gljlwdo

Frqwuroohu

F+}04,

shv^q`

|+w,

x^q`


��04�

g5|2gw5 g|2gw

Iljxuh 61:= Vlpsol�hg sodqw prgho iru wudfn0iroorzlqj1

SD lv xvxdoo| prghohg dv d orz sdvv �owhu zlwk d vlqjoh sroh dw i��>

S��+v, @ N��
i�� � 5�

v. i�� � 5�
= +6157,

Wklv glvvhuwdwlrq lv irfxvhg rq wkh wudfn0iroorzlqj frqwuro ri KGG/ lq zklfk SD rshudwhv

lq lwv olqhdu udqjh zlwkrxw vdwxudwlrq1 Ixuwkhupruh/ wkh edqgzlgwk ri SD lv pxfk kljkhu

+h1j1/ i�� @ 44NK} lq wkh h{shulphqwdo Pd{wru gulyhv, wkdq wkh vhuyr edqgzlgwk zklfk lv

xvxdoo| ohvv wkdq 4NK}1 Wkh SD g|qdplfv wkhuhiruh kdv olwwoh h�hfw rq wkh vwdelolw| pdujlqv1

Wkxv/ wkh SD g|qdplfv lv riwhq vlpsol�hg dv d frqvwdqw jdlq N��=

YFP g|qdplfv lv prghohg dv

ST �� +v, @ N|

-
u

v. -
u

@ N|ST ��J
+v, +6158,

zkhuh O lv wkh frlo lqgxfwdqfh/ U lv wkh YFP orrs uhvlvwdqfh lqfoxglqj wkh frlo uhvlvwdqfh

dqg wkh fxuuhqw vhqvru uhvlvwdqfh surylglqj wkh fxuuhqw lqirupdwlrq1
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Wdeoh 614= Sodqw sdudphwhuv

Sdudphwhu ghvfulswlrq V|pero Ydoxh

Vslqgoh vshhg USP 8> 733 uhy@plqxwh

Qxpehu ri vhfwruv QreS|Jo 453

Vdpsolqj udwh Ir 43> ;33 K}

Qxpehu ri glvnv Q_�r& 7

Qxpehu ri khdgv Q�e@_ ;

Wudfn ghqvlw| WSL 53> 333 wudfn@lqfk

Dup ohqjwk iurp slyrw wr wkh khdg jds O@o6 5=4676 lqfk

YFP wrutxh frqvwdqw N| 3=3<9 Q �p@Dps

YFP frlo lqgxfwdqfh O 5=3� 433S K

YFP orrs uhvlvwdqfh U 4;=68 


Dfwxdwru lqhuwld M 8=58� 433S Nj �p2

Dfwxdwru lpedodqfh L�6K 3=5� 433D njp2

SD jdlq iru wudfn0iroorzlqj N�� 3=48 Dps@Y row

SHV ghprgxodwlrq jdlq N_e6 5 Y row@Wudfn

DGF uhvroxwlrq N�2( 4357 elw@Y row

GDF Yrowdjh uhvroxwlrq N(�� 7@4357 Y row@elw

Frpsxwdwlrqdo wlph ghod| W_ 57 �v

Wkh ryhudoo rshq0orrs jdlq lv

NJ @ N(�� �N�� �
N|

M
� O@o6 � WSL �N_e6 �N�2( +6159,

zkhuh ydoxhv ri wkh h{shulphqwdo gulyhv xvhg lq wklv glvvhuwdwlrq duh vkrzq lq Wdeoh 614 dqg

Wdeoh 6151

Wkh lghdo dfwxdwru zrxog ehkdyh olnh grxeoh lqwhjudwru gxh wr wkh uljlg ergh

prgh ri wkh dup/ zkloh wkh dfwxdo KVD g|qdplfv h{klelwv iulfwlrq dw orz iuhtxhqflhv dqg

uhvrqdqfhv dw kljk iuhtxhqflhv1

Iulfwlrq lv d frpsolfdwhg qrqolqhdu skhqrphqrq1 Wr pdnh d olqhdu ghvljq srvvleoh/

lw lv dssur{lpdwhg e| d vhfrqg rughu uhvrqdqfh prgh

S8 +v, @
4

v2 . 5�8 +5�i8 , � v. +5�i8 ,2
+615:,
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Wdeoh 615= KVD prghv

Sdudphwhu ghvfulswlrq V|pero Ydoxh

Slyrw iulfwlrq dssur{lpdwlrq iuhtxhqf| i8 73K}

Slyrw iulfwlrq dssur{lpdwlrq gdpslqj udwlr �8 3=48

Vxvshqvlrq W4 prgh iuhtxhqf| iA 5:33 K}

Vxvshqvlrq W4 prgh kdoi0zlgwk i�*2 7K}

Vxvshqvlrq W4 prgh gdpslqj udwlr �A 3=33:

Dfwxdwru exwwhu | prgh iuhtxhqf| iu 6<83 K}

Dfwxdwru exwwhu | prgh gdpslqj udwlr �u 3=39

Pdmru phfkdqlfdo uhvrqdqfhv lqfoxgh vxvshqvlrq wruvlrqdo prghv dqg dfwxdwru

odwhudo prghv1 Erwk fdq eh prghohg dv vhfrqg0rughu v|vwhpv1 D vxvshqvlrq wruvlrqdo prgh

lv xvxdoo| ghvfulehg dv

SA +v, @
v2 . 5�A ^5�+iA . i�*2,` � v. ^5�+iA . i�*2,`

2

v2 . 5�A ^5�+iA � i�*2,` � v. ^5�+iA � i�*2,`2
�

^5�+iA � i�*2,`
2

^5�+iA � i�*2,`2
+615;,

zkhuh iA lv wkh fhqwhu iuhtxhqf| ri wruvlrqdo prgh dqg i�*2 uhsuhvhqwv kdoi wkh edqgzlgwk

ri prgh1 D dfwxdwru odwhudo prgh fdq eh ghvfulehg dv

Su+v, @
+5�iu,

2

v2 . 5�u+5�iu, � v. +5�iu,2
+615<,

zkhuh �u lv wkh gdpslqj udwlr dqg iu lv wkh fhqwhu iuhtxhqf| ri odwhudo prgh1

Lw lv lpsruwdqw wr lqfoxgh wkh wlph ghod| lq KGG prgholqj ehfdxvh wlph ghod|

dozd|v uhgxfhv wkh skdvh vwdelolw| ri d v|vwhp1 Wkh wlph ghod| lq KGG vhuyr lv pdlqo|

iurp wkh frpsxwdwlrqdo ryhukhdg ri gljlwdo vljqdo surfhvvru1 Wkh qrqudwlrqdo wlph ghod|

whup h3A_r fdq eh dssur{lpdwhg e| wkh �uvw rughu Sdgh dssur{lpdwlrq ^99` dv

S_+v, @ h3A_r @
�3=8W_ � v. 4

3=8W_ � v. 4
= +6163,

Wkh ryhudoo sodqw wudqvihu ixqfwlrq lq frqwlqxrxv0wlph grpdlq lv

S +v, @ NJ � ST ��J
+v, � S8 +v, � SA +v, � Su+v, � S_+v, +6164,
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Iljxuh 61;= Sodqw prgho ydolgdwlrq wkurxjk dsso|lqj eurdg0edqg IIW whfkqltxh wr d qxp0

ehu ri gulyhv1

Wkh ]RK htxlydohqw irup lv fdofxodwhg dv

S +}3�, @ +4� }3�,]^O3�^
S +v,

v
`` +6165,

zkhuh ]^=` ghqrwhv wkh }0wudqvirup dfwlrq dqg O3�^=` lv wkh lqyhuvh Odsodfh wudqvirup dfwlrq1

Wkh prgho lv ydolgdwhg e| frpsdulqj lw zlwk wkh eurdgedqg IIW phdvxuhphqw iurp d odujh

qxpehu ri gulyhv/ dv vkrzq lq Iljxuh 61;1

'"*"% �	
��1��������� ����������

Wkh wudfn0iroorzlqj frqwuroohu F+}3�, xvhg lq wkh h{shulphqwdo Pd{wru gulyhv lv d

�{hg0vwuxfwxuh frpshqvdwru fdvfdghg zlwk d qrwfk �owhu/

F+}3�, @ FR�_+}
3�,F?J|S�+}

3�,= +6166,
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Iljxuh 61<= Wkh irxu orzhvw prghv/ +3/3, dw 93; K}/ +3/4, dw 94< K}/ +3/5, dw :5< K}/ dqg

+3/6, dw 449; K} duh wkh prvw vljql�fdqw WPU frqwulexwruv1

Frpshqvdwru FR�_+}
3�, wdnhv d SLG0olnh irup dv

FR�_+}
3�, @ n,JJR^4� +n@ . nK,}

3� . n@nK}
32 . n�

4

4� }3�
` +6167,

zkhuh ^n,JJR> n@> nK> n�` duh wxqdeoh sdudphwhuv1 Wklv vwuxfwxuh lv suryhq wr kdyh d jrrg

qrplqdo shuirupdqfh lq wkh odvw ghvljq f|foh1 Wkh gljlwdo qrwfk �owhu F?J|S�+}
3�, lv dgghg

wr dwwhqxdwh wkh dgyhuvh h�hfw gxh wr wkh vxvshqvlrq uhvrqdqfh dw 5:33K}1

'"+ ��������	�	�� �� &��	�	�� 0���� �	
����

Wkh qh{w vwhs ri exloglqj wkh vwdwlvwlfdo prgho lv wr lghqwli| wkh SHV frqwulexwruv

iurp phdvxuhg SHV iru hyhu| gulyh1 Iru frqyhqlhqfh/ glvwxuedqfhv dqg qrlvhv duh oxpshg

lqwr wkuhh vrxufhv ghshqglqj rq wkhlu lqmhfwlqj srlqwv lq wkh orrs= wrutxh glvwxuedqfh g|/

srvlwlrq glvwxuedqfh gR dqg phdvxuhphqw qrlvh q6/ dv vkrzq lq Iljxuh 6191

� Wrutxh glvwxuedqfh g| lqfoxghv zlqgdjh/ slyrw iulfwlrq/  h{leoh fdeoh eldv1 Srzhu

dpsol�hu qrlvh dqg txdqwl}dwlrq huuruv iurp G2D dqg GVS ^94` duh dovr oxpshg lq g|
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dv wkh| hqwhu wkh orrs dv yrowdjh glvwxuedqfhv1 Lw kdv ehhq vkrzq wkdw zlqgdjh/ srzhu

dpsol�hu qrlvh dqg txdqwl}dwlrq huuruv fdq eh prghohg dv zklwh qrlvhv ^58` ^59`1 Wkh

forvhg0orrs wudqvihu ixqfwlrq ehwzhhq g| dqg shv lv I +}3�,1

� Srvlwlrq glvwxuedqfh gR frqvlvwv ri vhuyr zulwwhq0lq huuruv/ glvn prghv/ volghu yleudwlrq

dqg vslqgoh prwru yleudwlrq1 Dowkrxjk glvn prghv frqvlvw ri doo srvvleoh +p/q, prghv/

wkh orzhvw irxu prghv vkrzq lq Iljxuh 61< duh wkh prvw vljql�fdqw frqwulexwruv wr gR1

Wkh vhqvlwlylw| ixqfwlrq V+}3�, pdsv gR wr shv=

� Phdvxuhphqw qrlvh q6 lqfoxghv srvlwlrq vhqvlqj qrlvh dqg txdqwl}dwlrq qrlvh ri D2G1

Erwk fdq eh prghohg dv zklwh qrlvhv ^58` ^59`1 q6 dqg shv duh uhodwhg e| wkh vhqvlwlylw|

ixqfwlrq V+}3�,1

Lq wlph0grpdlq/ wkh wrwdo uhodwlrqvkls ehwzhhq glvwxuedqfhv dqg shv lv

shv^q` @ I +}3�,g|^q` . V+}3�,+gR^q` . q6^q`, +6168,

Lq iuhtxhqf|0grpdlq lw lv

�Rer+i, @ nI +i,n2�_|+i, . nV+i,n2 ^�_R+i, . �?6+i,` +6169,

zkhuh �Rer/ �_| / �?6 / dqg �_R ghqrwh wkh srzhu vshfwudo ghqvlw| +SVG, ri shv+q,/ g|+q,/

q6+q, dqg gR+q, uhvshfwlyho|1 Qrwh wkdw wkh wuxh srvlwlrq huuru wsh fdqqrw eh phdvxuhg

gluhfwo| dqg srvlwlrq huuru vljqdo +SHV, lv dozd|v frqwdplqdwhg e| phdvxuhphqw qrlvh q61

wsh^q` @ I +}3�,g|^q` . V+}3�,gR^q` . W +}3�,q6^q` +616:,

�|Re+i, @ nI +i,n2�_|+i, . nV+i,n2�_R+i, . nW +i,n2�?6+i, +616;,
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Wkh SHV vshfwudo ghfrpsrvlwlrq dqg dqdo|vlv phwkrg xvhg lq wklv glvvhuwdwlrq lv

vlplodu wr wkrvh ghvfulehg lq ^58` ^59` ^5:`1 SHV frpsrqhqwv fdq eh fdwhjrul}hg dv uhshdwdeoh

uxq0rxw +UUR, zklfk lv v|qfkurqrxv zlwk wkh vslqgoh urwdwlrq dqg qrq0uhshdwdeoh uxq0rxw

+QUUR, zklfk lv qrw1 Iroorzlqj surfhgxuh lv xvhg wr vhsdudwh UUR frpsrqhqwv dqg QUUR

frpsrqhqwv iurp phdvxuhg SHV wudfhv1

Dojrulwkp 44 +Ghfrpsrvlwlrq ri UUR dqg QUUR,

41 Froohfw SHV dw d �{hg f|olqghu iru P uhyroxwlrqv1 Dvvxph hdfk uhyroxwlrq fryhuv Q

vhfwruv= shv^q`> q @ 4> 5> ===>PQ

51 Dyhudjh wkh SHV ryhu P uhyroxwlrqv wr jhw wkh uhshdwdeoh sduw=

fshv--�^l` @ +

S�
�'� shv^l. +m � 4,Q `

P
,> l @ 4> ===>Q +616<,

61 H{whqg fshv--� wr wkh ixoo ohqjwk=

shv--�^q` @ fshv--�^prg+
q

Q
,`> q @ 4> ===>PQ +6173,

71 Jhw QUUR e| uhprylqj UUR iurp SHV=

shv�--�^q` @ shv^q`� shv--�^q`> q @ 4> ===>PQ +6174,

81 Fdofxodwh wkh SVG ri shv--�^q` dqg shv�--�^q`/ ghqrwhg dv �Rer--� dqg �Rer�--�

uhvshfwlyho|1

Lw lv zhoo nqrzq wkdw wkh shv lv d zklwh Jdxvvldq udqgrp yduldeoh dqg wkh ehvw

zd| ri txdqwli|lqj lw lv wr xvh 6�Rer1 Zh duh ghvljqlqj wkh frqwuroohu iru ploolrqv ri gulyhv/
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Iljxuh 6143= Dyhudjlqj SHV wudfhv ryhu pxowlsoh uhyroxwlrqv vhshudwhv wkh uhshdwdeoh frp0

srqhqwv iurp wkh qrq0uhshdwdeoh sduwv1
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Iljxuh 6144= Wkh yduldqfh ri SHV lv qrw d frqvwdqw exw d udqgrp yduldeoh1
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Iljxuh 6145= Wkh SVG ri UUR edvhg rq 7; SHV wudfhv1
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Iljxuh 6146= Wkh SVG ri uhshdwdeoh srvlwlrq glvwxuedqfh lv uhfryhuhg iurp SVG+UUR,1 Wkh

pdjqlwxgh ri elq kdv d Zhlexoo glvwxuedqfh1
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Iljxuh 6147= Wkh udqgrp yduldeoh xvhg wr ghqrwh wkh pdjqlwxgh ri hdfk UUR elq kdv d

Zhlexoo glvwulexwlrq1

wkhuhiruh wkh yduldqfh ri shv �2Rer lv qrw d frqvwdqw exw d udqgrp yduldeoh1 Iljxuh 6144

vkrzv wkh klvwrjudp ri 7; wudfhv ri SHV froohfwhg iurp irxu lghqwlfdo gulyhv1 Vlqfh �2Rer

kdv wkh xqlw ri vtxduh ri wudfn shufhqwdjh/ lw lv h{shfwhg wkdw lw kdv d Zhlexoo glvwulexwlrq

zklfk lv frpprq iru udqgrp yduldeohv zlwk srzhu xqlwv1

Ghfrpsrvlwlrq ri UUR

Lw lv lpsruwdqw wr uhdol}h wkdw wkh uhshdwdeoh sduw ri SHV/ shv--�/ rqo| frphv

iurp wkh srvlwlrq glvwxuedqfh gR ^5;`1 Iru hdfk gulyh/ wkh SVG ri uhshdwdeoh frpsrqhqwv

ri gR/ ghqrwhg dv �_R--�/ lv fdofxodwhg e|

�_R--�+i, @ �Rer--�+i,
4

nV+i,n2
+6175,

zkhuh wkh vhqvlwlylw| ixqfwlrq V+i, @ �
�n� Es��Es�

lv qrw wkh phdvxuhg rqh exw wkh olqhdu

prgho/ dqg i? lv wkh iuhtxhqf| ri q0wk UUR prgh1 Wrwdoo|/ wkhuh duh Q- @ �reS|Jo

2
prghv
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dw wkh pxowlsolflwlhv ri wkh vslqgoh iuhtxhqf|/ zkhuh QreS|Jo lv wkh qxpehu ri vhfwruv1 Iru

h{dpsoh/ Iljxuh 6145 vkrzv wkdw wkh h{shulphqwdo gulyhv kdyh 93 UUR prghv1 7; wudfhv

duh froohfwhg iurp irxu gulyhv dqg phdvxuhphqwv duh uhshdwhg ryhu wkh LG/ PG/ dqg RG

ri doo glvn vxuidfhv1 Iljxuh 6146 suhvhqwv wkh ryhuodsslqj �_R--� uhfryhuhg e| xvlqj Ht1

+6175,1 Ohw d udqgrp yduldeoh GR-+q, ghqrwh wkh srzhu ri q0wk elq ri �_R--�/

GR-^q`@
U
�`-d?o

�_R--�+i,gi> q @ 4> ===>Q-
+6176,

zkhuh EZ-^q` lv wkh edqgzlgwk ri q0wk prgh1

Uhshdw wkh surfhgxuh deryh iru hyhu| gulyh1 Dv vkrzq lq Iljxuh 6147 zklfk lv

wkh klvwrjudp ri GR-+4,/ GR-+q, kdv d Zhlexoo glvwulexwlrq zklfk lv w|slfdo iru d srzhu

phdvxuhphqw ri d Jdxvvldq udqgrp yduldeoh1

Ghfrpsrvlwlrq ri QUUR

�Rer�--� fdq eh glylghg lqwr qduurz0edqg dqg eurdgedqg frpsrqhqwv1 Qduurz0

edqg frpsrqhqwv duh pdlqo| frqwulexwhg e| QUUR frpsrqhqwv ri wkh srvlwlrq glvwxuedqfh

gR/ olnh glvn prghv dqg vslqgoh prghv1 Eurdgedqg +edvholqh, qrlvhv duh pdlqo| frqwulexwhg

e| wkh phdvxuhphqw qrlvh q6/ wkh wrutxh glvwxuedqfh g|> dqg vrph eurdgedqg qrlvhv iurp

gR1 Eurdgedqg qrlvhv fdq eh vhsdudwhg iurp �Rer�--� e| xvlqj urrw phdq vtxduh +UPV,

dyhudjh1 Wklv vprrwkhg yhuvlrq ri �Rer�--� lv ghqrwhg dv UPV+�Rer�--�,1 Iljxuh 6148

vkrzv d w|slfdo uhodwlrqvkls ehwzhhq UPV+�Rer�--�, dqg lwv frqwulexwruv1

Prgholqj q6= Dv vkrzq lq ^5:`/ wkh phdvxuhphqw qrlvh q6 lv zklwh1 Lw d�hfwv SHV

wkurxjk vhqvlwlylw| ixqfwlrq V+i,1 Wkh srzhu ohyho ri q6 fdq eh hvwlpdwhg iurpUPV+�Rer�--�,

dv iroorzv1 Dw kljk iuhtxhqflhv +deryh 7 nK},/ V+i, kdv d xqlw jdlq dqg I +i, uroov r�
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Iljxuh 6148= Erwk phdvxuhphqw qrlvh q6 dqg wrutxh glvwxuedqdfh g| duh dvvxphg wr eh

zklwh qrlvhv1 Wkh �wwlqjv wr wkh edvholqh ri QUUR duh froruhg yhuvlrqv ri Q6 dqg G|1

txlfno|1 Edvhg rq Ht1 +6168, dqg +6169,/ lw lv h{shfwhg wkdw wkh kljk iuhtxhqf| frqwhqwv ri

UPV+�Rer�--�, duh pdlqo| frqwulexwhg e| wkh phdvxuhphqw qrlvh q6 dqg wkh eurdgedqg

sduw ri gR1 D ixuwkhu frpsrqhqw ohyho phdvxuhphqw suryhv wkdw wkh phdvxuhphqw qrlvh q6

grplqdwhv UPV+�Rer�--�, dw kljk iuhtxhqf|1 Vlqfh nV+i,n2 @ 4 qhdu wkh Q|txlvw iuh0

txhqf|/ wkh srzhu ohyho ri q6 lv vlpso| wkh srzhu vshfwudo pdjqlwxgh ri UPV+�Rer�--�,

dw kljk iuhtxhqf|1 Ohw d udqgrp yduldeoh Q6 ghqrwh wklv srzhu ohyho1 Diwhu lghqwli|lqj Q6

iru hyhu| gulyh/ wkh phdq ydoxh dqg yduldqfh ri Q6 duh fdofxodwhg1 Lw lv h{shfwhg wkdw Q6

dovr kdv d Zhlexoo glvwulexwlrq1
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Prgholqj g|= Wr lghqwli| wkh wrutxh glvwxuedqfh g|/ nVn
2
�Q6 lv vxewudfwhg iurp UPV

+�Rer�--�,/ l1h1/

UPV+�Rer�--�bA , +6177,

@ UPV+�Rer�--�,� nVn2 �Q6

zkhuh UPV+�Rer�--�bA , lv vroho| frqwulexwhg e| wkh wrutxh glvwxuedqfh g| dqg vrph

xqdffrxqwhg WPU vrxufhv1 Dprqj wkh frpsrqhqwv ri g|/ rq rqh vlgh/ zlqgdjh/ srzhu

dpsol�hu qrlvh/ dqg txdqwl}dwlrq huuruv fdq eh prghohg dv zklwh qrlvhv ^58` ^59`1 Rq wkh

rwkhu kdqg/ gxh wr wkh qrqolqhdu qdwxuh ri slyrw iulfwlrq dqg  h{leoh sulqw fdeoh irufh/ lw lv

lpsrvvleoh wr xvh d olqhdu prgho wr frpsohwho| ghvfuleh wkh wrutxh glvwxuedqfh g|1 Krzhyhu/

vlqfh rxu ryhudoo remhfwlyh lv wr gr wkh yduldqfh surmhfwlrq ri SHV/ lw lv uhdvrqdeoh wr prgho

g| dv zklwh qrlvh zlwk SVG+g|, @ G|1 Iru hdfk gulyh/ G| lv slfnhg xs vxfk wkdw wkh prgho

kdv dq htxlydohqw WPU frqwulexwlrq dv wkh phdvxuhg gdwd/ pruh suhflvho|/

G| @

U sr

2

f UPV+�Rer�--�bA ,giU sr

2

f nI +i&,n
2 gi

= +6178,

Dqrwkhu ehqh�w ri xvlqj wklv prgho lv wkdw wkh xqdffrxqwhg WPU vrxufhv duh dovr dxwrpdw0

lfdoo| lqfoxghg1 Wrwdoo|/ wkh srzhu ohyhoG| lv d udqgrp yduldeoh zlwk d Zhlexoo glvwulexwlrq1

Prgholqj qduurz0edqg QUUR frpsrqhqwv= Qduurz0edqg frpsrqhqwv duh lghqwl�hg

wr eh frqwulexwhg e| QUUR frpsrqhqwv ri wkh srvlwlrq glvwxuedqfh gR/ olnh glvn prghv

dqg vslqgoh prghv1 Vlqfh wkrvh prghv duh qrw shulrglf/ d celq* phwkrg lv xvhg wr prgho

wkh qduurz0edqg frpsrqhqwv1 Elqv duh gh�qhg dffruglqj wr wkh fhqwhu iuhtxhqflhv dqg

edqgzlgwk ri glvn prghv dqg vslqgoh prghv/ zklfk duh qrupdoo| nqrzq1 Dvvxplqj wkhuh

duh wrwdo Q�- ri vxfk vljql�fdqw prghv/ GR�-^q` lv xvhg wr ghqrwh wkh srzhu ohyho iru q0wk



97

prgh

GR�-^q` @

]
�`�-d?o

�Rer�--�+i,�UPV+�Rer�--�,+i,

nV+i,n2
gi> q @ 4> ===> Q�- +6179,

zkhuh EZ�-^q` lv wkh edqgzlgwk ri q0wk prgh1

'", �$� �7�����	�

Wkh pdmru ghvljq remhfwlyh ri vhuyr v|vwhp lv wr uhgxfh wkh wuxh SH/ wsh1 Krzhyhu/ wsh lv

qrw gluhfwo| phdvxudeoh dqg zh kdyh wr suhglfw lw edvhg rq phdvxuhg shv1 Dfwxdoo|/ shv

lwvhoi lv d }hur phdq Jdxvvldq surfhvv1 Lw lv lpsrvvleoh wr v|qwkhvl}h shv dqg wsh frpsohwho|

lq wlph0grpdlq1 Krzhyhu/ WPU surmhfwlrq qhhgv rqo| wkh yduldqfh ri wsh1 Edvhg rq Ht1

+515d0g, dqg Ht1 +514d0g, dqg wkh idfw wkdw shv--� dqg shv�--� duh lqghshqghqw ^43`/ zh

kdyh

�2Rer @ �2Rer--� . �2Rer�--�
= +617:,

dqg wkxv

�2|Re @ �2Rer � �2?6 +617;,

@ �2Rer--� . �2Rer�--�
� �2?6=

Wkh yduldqfh ri shv--�/ shv�--�/ dqg q6 duh

�2Rer--� @

�-[
�'�

GR-^l` nV+i--��,n
2 > +617<,

�2Rer�--�
@Q6

] sr

2

f

nV+i,n2 gi .G|

] sr

2

f

nI +i,n2 gi +6183,

.

��-[
�'�

GR�-^m` nV+i�--��,n
2 >
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�2?6 @

] sr

2

f

Q6gi= +6184,

zkhuh i--�� lv wkh fhqwhu iuhtxhqf| ri l0wk UUR prgh dqg i�--�� lv wkh fhqwhu iuhtxhqf|

ri m0wk QUUR qduurz edqg prgh1 Wkh udqgrp yduldeoh vhw iGR-+4,> ===> GR-+Q-,> Q6>

G|> GR�-+4,> ===> GR�-+Q�-,j ixoo| ghvfuleh wkh fkdudfwhulvwlfv ri wkh glvwxuedqfhv lq

wudfn0iroorzlqj prgh iru d idplo| ri gulyhv1 Qrwh wkdw erwk V @ �
�n��

dqg I @ �
�n��

duh ixqfwlrqv ri frqwuroohu F+}3�,1 Wklv lpsolhv d gluhfw phwkrg wr wxqh wkh sdudphwhuv ri

F+}3�, wr plqlpl}h �2|Re1 Vlqfh zh duh ghvljqlqj wkh frqwuroohu iru pdvv surgxfhg KGGv

zlwk sodqw yduldwlrqv dqg glvwxuedqfh xqfhuwdlqwlhv/ lw lv lpsruwdqw wr uhdol}h wkdw �2|Re lv

qrw d frqvwdqw exw udwkhu d udqgrp yduldeoh1 Lw lv wkxv pruh dssursuldwh wr dvvhvv wkh

dyhudjh shuirupdqfh zklfk lv txdqwl�hg e| wkh h{shfwhg ydoxh ri �2|Re/ dqg wkh shuirupdqfh

urexvwqhvv zklfk lv txdqwl�hg e| wkh vwdqgdug ghyldwlrq ri �2|Re1 Dffruglqj wr +617<,/ +6183,

dqg +6184,/ wkh phdq ydoxhv ri �2Rer dqg �2|Re uhvshfwlyho| duh

H+�2Rer, @

�-[
�'�

H+GR-+l,, nV+i�,n
2 .H+Q6,

]
s

nV+i,n2 +6185,

.H+G|,

]
s

nI +i,n2 .

��-[
�'�

H+GR�-+m,, nI +i�,n
2

dqg

H+�2|Re, @

�-[
�'�

H+GR-+l,, nV+i�,n
2 .H+Q6,

]
s

nV+i,n2 +6186,

.H+G|,

]
s

nI +i,n2 .

��-[
�'�

H+GR�-+m,, nI +i�,n
2 .H+Q6,

ir

5
=

Ehiruh ghulylqj wkh yduldqfh ri �2Rer dqg �
2
|Re/ ohw fry+y�>y2, 5 ?

?�f?2 ghqrwhv wkh

fryduldqfh pdwul{ iru wzr udqgrp yduldeoh yhfwruv y� 5 ?
?�f� dqg y2 5 ?

?2f� vxfk wkdw
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fry+y�>y2,�� @ fry^y�+l,>y2+m,`= Wkhq wkh yduldqfhv ri �2Rer dqg �2|Re duh jlyhq dv

ydu+�2Rer, @ ydu+�2Rer--�, . ydu+�2Rer�--�
, . 5 � fry+�2Rer--� > �

2
Rer�--�

, +6187,

dqg

ydu+�2|Re, @ ydu+�2Rer--�, . ydu+�2Rer�--�
,� ydu+�2?6, +6188,

. 5 � fry+�2Rer--� > �
2
Rer�--�

,� 5 � fry+�2Rer--� > �
2
?6

,� 5 � fry+�2Rer�--� > �
2
?6

,

zkhuh

ydu+�2Rer--�, @ H
k�
�2Rer--� �H+�2Rer--�,

�2l
+6189,

@ H

573C�-[
�'�

GR-+l, nV+i�--��,n
2
�

�-[
�'�

H^GR-+l,` nV+i�--��,n
2

4D268
@
k
nV+i�,n

2 === nV+i�-
,n2
l
fry+GR->GR-,

57 nV+i�,n
2

===

nV+i�-
,n2

68 >

ydu+�2Rer�--�
, @ H

k�
�2�--� �H+�2�--�,

�2l
+618:,

@ ydu+Q6,

%] sr

2

f

nV+i,n2
&2

. ydu+G|,

%] sr

2

f

nI +i,n2
&2

.

k
nV+i�,n

2 === nV+i��-
,n2
l
fry+GR�->GR�-,

57 nV+i�,n
2

===

nV+i��-
,n2

68 >
dqg

fry+�2Rer--� > �
2
Rer�--�

, @ +618;,

k
nV+i�,n

2 === nV+i�-
,n2
l
fry+GR->GR�-,

57 nV+i�,n
2

===

nV+i��-
,n2

68
. ^fry+GR->Q6, . fry+GR�->G|,`

57 nV+i�,n
2

===

nV+i�-
,n2

68] sr

2

f

nV+i,n2 >
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fry+�2Rer--� > �
2
?6, @ fry+GR->Q6,

57 nV+i�,n
2

===

nV+i�-
,n2

68 ir

5
> +618<,

fry+�2Rer�--� > �
2
?6

, @ ydu+Q6,
ir

5

] sr

2

f

nV+i,n2 +6193,

. fry+G|>Q6,
ir

5

] sr

2

f

nI +i,n2

. fry+GR�->Q6,

57 nV+i�,n
2

===

nV+i��-
,n2

68 ir

5
=

Dowkrxjk wkh h{suhvvlrqv deryh vhhp wr eh phvv|/ qrwh wkdw wkrvh phdq ydoxhv

H+�,/ yduldqfhv ydu+�, dqg fryduldqfh pdwulfhv fry+�> �, fdq eh fdofxodwhg edvhg rq wkh

SHV gdwd phdvxuhg iurp kxqguhgv ri gulyhv dqg vdyhg dv frqvwdqw pdwulfhv1 Iru d jlyhq

frqwuroohu sdudphwhu vhw N/ V+i>N, dqg I +i>N, fdq dovr eh hdvlo| ghulyhg edvhg rq wkh

diruhphqwlrqhg olqhdu sodqw prgho1 Wkxv rqh fdq suhglfw wkh wlph0grpdlq shuirupdqfh ri

dq| jlyhq frqwuroohu lq whupv ri H+�2|Re, dqg ydu+�
2
|Re, edvhg rq Ht1+6186, dqg +6188, uhvshf0

wlyho|1 Wkh ryhudoo vwdwlvwlfdo prgho lqfoxghv wkh olqhdu sodqw prgho dqg wkh irupxodwlrqv

iru H+�2|Re, dqg ydu+�2|Re,1 Lw fdq eh hdvlo| exlow lqwr rswlpl}dwlrq orrsv dv dq hydoxdwlrq

ixqfwlrq1 Wkxv lw lv hvshfldoo| xvhixo iru wkh qrq0judglhqw edvhg rswlpl}dwlrq dojrulwkpv/

vxfk dv jhqhwlf dojrulwkpv zklfk zloo eh glvfxvvhg lq odwhu fkdswhuv1

'"8 0
���	������ 9��	2���	��

Ehiruh sxwwlqj wkh prgho lqwr zrun/ zh qhhg wr yhuli| lwv dffxudf| lq suhglfwlrq dqg

lwv frpsxwdwlrqdo h!flhqf|1 Wkh h{shulphqwdo vhwxs lv vkrzq lq Iljxuh 61491 Wkh dffxudf|
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yhul�fdwlrq lv d wzr0vwhs surfhvv1 Iluvw/ wkh prgholqj dffxudf| lv hydoxdwhg e| frpsdulqj

wkh phdvxuhg dqg fdofxodwhg uhvxowv edvhg rq ruljlqdo gulyhv zlwkrxw fkdqjlqj frqwuroohu

sdudphwhuv1 Vhfrqgo|/ wkh fdsdelolw| ri wkh SHV suhglfwlrq lv hydoxdwhg e| dsso|lqj d

gl�huhqw vhw ri frqwuroohu sdudphwhuv1

Uhfryhu| Dffxudf| Hydoxdwlrq <9 wudfhv ri SHV duh phdvxuhg iurp hljkw gulyhv dqg

vwdwlvwlfdo dqdo|vlv lv dssolhg wr jhw phdq+�2Rer, dqg vwg+�2Rer,1 Rq wkh rwkhu kdqg/ d vwd0

wlvwlfdo SHV prgho lv exlow e| xvlqj wkh deryh surfhgxuh1 Wkh v|qwkhvl}hg phdq+�2Rer, dqg

vwg+�2Rer, duh frpsduhg zlwk wkh uhvxowv iurp phdvxuhg SHV/ dv vkrzq lq Wdeoh 6161 Wkh

gl�huhqfh ehwzhhq wkh v|qwkhvl}hg dqg phdvxuhg uhvxowv ri vwg+�2Rer, lv eljjhu wkdq wkdw ri

phdq+�2Rer, ehfdxvh lw lqyroyhv pruh frpsoh{ uhfryhu| surfhvv dqg wkxv pruh dffxpxodwhg

huuruv1 Hyhq vr/ wkh gl�huhqfh lv ohvv wkdq 6( zklfk lv d fohdu lqglfdwlrq ri dffxudf| iru

wkh uhfryhu| surfhvv ghwdlohg lq Vhfwlrq 6191

SHV Suhglfwlrq Hydoxdwlrq Lq wklv vwdjh/ wkh prgho lv xvhg wr suhglfw wkh shuirupdqfh

ri d jurxs ri gulyhv zkhq vrph sdudphwhuv lq wkh frqwuroohu duh fkdqjhg1 Dv dq h{dpsoh/

d qhz �upzduh zlwk wkh wudfn0iroorzlqj orrs jdlq +nf,JJR @ 3=5:, lqfuhdvhg e| 9(/ l1h1

n,JJR @ 4=39nf,JJR @ 3=5;3;/ lv ordghg lqwr wkhvh gulyhv dqg d qhz vhw ri SHVv duh froohfwhg1

Wkh qhz vwdwlvwlfdo uhvxowv iurp phdvxuhg SHV dqg v|qwkhvl}hg uhvxowv e| wkh prgho duh

olvwhg lq Wdeoh 6171

Dv d qdwxudo h{whqvlrq/ zh uhshdw wkh deryh surfhvv iru qlqh gl�huhqw orrs jdlqv1

Hyhu| wlph SHVv duh froohfwhg iru d qhz frqwuroohu/ d qhz vwdwlvwlfdo prgho lv exlow dqg

wkh suhglfwlrq iru erwk phdq+�2Rer, dqg vwg+�2Rer, lv shuiruphg zkhq n,JJR lv lq d udqjh ri
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^3=<5nf,JJR/ 4=3;n
f
,JJR` dqg n@/ nK/ dqg n� duh �{hg dw qrplqdo ydoxhv1 Orrnlqj dw Iljxuh 614:/

wkh uhvxowv duh yhu| lqwhuhvwlqj1 Qlqh sdluv ri frqwlqxrxv olqhv duh wkh suhglfwlrqv e| qlqh

gl�huhqw vwdwlvwlfdo prghov1 Ehlqj qlfho| djuhhlqj zlwk hdfk rwkhu vxjjhvwv wkdw wkh prgho

lv lqvhqvlwlyh wr lwv exloglqj srlqw1 Lq rwkhu zrugv/ zkhwkhu lw lv exlow iurp SHVv dvvrfldwhg

zlwk nf,JJR ru 4=39nf,JJR/ lw jlyhv d uhshdwdeoh suhglfwlrq1 Ixuwkhupruh/ wkh phdvxuhg gdwd

pdwfklqj wkh suhglfwlrq lqglfdwhv wkh dffxudf| ryhu wkh udqjh1 Dqrwkhu lqwhuhvwlqj srlqw lv

wkh wuhqg wkh| vxjjhvwhg1 Erwk wkh phdvxuhg gdwd dqg prgho vxjjhvw wkdw wkh n,JJR zklfk

dfklhyhv wkh vpdoohvw phdq+�2Rer, dqg vwg+�2Rer, lv dfwxdoo| durxqg nf,JJR1 Wklv lpsolhv wkdw

wkh ruljlqdo frqwuroohu lv zhoo rswlpl}hg1

Wr ixuwkhu looxvwudwh wkh xvhixoqhvv ri wkh vwdwlvwlfdo prgho/ zh dsso| lw wr suhglfw

wkh wlph0grpdlq shuirupdqfh e| ydu|lqj wkh wxqdeoh sdudphwhuv ri wkh wudfn0iroorzlqj

frqwuroohu/ n,JJR/ n@/ dqg nK lq odujh udqjhv uhvshfwlyho|1 Lq Iljxuh 614;/ n,JJR lv ydulhg

iurp 3 wr 4 dv n@/ dqg nK duh nhsw dw qrplqdo ydoxhv1 Lw fdq eh vhhq wkdw dv ixqfwlrqv ri

n,JJR/ phdq+�2Rer, dqg vwg+�2Rer, kdyh wzr vlqjxodu srlqwv durxqg 3 dqg 3=75 uhvshfwlyho|1

Vlploduo|/ wkh| kdyh wzr vlqjxodu srlqwv durxqg 3=8 dqg 3=<; lq whupv ri n@ +vhh Iljxuh 614<,/

dqg wzr dw �3=6 dqg 3=:8 lq whupv ri nK +vhh Iljxuh 6153,1 Dfwxdoo|/ wkh wxqlqj ri �{hg0

vwuxfwxuh frqwuroohuv lv d qrq0frqyh{ rswlpl}dwlrq sureohp/ dqg riwhq zlwk glvfrqwlqxlwlhv

olnh wkh wudfn0iroorzlqj frqwuroohu vkrzq khuh1 Wkxv lw lv qrw vxusulvlqj wkdw judglhqw0edvhg

phwkrgv duh hdvlo| wudsshg lq orfdo rswlpxp ru mxvw xqdeoh wr frqyhujh1 Vrph qrq0judglhqw

edvhg phwkrgv duh wkhuhiruh suhihuuhg1 Wklv wrslf zloo eh glvfxvvhg lq ghwdlov lq Fkdswhu 71

Frpsxwdwlrqdo H!flhqf| Doo vlpxodwlrqv duh shuiruphg lq PDWODE rq d DPG 4JK}

SF zlwk 589 PE phpru|1 Iru d jlyhq frqwuroohu/ wkh wrwdo FSX0wlph iru frpsxwlqj H+�2|Re,
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Vwdwlvwlfdo

prgho

gulyhv gdwd dqdo|vlv

F+N,

Ordglqj Froohfw

shv
H^σ5

shv `

ydu^σ5
shv `

dffxudf|

�

fsx wlph

H^σ5
shv `

ydu^σ5
shv `

Iljxuh 6149= Wkh vhwxs iru prgho ydolgdwlrq1

Wdeoh 616= Dffxudf| hydoxdwlrq ri Prgholqj

phdq+�2Rer, vwg+�2Rer,

Phdvxuhg 8154<+wu(,2 51644+wu(,2

Prghohg +dyhudjh, 81573+wu(,2 51586+wu(,2

Shufhqwdjh gl�huhqfh 317( 0518(

dqg ydu+�2|Re, edvhg rq Ht1+6186, dqg +6188, lv dozd|v ohvv wkdq 3139 vhfrqg1 Wklv lv lq

frqwudvw wr wkh 50plqxwh FSX0wlph dfklhyhg e| d wlph0grpdlq vlpxodwlrq wrro ^5;`/ zklfk

hyhq uhtxluhv uhshwlwlrq li xvhg wr suhglfw shuirupdqfh iru pxowlsoh gulyhv1 Wkxv lw lv kljko|

h!flhqw wr xvh wkh vwdwlvwlfdo prgho dv dq hydoxdwlrq ixqfwlrq lqvlgh wkh rswlpl}dwlrq orrs1

Wdeoh 617= Hydoxdwlrq ri SHV suhglfwlrq fdsdelolw| +n,JJR @ 4=39nf,JJR,

phdq+�2Rer, vwg+�2Rer,

Phdvxuhg 81657 +wu(,2 51688 +wu(,2

Prghohg +dyhudjh, 815:4 +wu(,2 51693 +wu(,2

Shufhqwdjh gl�huhqfh 0413( 315(
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Iljxuh 614:= Qlqh prghov duh exlow e| uhshdwlqj wkh exloglqj surfhvv rq wkh vdph hljkw

gulyhv zlwk qlqh gl�huhqw orrs jdlqv nf,JJR�^31<5 31<7 31<9/ 31<;/ 4133/ 4135/ 4137/ 4139/ 413;`1
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Wklv fkdswhu ghyhorshg d vwdwlvwlfdo prgho iru d srsxodwlrq ri KGGv1 Wkh ryhudoo

irupxodwlrq lqfoxghv wkh olqhdu sodqw prgho zklfk zdv exlow e| d pxowlsoh0skdvh lghqwl�fd0

wlrq surfhvv/ dqg d vhw ri udqgrp yduldeohv ghvfulelqj wkh SHV frqwulexwruv lghqwl�hg iurp

d odujh qxpehu ri gulyhv1 Wklv prgho zdv suryhg wr eh h!flhqw dqg dffxudwh lq suhglfwlqj

wkh wlph0grpdlq shuirupdqfh lq whupv ri H+�2|Re, dqg ydu+�2|Re, iru d srsxodwlrq ri gulyhv

zlwk d jlyhq frqwuroohu1 Wkh prgho zloo eh dgrswhg e| wkh qrq0judglhqw0edvhg rswlpl}dwlrq

wrro lq odwhu fkdswhuv wr wxqh wkh sdudphwhuv ri wkh wudfn0iroorzlqj frqwuroohu wrzdugv SHV

plqlpl}dwlrq1 Wkh phwkrgrorj| ghvfulehg khuh lv dovr dssolfdeoh wr wkh wxqlqj ri frqwuroohu

sdudphwhuv iru rwkhu pdvv0surgxfhg hohfwur0phfkdqlfdo v|vwhpv1
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Prghuq frqwuro whfkqltxhv olnh OTJ2OWU/ K
"
/ K2/ dqg � v|qwkhvlv r�hu vlj0

ql�fdqw dgydqwdjhv ryhu fodvvlfdo frqwuro phwkrgv lq kdqgolqj pxowlsoh frqwuro lqsxwv dqg

v|vwhp xqfhuwdlqwlhv1 Rq wkh grzq vlgh/ prghuq frqwuro phwkrgv xvxdoo| ohdg wr frqwuroohuv

zlwk dq rughu htxdo wr ru juhdwhu wkdq wkh sodqw prgho xvhg lq ghvljq1 Prvw olwhudwxuhv rq

wkh dssolfdwlrq ri prghuq frqwuro whfkqltxhv wr KGGv vkrzhg d shuirupdqfh lpsuryhphqw

e| lpsohphqwlqj wkh uhvxowhg kljk rughu frqwuroohu lq dq dgg0rq GVS ^4:` ^46` ^4;` ^:9`/ zkloh

olwwoh hpskdvlv zdv jlyhq wr wkh frpsuhkhqvlyh xqghuvwdqglqj ri wkh sodqw wr eh frqwuroohg1

Wklv ghvljq sklorvrsk| kdv iruphg d jds ehwzhhq frqwuro wkhru| dqg frqwuro sudfwlfh1 Rq

rqh vlgh/ qlfh wkhru| dqg oderudwru| uhvxowv duh wkhuh/ exw wkh| duh kdug wr eh wudqvihuuhg
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lqwr frqwuro hqjlqhhuv zkr duh zrunlqj rq lqgxvwuldo dssolfdwlrqv1

Zh xvh wkh vhuyr ghvljq iru KGGv dv dq h{dpsoh1 Wkh kljk0yroxph surgxfw qdwxuh

ri KGGv vwurqjo| frqvwudlqv wkh frpsoh{lw| ri wkh frqwuroohu1 Wkh frpprq dssurdfk wr

wdfnoh wklv frqvwudlqw lv wr �uvw rewdlq d kljk0rughu frqwuroohu zklfk lv wkhq uhgxfhg wr d

pdqdjhdeoh rughu iru lpsohphqwdwlrq e| dsso|lqj rughu uhgxfwlrq whfkqltxhv rq sodqw ru

frqwuroohu1 Wklv qrw rqo| olplwv wkh xvh ri frpsuhkhqvlyh prghov gxulqj ghvljq/ exw kdv

qr jxdudqwhh wkdw wkh vwuxfwxuh ri wkh uhgxfhg0rughu frqwuroohu lv frqvlvwhqw iurp ghvljq

wr ghvljq1 Gxh wr wkh lwhudwlyh qdwxuh ri vhuyr ghvljq/ li fkdqjlqj wkh frqwuroohu vwuxfwxuh

hyhu| ghvljq f|foh/ rqh lv xvxdoo| ryhuzkhophg e| gl!fxowlhv dvvrfldwhg zlwk frglqj dqg

yhuvlrq pdqdjhphqw1 Wklv pdnhv wkh iuhh0vwuxfwxuh ghvljq surklelwlyh lq wkh wlph0fulwlfdo

ghvljq f|foh1 Wkhuhiruh/ fkrrvlqj d uljkw frqwuroohu vwuxfwxuh lv lpsruwdqw qrw rqo| lq wkh

ghvljq vwdjh exw dovr lq wkh lpsohphqwdwlrq vwdjh1 Uhdghuv pd| uhihu wr wkh vxuyh| e|

Kdqvhopdqq ^::` iru d wkrurxjk glvfxvvlrq rq wklv vxemhfw 1

Dq dowhuqdwlyh phwkrg lv wr sxw pruh h�ruwv lq exloglqj qrq0frqvhuydwlyh sodqw

prgho edvhg rq wkh ixqgdphqwdo xqghuvwdqglqj ri sodqw dqg glvwxuedqfhv dqg wkhq dsso|lqj

vlpso| frqwuro odzv1 Lq idfw/ lw lv pruh h!flhqw wr vwduw zlwk d frqwuroohu vwuxfwxuh wkdw kdv

jrrg qrplqdo surshuwlhv/ dqg wxqh wkh sdudphwhuv zlwklq wkdw vwuxfwxuh1

Dv glvfxvvhg lq wkh suhylrxv fkdswhuv/ wkh ghvljq ri wkh wudfn0iroorzlqj frqwuroohu

lqyroyhv qxphurxv wudgh0r�v dqg olplwdwlrqv1 Dowkrxjk wkh iuhtxhqf|0grpdlq surshuwlhv

surylgh vwurqj dqdo|vlv uhvxowv/ wkh uhdo vshfl�fdwlrqv dqg glvwxuedqfhv duh lq wkh wlph0

grpdlq1 Lq idfw/ wkh frpelqdwlrq ri wkh yduldqfh ri SHV/ kdug erxqg rq SHV dpsolwxgh/ dqg

iuhtxhqf|0grpdlq vshfl�fdwlrqv lv zkdw lv uhdoo| qhhghg wr sxvk wkh olplwv ri shuirupdqfh1
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D vlqjoh shuirupdqfh remhfwlyh lv vhogrp dghtxdwh wr fdswxuh pxowlsoh dqg riwhq frq lfwlqj

ghvljq remhfwlyhv1

Wr vroyh vxfk d pxowl0remhfwlyh rswlpl}dwlrq sureohp +PRS,/ prvw rswlpl}dwlrq

dojrulwkpv h{solflwo| ru lpsolflwo| uhtxluh ghvljqhu wr dvvljq zhljkw wr hdfk remhfwlyh ehiruh

rswlpl}dwlrq1 Wkh sureohp lv wkdw wkh ehvw frpelqdwlrq ri zhljkwv wkdw ohdgv wr wkh ghvluhg

shuirupdqfh lv xvxdoo| qrw nqrzq lq dgydqfh1 Wkh ghvljqhu qhhgv wr khxulvwlfdoo| wxqh wkh

zhljkwv xqwlo vdwlvidfwru| shuirupdqfh lv dfklhyhg1

Lq wklv fkdswhu/ wkh pxowl0remhfwlyh wxqlqj ri �{hg0vwuxfwxuh frqwuroohu lv irupx0

odwhg dv d jrdo dwwdlqphqw surjudpplqj +JDS, sureohp ^73`1 Lqvwhdg ri �qglqj ihdvleoh

vroxwlrqv zklfk plqlpl}h ru pd{lpl}h remhfwlyh ixqfwlrqv/ wkh JDS lv lqwhqghg wr �qg vr0

oxwlrqv wkdw/ li srvvleoh/ dfklhyh d vhw ri jrdov> rwkhuzlvh/ ylrodwh wkh jrdov plqlpdoo|1 JDS

lv frqyhqwlrqdoo| vroyhg e| qrq0olqhdu surjudpplqj zklfk vwloo qhhgv zhljkwv1 Wklv glvvhu0

wdwlrq sursrvhv d pxowl0remhfwlyh jhqhwlf dojrulwkp wkdw lv fdsdeoh ri sdudoohoo| vhdufklqj

iru d vhw ri Sduhwr rswlpdo vroxwlrqv zlwkrxw xvlqj zhljkwv ehiruh rswlpl}dwlrq1

Wklv fkdswhu zloo uhvroyh wkh iroorzlqj wzr edvlf txhvwlrqv lq rughu wr wxqh wkh

�{hg0vwuxfwxuh frqwuroohu h!flhqwo| dqg uholdeo|1

� Krz vkrxog wkh �{hg vwuxfwxuh frqwuro sureohp eh irupxodwhg zlwk pxowlsoh remhfwlyhv

dqg frqvwudlqwvB

� Krz vkrxog wkh irupxodwhg sureohp eh vroyhg ru rswlpl}hgB

Iurp d srlqw ri ylhz ri ghflvlrq pdnlqj/ krzhyhu/ iru d jlyhq frqwuro hqjlqhhulqj

sureohp/ zh xvxdoo| �uvw zdqw wr nqrz zkdw rswlpl}dwlrq dojrulwkpv duh dydlodeoh/ dqg

wkhq zh fdq irupxodwh wkh sureohp lq d vroydeoh irup dffruglqjo|1 Iru h{dpsoh/ d odujh
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qxpehu ri dssurdfkhv irfxv rq pdnlqj wkh rswlpl}dwlrq d frqyh{ rqh wkurxjk vxlwdeoh

sdudphwhul}dwlrq1 Wkh prwlydwlrq lv wkdw wkhuh duh qxpehuv ri srzhuixo dojrulwkpv iru

vroylqj frqyh{ rswlpl}dwlrq sureohpv1 Wkhuhiruh/ wkh uhplqghu ri wklv fkdswhu zloo dqvzhu

wkh txhvwlrqv deryh lq d uhyhuvhg rughu1 Vhfwlrq 715 jlyhv vrph qhfhvvdu| suholplqdulhv

rq rswlpl}dwlrq1 Vhfwlrq 716 eulh | uhylhzv jhqhudo rswlpl}dwlrq whfkqltxhv1 Vhfwlrq 717

frqvlghuv wkh pxowl0remhfwlyh rswlpl}dwlrq dqg lqwurgxfhv wkh frqfhsw ri Sduhwr rswlpdolw|1

Vhfwlrq 718 glvfxvvhv wkh sdudphwhul}dwlrq ri wkh �{hg0vwuxfwxuh frqwuro sureohp edvhg rq

gl�huhqw rswlpl}dwlrq whfkqltxhv1

*"% &���	�	���	��

Gh�qlwlrq 45 +Frqyh{ Vhw, D vhw F lv frqyh{ li wkh olqh vhjphqw ehwzhhq dq| wzr srlqwv

lq F olhv lq F/ l1h1/ li iru dq| {�/ {2 5 F dqg dq| � wkdw 3 9 � 9 4/ wkh iroorzlqj krogv=

�{� . +4� �,{2 5 F= +714,

Gh�qlwlrq 46 +Frqyh{ Ixqfwlrq dqg Frqfdyh Ixqfwlrq, D ixqfwlrq i = ?? $ ? lv

frqyh{ li grpi lv d frqyh{ vhw dqg li iru dq| {/ | 5 grpi dqg dq| � wkdw 3 9 � 9 4/ wkh

iroorzlqj lqhtxdolw| krogv=

i+�{. +4� �,|, 9 �i+{, . +4� �,i+|,= +715,

D ixqfwlrq i lv fdoohg frqfdyh li �i lv frqyh{1

Gh�qlwlrq 47 +Orfdo dqg Joredo Rswlpxp, Iru wkh iroorzlqj jhqhudo rswlpl}dwlrq sure0
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ohp/

plqlpl}h
%M^?

if+{,

vxemhfw wr i�+{, 9 3 +l @ 4> ===>p,

j�+{, @ 3 +l @ 4> ===> s,

+716,

{ lv ihdvleoh li { vdwlv�hv doo lqhtxdolw| dqg htxdolw| frqvwudlqwv1 Li { lv ihdvleoh dqg

if+{, @ lqi
%M^?

iif+},m n{� }n 9 Uj +717,

krogv iru vrph ihdvleoh } dqg ;U A 3> wkhq { lv orfdoo| rswlpdo1 Li +717, krogv iru dq|

ihdvleoh }/ wkhq { lv joredoo| rswlpdo1

Gh�qlwlrq 48 +Frqyh{ Rswlpl}dwlrq Sureohp, Wkh plqlpl}dwlrq sureohp ri d frq0

yh{ ixqfwlrq ryhu wkh rswlpl}dwlrq yduldeoh { 5 ?
? vxemhfw wr lqhtxdolw| frqvwudlqwv rq frq0

yh{ ixqfwlrq ri { dqg htxdolw| frqvwudlqwv rq d!qh ixqfwlrqv ri { lv d frqyh{ rswlpl}dwlrq

sureohp/ l1h1/

plqlpl}h
%M^?

if+{,

vxemhfw wr i�+{, 9 3 +l @ 4> ===>p,

dA� { @ e� +l @ 4> ===> s,

+718,

zkhuh if> ===/ i6 duh frqyh{ ixqfwlrqv1 Ohw { eh orfdoo| rswlpdo iru wkh frqyh{ rswlpl}dwlrq

sureohp +718,1 Wkhq/ { lv dovr joredo rswlpdo iru +718,1

*"' (����	�� �� (��	�	)��	�� �����	4���

Qr pdwwhu zklfk sdudphwhul}dwlrq iudphzrun lv xvhg/ wkhuh lv rqh ixqgdphqwdo

lvvxh wkdw qhhgv wr eh dgguhvvhg= krz vkrxog wkh joredo rswlpxp eh orfdwhg h!flhqwo|
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dqg uholdeo|1 Wkh qxphurxv vhdufk dqg rswlpl}dwlrq whfkqltxhv fdq eh fodvvl�hg lqwr wkuhh

fdwhjrulhv= judglhqw0edvhg dojrulwkpv/ qrq0judglhqw0edvhg ghwhuplqlvwlf vfkhphv/ dqg qrq0

judglhqw0edvhg vwrfkdvwlf dojrulwkpv1

*"'" 6���	���1����� ��
��	����

Judglhqw0edvhg whfkqltxhv xvh qxphulfdo ru dqdo|wlf judglhqwv lqirupdwlrq ri wdu0

jhw ixqfwlrq wr glfwdwh d gluhfwlrq ri vhdufk lq zklfk wkh rswlpxp lv wkrxjkw wr eh1 Wkh|

fdq eh fodvvl�hg lqwr wzr jurxsv= lqgluhfw dqg gluhfw ^75`1 Lqgluhfw phwkrgv vhdufk orfdo

h{wuhph e| vroylqj d vhw ri xvxdoo| qrqolqhdu htxdwlrqv zklfk uhvxow iurp vhwwlqj wkh judgl0

hqw ri wkh remhfwlyh ixqfwlrqv htxdo wr }hur1 Rq wkh rwkhu kdqg/ gluhfw phwkrgv vhhn orfdo

rswlpd e| mxpslqj rq wkh k|shu0vxuidfh ri wdujhw ixqfwlrq dqg prylqj lq d gluhfwlrq uhodwhg

wr wkh orfdo judglhqw1 Erwk fodvvhv duh orfdo phwkrgv iru wkh| vhhn wkh rswlpd rqo| lq d

qhljkerukrrg ri wkh fxuuhqw srlqw1

Jhqhudo vshdnlqj/ judglhqw0edvhg phwkrgv duh pruh h!flhqw wkdq rwkhu phwkrgv

zkhq wkh �uvw ghulydwlyh ri wkh wdujhw ixqfwlrq lv frqwlqxrxv1 Qhzwrq0w|sh phwkrgv duh rqo|

uhdoo| vxlwdeoh zkhq wkh vhfrqg ghulydwlyh lqirupdwlrq fdq eh hdvlo| fdofxodwhg ehfdxvh fdo0

fxodwlqj vhfrqg ghulydwlyhv/ xvxdoo| wkh Khvvldq pdwul{/ e| xvlqj qxphulfdo gl�huhqwldwlrq/

lv frpsxwdwlrqdoo| h{shqvlyh1 Txdvl0Qhzwrq dojrulwkpv ghyhorshg e| Ghqqlv dqg Vfkqdeho

^:;` dyrlg fdofxodwlqj Khvvldq gluhfwo| e| xvlqj wkh �uvw ghulydwlyh dqg ixqfwlrq lwvhoi wr exlog

xs fxuydwxuh lqirupdwlrq wr pdnh dq dssur{lpdwlrq wr Khvvldq1 D fodvv ri lqwhulru srlqw

phwkrgv kdyh vkrzq wr eh pruh h!flhqw ^:<` ^;3`1 Wkh| duh edvhg rq Qhzwrq*v phwkrg/

wr vroyh ru dssur{lpdwho| vroyh d vhtxhqfh ri vprrwk xqfrqvwudlqhg ru htxdolw|0frqvwudlqhg

sureohpv1 Surylghg wkdw wkh vhtxhqfh ri vprrwk sureohpv lv fkrvhq dssursuldwho|/ wkh
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uhvxowlqj dojrulwkpv duh yhu| h!flhqw lq erwk wkhru| dqg sudfwlfh1

Krzhyhu/ judglhqw0edvhg phwkrgv uhtxluh wkh frqwlqxlw| dqg wkh h{lvwhqfh ri ghulyd0

wlyh ri wkh wdujhw ixqfwlrq dqg wkxv fdqqrw surylgh vx!flhqw urexvwqhvv wr �qg wkh joredo

rswlpxp iru d qrq0frqyh{ rswlpl}dwlrq sureohp1

*"'"% -��1
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Qrq0judglhqw edvhg phwkrgv xvh rqo| hydoxdwlrqv ri wkh remhfwlyh ixqfwlrq/ qrw

uhtxlulqj lwv judglhqw ru Khvvldq1 Wkhuhiruh wkh| duh prvw vxlwdeoh iru sureohpv wkdw duh

yhu| qrqolqhdu ru kdyh d qxpehu ri glvfrqwlqxlwlhv1 Wkh hqxphudwlyh vhdufk lv wkh vlpsohvw

vfkhph lq wklv fodvv1 Lwv lghd lv suhww| vlpsoh> zlwklq d �qlwh vhdufk vsdfh/ ru d glvfuhwl}hg

lq�qlwh vhdufk vsdfh/ wkh vhdufk dojrulwkp hydoxdwhv remhfwlyh ixqfwlrq ydoxhv dw hyhu| srlqw

lq wkh vsdfh/ rqh dw d wlph1 Wklv vfkhph fdq duulyh dw uhdvrqdeo| jrrg vroxwlrqv iru

vhdufk vsdfhv ri vpdoo vl}h1 Exw zkhq frqiurqwhg zlwk vhdufk vsdfhv ri hqruprxv vl}h

dqg zlgh yduldwlrq iurp srlqw wr srlqw lq wkhlu suhflqfw/ vxfk vfkhphv pxvw xowlpdwho| eh

glvfrxqwhg lq wkh urexvwqhvv udfh iru rqh vlpsoh uhdvrq= odfn ri h!flhqf|1 Hyhq wkh g|qdplf

surjudpplqj/ d kljko| wrxwhg hqxphudwlyh vfkhph/ pd| ehfrph h{kdxvwhg rq sureohpv ri

prghudwh vl}h dqg frpsoh{lw|/ vx�hulqj iurp �wkh fxuvh ri glphqvlrqdolw|� ^;4`1 Vlpsoh{

vhdufk e| Qhoghu dqg Phdg ^;5` ^;6` lv wkh prvw zlgho| xvhg qrq0judglhqw0edvhg ghwhuplqlvwlf

vfkhph1 Lw lpsohphqwv h{wuhph0srlqw vhdufk e| prylqj iurp rqh edvlf ihdvleoh vroxwlrq wr

dqrwkhu xqwlo hlwkhu wkh sureohp lv vkrzq wr eh xqerxqghg ru wkh fxuuhqw vroxwlrq lv suryhq

wr eh rswlpdo1
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Vwrfkdvwlf dojrulwkpv kdyh ehhq uhfrjql}hg wr eh deoh wr ryhufrph wkh vkruwfrp0

lqjv ri judglhqw0edvhg dqg ghwhuplqlvwlf vfkhphv1 Wkh frpprq ihdwxuh ri wkhvh phwkrgv lv

wkdw wkh| xvh vwrfkdvwlf uxohv wr glfwdwh wkh vhdufk1 Udqgrp zdon lv wkh vlpsohvw yhuvlrq

ri vwrfkdvwlf rswlpl}dwlrq dojrulwkpv1 Dowkrxjk lw lv fdsdeoh ri vhdufklqj iru wkh joredo

rswlpxp/ lw vwloo odfnv h!flhqf| dqg grhv qr ehwwhu wkdq wkh hqxphudwlyh vhdufk1 Gxulqj

wkh odvw wkuhh ghfdghv wkhuh kdv ehhq d jurzlqj lqwhuhvw lq dojrulwkpv wkdw uho| rq dqdor0

jlhv wr wkh qdwxudo surfhvvhv1 Wkh ehvw0nqrzq h{dpsohv duh hyroxwlrqdu| dojrulwkpv +HDv,/

vlpxodwhg dqqhdolqj +VD,/ dqg qhxudo qhwzrunv +QQ,1

Sduwlfxoduo|/ wkh HDv uhihu wr d fodvv ri vxfk dojrulwkpv lqvsluhg e| wkh surfhvv

ri qdwxudo hyroxwlrq dqg khuhglw|1 Wkh wkuhh pdlqvwuhdp yhuvlrqv ri HDv duh jhqhwlf do0

jrulwkpv +JDv,/ ghyhorshg e| Kroodqg ^;7` ^75`/ hyroxwlrqdu| vwudwhjlhv +HVv,/ ghyhorshg

e| Uhfkhqehuj ^;8` ^;9` dqg Vfkzhiho ^;:` ^;;`/ hyroxwlrqdu| surjudplqj +HS,/ ghyhorshg e|

Irjho ^;<` ^<3`1 HDv pdlqwdlq d srsxodwlrq ri srwhqwldo vroxwlrqv/ dqg kdyh vrph vhohfwlrq

surfhvvhv edvhg rq �wqhvv ri lqglylgxdov/ dqg vrph jhqhwlf rshudwruv ^76`1 Wkh gl�huhqfh

dqg vlplodulw| ri ydulrxv HDv duh vxppdul}hg lq Wdeoh 7141 D frpsdudwlyh vwxg| ri HDv

fdq eh irxqg lq ^<4` ^<5`1

HDv zhuh ruljlqdoo| gh�qhg dv vwrfkdvwlf vhdufk phwkrgv iru vfdodu rswlpl}dwlrq

sureohpv ri wkh iroorzlqj irup=

plq
 Ml

i+{, zlwk i = 
 �?
?
$ ? +719,

zkhuh i lv wkh �wqhvv ixqfwlrq/ 
 lv wkh ihdvleoh uhjlrq/ dqg q lv wkh glphqvlrq ri yduldeohv

{ @ +{�> ===> {?, +dqg wkxv vhdufk vsdfh,1 Wkh �wqhvv ixqfwlrq pljkw eh mxvw wkh remhfwlyh
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Wdeoh 714= D vxppdu| ri hyroxwlrqdu| dojrulwkpv1

HV HS JD

Uhsuhvhqwdwlrq Uhdo frglqj Uhdo frglqj Elqdu| frglqj ru

uhdo frglqj

Ilwqhvv @ Remhfwlyh ixqfwlrq Vfdohg ydoxh ri Vfdohg ydoxh ri

remhfwlyh ixqfwlrq remhfwlyh ixqfwlrq

Pxwdwlrq Pdlq rshudwru Wkh rqo| rshudwru Plqru rshudwru

Uhfrpelqdwlrq Gl�huhqw yduldqwv Qrqh Pdmru rshudwru

Gl�huhqw yduldqwv

Vhohfwlrq Ghwhuplqlvwlf Suredelolvwlf Suredelolvwlf

h{wlqfwlyh h{wlqfwlyh Suhvhuydwlyh

Vhoi0dgdswdwlrq Vwdqgdug ghyldwlrqv Yduldqfhv Qrqh

dqg fryduldqfhv

ixqfwlrq ri rswlpl}dwlrq sureohp1 Zlwkrxw orvv ri jhqhudolw|/ dvvxph i+{, A 3 iru dq| { 5


1
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Sudfwlfdo frqwuro ghvljq sureohpv duh riwhq fkdudfwhul}hg e| vhyhudo qrq0frpphqvxudeoh

dqg riwhq frpshwlqj phdvxuhv ri shuirupdqfh/ ru vr0fdoohg remhfwlyhv1 D pxowl0remhfwlyh

rswlpl}dwlrq sureohp +PRS, fdq eh srvhg dv wkh plqlpl}dwlrq ri d yhfwru ri remhfwlyhv

i+N, @ ii�+N,> ===> i6+N,j wkdw pd| eh wkh vxemhfw ri d qxpehu ri frqvwudlqwv ru erxqgv1

plqlpl}h
kM^

?

i+N, +71:,

vxemhfw wr j�+N, @ 3> l @ 4> ===> qe

j�+N, 9 3> l @ qe . 4> ===> q

Nu� 7 N 7 NL�

+71;,

Li dq| ri remhfwlyhv duh frpshwlqj/ wkhuh lv qr xqltxh vroxwlrq1
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Pxowl0remhfwlyh

Rswlpl}hu

Sduhwr
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Ghvljqhu

slfnv xs

Zhljkwlqjv Z
l

Vlqjoh Frvw

Ixqfwlrq

M
r
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l
Z

l
M
l

Ghflvlrq

Pdnlqj

Ghflvlrq

PdnlqjQr zhljkwlqjv

ehiruh rswlpl}dwlrq

SduSduhwhwrr00eeddvvhghg

ZZhlhljkjkwwllqqjj00eeddvvhghg

Iljxuh 714= Gl�huhqw phwkrgv ri ghdolqj zlwk pxowlremhfwlyh rswlpl}dwlrq sureohpv1 Wkh

xsshu sduw lv wkh frqyhqwlrqdo zhljkwlqj0edvhg phwkrg dqg wkh orzhu sduw lv wkh Sduhwr0

edvhg dssurdfk1
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Iljxuh 715= Dq h{dpsoh ri Sduhwr rswlpdolw|1
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Sduhwr rswlpdolw|/ ghyhorshg e| Yloiuhgr Sduhwr +4;7;04<56/ dq Lwdoldq vrflrorjlvw,/

lv wkh prvw zlgho| dffhswhg fulwhulrq ri hfrqrplf h!flhqf|1 D vwdwh ri d jlyhq v|vwhp lv

Sduhwr rswlpdo/ dqg wkxv h!flhqw/ li dqg rqo| li wkhuh lv qr ihdvleoh dowhuqdwlyh vwdwh ri wkdw

v|vwhp lq zklfk dw ohdvw rqh lv ehwwhu r� dqg qr rqh lv zruvh r�1 Dqg/ iru sxusrvhv ri wklv

fulwhulrq/ d shuvrq lv cehwwhu r�* zlwk vrph dowhuqdwlyh D udwkhu wkdq E li dqg rqo| li wklv

shuvrq suhihuv D wr E ^<6`1 Wkh frqfhsw ri Sduhwr rswlpdolw| uhtxluhv qr zhljkwv ehiruh

rswlpl}dwlrq dqg pdnhv lw srvvleoh wr surylgh pxowlsoh rswlpdo vroxwlrqv wr wkh ghflvlrq

pdnhu1

Gh�qlwlrq 49 +Grplqdwlrq, Wkh yhfwru M+N�,@iM�+N�,> ===> M?+N
�,j lv vdlg wr grpl0

qdwh yhfwru M+N2, @ iM�+N2,> ===> M?+N
2,j li dqg rqo| li M+N�, lv sduwldoo| ohvv wkdq M+N2,/

ghqrwhg dv M+N�, ?R M+N
2,/ pruh suhflvho|

+;l,M�+N�, 9 M�+N
2, a +<l,M�+N�, ? M�+N

2,= +71<,

Gh�qlwlrq 4: +Sduhwr Rswlpdolw|, D vroxwlrq N�
lv Sduhwr rswlpdo li dqg rqo| li wkhuh

lv qr N2 5 
g vxfk wkdw M+N2, ?R M+N
�,1 Sduhwr rswlpdo vroxwlrqv NR duh dovr fdoohg

qrq0grplqdwhg vhw ru qrq0lqihulru vhw/ zklfk duh d vhw ri N�
vxfk wkdw

+M+N�, � RM+N
�,, a +M+N�, �R M+N

�,,> +7143,

N� 5 NR>N
� 5 NR>;l 9@ m=

Lq rwkhu zrugv/ wkh Sduhwr vhw lv rswlpdo lq wkh vhqvh wkdw qr lpsuryhphqw fdq eh

dfklhyhg lq dq| remhfwlyh zlwkrxw ghjudgdwlrq lq rwkhuv1 Dq looxvwudwlrq h{dpsoh lv vkrzq

lq Iljxuh 715/ wkh vroxwlrqv duh hydoxdwhg edvhg rq wkuhh shuirupdqfh lqgh{hv M�> M2> dqg

M� uhvshfwlyho|1 Iru hdfk lqgh{/ wkh vpdoohu wkh ydoxh/ wkh ehwwhu wkh vroxwlrq1 Lw lv hdv| wr
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vhh wkdw vroxwlrq D dqg E duh ehwwhu wkdq doo wkh rwkhu vroxwlrqv lq doo dvshfwv1 Krzhyhu/ D

shuirupv ehwwhu wkdq E lq whupv ri M� dqg M2 exw zruvh wkdq E lq whup ri M�1 Dffruglqj

wr wkh gh�qlwlrq ri Sduhwr rswlpdolw|/ zh vd| D dqg E duh wkh htxdoo| ehvw vroxwlrqv dqg

lq wkh vdph Sduhwr vhw1 Vlploduo|/ F dqg G duh htxdoo| jrrg vroxwlrqv lq wkh vhfrqg ehvw

vhw1 Erwk grplqdwh vroxwlrq H exw duh grplqdwhg e| D dqg E1 Wkh ryhudoo Sduhwr udqnlqj

zlwk uhvshfw wr M @ iM�> M2> M�j fdq eh h{suhvvhg dv

MiD>Ej ?R MiF>Gj ?R MiHj= +7144,

Wkh jrdo ri PRSv lv wr vhdufk dqg lghqwli| qrqlqihulru vroxwlrq srlqwv1 Vrph ri wkh

pdmru whfkqltxhv wr wdfnoh PRSv duh ghvfulehg ehorz1 Dowkrxjk wkhuh duh gl�huhqw zd|v wr

fodvvli| wkhvh whfkqltxhv/ zh glylgh wkhp lq wzr fodvvhv= zhljkwlqj0edvhg whfkqltxhv zklfk

xvh zhljkwlqj h{solflwo| ru lpsolflwo|/ dqg Sduhwr0edvhg phwkrgv zklfk vroyh wkh PRS lq d

sdudooho zd|1
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Rqh zd| ri ghdolqj zlwk pxowlsoh remhfwlyhv lv wr frpelqh wkhp lqwr d vlqjoh

remhfwlyh e| xvlqj zhljkwlqj yhfwru z@iz�> ===> z6j Wkh PRS remhfwlyh Ht1 +71:, ehfrphv

plqlpl}h
gM^?

i� @
S

6

�'�z�i�+N, = +7145,

Lq prvw fdvhv/ krzhyhu/ wkh ehvw frpelqdwlrq ri zhljkwlqjv lv qrw nqrzq lq dgydqfh gxh

wr wkh odfn ri nqrzohgjh ri wdujhw sureohp1 Dv vkrzq lq wkh xsshu sduw ri Iljxuh 714/ wkh

zkroh lwhudwlyh surfhvv lqyroyhv pdq| wu|0dqg0huuruv1 Rqh kdv wr sod| zlwk zhljkwv dqg

uhshdw rswlpl}dwlrq iru pdq| wlphv ehiruh jhwwlqj lqvljkw lqwr wkh lqwhudfwlrq dprqj remhf0

wlyhv1 Wklv vlwxdwlrq zloo jhw zruvh zlwk lqfuhdvlqj qxpehu ri frpshwlqj remhfwlyhv1 Vrph
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Iljxuh 716= Wkh frqyh{ wudgh0r� erxqgdu| lv dffhvvleoh e| ydu|lqj zhljkwlqjv1

whfkqltxhv vxfk dv orrs0vkdslqj xvh zhljkwlqjv lpsolflwo|1 Wkhuhiruh qr pdwwhu zkhwkhu

zh xvh OTJ2OWU ru K" orrs0vkdslqj/ wkh prvw gl!fxow sduw lv vwloo wkh vhohfwlrq ri wkh

zhljkwlqj ixqfwlrqv ru �owhuv1

Ixuwkhupruh/ wkh wudgh0r� vroxwlrq erxqgdu| pd| eh qrqfrqfxuuhqw vr wkdw fhuwdlq

vroxwlrqv duh qrw dffhvvleoh ^<7`1 Wklv fdq eh looxvwudwhg jhrphwulfdoo| e| wkh iroorzlqj

h{dpsoh zlwk wzr remhfwlyhv1 Lq wkh remhfwlyh ixqfwlrq vsdfh d olqh O = zM+N, @ e lv

gudzq1 Wkh plqlpl}dwlrq ri e lq grpdlq � fdq eh lqwhusuhwhg dv �qglqj wkh ydoxh ri e zlwk

zklfk O mxvw wrxfkhv wkh erxqgdu| ri � dv lw surfhhgv rxwzdugv iurp wkh ruljlq1 Vhohfwlrq

ri zhljkwv z @ ^z�> z2`/ wkhuhiruh/ gh�qhv wkh vorsh ri O/ zklfk lq wxuq ohdgv wr wkh vroxwlrq

srlqw zkhuh O wrxfkhv wkh erxqgdu| ri �1 Iru d � zlwk frqyh{ orzhu erxqgdu| dv vkrzq lq

Iljxuh 716/ doo rswlpdo vroxwlrqv duh uhdfkdeoh e| ydu|lqj z1 Krzhyhu/ dffhvvlelolw| fdqqrw

eh jxdudqwhhg iru � zlwk d qrq0frqyh{ orzhu erxqgdu|1 Iru h{dpsoh/ lq Iljxuh 717/ doo

vroxwlrqv ehwzhhq wkh srlqw � dqg � duh qrw dffhvvleoh1
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Iljxuh 717= Vrph wudgh0r� vroxwlrqv rq wkh qrqfrqyh{ erxqgdu| duh qrw dffhvvleoh e|

ydu|lqj z1
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Lq wkh vhwxs ri %�Frqvwudlqw phwkrg/ rqh sulpdu| remhfwlyh MR lv plqlpl}hg zkloh

wkh uhpdlqlqj remhfwlyhv duh frqyhuwhg lqwr lqhtxdolw| frqvwudlqwv

plqlpl}h
kM^?

iR+N,

vxemhfw wr i�+N, ? %�> l @ 4> ===>p> l 9@ s

+7146,

dorqj zlwk wkh rwkhu frqvwudlqwv lq PRS Ht1 +71;,1

Wkh %0frqvwudlqw phwkrg ryhufrphv wkh lqdffhvvleoh sureohpv wkdw wkh zhljkwhg

vxp vwudwhj| vx�huv iurp lq qrq0frqyh{ rswlpl}dwlrq1 Krzhyhu/ lw vwloo kdv wkh vdph vkruw0

frplqj dv wkh zhljkwhg vxp vwudwhj| wkdw wkh ghvljqhu pxvw fkrrvh d vxlwdeoh vhw ri %� vxfk

wkdw wkhuh lv d ihdvleoh vroxwlrq wr wkh sureohp1 Lq rughu wr sxw wkh ghvljqhu*v wuxh suhihu0

hqfhv lqwr d pdwkhpdwlfdo ghvfulswlrq/ rqh kdv wr h{suhvv d ixoo wdeoh ri wkhlu suhihuhqfhv

dqg vdwlvidfwlrq ohyhov iru d udqjh ri remhfwlyh ydoxh frpelqdwlrqv ^<7`1 Wkhuhiruh/ gl!fxo0

wlhv dulvh zkhq wkh ghvljqhu wulhv wr sulrulwl}h wkh remhfwlyhv wkdw duh htxdoo| lpsruwdqw/

hvshfldoo| dw wkh hduo| vwdjh ri rswlpl}dwlrq f|fohv1
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Wkh jrdo dwwdlqphqw surjudpplqj +JDS, lv d whfkqltxh wr �qg d frpsurplvhg

vroxwlrq zklfk zloo vlpxowdqhrxvo| vdwlvi| d qxpehu ri ghvljq remhfwlyhv1 JDS �uvw dsshduhg

lq wkh �iwlhv wr rewdlq �frqvwudlqhg uhjuhvvlrq� hvwlpdwhv iru dq h{hfxwlyh frpshqvdwlrq

sureohp e| Fkduqhv dqg Frrshu ^73` ^<8`1 Lq frqwudvw wr olqhdu surjudpplqj +OS,/ wkh JDS

grhv qrw uhtxluh wkdw doo frqvwudlqwv pxvw eh vdwlv�hg lq rughu wr kdyh d ihdvleoh vroxwlrq1

Lqvwhdg/ wkh JDS uhtxluhv wkh ghvljqhu wr dvvljq d vhw ri ghvljq jrdov/ if@iif� > ===> if6j/ wr

wkh remhfwlyhv i+{, @ii�+{,> ===> i6+{,j dqg plqlpl}hv wkh ghyldwlrq ehwzhhq wkh remhfwlyhv

dqg ghvljq jrdov dqg/ li srvvleoh/ dwwdlqv wkh jrdov zlwk }hur ghyldwlrq1 Wkh plqlpl}dwlrq

surfhvv fdq eh dffrpsolvkhg zlwk gl�huhqw rswlpl}dwlrq whfkqltxhv1 Hdfk rqh ohdgv wr d

gl�huhqw JDS yduldqw1

Wkh fodvvlfdo JDSv dv suhvhqwhg lq ^6;` ^6<` ^69` frqyhuw wkh pxowlsoh remhfwlyhv

+Ht1+71:,, lqwr d vlqjoh remhfwlyh rswlpl}dwlrq sureohp zlwk dgglwlrqdo frqvwudlqwv

plqlpl}h
�M^ckM^?

�

vxfk wkdw i�+N,� if
�
9 z��> l @ 4> ===>p

+7147,

e| lqwurgxflqj d vodfn yduldeoh � dqg zhljkwlqj yhfwru z@iz�> ===> z6j1 Wklv JDS iru0

pxodwlrq fdq eh gluhfwo| srvhg dv d qrqolqhdu surjudpplqj sureohp vxfk dv vhtxhqwldo

txdgudwlf surjudpplqj +VTS,1 D pruh frpsohwh ghvfulswlrq zloo eh suhvhqwhg lq Fkdswhu

91 Wkh JDS fdq dovr eh srvhg dv d plqlpd{ sureohp e| xvlqj wkh iroorzlqj vhwxs ^<9`1

plqlpl}h
�M^ckM^?

pd{
�

i��j

zkhuh �� @
s�Ek�3af

�

��

> l @ 4> ===>p

+7148,

Rwkhu vhwxsv duh dovr srvvleoh/ vxfk dv oh{lfrjudsklf jrdo surjudpplqj ^<9` ^<:`1
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Doo vhwxsv fdq wdnh dgydqwdjh ri wkh h{lvwlqj vlqjoh remhfwlyh rswlpl}dwlrq dojrulwkpv/ vxfk

dv wkrvh lq PDWODE Rswlpl}dwlrq Wrroer{1 D pdmru gudzedfn zlwk deryh vhwxsv lv wkdw

wkh| vwloo uhtxluh wkh xvhu wr vshfli| d vhw ri zhljkwlqj idfwruv z/ vljqli|lqj wkh uhodwlyh

lpsruwdqfh ri hdfk fulwhulrq1 Wklv pdnhv wkhvh dssurdfkhv vxemhfwlyh wr wkh ghvljqhu1

Pruhryhu/ wkhvh dssurdfkhv kdyh gl!fxow| lq �qglqj vroxwlrqv lq sureohpv kdylqj qrq0

frqyh{ ihdvleoh vroxwlrq vsdfh> wkh| duh vwloo orfdo phwkrgv1

Dowkrxjk xvlqj pxowl0remhfwlyh rswlpl}dwlrq whfkqltxhv wr vroyh JDS kdv ehhq

suhylrxvo| suhvhqwhg lq ^<;` ^<9`/ wkh zrunv sulpdulo| irfxvhg rq vroylqj olqhdu JDS gxh

wr wkh lqh!flhqf| ri judglhqw0edvhg qrqolqhdu pxowl0remhfwlyh rswlpl}dwlrq phwkrgv1 Wkh

qrq0judglhqw0edvhg JD zdv �uvw lqwurgxfhg wr vroyh jhqhudo JDS e| Ndo|dqpr| ^<:`1 Wklv

glvvhuwdwlrq sdudphwhul}hv wkh sdudphwhu wxqlqj sureohp iru �{hg vwuxfwxuh frqwuroohuv dv

d pxowl0remhfwlyh JDS zklfk lv wkhq vroyhg e| d Sduhwr0edvhg pxowl0remhfwlyh jhqhwlf dojr0

ulwkpv +PRJD,1 Wkh srsxodwlrq0edvhg qdwxuh ri PRJD hqdeohv wkh hyroxwlrq ri d Sduhwr0

rswlpdo vhw ri vroxwlrqv zlwkrxw uhtxlulqj zhljkwlqjv ^<<` ^433` ^7<`1

Lq rughu wr frqyhuw wkh remhfwlyh lqwr d �jrdo� irup/ dq xvhu0gh�qhg wdujhw if
�
lv

qhhghg1 Iru h{dpsoh/ plq
g

i�+N, +Ht1 +71:,, fdq eh frqyhuwhg wr

jrdo
gMl

+i�+N, 9 if
�
,= +7149,

Qrwh wkdw if
�
lv qrw qhfhvvdulo| dfklhydeoh1 Li wkh plqlpxp srvvleoh frvw i�+N

W, lv eljjhu

wkdq wkh wdujhw if
�
/ wkhuh h{lvwv qr ihdvleoh vroxwlrq zklfk zloo dfklhyh wkh wdujhw lq 
1 Lq

wklv fdvh wkh remhfwlyh ri Ht1 +7149, lv wr �qg d vroxwlrq wkdw zloo plqlpl}h wkh ghyldwlrq

g @ i�+N,� if
�
=

Kdqgolqj frqvwudlqwv lq JDS iudphzrun lv yhu| vwudljkwiruzdug1 Frqvwudlqwv duh
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Wdeoh 715= PRS dqg pxowl0remhfwlyh JDS

Remhfwlyhv dqg frqvwudlqwv ri PRS Remhfwlyh ixqfwlrqv ri JDS
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riwhq vhhq dv kdug remhfwlyhv/ zklfk qhhg wr eh vdwlv�hg ehiruh wkh rswlpl}dwlrq ri wkh

uhpdlqlqj remhfwlyhv wdnhv sodfh ^434`1 Zlwkrxw orvlqj jhqhudolw|/ frqvwudlqwv ri Ht1 +71;,

fdq h{suhvvhg lq wkh iroorzlqj w|sh ri lqhtxdolw|

j+N, 9 jf +714:,

zkhuh j+N, lv d uhdo0ydoxhg ixqfwlrq ri wkh yduldeoh vhw N/ dqg jf lv d frqvwdqw ydoxh1 Wkh

lqhtxdolw| pd| dovr eh vwulfw +? lqvwhdg ri 9,1 Htxdolw| frqvwudlqwv ri wkh w|sh j+N, @ jf

fdq eh irupxodwhg dv d sduwlfxodu fdvh ri lqhtxdolw| frqvwudlqwv1 Dffruglqj wr wkh edvlf lghd

ri JDS/ frqvwudlqw Ht1 +714:, lv vdwlv�hg li

jrdo
gMl

+j+N, 9 jf,

lv dfklhyhg/ zkhuh 
 lv xvhu0gh�qhg vhdufk vsdfh1

Ilqdoo|/ wkh frqvwudlqhg PRS lq Ht1 +71:, +71;, lv frqyhuwhg wr dq xqfrqvwudlqhg

PRS dffruglqj wr Wdeoh 7151 Qrwh wkdw jrdov duh qrw vxemhfw wr frqyh{ olplwdwlrq ri dq|

nlqg1
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Olqhdu pdwul{ htxdolwlhv +OPLv, kdyh uhfhlyhg d juhdw ghdo ri dwwhqwlrq vlqfh lw

surylghv d xqli|lqj iudphzrun iru frqwuro ghvljq zlwk pxowlsoh ghvljq vshfl�fdwlrqv1 Li

wkh vwdwh vsdfh ghvfulswlrq ri d sureohp lv dydlodeoh/ pdq| ri wkh ghvljq remhfwlyhv dqg

frqvwudlqwv fdq eh sdudphwhul}hg lq frqyh{ OPL irupv dqg wkhq vroyhg h{dfwo| dqg h!flhqwo|

dv vhplgh�qlwh surjudpplqjv +VGSv,1 Vhh ^435` ^436` ^437` iru d froohfwlrq ri vxfk sureohpv1

Wr wdfnoh wkh pxowl0remhfwlyh frqwuro sureohp/ wkh forvhg0orrs v|vwhp lv d!qho|

sdudphwhul}hg zlwk wkh \rxod sdudphwhul}dwlrq +dovr fdoohg T0sdudphwhul}dwlrq,1 Wkh gh0

vluhg forvhg0orrs vshfl�fdwlrqv duh jxdudqwhhg e| lqwurgxflqj dx{loldu| O|dsxqry pdwulfhv

lqwr wkh sureohp1 Ehfdxvh ri wkh surgxfw whupv ehwzhhq wkhvh O|dsxqry yduldeohv dqg wkh

vwdwh vsdfh pdwulfhv ri \rxod sdudphwhul}dwlrq/ wkh uhvxowlqj PRS lv d qrq0frqyh{ elolqhdu

pdwul{ lqhtxdolw| sureohp1 Lw kdv ehhq vkrzq e| Vfkhuhu ^437` dqg Pdvxexfkl ^438` krz wklv

qrq0frqyh{ sureohp fdq eh wudqviruphg lqwr d frqyh{ ihdvlelolw| sureohp e| lpsrvlqj wkh

h{wud frqvwudlqw wkdw doo wkh O|dsxqry yduldeohv duh htxdo/ dw wkh h{shqvh ri frqvhuydwlvp

iru wkh ryhudoo ghvljq1 Vxe0rswlpdo vroxwlrqv duh wkhq frpsxwhg e| frq�qlqj wkh vhdufk ri

wkh \rxod sdudphwhul}dwlrq wr �qlwh0glphqvlrqdo vxevsdfhv1 Krzhyhu/ lw vwloo vx�huv iurp

d vxevwdqwldo lq dwlrq ri vl}h ri wkh uhvxowlqj rswlpl}dwlrq sureohp li lpsurylqj wkh ds0

sur{lpdwlrq dffxudf| wr wkh rswlpdo vroxwlrq1 Wr dyrlg vxfk d sureohp/ ^439` uhyhdohg d

qryho sdudphwhu wudqvirupdwlrq phwkrg wr duulyh dw dq h!flhqw dojrulwkp1 Wkh �qdo PRS

irupxodwlrq dv vkrzq lq ^439` vwloo dgrswhg wkh zhljkwhg0vxp vwudwhj|1 Wkhuhiruh wkh Sduhwr

rswlpdo frqwuroohu zdv dwwdlqhg e| ydu|lqj wkh zhljkwv dqg uhshdwlqj wkh VGS1
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Il{hg vwuxfwxuh frqwuro lv d ghvljq phwkrg zkhuh wkh rughu dqg wkh vwuxfwxuh +ru

sdudphwhul}dwlrq, ri frqwuroohuv duh suh0ghwhuplqhg e| wkh xvhu dqg rqo| vrph sdudphwhuv

duh wxqdeoh1

Ehvlghv wkh fodvvlfdo phwkrgv iru SLG wxqlqj/ wkhuh duh wzr grplqdqw wuhqgv lq

ghdolqj zlwk wkh wxqlqj ri pruh jhqhudo �{hg0vwuxfwxuh frqwuroohuv1 Rq rqh vlgh/ d odujh

qxpehu ri dssurdfkhv irfxv rq pdnlqj wkh rswlpl}dwlrq sureohp d frqyh{ rqh/ prvwo|

e| xvlqj vrph vxlwdeoh sdudphwhul}dwlrq1 Wkh prwlydwlrq lv wkdw wkhuh duh h�hfwlyh dqg

srzhuixo dojrulwkpv iru vroylqj wkh frqyh{ rswlpl}dwlrq sureohpv1 H{dpsohv ri vxfk dojr0

ulwkpv duh hoolsvrlg dojrulwkpv ^43:` dqg pruh h!flhqw lqwhulru srlqw phwkrgv iru vroylqj

OPL0edvhg sureohpv ^:<`1 Wkh sureohp lv wkdw wkh sdudphwhul}dwlrq lwvhoi xvxdoo| lqwur0

gxfhv pdq| dx{loldu| yduldeohv1 Iru d pxowl0remhfwlyh ghvljq sureohp/ wkh �qdo OPLv pljkw

eh wrr odujh wr vroyh ^57`1 Rq wkh rwkhu kdqg/ qrq0judglhqw0edvhg rswlpl}dwlrq whfkqltxhv/

vxfk dv jhqhwlf dojrulwkpv dqg vlpxodwhg dqqhdolqj/ kdyh gudzq d juhdw dwwhqwlrq lq gluhfwo|

vroylqj wkh PRS lq wkh ruljlqdo hqjlqhhulqj vhwxs/ qr pdwwhu lw lv frqyh{ irup ru qrw1 Wklv

vhfwlrq glvfxvvhv erwk whfkqltxhv lq juhdw ghwdlov1

*"+" �����
 &��������	)��	��

Iru d �{hg vwuxfwxuh frqwuroohu zlwk wxqdeoh sdudphwhuv/ wkh rswlpl}dwlrq sureohp

fdqqrw eh gluhfwo| sdudphwhul}hg dv d frqyh{ rswlpl}dwlrq sureohp1 Lw lv xvxdoo| uhfdvw

lqwr d vwdwlf rxwsxw ihhgedfn frqwuro sureohp zklfk wkhq kdv d qxpehu ri zhoo0ghyhorshg

rswlpl}dwlrq wkhrulhv ^43;` ^63` ^64` ^43<` ^443`1 Iru h{dpsoh/ Qhww hw do1 ^63` vkrzhg wkdw
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+d, +e,

+f, +g,

Iljxuh 718= Uhgxfwlrq surfhgxuh +d, G|qdplf rxwsxw ihhgedfn frqwuro> +e, Ghfrpsrvlwlrq>

+f, Dxjphqwdwlrq> +g, Vwdwlf rxwsxw ihhgedfn frqwuro1

qlqh fdvhv ri frqvwudlqhg0vwuxfwxuh frqwuroohuv/ zklfk fryhu prvw sudfwlfdo dssolfdwlrqv/ fdq

eh uhfdvw dv vwdwlf rxwsxw ihhgedfn frqwuroohuv1 Wkh surfhgxuh lv rxwolqhg dv iroorzv1

Ghfrpsrvlwlrq ri Frqwuroohu G|qdplfv dqg Wxqdeoh Sdudphwhuv

Dv ghslfwhg lq Iljxuh 718 +d, dqg +e,/ wkh �uvw vwhs ri wudqvirupdwlrq lv wr vhsdudwh

wkh wxqdeoh sdudphwhuv ri frqwuroohu zlwk wkh frqwuroohu g|qdplfv vxfk wkdw F+}3�>N, @

Iu+S�+}
3�,>N,1 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrq xqghu zklfk wkh ghfrpsrvlwlrq

h{lvwv lv jlyhq lq wkh iroorzlqj wkhruhp ^63`1

Wkhruhp 4; +H{lvwhqfh ri Ghfrpsrvlwlrq, Vxssrvh wkdw wkh frqwuroohu F+}3�>N, kdv
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d vwdwh vsdfh uhdol}dwlrq

�
D� E�

F� G�

�
dqg lv d!qh lqN/ wkhq wkhuh h{lvwv S� zklfk vdwlv�hv

F+}3�>N, @ Iu+S�+}
3�,>N, +714;,

li dqg rqo| li wkhuh h{lvwv d vroxwlrq wr wkh iroorzlqj uhdo pdwul{ htxdwlrq=

�
D� E�

F� G�

�
@

�
S���

S��2

S�2�
S�22

�
.

�
S���

S�2�

�
N^ S���

S��2
` +714<,

zkhuh N lv d ixoo eorfn ri wxqdeoh sdudphwhuv dqg wkh vwdwh vsdfh uhdol}dwlrq ri Sg lv

5
7 S���

S��2
S���

S�2�
S�22

S�2�

S���
S��2

3

6
8

Surri1 Vhh Qhww hw do1^63` ru Ledudnl ^4<`1

Qrwh wkdw wkh dvvxpswlrq wkdw F+}3�>N, lv d!qh lq N lv vdwlv�hg lq prvw dssol0

fdwlrqv ri lqwhuhvw1

Dxjphqwdwlrq ri Frqwuroohu G|qdplfv lqwr Sodqw

Wkh h{whqghg sodqw lv frqvwuxfwhg e| devruelqj wkh frqwuroohu g|qdplfv lqwr wkh

sodqw

J+}3�, @ Iu+S +}3�,> S�+}
3�,,= +7153,

Wkh wkh vwdelolw| surshuw| ri wkh wudqvirupdwlrq lv vwdwhg e| wkh iroorzlqj wkhruhp1

Wkhruhp 4< +Lqwhuqdo Vwdelolw| ri wkh Lqwhufrqqhfwlrq, Vxssrvh +714;,/ +714<,/ dqg

+7153, krog/ wkhq F+}3�>N, lv lqwhuqdoo| vwdelol}lqj iru S +}3�, li dqg rqo| li N lv lqwhuqdoo|

vwdelol}lqj iru J+}3�,1

Surri1 Vhh Qhww hw do1 ^63`1
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Rswlpl}dwlrq ri Vwdwlf Rxwsxw Ihhgedfn Frqwuroohu

Wkhuh duh d odujh qxpehu ri olwhudwxuhv rq rswlpdo vwdwlf rxwsxw ihhgedfn frqwuro

^444` ^55` ^4<`1 Wkh K" rswlpl}dwlrq phwkrg lv uhylhzhg ehorz1

K" Rswlpdo Vwdwlf Rxwsxw Ihhgedfn Frqwuro Lq frqwudvw wr wkh ixoo0rughu frq0

wuroohu v|qwkhvlv fdvh/ wkh K" v|qwkhvlv sureohp ri vwdwlf rxwsxw ihhgedfn ru pruh jhqhu0

doo| uhgxfhg0rughu frqwuroohu v|qwkhvlv fdqqrw eh uhsdudphwhul}hg dv d frqyh{ rswlpl}dwlrq

sureohp1 Dv vxjjhvwhg e| wkh iroorzlqj wkhruhp ^445`/ wkh rughu frqvwudlqw ghvwur|v wkh

frqyh{lw|1

Wkhruhp 53 +Vroydelolw| ri Glvfuhwh0wlph K" Frqwuroohu V|qwkhvlv Sureohpv,,

Wkhuh h{lvwv d g|qdplf frqwuroohu F+v, ri rughu n vxfk wkdw nIu+Sg+v,> F+v,,n
"
? � li dqg

rqo| li wkhuh h{lvw wzr v|pphwulf pdwulfhv [ 5 ??f?
dqg \ 5 ??f? vxfk wkdw

QA

�

5
7 D[DA �[ D[FA

� E�

F�[DA ��L .F�[FA

� G��

EA

� GA

�� ��L

6
8Q� ! 3 +7154,

QA

2

5
7 DA\ D� \ DA\ E� FA

�

EA

� \ D ��L .EA

� \ E� GA

��

F� G�� ��L

6
8Q2 ! 3 +7155,

�
[ L

L \

�
� 3 +7156,

udqn+[\ � L, 9 n +7157,

zkhuh Q� @ gldjiQ�2> Lj/ Q2 @ gldjiQ2�> Lj/ Q�2 dqg Q2� duh edvhv ri wkh qxoo vsdfh ri

^ EA

2 GA

�2
` dqg ^ F2 G2�

`/ uhvshfwlyho|1
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Lq wkh ixoo0rughu frqwuroohu v|qwkhvlv fdvh zkhuh n � q/ wkh frqglwlrq +7157, lv dx0

wrpdwlfdoo| vdwlv�hg dqg wkh joredo vroxwlrq wkdw vdwlv�hv wkh OPL frqglwlrqv +7154,�+7156,

fdq eh frpsxwhg e| frqyh{ rswlpl}dwlrq1 Iru wkh uhgxfhg0rughu sureohp/ wkh udqn frq0

vwudlqw +7157, lv qrq0frqyh{1 Wkh ryhudoo sureohp ehfrphv qrq0frqyh{/ dqg wkxv lw fdqqrw

eh gluhfwo| vroyhg e| frqyh{ vroyhuv1 Iruwxqdwho|/ iru vwdwlf rxwsxw ihhgedfn frqwuro/ wkh

udqn frqvwudlqw ehfrphv udqn+[\ �L, @ n @ 3 dqg fdq eh uhsodfhg e| wkh iroorzlqj ohppd

^446` ^4<`1

Ohppd 54 Vxssrvh [ 5 ??f? dqg \ 5 ??f?
duh v|pphwulf dqg vdwlvi| +7156,/ wkhq

udqn+[\ � L, @ 3 li dqg rqo| li wu+[\ , @ q1

Edvhg rq wkh ohppd deryh dqg wkh frqh frpsohphqwdulw| olqhdul}dwlrq dojrulwkp

sursrvhg e| Ho Jkdrxl hw do1 ^55`/ Ledudnl ^4<` suhvhqwhg d sudfwlfdo K" phwkrg ri wxqlqj

wkh �{hg0vwuxfwxuh frqwuroohu e| xvlqj frqyh{ rswlpl}dwlrq dojrulwkpv vxfk dv VGS/ zlwk

dq dssolfdwlrq wr wkh K" orrs0vkdslqj ri d KGG wudfn0iroorzlqj +SLG, frqwuroohu1

K22K" Rswlpdo Vwdwlf Rxwsxw Ihhgedfn Frqwuro Lw lv eh|rqg wkh vfrsh ri wklv

glvvhuwdwlrq wr uhylhz wkh ydvw olwhudwxuhv ri K22K" rswlpdo vwdwlf rxwsxw ihhgedfn frqwuro1

Lqwhuhvwhg uhdghuv pd| uhihu wr Ehuvwhlq ^64` iru d frpsuhkhqvlyh wkhru| ri rswlpdo K22K"

vwdwlf rxwsxw ihhgedfn frqwuro1

*"+"% �	���� (��	�	)��	�� �7 -��1
���	��� $������"

Wkh uhdvrq ri wudqviruplqj g|qdplf frqwuroohu lqwr vwdwlf frqwuroohu lv wkdw wkh

ryhudoo �{hg0vwuxfwxuh frqwuro v|qwkhvlv lv d qrq0frqyh{ rswlpl}dwlrq sureohp1 Rqh fdq jhw
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durxqg wklv olplwdwlrq e| gluhfwo| dsso|lqj qrq0judglhqw0edvhg rswlpl}dwlrq phwkrgv1 Vhf0

wlrq 716 jlyhv d uhylhz ri qrq0judglhqw0edvhg phwkrgv/ zklfk duh fodvvl�hg dv ghwhuplqlvwlf

uxoh edvhg +h1j1 g|qdplf surjudpplqj, dqg vwrfkdvwlf uxoh edvhg +h1j1 jhqhwlf dojrulwkpv,1

Vxfk dojrulwkpv duh qrw dv h!flhqw dv judglhqw0edvhg phwkrgv lq vroylqj frqyh{ rswlpl}d0

wlrq sureohpv1 Exw wkh| xvxdoo| zrun pruh forvho| rq wkh ruljlqdo hqjlqhhulqj sureohpv dqg

kdyh qr qhhg iru dx{loldu| lqirupdwlrq1 Jhqhwlf dojrulwkpv +JDv, duh d fodvv ri vwrfkdvwlf

uxoh edvhg vhdufk whfkqltxhv wkdw zrun zlwk d srsxodwlrq ri srwhqwldo vroxwlrqv dqg vlpxodwh

wkh qdwxudo hyroxwlrq surfhvv1 Ghwdlov derxw JDv zloo eh glvfxvvhg lq Fkdswhu 81 Wkh prvw

vljql�fdqw dgydqwdjh ri JDv lv wkdw wkh| duh uhdg| wr wdfnoh pxowl0remhfwlyh sureohpv lq d

sdudooho zd|1 Fkdswhu 8 ghyhorsv d pxowl0remhfwlyh jhqhwlf dojrulwkp +PRJD, wr vroyh wkh

�{hg0vwuxfwxuh frqwuroohu v|qwkhvlv sureohp e| wkh iroorzlqj surfhgxuh=

41 Gh�qh wkh ghvljq remhfwlyhv dqg frqvwudlqwv1

51 Sdudphwhul}h wkh sureohp dv pxowl0remhfwlyh JDS dffruglqj wr Wdeoh 715 zlwk xvhu0

gh�qhg jrdov1

61 Gh�qh wkh shuirupdqfh hydoxdwlrq ixqfwlrqv lq whupv ri wxqdeoh sdudphwhuv1

71 Vroyh wkh JDS e| PRJD1

81 Vhohfw d suhihuuhg vroxwlrq iurp wkh Sduhwr0rswlpdo vhw1

Wr ixuwkhu lpsuryh wkh frpsxwdwlrqdo h!flhqf| dqg vroxwlrq dffxudf|/ wkhuh kdyh

ehhq vrph dwwhpswv wr frpelqh qrq0judglhqw edvhg dqg judglhqw edvhg whfkqltxhv lq wkh

krsh ri jhqhudwlqj d pruh h!flhqw k|eulgl}dwlrq ^447` ^78` ^448` ^449` ^44:`1 Wkh uhvxowlqj

k|eulg dojrulwkpv xvxdoo| wdnh dgydqwdjh ri wkh urexvwqhvv ri wkh qrq0judglhqw whfkqltxhv
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lq lghqwli|lqj kljk shuirupdqfh uhjlrqv zlwklq d qrq0frqyh{ vhdufk vsdfh dqg xwlol}h wkh

judglhqw0edvhg dojrulwkpv wr udslgo| vhdufk iru wkh h{dfw rswlpxp1 Lq oljkw ri wklv/ Fkdswhu

9 sursrvhv d wzr0skdvh dojrulwkp frpelqlqj wkh PRJD dqg wkh qrqolqhdu surjudpplqj

+VTS, wr rswlpl}h wkh sdudphwhuv ri d �{hg0vwuxfwxuh KGG wudfn0iroorzlqj frqwuroohu1

Wkh sursrvhg phwkrgv doorz frqvlghudwlrq ri duelwudu| frqwuroohu vwuxfwxuhv +olnh

rughu/ lqwhuqdo vwuxfwxuh/ dqg ghfhqwudol}dwlrq, dqg duelwudu| sdudphwhul}dwlrqv +olnh OPL/

DUH/ dqg JDS hwf1,1 Dfwxdoo|/ vrph sudfwlfdo ghvljq lv yhu| gl!fxow ru hyhq lpsrvvleoh wr

eh sdudphwhul}hg lq vwdqgdug iudphzrunv1 Sudfwlflqj hqjlqhhuv suhihu d  h{leoh rswlpl}d0

wlrq whfkqltxh wkdw fdq eh hdvlo| gursshg lqwr wkhlu sudfwlfdo dssolfdwlrqv1 Wkh h{dpsohv

lq Fkdswhu 8 dqg Fkdswhu 9 dgrsw wkh fodvvlfdo iuhtxhqf|0grpdlq orrs0vkdslqj whfkqltxhv

wkdw kdyh ehhq vxffhvvixoo| xvhg e| vhuyr hqjlqhhuv iru ghfdghv lq wkh dqdo|vlv dqg ghvljq

ri KGG vhuyr v|vwhpv1

*", ������7

Wklv fkdswhu �uvw uhylhzhg pxowl0remhfwlyh rswlpl}dwlrq whfkqltxhv1 D qxpehu

ri dssurdfkhv duh fxuuhqwo| hpsor|hg lqfoxglqj wkh %0frqvwudlqw/ zhljkwhg0vxp dqg JDS

phwkrgv1 Krzhyhu/ vxfk dssurdfkhv xvxdoo| uhtxluh suhflvh h{suhvvlrq ri d vhw ri zhljkwlqjv

dqg jrdov/ zklfk lv xvxdoo| qrw zhoo xqghuvwrrg1 Li wkh wudgh0r� vxuidfh ehwzhhq wkh ghvljq

remhfwlyhv lv wr eh ehwwhu xqghuvwrrg/ uhshdwhg dssolfdwlrq ri vxfk phwkrgv lv qhfhvvdu|1 Wkh

sdudphwhul}dwlrq ri �{hg0vwuxfwxuh frqwuroohuv lv glvfxvvhg lq wklv fkdswhu1 Wkh vwuxfwxuh

dqg rughu frqvwudlqwv pdnh lwv rswlpl}dwlrq d qrq0frqyh{ sureohp1 Rqh fodvv ri phwkrgv duh

wr dssur{lpdwh dqg sdudphwhul}h lw lq d frqyh{ irup/ zklfk lv vroyhg e| h!flhqw judglhqw0
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edvhg vroyhuv1 Rq wkh rwkhu kdqg/ wkh srsxodwlrq0edvhg Sduhwr vroyhuv/ olnh JDv/ hqdeoh wkh

Sduhwr JDS sdudphwhul}dwlrq/ zklfk uhtxluhv qr zhljkwlqj ehiruh rswlpl}dwlrq dqg doorzv

frqvlghudwlrq ri duelwudu| frqwuroohu vwuxfwxuhv1 Wkh qh{w fkdswhu zloo eh ghyrwhg wr wkh

ghyhorsphqw ri vxfk phwkrg1
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Il{lqj wkh frqwuroohu vwuxfwxuh ghvwur|v wkh frqyh{lw| ri ryhudoo rswlpl}dwlrq sure0

ohp1 Wkh wudgh0r� ehwzhhq uholdeo| �qglqj wkh joredo rswlpd dqg h!flhqwo| vhdufklqj wkh

zkroh qrq0frqyh{ vsdfh pdnhv lw fkdoohqjlqj wr ghvljq dq rswlpdo �{hg0vwuxfwxuh frqwuroohu1

Frqvlghudeoh uhvhdufk h�ruwv kdyh ehhq ghyrwhg lq uhfhqw |hduv wr dgguhvv vxfk sureohp/

h1j1 ^63` ^B` ^44;` ^443`1 Wkh vhuyr ghvljq ri KGGv qhhgv wr dfklhyh pxowlsoh remhfwlyhv dqg

lqyroyhv pdq| ghvljq frqvwudlqwv1 Lw lv ghvludeoh wr surylgh wkh ghflvlrq pdnhu zlwk lqvljkw

lqwr wkh wudgh0r�v ri wkh rswlpl}dwlrq sureohp ehiruh d �qdo edodqfhg vroxwlrq lv vhohfwhg1

Wklv fkdswhu h{soruhv wkh rssruwxqlw| ri wdfnolqj wkh ghvljq ri �{hg0vwuxfwxuh

frqwuro e| xvlqj d pxowl0remhfwlyh jhqhwlf dojrulwkp +PRJD,1 Vhfwlrq 815 dgguhvvhv wkh
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99 PPxxwdwlwdwlrrqq ^3433343434`

^3433344434`

Iols vwdwh zlwk d

orz suredelolw|

44 Qhz JhqhuQhz Jhqhuddwwllrqrq

Nl@^n
4

l/…/n
p

l`> l@4/…/q

q lqglylgxdov +fdqglgdwh vroxwlrqv,

55 FFddofxoofxoddwh Ilwqhvvwh Ilwqhvv

pd{ Ilw+Nl, ⇔ plq M+Nl, l@4/…/q

M lv wkh shuirupdqfh frvw ixqfwlrq

:: GhGhfrfrggllqqjj

^3433343434` Nl

66 FFrgrglqlqjj hh11jj1/ El1/ Elqqdu|du| FFrrggllqqjj

^3433343434`Nl

77 VVhhohfwlrqohfwlrq

p sduhqwv e| urxohwwh zkhho

zlwk vorwv vl}hg dffruglqj wr ilwqhvv

88 FurvFurvvrvryyhhuu
Sduhqw 4 ^3433343444444`

Sduhqw 5 ^3444333343343`

Fklog 4 ^3433433343343`

Fklog 5 ^3444333444444`

D furvvryhu srvlwlrq lv vhohfwhg xqlirupo| dw udqgrp

Iljxuh 814= Wkh  rzfkduw ri d vlpsoh jhqhwlf dojrulwkp iru sdudphwhu rswlpl}dwlrq1 Lw lv

hdvlhu wr h{hpsoli| jhqhwlf rshudwlrqv e| xvlqj wkh elqdu| frglqj1

jhqhudo lghd ri jhqhwlf dojrulwkpv +JDv, lq juhdw ghwdlov1 Vhfwlrq 816 h{whqgv wkh JDv wr

dgguhvv pxowl0remhfwlyh rswlpl}dwlrq sureohpv e| dgrswlqj wkh frqfhsw ri Sduhwr rswlpdolw|1

Lq Vhfwlrq 817/ wkh sursrvhg PRJD lv dssolhg wr rswlpl}h d �{hg0vwuxfwxuh KGG wudfn0

iroorzlqj frqwuroohu1

+"% 6������ 6����	� ��
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JDv duh elrorjlfdoo| lqvsluhg joredo vhdufklqj phwkrgv/ ghvfulehg lq rqh vhqwhqfh

dv �dq lqglylgxdo zlwk juhdwhu ylwdolw| kdv d ehwwhu fkdqfh wr vxuylyh lq wklv kljko| frp0

shwlwlyh zruog1� Vlqfh wkh lqlwldo lghd lv eurxjkw rxw e| Kroodqg ^;7` lq 4<:8/ JDv kdyh

dwwudfwhg d juhdw lqwhuhvw dqg txlfno| ehfrph d  djvkls dprqj pdfklqh ohduqlqj dqg ixqf0

wlrq rswlpl}dwlrq1 Lw lv eh|rqg wkh vfrsh ri wklv glvvhuwdwlrq wr uhylhz wkh ydvw olwhudwxuh
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dvvrfldwhg zlwk JDv/ lqvwhdg/ wklv vhfwlrq dgguhvvhv wkh edvlf lghdv ri JDv1 Wkh lqwhuhvwhg

uhdghu pljkw frqvxow Jrogehuj ^75` dqg Plfkdohzlf} ^76`1

JDv kdyh ehhq zlgho| dssolhg wr wkh ghvljq ri dxwrpdwlf frqwuro odzv/ iru h{dpsoh/

wxqlqj ri SLG frqwuroohu ^7:` ^44<` ^453` ^454` ^455` ^456`/ ghvljq ri K22K" rswlpdo �{hg0

vwuxfwxuh frqwuro ^77` ^434`/ pxowl0remhfwlyh frqwuro ^457` ^78` ^79`/ urexvw frqwuro ^458`/ dqg

vroylqj OPL ^459`1

JDv ryhufrph wkh olplwdwlrqv ri frqyhqwlrqdo vhdufklqj dojrulwkpv ghvfulehg lq

Vhfwlrq 716 wkurxjk wkh iroorzlqj dvshfwv ^76` ^45:`1

� JDv xvh suredelolvwlf wudqvlwlrq uxohv wr jxlgh wkhlu vhdufk/ exw qrw ghwhuplqlvwlf

uxohv1

� JDv xvh remhfwlyh ixqfwlrq lqirupdwlrq/ exw qrw ghulydwlyh ru rwkhu dx{loldu| gdwd1

� JDv pdlqwdlq d srsxodwlrq ri srwhqwldo vroxwlrqv wr vhdufk lq d sdudooho pdqqhu/ zkloh

doo rwkhu phwkrgv surfhvv d vlqjoh srlqw ri wkh vhdufk vsdfh1 Wklv lv uhihuuhg wr dv

�Lpsolflw Sdudooholvp�1

Wkh edvlf exloglqj eorfnv ri JDv duh vkrzq lq Iljxuh 8141 JDv vwduw zlwk d

srsxodwlrq ri udqgrpo| jhqhudwhg vroxwlrqv1 Hdfk vroxwlrq lq wklv yhu| �uvw jhqhudwlrq zloo

eh hydoxdwhg wkurxjk frvw ixqfwlrqv wkdw duh gh�qhg dffruglqj wr ghvljq remhfwlyhv1 Gxulqj

wkh hydoxdwlrq/ zh gh�qh d �wqhvv ixqfwlrq dqg hydoxdwh wkh �wqhvv iru hdfk fdqglgdwh

vroxwlrq1 Wkh �wqhvv lv dvvljqhg lq d zd| wkdw pd{lpl}lqj wkh �wqhvv lv htxlydohqw wr

plqlpl}lqj wkh frvw ixqfwlrq1 Wkhq wkh srsxodwlrq lv surfhvvhg dqg hydoxdwhg wkurxjk

ydulrxv rshudwruv wr jhqhudwh d qhz srsxodwlrq1 Wkh edvlf rshudwruv ri JDv duh vhohfwlrq/
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furvvryhu/ dqgpxwdwlrq/ dv vkrzq lq vwhsv 7/ 8/ dqg 9 ri Iljxuh 814 uhvshfwlyho|1 Wklv surfhvv

lv uhshdwhg xqwlo d joredo rswlpdo srlqw lv uhdfkhg1 Wkh iroorzlqj vxevhfwlrqv h{dplqh wklv

surfhvv lq ghwdlov1

+"%" ���	�
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JDv zrun zlwk d frglqj ri sdudphwhuv/ exw qrw sdudphwhuv wkhpvhoyhv1 Wkh pdlq

sxusrvh ri frglqj lv wr pdnh lw srvvleoh wr lplwdwh wkh qdwxudo hyroxwlrq surfhvv lq sdudphwhu

vsdfh1 Wkh wudglwlrqdo zd| wr looxvwudwh JDv lv wr xvh elqdu| frglqj +EF, 1 Dv vkrzq lq

Iljxuh 8140+6,/ hdfk sdudphwhu lv hqfrghg lqwr d vwulqj ri elwv1 Wkh lqglylgxdo elw lv fdoohg

d jhqh1 Wkh frqwhqw ri hdfk jhqh lv fdoohg dq doohoh1 Wkh zkroh vwulqj ri vxfk jhqhv iru

doo sdudphwhuv lq d zulwwhq vhtxhqfh lv fdoohg d fkurprvrph1 Wkh fkrlfh ri fkurprvrph

ohqjwk ghshqgv rq wkh dffxudf| uhtxluhphqw ri wkh wdujhwlqj rswlpl}dwlrq sureohp1 JDv

pdlqwdlq d srsxodwlrq ri fkurprvrphv ru lqglylgxdov lq hyhu| jhqhudwlrq/ txlwh riwhq wkhvh

lqglylgxdov duh fdoohg fdqglgdwh vroxwlrqv1 Wkh qxpehu ri fkurprvrphv lq d srsxodwlrq lv

fdoohg wkh srsxodwlrq vl}h/ ghqrwhg dv qRJR1 Wkhvh fkurprvrphv zloo hyroyh iurp jhqhudwlrq

wr jhqhudwlrq wkurxjk vrph jhqhwlf rshudwruv1

Krzhyhu/ wkhuh duh vrph gudzedfnv zkhq dsso|lqj EF wr pxowlglphqvlrqdo/ kljk0

suhflvlrq qxphulfdo sureohpv1 Iru h{dpsoh/ iru ;3 yduldeohv zlwk grpdlqv lq wkh udqjh ^0433

433` zkhuh d suhflvlrq ri vl{ gljlwv diwhu wkh ghflpdo srlqw lv uhtxluhg/ wkh plqlpxp ohqjwk

ri wkh elqdu| fkurprvrph lv 5: � ;3 @ 54931 Iru vxfk d sureohp JDv shuirup srruo|

ehfdxvh wkh EF jhqhudwhv d vhdufk vsdfh ri derxw 52�Sf1

Iru pdq| rswlpl}dwlrq sureohpv/ wkh hohphqwv lq wkh vsdfh wr eh vhdufkhg duh

qdwxudoo| uhsuhvhqwhg e| gdwd vwuxfwxuh vxfk dv duud|v/ wuhhv/ gljudskv/ hwf1 Lw lv pruh
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qdwxudo wr nhhs wkh ruljlqdo gdwd vwuxfwxuh ri wdujhw sureohpv dqg pdnh wkh jhqhwlf rshudwruv

zrun gluhfwo| rq vxfk vwuxfwxuh1 Lqvwhdg ri xvlqj EF/ wklv glvvhuwdwlrq xvhv uhdo0frghg

+UF, hqfrglqj vfkhph/ l1h1 hdfk fdqglgdwh vroxwlrq lv uhsuhvhqwhg dv d  rdw0srlqw yhfwru

N�@ ^n��> ===> n
�

6`1 Dw +w,wk jhqhudwlrq/ PRJD pdlqwdlqv d srsxodwlrq ri lqglylgxdov/ N+w,

@ ^N�+w,> ===>N�+w,> ===>N?RJR+w,`/ zlwk d �{hg srsxodwlrq vl}h qRJR1 Wklv uhdo0frghg +UF,

uhsuhvhqwdwlrq kdv pdq| dgydqwdjhv ryhu wkh fodvvlfdo elqdu|0frghg +EF, uhsuhvhqwdwlrq

^76`1

� Wkh UF lv idvwhu/ pruh frqvlvwhqw iurp uxq wr uxq dqg surylghv d kljkhu suhflvlrq

wkdq EF1 Wkh suhflvlrq ri UF ghshqgv rq wkh xqghuo|lqj pdfklqh/ khqfh lv jhqhudoo|

pxfk ehwwhu wkdq wkdw ri wkh EF1 Dowkrxjk zh fdq dozd|v hqkdqfh wkh suhflvlrq ri

wkh UF e| lqwurgxflqj pruh elwv/ wklv frqvlghudeo| vorzv grzq wkh dojrulwkp1

� Wkh UF lv fdsdeoh ri uhsuhvhqwlqj txlwh odujh grpdlqv1 Rq wkh rwkhu kdqg/ wkh EF

pxvw vdful�fh suhflvlrq zlwk dq lqfuhdvh lq grpdlq vl}h iru d jlyhq �{hg elqdu| ohqjwk1

Wkxv wkh UF dyrlgv Kdpplqj Fol�v h�hfw iurp zklfk wkh EF vx�huv1

� Wkh UF lv frqfhswxdoo| forvhu wr wkh sureohp vsdfh/ vr yluwxdoo| qr ghfrglqj lv uh0

txluhg1 Wkh UF dovr doorzv iru dq hdvlhu lpsohphqwdwlrq ri jhqhwlf rshudwruv1

+"%"% !�	�	�� &������	��

D vlpsoh JD lv dq lwhudwlyh surfhgxuh vwduwlqj zlwk d udqgrpo| jhqhudwhg srsx0

odwlrq ri fdqglgdwh vroxwlrqv1 Vlqfh rqh kdv olwwoh jhrphwulf nqrzohgjh ri wkh vhdufk vsdfh

ri wdujhw sureohp ehiruh vroylqj lw/ wkh xqlirup glvwulexwlrq lv dujxdeo| wkh ehvw lqlwldol}d0

wlrq vfkhph1 Nhhs lq plqg wkdw wkh srsxodwlrq vl}h qRJR lv wkh rqo| idfwru lq wklv phwkrg
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wr edodqfh wkh wudgh0r� ehwzhhq lqlwldo glyhuvlw| dqg frpsxwdwlrqdo frpsoh{lw|1 Li qRJR lv

wrr vpdoo/ wkh fkdqfh wkdw fkurprvrphv lq wkh srsxodwlrq fryhu wkh hqwluh vhdufk vsdfh lv

orz1 Wklv pdnhv lw gl!fxow wr rewdlq wkh joredo rswlpdo vroxwlrq dqg pd| ohdg wr d orfdo

rswlpxp dv d uhvxow ri suhpdwxuh frqyhujhqfh1 Rq wkh rwkhu kdqg/ d srsxodwlrq vl}h wkdw

lv wrr odujh ghfuhdvhv wkh udwh ri frqyhujhqfh1 Lq wkh zruvw fdvh vfhqdulr/ lw pd| ohdg wr

glyhujhqfh1 Khqfh wkh srsxodwlrq vl}h qhhgv wr eh fduhixoo| vhohfwhg edvhg rq wkh vl}h ri

vhdufk vsdfh1 Dq h{dpsoh dw wkh hqg ri wklv vhfwlrq zloo fohduo| looxvwudwh wklv uhodwlrqvkls1

Lqglylgxdov lq wkh �uvw jhqhudwlrq duh hydoxdwhg dqg dvvljqhg �wqhvv ydoxhv edvhg

rq wkhlu uhodwlyh shuirupdqfh1 Wkurxjk dsso|lqj jhqhwlf rshudwruv/ wkh lqlwldo srsxodwlrq

zloo hyroyh lqwr d qhz srsxodwlrq zklfk frqwdlqv d jurxs ri ehwwhu vroxwlrqv1

+"%"' ���� �����	�� ��� �������	�� �����	�


Frvw ixqfwlrqv duh gluhfwo| uhodwhg wr rxu ghvljq remhfwlyhv dqg frqvwudlqwv1 Li zh

duh wr vroyh d plqlpl}lqj sureohp/ wkh remhfwlyh ixqfwlrq lwvhoi fdq eh xvhg dv frvw ixqfwlrq

ehfdxvh JDv duh dlphg dw plqlpl}lqj frvw ixqfwlrqv1 Rq wkh rwkhu kdqg/ wr gh�qh wkh frvw

ixqfwlrq iru pd{lpl}dwlrq sureohpv/ rqh xvxdoo| mxvw wdnhv wkh uhflsurfdo ru  lsv wkh vljq

ri remhfwlyh ixqfwlrqv1 Vlqfh JD lv d srsxodwlrq0edvhg suredelolvwlf rswlpl}dwlrq phwkrg

dqg grhv qrw uhtxluh wkh frqyh{lw| ri vhdufk vsdfh/ wkh frvw ixqfwlrq M+N, fdq eh iuhho|

fkrvhq iru wkh frqyhqlhqfh ri ghvljqhu1

+"%"* �	�����

Diwhu wkh ixqfwlrq hydoxdwlrq/ d uhdo srvlwlyh qxpehu fdoohg �wqhvv lv dvvljqhg wr

hdfk fdqglgdwh vroxwlrq lq wkh zd| wkdw pd{lpl}lqj wkh �wqhvv lv htxlydohqw wr plqlpl}lqj
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M+N,

i+N,@42+4.M+N,,

4

3

Iljxuh 815= Dq h{dpsoh ri �wqhvv dvvljqphqw iru d plqlpl}lqj sureohp zlwk srvlwlyh

vhplgh�qlwh remhfwlyh ixqfwlrq1

wkh frvw ixqfwlrq/ l1h1/

pd{^Ilw+N,`+,plq^M+N,`+, dfklhyh remhfwlyh dqg2ru vdwlvi| frqvwudlqw= +814,

Wkh �wqhvv vhuyhv dv wkh vxuylylqj suredelolw| ri hdfk lqglylgxdo gxulqj jhqhwlf

rshudwlrqv dv ghvfulehg lq wkh qh{w vhfwlrq1 Dq lqglylgxdo zlwk d eljjhu �wqhvv ydoxh

lpsolhv kljkhu txdolw| zlwk uhvshfw wr ghvljq remhfwlyhv/ dqg d ehwwhu fkdqfh wr vxuylyh lq

jhqhwlf rshudwlrqv1 Wkh surjudpphu lv doorzhg wr xvh dq| �wqhvv ixqfwlrq wkdw dgkhuhv

wr wkh uhodwlrqvkls lq +814,1 Wklv dgydqwdjh ryhu rwkhu rswlpl}dwlrq phwkrgv pdnhv JDv

pruh dwwudfwlyh zkhq ghdolqj zlwk sudfwlfdo hqjlqhhulqj rswlpl}dwlrq sureohpv1 Ht1 +815,

dqg Iljxuh 815 vkrz dq h{dpsoh ri gh�qlqj �wqhvv iru d plqlpl}lqj sureohp zlwk srvlwlyh

vhplgh�qlwh remhfwlyh ixqfwlrq1 Ilw+N, jhwv wkh eljjhvw ydoxh ri 4 +iru d srvvlelolw| pd|

qrw eh juhdwhu wkdq 4, zkhq plqlpxp M+N, @ 3/ dqg frqyhujhv wr }hur dv M+N, lqfuhdvhv1

Ilw+N, @
4

4 . M+N,
+815,
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D qhz jhqhudwlrq lv jhqhudwhg iurp wkh fxuuhqw rqh e| h{dplqlqj wkh �wqhvv

ydoxhv ri doo fdqglgdwh vroxwlrqv dqg dsso|lqj wkh jhqhwlf rshudwruv/ zklfk lqfoxgh vhohfwlrq/

furvvryhu/ dqg pxwdwlrq1 Wkurxjk wkh jhqhwlf rshudwlrqv/ wkh vxuylydo ri wkh �wwhvw phdqv

wudqvihuulqj wkh kljko| �w fkurprvrphv wr wkh qh{w jhqhudwlrq dqg frpelqlqj gl�huhqw

fkurprvrphv wr h{soruh qhz vhdufk srlqwv1

Vhohfwlrq Wkh urxohwwh0zkhho0olnh vhohfwlrq lv pruh olnho| wr slfn xs fdqglgdwhv zlwk

kljkhu �wqhvv ydoxhv lqwr d pdwlqj srro1 Hdfk fdqglgdwh vroxwlrq fruuhvsrqgv wr d volfh

lq wkh zhljkwhg urxohwwh zkhho +Iljxuh 8140+7,,1 Wkh uhodwlyh vl}h ri wkh volfh htxdov wr wkh

�wqhvv shufhqwdjh ri fruuhvsrqglqj vroxwlrq lq wkh wrwdo �wqhvv1 Wkh wrwdo �wqhvv lv re0

wdlqhg e| vxpplqj wkh �wqhvv ryhu doo lqglylgxdov lq wkh fxuuhqw jhqhudwlrq1 Hyhu| vslq ri

wkh zhljkwhg urxohwwh zkhho |lhogv rqh uhsurgxfwlrq fdqglgdwh iru sduhqw srro1 Vlqfh wkh

wlph wr vwrs lv d xqlirup udqgrp yduldeoh/ wkh srvvlelolw| ri dq| lqglylgxdo ehlqj slfnhg

xs lv sursruwlrqdo wr lwv �wqhvv1 Wklv vslqqlqj surfhvv qhhgv wr eh uhshdwhg xqwlo hqrxjk

sduhqwv duh jhqhudwhg1

Furvvryhu Wkh vhohfwhg vroxwlrqv lq sduhqw srro duh wkhq surfhvvhg e| dsso|lqj furvvryhu

zklfk sdluv xs wkh sduhqwv dqg h{fkdqjhv sruwlrq ri wkhlu vhjphqwv sdluzlvho|1 Wkh vwhs

8 ri Iljxuh 814 vkrzv d vlqjoh srlqw furvvryhu iru EF fkurprvrphv1 D furvvryhu srlqw lv

vhohfwhg udqgrpo| dv dq lqwhjhu ehwzhhq 4 dqg wkh fkurprvrph ohqjwk1 Wkhq fkloguhq Fklog

4 dqg Fklog 5 duh jhqhudwhg e| h{fkdqjlqj wkh vhjphqwv diwhu wkh furvvryhu srlqw +elw ;043

lq Iljxuh 814, ehwzhhq Sduhqw 4 dqg Sduhqw 51
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Ehvlghv wkh furvvryhu srlqw/ dqrwkhu sdudphwhu fdoohg furvvryhu suredelolw| SS/ lv

xvhg wr frqwuro wkh qxpehu ri furvvryhuv e| dfwlqj dv d ghflvlrq yduldeoh ehiruh shuiruplqj

wkh furvvryhu1 D uhdo qxpehu lv xqlirupo| jhqhudwhg lq wkh udqjh ^3 4`1 Li wklv qxpehu lv ohvv

wkdq SS/ d furvvryhu lv shuiruphg/ rwkhuzlvh/ Fklog 4 dqg Fklog 5 duh vlpso| gluhfw frslhv ri

Sduhqw 4 dqg Sduhqw 51

Pxwdwlrq Qdwxuh xvhv odujh srsxodwlrq vl}hv wr nhhs khu glyhuvlw|1 Krzhyhu/ lw lv h{shq0

vlyh wr nhhs d yhu| odujh srsxodwlrq lq JDv1 Lqvwhdg/ Pxwdwlrq shuirupv d voljkw shuwxued0

wlrq wr wkh uhvxowlqj vroxwlrqv zlwk d yhu| orz suredelolw|1 Dv looxvwudwhg lq wkh vwhs 9 ri

Iljxuh 814/ wkh :wk jhqh lv wkh elw ehlqj pxwdwhg1 Wklv lv dq h�hfwlyh zd| wr suhvhuyh wkh

glyhuvlw| jlyhq d olplwhg srsxodwlrq vl}h1

Lq wklv glvvhuwdwlrq/ d vshfldo g|qdplf pxwdwlrq rshudwru lv xvhg wr lpsuryh vlqjoh0

hohphqw wxqlqj dqg uhgxfh wkh glvdgydqwdjh ri udqgrp pxwdwlrq lq wkh UF lpsohphqwdwlrq1

Lw lv fdoohg qrq0xqlirup pxwdwlrq ^76`1 Li N�+w,@ ^n��+w,> => n
�

�
+w,==> n�6+w,` lv d fkurprvrph

lq +w,wk jhqhudwlrq dqg wkh hohphqw n
�

�
lv vhohfwhg iru dsso|lqj qrq0xqlirup pxwdwlrq/ wkh

uhvxow lv d yhfwru N�
�

+w, @ ^n��+w,> => n
�
�

�
+w,==> n�6+w,`/ zkhuh

n
�
�

�
@

;AA?
AA=

n
�

�
.�+w> XE � n

�

�
, li d udqgrp gljlw lv 3

n
�

�
��+w> n�

�
� OE, li d udqgrp gljlw lv 4

+816,

dqg OE dqg XE duh orzhu dqg xsshu grpdlq erxqgv ri wkh yduldeoh n
�

�
1 Wkh ixqfwlrq

�+w> }, lv fkrvhq vxfk wkdw lw uhwxuqv d ydoxh lq wkh udqjh ^3> }` dqg wkh suredelolw| ri �+w> },

jhwv forvh wr 3 dv w lqfuhdvhv1 Wklv surshuw| fdxvhv wkh qrq0xqlirup pxwdwlrq wr vhdufk wkh

vsdfh xqlirupo| lqlwldoo| dqg yhu| orfdoo| dw odwwhu vwdjhv> wkxv lqfuhdvhv wkh suredelolw| ri

jhqhudwlqj d qhz srlqw forvhu wr wkh ruljlqdo rqh udwkhu wkdq d udqgrp fkrlfh1 Dffruglqj
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Iljxuh 816= Wkh suredelolw| ghqvlw| ri !+{> }, zlwk uhvshfw wr hyroylqj jhqhudwlrq w zkhq

e@51

wr wklv uhtxluhphqw/ wkh iroorzlqj ixqfwlrq lv xvhg lq wklv glvvhuwdwlrq=

�+w> }, @ } �
�
4� u

E�3 |

?
}e?

�K
�

+817,

zkhuh u 5 ^3> 4` lv d udqgrp qxpehu/ q}e? lv wkh pd{lpdo jhqhudwlrq qxpehu/ dqg e lv d

v|vwhp sdudphwhu ghwhuplqlqj wkh ghjuhh ri ghshqghqf| rq lwhudwlrq qxpehu1 Dv vkrzq

lq Iljxuh 816 dqg Iljxuh 817/ wkh eljjhu e lv/ wkh idvwhu wkh suredelolw| ghqvlw| ri �+w> },

ehfrphv frqfhqwudwhg rq }hur zlwk wkh lqfuhdvh ri w1
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Vroylqj wkh iroorzlqj h{dpsoh +818, vkrzv wkh h�hfwlyhqhvv ri JD lq ghdolqj zlwk

qrq0frqyh{ rswlpl}dwlrq sureohpv1 Wkh joredo plqlpxp ri wklv h{dpsoh/ M+{�, @ 3> lv

dssduhqwo| dfklhyhg dw ruljlq {� @ 3/ dv vkrzq lq Iljxuh 818 +q @ 4,1 Wkh judglhqw0edvhg
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Iljxuh 817= Wkh suredelolw| ghqvlw| ri !+{> }, zlwk uhvshfw wr hyroylqj jhqhudwlrq w zkhq

e@81

Wdeoh 814= Wkh frpsxwdwlrqdo frvw dqg vroxwlrq txdolw| y1v1 wkh qxpehu ri jhqhudwlrqv dqg

srsxodwlrq vl}h

q}e? 8 43 48 63 83 433

qRJR 933 633 533 433 93 63

FSX wlph +v, 831;9 58149 4;179 45186 431:: 43136

pd{
�

{
JR|

�
3148 313348 31334 313349 313335: 31337:

phwkrgv duh olnho| wr eh wudsshg lq qxphurxv orfdo plqlpd dw {� @ 5n�> n @ 3> 4> === 1

plq
%�

^M+{�,` @ plq
%�

?[
�'�

����{�
5

���. 7
���vlq+{�

5
,
���� +818,

{� 5 ^�73> 73`> q @ 4> 5> ===

Lq Gh Mrqj*v ^45;` vwxg| ri jhqhwlf dojrulwkpv lq ixqfwlrq rswlpl}dwlrq/ d vhulhv ri

sdudphwulf vwxglhv dfurvv d �yh ixqfwlrq vxlwh ri sureohpv vxjjhvwhg wkdw jrrg JD shuiru0

pdqfh uhtxluhv wkh fkrlfh ri d prghudwh srsxodwlrq vl}h qRJR/ d kljk furvvryhu suredelolw|

SS/ dqg d orz pxwdwlrq suredelolw| S6> zklfk lv lqyhuvho| sursruwlrqdo wr wkh srsxodwlrq
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Iljxuh 818= Wkh looxvwudwlrq ri wkh qrq0frqyh{ rswlpl}dwlrq h{dpsoh lq Ht1 +818, zkhq q@41

Wdeoh 815= Urexvwqhvv frpsdulvrq zlwk rwkhu dojrulwkpv

pd{
�

{
JR|

�

+Wkh joredo rswlpxp kdv ehhq irxqg=
s
> rwkhuzlvh=�,

Dojrulwkpv Lqwhulru Srlqw Vlpsoh{ JD

PDWODE ixqfwlrq iplqxqf iplqvhdufk +q}e?@63>qRJR@433,

Lqlwldo srlqw Z

�ff
3=:3:5� 433�f

s
3=378;

s
3=349

s

{
f
�

Z

2
�3=4:35� 433H

s
7=75;7 � +Udqgrp

l @ 4> ===> 43 �Z
2 9=5;56 � 9=5;56 � lqlwldo
bZ
2 9=5;56 � 4;1<458 � srlqwv,
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Iljxuh 819= Wkh uljkw fkrlfh ri wkh srsxodwrq vl}h lq rqh jhqhudwlrq dqg wkh qxpehu ri
jhqhudwlrqv lv yhu| lpsruwdqw lq JDv1 Doo wuldov kdyh d wrwdo ri 6333 vdpsohv1



446

2 4 6 8 10 12
0

10

20

30

40

50

60

70

80

Dimension of Search Space, n

C
P

U
 T

im
e 

(S
ec

on
d)

min[Σn
i=1

 |x
i
/2|+4*|sin(x

i
/2)|]; x

i
∈ [-40,40]

Iljxuh 81:= Xsrq dsso|lqj wkh JD wr vroyh wkh jlyhq h{dpsoh/ wkh uhodwlrqvkls ehwzhhq wkh
wlph wr frqyhujhqfh + m{�bJR|m ? 433� , dqg wkh ghplqvlrq ri vhdufk vsdfh lv doprvw olqhdu1

vl}h qRJR1

Wr gholyhu wkh ehvw shuirupdqfh ri JD zlwk d jlyhq frpsxwdwlrqdo srzhu/ wkh uljkw

fkrlfh ri wkh qxpehu ri jhqhudwlrqv dqg wkh srsxodwlrq vl}h lv fuxfldo1 Iljxuh 819 looxvwudwhv

wkh lqwhudfwlrq ehwzhhq wkhvh wzr txdqwlwlhv rq wkh �wqhvv frqyhujhqfh1 Wdeoh 814 vkrzv

wkhlu lpsdfw rq wkh frpsxwdwlrqdo frvw dqg vroxwlrq txdolw|1 Iru d idlu frpsdulvrq/ doo

vl{ fdvhv kdyh wkh vdph wrwdo qxpehu ri 6333 vdpsohv1 Wkh wlph wr frqyhujhqfh iru doo

fdvhv lv gh�qhg dv zkhq doo yduldeohv ri wkh ehvw vroxwlrq frqyhujh wr d k|shu0edoo fhqwhuhg

dw wkh ruljlq zlwk d udglxv ri 433�1 Zh fdq vhh iurp Iljxuh 819 wkdw li wkh srsxodwlrq

vl}h lv wrr vpdoo/ lw pd| ohdg wr wkh suhpdwxuh frqyhujhqfh sureohp ehfdxvh ri wkh odfn ri

glyhuvlw|1 Judsklfdoo| lw dsshduv dv d sodwhdx lq wkh dyhudjh �wqhvv fxuyh ehiruh lw frqyhujhv

wr 41 D �wqhvv ri 4 jhqhudoo| fruuhvsrqgv wr wkh joredo rswlpdolw| +Iljxuh 8190I,1 Rwkhu
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judsklfdo hylghqfhv ri wkh odfn ri glyhuvlw| lqfoxgh wkh h{lvwlqj ri yhu| urxjk fxuyhv/ dqg

wkdw wkh dyhudjh �wqhvv fxuyh lv pxfk forvhu wr wkh pd{lpxp �wqhvv fxuyh wkdq wr wkh

plqlpxp �wqhvv fxuyh1 Dv wkh srsxodwlrq vl}h lv lqfuhdvlqj/ krzhyhu/ wkh frqyhujhqfh

vshhg lv orzhulqj dqg wkh frpsxwdwlrqdo frvw lv lqfuhdvlqj1 Dv vkrzq lq Wdeoh 814 dqg

Iljxuh 8190D/ xvlqj wrr odujh srsxodwlrq vl}h qrw rqo| zdvwhv frpsxwdwlrqdo uhvrxufh exw

dovr orzhuv wkh txdolw| ri vroxwlrq1 Doo vlpxodwlrqv duh shuiruphg rq d DPG 4JK} SF zlwk

589PE phpru|1

Iljxuh 81: vkrzv wkh uhodwlrqvkls ehwzhhq wkh frpsxwdwlrqdo frvw +wkh wlph iru

doo Sduhwr vroxwlrqv frqyhujlqj wr d vpdoo k|shu0edoo durxqg wkh ruljlq, dqg wkh glphqvlrq

ri vhdufk vsdfh1 Xqolnh wkh hqxphudwlyh ru OPL.dssur{lpdwlrq.VGS phwkrgv/ wkh FSX

wlph uhsuhvhqwlqj wkh ryhudoo frpsxwdwlrqdo frpsoh{lw| grhv qrw lqfuhdvh h{srqhqwldoo|/ exw

udwkhu jurzv lq d olqhdu pdqqhu zlwk uhvshfw wr wkh sureohp vl}h1 Iru qrq0frqyh{ PRSv

zlwk odujh qxpehu ri wxqdeoh sdudphwhuv/ wklv lv wuxo| d elj dgydqwdjh ri JDv ryhu rwkhu

rswlpl}dwlrq whfkqltxhv1

Lq Wdeoh 815/ zh frpsduhg wkh urexvwqhvv ri JD zlwk wzr h{lvwlqj dojrulwkpv/

judglhqw0edvhg lqwhulru srlqw phwkrg dqg qrq0judglhqw0edvhg ghwhuplqlvwlf vlpsoh{ phwkrg/

zklfk fruuhvsrqg wr ixqfwlrqv iplqxqf dqg iplqvhdufk uhvshfwlyho| lq wkh PDWODE Rswl0

pl}dwlrq Wrroer{1 iplqxqf lv d odujh0vfdoh vxevsdfh wuxvw uhjlrq phwkrg zklfk lv edvhg rq

wkh lqwhulru0uh hfwlyh Qhzwrq phwkrg ^<7`1 iplqvhdufk xvhv wkh vlpsoh{ vhdufk phwkrg wkdw

grhv qrw xvh qxphulfdo ru dqdo|wlf judglhqwv dqg lv fodlphg wr eh deoh wr kdqgoh glvfrqwl0

qxlw|1 Wkh shuirupdqfh ri erwk dojrulwkpv ghshqgv rq wkh lqlwldo hvwlpdwh1 Lw lv vxusulvlqj

wkdw wkh vlpsoh{ phwkrg iplqvhdufk idlov lq prvw fdvhv h{fhsw wkh rqh lq zklfk wkh lqlwldo
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srlqw lv yhu| forvh wr wkh joredo rswlpxp1 Wkh lqwhulru srlqw phwkrg iplqxqf shuirupv

zhoo zkhq lqlwldo srlqwv duh zlwklq wkh prqrwrqh uhjlrq durxqg wkh joredo rswlpxp exw

idlov rwkhuzlvh1 Dssduhqwo| erwk ri wkhp fdqqrw kdqgoh wkh qrq0ghulydwlyh orfdo plqlpdo

srlqwv {� @ 5n�1 Wklv h{shulphqw vkrzv wkh h{fhoohqw urexvwqhvv ri JD lq qrq0frqyh{

rswlpl}dwlrq1

Zh zrxog olnh wr srlqw rxw wkdw wkhuh duh qr kdug dqg erxqg uhvwulfwlrqv rq

zkdw rshudwruv dqg vwudwhjlhv d surjudpphu kdv wr xvh1 Vr rqh kdv wkh iuhhgrp wr fkrrvh

wkh rshudwruv dqg vwudwhjlhv lq dq| frpelqdwlrq dffruglqj wr wkh fkdudfwhulvwlfv ri wdujhw

sureohp1

+"' $���	1(�;���	�� 6����	� ��
��	���

Wklv vhfwlrq sursrvhv d pxowl0remhfwlyh jhqhwlf dojrulwkp +PRJD,/ zklfk h{whqgv

wkh jhqhudo JDv wr kdqgoh pxowl0remhfwlyh rswlpl}dwlrq sureohpv/ hvshfldoo| wkh rqhv zlwk

qrq0frpphqvxudeoh dqg frpshwlqj remhfwlyhv1 Lvklexfkl dqg Pxudwd ^457` suhvhqwhg wkh

vlqjoh0remhfwlyh jhqhwlf dojrulwkp +VRJD, wkdw wudqvodwhv pxowlsoh remhfwlyh ixqfwlrqv lqwr

d vlqjoh0remhfwlyh ixqfwlrq e| xvlqj zhljkwlqjv1 Vhyhudo pxowl0remhfwlyh jhqhwlf dojrulwkpv

+PRJDv,/ zklfk duh JDv frpelqhg zlwk wkh frqfhsw ri Sduhwr rswlpdolw|/ kdyh ehhq

sursrvhg lq ^75` ^7;`1 D jrrg uhylhz ri PRJDv lv lq ^84`1 Pdq| uhvhdufkhuv ^7:` ^458` ^459`

kdyh vxffhvvixoo| dssolhg PRJD wr vroyh PRSv1

Wkh  rz fkduw ri wkh PRJD xvhg lq wklv glvvhuwdwlrq lv vkrzq lq Iljxuh 81;1 Wkh

ghwdlov duh ghvfulehg ehorz1 D vxppdu| ri wklv PRJD lv jlyhq dw wkh hqg ri wklv vhfwlrq1
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Wdeoh 816= Uhodwlrq ehwzhhq jrdov ri JDS dqg frvw ixqfwlrqv ri PRJD

Jrdov ri JDS Frvw ixqfwlrqv ri PRJD

jrdo
g

+i�+N, 9 i
f
�
, +PRS remhfwlyh, plq

g

iM�+N, @ i�+N,j

jrdo
g

+i�+N, A i
f
�
, +PRS remhfwlyh, plq

g

iM�+N, @ �i�+N,j

jrdo
g

+j�+N, 9 j
f
�
, plq

g

iM�+N, @ T^j�+N,� j
f
�
`j

jrdo
g

+j�+N, A j
f
�
, plq

g

iM�+N, @ T^jf
�
� j�+N,`j

jrdo
g

+j�+N, @ j
f
�
, plq

g

iM�+N, @
��jf
�
� j�+N,

��j
jrdo
g

+ju�
�
9 j�+N, 9 j

L�

�
, plq

g

iM�+N, @ pd{+T^j�+N,� j
L�

�
`>T^ju�

�
� j�+N,`,j

+"'" ���� �����	��� �� $���	1��;���	�� 6�&

Dowkrxjk wkh rswlpl}dwlrq sureohp ri �{hg0vwuxfwxuh frqwuroohu fdq eh irupxodwhg

dv vroylqj OPLv/ olplwlqj wkh remhfwlyh ixqfwlrqv lq txdgudwlf irup grhv qrw ixoo| h{soruh

wkh srwhqwldo ri JDv1 Vrph sudfwlfdo ghvljq sureohp lv yhu| gl!fxow ru hyhq lpsrvvleoh

wr eh sdudphwul}hg lq vwdqgdug iudphzrunv1 Rq wkh rwkhu kdqg/ JDS irupxodwlrq kdv qr

frqyh{lw| olplwdwlrq ri dq| nlqg wkxv lw fdq eh �wwhg lqwr prvw sudfwlfdo pxowl0remhfwlyh

frqwuro sureohpv1 Dv vkrzq lq Wdeoh 816/ zh iroorz wkh gh�qlqj ri JDS jrdov wr vhwxs

frvw ixqfwlrqv ri PRJD1 Rqh plqru gl�huhqfh lv wkdw iru plq +ru pd{, remhfwlyhv/ zh vhw

wkh if
�
@ �4 +ru 4 , ehfdxvh PRJD lv qdwxudoo| frqvwuxfwhg iru plqlpl}lqj1 T^=` lv wkh

h{solflw jrdo ixqfwlrq

T^d` @

;AA?
AA=

d d A 3

3 d 9 3

= +819,

Fhuwdlq w|shv ri jrdov/ vxfk dv erxqgv rq wkh vhdufk vsdfh/ fdq eh kdqgohg e|

pdsslqj wkh vhdufk vsdfh vr dv wr plqlpl}h wkh qxpehu ri lqihdvleoh vroxwlrqv lw frqwdlqv dqg

ghvljqlqj wkh jhqhwlf rshudwruv fduhixoo| lq rughu wr plqlpl}h wkh surgxfwlrq ri lqihdvleoh
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Fdofxodwh wkh frvw yhfwru MM+Nm+w,,

NN+w,@^N4+w,/… /Nm+w,/111 /Np+w, `

Udqn0edvhg ilwqhvv dvvljqphqw dqg vkdulqj Ilw+Nm+w,,

Wrxuqdphqw Vhohfwlrq

Furvvryhu 2 Pxwdwlrq

NN+w.4,@^N4+w.4,/…/ Nm+w.4,/… /Np+w.4,`

+4330h0u,(

Udqgrpo| jhqhudwh wkh iluvw jhqhudwlrq NN+4,

Sduhwr Udqnlqj ri NN+w, dffruglqj wr MM+Nm+w,,

h(

Holwhv
+Udqn 4,

u(

Udqgrp

Lppljudqwv

Iljxuh 81;= Wkh  rz fkduw ri PRJD zlwk holwlvp dqg udqgrp lpljudqwv1

r�vsulqj iurp ihdvleoh sduhqwv ^45<`1

+"'"% &����� ����	�


Doo N� lq wkh Sduhwr rswlpdo vhw kdyh wkh vlplodu yhfwruldo shuirupdqfh dqg wkxv

duh vr0fdoohg �wkh htxdoo| ehvw vroxwlrqv� dprqj wkh fxuuhqw jhqhudwlrq N @ ^N�
> ===>N

?RJR `1

Wkhuhiruh wkh| duh dvvljqhg wkh vdph udqn ri 41 Wkh �qdo vroxwlrq ri d PRS ghshqgv rqo|

rq wkh yhfwruldo shuirupdqfh dqg rq wkh suhihuhqfhv ri wkh ghflvlrq pdnhu/ dqg qrw rq dq|

vxevhtxhqw rswlpl}dwlrq ^433`1 Edvhg rq +71<, dqg +7143,/ wkh iroorzlqj Sduhwr udqnlqj

vfkhph ghulyhg iurp ^44<` lv sursrvhg iru wkh PRJD/
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Dojrulwkp 55 +Sduhwr Udqnlqj,

41 Vruw N @ ^N�
> ===>N

�
> ===>N

?RJR ` iurp wkh ohdvw wr wkh odujhvw dffruglqj wr mmM+N�,mm� @
S

?

�'� M�+N
�,= Wkh vruwhg yhfwru lv ghqrwhg dv Nr1 Ohw Udqn@41

51 Xvh wkh �uvw hqwu| ri Nr/ N
�
r
/ dv fulwhulrq1 Wdnh rxw dq| N�

r iurp Nr dqg sxw lw lqwr

d grplqdwhg yhfwru �_ li M+N
�
r
, ?R M+N

�

r,/ m @ 5> ===> ohqjwk+Nr,1

61 Pryh rxw N�
r
iurp Nr dqg sxw lw lqwr d Sduhwr rswlpdo vhw NR1

71 Ohw wkh uhpdlqlqj fdqglgdwh vroxwlrqv lq Nr irup d qhz Nr/ wkhq uhshdw 5 wr 7 xqwlo

doo grplqdwhg vroxwlrqv duh uhpryhg1

81 Dvvljq doo hqwulhv lq NR zlwk wkh vdph udqn/ Udqn1 Hpsw| NR1

91 Uhsodfh Nr zlwk �_/ l1h1 Nr @ �_1

:1 Udqn @ Udqn . 4 dqg uhshdw 5 wr : xqwlo wkh hqwluh srsxodwlrq lv udqnhg1

+"'"' ����1����� �	����� ���	
�����

Hyhu| fdqglgdwh vroxwlrq N lv dvvljqhg d �wqhvv ydoxh Ilw+N, zklfk lv wkh phd0

vxuhphqw ri vroxwlrq txdolw|1 Iru d fdqglgdwh vroxwlrq lq PRJD/ wkh vpdoohu wkh udqn

qxpehu/ wkh ehwwhu wkh yhfwruldo shuirupdqfh1 E| vhohfwlrq/ wkh PRJD lv eldvhg wr wkh

vroxwlrq zlwk kljkhu �wqhvv ydoxh1 Wkhuhiruh wkh �wqhvv dvvljqphqw vkrxog eh d pdsslqj

wkdw pd{lpl}lqj wkh �wqhvv Ilw+N, lv htxlydohqw wr plqlpl}lqj wkh frvw yhfwru M+N,> l1h1

pd{lpl}lqj wkh yhfwruldo shuirup ri N1 Lq wklv glvvhuwdwlrq/ d vlpsoh h{srqhqwldo pdsslqj
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lv xvhg

Ilw
�

+N, @
4

udqn+N+w,,
= +81:,

+"'"* !����1���� �	����� ����	�


Dowkrxjk doo �htxdoo| jrrg� vroxwlrqv duh dvvljqhg wkh vdph �wqhvv/ wkhlu dfwxdo

fkrlfh wr eh vhohfwhg dv sduhqwv pd| gl�hu gxh wr wkh udqgrp qdwxuh ri vhohfwlrq1 Wklv

lpedodqfh fdq eh dffxpxodwhg zlwk hyroxwlrqv vxfk wkdw wkh srsxodwlrq guliwv wrzdugv dq

duelwudu| uhjlrq ri wkh wudgh0r� vxuidfh/ d skhqrphqrq nqrzq dv jhqhwlf guliw ^463`1 Ydulrxv

srsxodwlrq glyhuvlw| phfkdqlvpv kdyh ehhq sursrvhg wr pdnh d JD wr pdlqwdlq d glyhuvh

srsxodwlrq ri lqglylgxdov wkurxjk lwv vhdufk ^433`1 Wkhvh phfkdqlvpv doorz JDv wr lghqwli|

pxowlsoh rswlpd lq d pxowlprgdo remhfwlyh grpdlq1 Lqwud0Udqn Ilwqhvv vkdulqj lv rqh ri

vxfk phfkdqlvpv wr frxqwhudfw wkh jhqhwlf guliw e| uh0glvwulexwlqj wkh �wqhvv dprqj wkh

fdqglgdwh vroxwlrqv zlwk wkh vdph udqn ^433`1 Wkh vkdulqj ixqfwlrq shqdol}hv wkh �wqhvv ri

lqglylgxdov lq srsxodu qhljkerukrrgv dqg lv lq idyru ri pruh uhprwh lqglylgxdov1 Lq wklv

glvvhuwdwlrq/ wkh vkdulqj ixqfwlrq lv gh�qhg dv

Ilw+N�, @
G+N�,S
�
G+N�,

[
�

Ilw
�

+N�, +81;,

zkhuh G+N�+w,, lv wkh pxwxdo vlplodulw| glvwdqfh zklfk lv wkh vxppdwlrq ri vlplodulw|

glvwdqfh ehwzhhq N
�+w, dqg dq| vroxwlrq N

�+w,/ l 9@ m/ zlwk wkh vdph udqn lq wkh fxuuhqw

jhqhudwlrq1 Ilw
�

+N�, lv wkh ruljlqdo �wqhvv ydoxh iru N� dqg Ilw+N�, lv wkh �wqhvv diwhu

vkdulqj1 Wkh vlplodulw| glvwdqfh fdq eh gh�qhg hlwkhu lq wkh remhfwlyh vsdfh +skhqrw|sh, ^83`

ru lq wkh vroxwlrq vsdfh +jhqrw|sh, ^<<`1 D jhqrw|sh vlplodulw| glvwdqfh lv xvxdoo| remhfwlyh

lqghshqghqw phwulf/ vxfk dv wkh Kdpplqj glvwdqfh ehwzhhq wzr fdqglgdwh vroxwlrqv1 Lw
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lv xvhg li wkhuh lv olwwoh nqrzohgjh derxw wkh remhfwlyh vsdfh1 D skhqrw|sh phwulf lv pruh

phdqlqjixo glvwdqfh phdvxuhphqw txdqwli|lqj wkh vlplodulw| ri wzr vroxwlrqv lq wkh remhfwlyh

vsdfh1

+"'"+ 0�	�	�� ��� ������ $	
�����

Wr lqfuhdvh wkh frqyhujlqj udwh ri wkh PRJD/ wkh holwhv +lqglylgxdov zlwk wkh Udqn

4, ri fxuuhqw jhqhudwlrq duh gluhfwo| frslhg lqwr wkh qhz jhqhudwlrq/ wdnlqj xs wr h( ri wrwdo

srsxodwlrq1 Wkh xsshu olplw h( lv hqirufhg wr suhyhqw wkh suhpdwxuh frqyhujhqfh1 Dv d

frpsohphqwdu| phfkdqlvp ri pxwdwlrq/ u( ri wrwdo srsxodwlrq duh jhqhudwhg udqgrpo| wr

suhvhuyh wkh srsxodwlrq glyhuvlw|1 Wkh uhpdlqlqj +433� h� u,( lqglylgxdov duh jhqhudwhg

iurp wkh surfhvv ri vhohfwlrq2furvvryhu2pxwdwlrq1

Wkh PRJD xvhg lq wklv glvvhuwdwlrq lv vxppdul}hg dv iroorzv1

Dojrulwkp 56 +PRJD,

41 Ghwhuplqh wkh vhdufk vsdfh ri N/ 
g � U
6/ zklfk lv wkh udqjh ri N wkdw vwdelol}hv

wkh qrplqdo sodqw Sf+}
3�, e| Mxu| Fulwhulrq ^99`1

51 Wkh PRJD udqgrpo| dqg xqlirupo| jhqhudwhv wkh �uvw jhqhudwlrq zlwk qRJR lqglylg0

xdov +fdqglgdwh vroxwlrqv,/ ^N�+4,> ===>N�+4,> ===>N?RJR+4,` 5 
g 1 Hdfk lqglylgxdo lv

uhsuhvhqwhg e| UF1

61 Iru hdfk lqglylgxdo N�+w, lq wkh fxuuhqw +w,wk jhqhudwlrq/ fdofxodwh wkh frvw ixqfwlrq

yhfwru M+N�+w,, @ iM�+N�+w,,> ===> M�+N
�+w,,> ===> M?+N

�+w,,j1

71 Sduhwr udqnlqj ri ^N�+w,> ===>N�+w,> ===>N?RJR+w,` dffruglqj wr M+N�+w,,1
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Wdeoh 817= PRJD frq�jxudwlrqv

Ghvfulswlrq V|pero Ydoxh

Qxpehu ri jhqhudwlrqv q}e? 93

Qxpehu ri lqglylgxdov shu jhqhudwlrq qRJR 533

Suredelolw| ri furvvryhu SS 4

Suredelolw| ri pxwdwlrq S6 3=35

Pd{lxp shufhqwdjh ri holwlvp h( 63(

Shufhqwdjh ri udqgrp lppljudqwv u( 9(

81 Dvvljq �wqhvv wr N
�+w, edvhg rq lwv udqnlqj/ Ilw�+N�+w,, @ �

o@?&Eg�E|��
/ dqg dsso|

�wqhvv vkdulqj/ Ilw+N�+w,, @
(Eg��S
�
(Eg��

S
�
Ilw

�+N�+w,,1

91 Gluhfwo| pljudwh wkh holwh/ lqglylgxdov zlwk udqn 4/ wr wkh +w. 4,wk jhqhudwlrq1 Wklv

pdnhv xs h( ri wrwdo srsxodwlrq qRJR/ zkhuh h( lv xs wr d fhuwdlq shufhqwdjh1

:1 Udqgrpo| jhqhudwh u( ri wrwdo qRJR lqglylgxdov lq wkh vhdufk vsdfh 
g iru wkh +w.4,wk

jhqhudwlrq1

;1 Dsso| wkh wrxuqdphqw vhohfwlrq ^75` wr jhqhudwh qRJR � +433� h � u,( sduhqwv iurp

wkh +w,wk jhqhudwlrq1 D olqhdu furvvryhu lv xvhg wr surgxfh qRJR � +433� h� u,( qhz

lqglylgxdov iurp wkhvh sduhqwv1 Dsso| pxwdwlrq wr wkhvh qhz lqglylgxdov1

<1 Vhw ^N�+w . 4,> ===>N�+w . 4,> ===>N?RJR+w . 4,` dv wkh fxuuhqw jhqhudwlrq1 Vkrxog wklv

qhz jhqhudwlrq dfklhyh wkh rswlpl}dwlrq jrdo/ vwrs wkh PRJD> rwkhuzlvh jr wr vwhs

61

+"* 0
�����> (��	�	)��	�� �� ��� ���������� &���������

Wkh vshfl�fdwlrqv ri wkh glvn gulyhv xvhg lq rxu h{shulphqwv duh olvwhg lq 6141 Wkh

wudfn0iroorzlqj frqwuroohu iru wkhvh gulyhv lv dq h{whqghg SLG frqwuroohu lq wkh iroorzlqj
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irup

FR�_+}
3�, @ n,JJR^4� +n@ . nK,}

3� . n@nK}
32 . n�

4

4� }3�
` +81<,

zkhuh n,JJR/ n@/ nK/ dqg nU duh ghvljq sdudphwhuv1 D gljlwdo qrwfk �owhu lv dgghg wr dwwhqxdwh

wkh dgyhuvh h�hfw gxh wr wkh vxvshqvlrq uhvrqdqfh dw 5:33K}1 Wkh lqwhjudwru jdlq/ NU / lv

suhghwhuplqhg dqg khqfh qrw d wdujhw ri rswlpl}dwlrq1 Vr wkh wxqdeoh sdudphwhu vhw lv N

@ ^n,JJR> n@> nK`1 Wkh ruljlqdo frqwuroohu xvhg e| wkhvh gulyhv zdv NJo�} @ ^n,JJR> n@> nK` @

^3=5:3> 3=;83> 3=733`> zklfk zdv kdqg0wxqhg e| h{shulhqfhg hqjlqhhuv lq wkh suhylrxv ghvljq

f|foh1 Wkh vhdufk vsdfh 
g @ ^+3=34 = 3=<;,> +�3=; = 3=<<,> +�3=; = 3=<<,b̀ lv wkh udqjh ri N

wkdw vwdelol}hv wkh qrplqdo sodqw1 Wkh judglhqw phwkrg xvhg lq ^56` kdg dozd|v idlohg wr

frqyhujh lq wklv udqjh1 Wr pdnh rxu phwkrg pruh sudfwlfdo iru prvw vhuyr hqjlqhhuv lq KGG

lqgxvwu|/ zh iroorz wkh fodvvlfdo frqwuro iudphzrun1 Vlqfh zh duh ghvljqlqj wkh frqwuroohu

iru wkh pdvv surgxfhg KGGv zlwk sodqw yduldwlrqv dqg glvwxuedqfh xqfhuwdlqwlhv/ �2
Rer

lv

qrw d frqvwdqw exw udwkhu d udqgrp yduldeoh1 Lw lv pruh dssursuldwh wr dvvhvv wkh dyhudjh

shuirupdqfh phdq+�2Rer, dqg wkh shuirupdqfh urexvwqhvv vwg+�2Rer,1 Wkh pdmru remhfwlyhv

ri KGG wudfn0iroorzlqj frqwuro wkhuhiruh duh

M�+N, @ phdq+�2Rer, +8143,

M2+N, @ vwg+�2Rer,

Wkh vwdwlvwlfdo prgho ghyhorshg lq Fkdswhu 6 lv xvhg wr v|qwkhvl}h wkhvh wzr lqgh{hv1

Ghvljq jrdov duh JP}J@, @ 9=8gE/ SP}J@, @ 75J/ $J}J@, @ 983K}/ dqg V
"}J@, @

8gE1 Qrwh wkdw wkh jrdov duh voljkwo| kljkhu wkdq wkh qrplqdo shuirupdqfh lq rughu wr

hqvxuh d frqyhujlqj suhvvxuh ryhu wkh zkroh hyroxwlrq surfhvv1 Zh dovr lpsrvh vrph vhdufk
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frqvwudlqwv/ JP��f @ 43gE/ SP��f @ 93J/ dqg $J��f @ ;33K} wr suhyhqw jhq0

hudwlqj vrph vhqvhohvv vroxwlrqv1 E| iroorzlqj diruhphqwlrqhg jxlgholqh +Wdeoh 816,/ wkh

fruuhvsrqglqj frvw ixqfwlrqv duh gh�qhg dv

M�+N, @ pd{iT^JP}J@, �JP+N,`> T^JP+N,�JP��f `j +8144,

Me+N, @ pd{iT^SP}J@, � SP+N,`> T^SP+N,� SP��f `j

MD+N, @ pd{iT^$J}J@, � $J+N,`>T^$J+N,� $J��f `j

MS+N, @ T^V
"
+N,� V

"}J@,`

zkhuh wkh skdvh pdujlq SP+N,/ wkh jdlq pdujlq JP+N,/ wkh furvvryhu iuhtxhqf| $J+N,/

dqg wkh shdn ri vhqvlwlylw| ixqfwlrq V
"
+N,@nV+N> m$,n

"

duh ixqfwlrqv ri wkh wxqdeoh

sdudphwhu vhw N 5 
g 1 M�+N, � MS+N, zloo eh }hur li wkh fdqglgdwh vroxwlrq N vdwlv�hv

doo frqvwudlqwv1 Wkxv/ wkh ruljlqdo frqvwudlqhg PRS lv frqyhuwhg wr dq xqfrqvwudlqhg PRS

zkrvh wdujhw lv wr plqlpl}h wkh frvw yhfwru M+N, @ iM�+N,> ===> M�+N,> ===> MS+N,j ryhu N1

M+N, lv wkhuhiruh fdoohg wkh yhfwruldo shuirupdqfh lqgh{1

Wkh PRJD frq�jxudwlrqv duh olvwhg lq Wdeoh 8171 Lw wrrn wkh PRJD :=6 plqxwhv

lq d DPG 4JK} frpsxwhu wr jlyh d Sduhwr rswlpdo vhw +Udqn 4, zlwk 56 vroxwlrqv lq

wkh 93wk jhqhudwlrq1 Rqh vroxwlrq/ N��C� @ ^3=579> 3=;:3> 3=5:8` zklfk kdv wkh plqlpdo

vwg+�2
Rer

, dprqj wkh Sduhwr rswlpdo vhw/ zdv slfnhg xs dqg ordghg lqwr wzhoyh gulyhv1 Wkh

shuirupdqfh frpsdulvrq ehwzhhq wklv rswlpl}hg frqwuroohu dqg wkh ruljlqdo rqh lv vkrzq

lq Wdeoh 8181 Wkh 6( lpsuryhphqw ri phdq+�2Rer, dqg ;1:( ri vwg+�2Rer, lq h{shulphqwv

pd| eh frqvlghuhg prghudwh ehfdxvh wkh ruljlqdo frqwuroohu kdg ehhq zhoo rswlpl}hg1 Lw fdq

dovr eh vhhq wkdw phdq+�2Rer, dqg vwg+�2Rer, suhglfwhg e| wkh prgho pdwfk xs uhdvrqdeo|

zhoo zlwk wkh h{shulphqwdo uhvxowv1 Wkh glvwxuedqfh prgho zdv wkhq xsgdwhg edvhg rq qhz
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Wdeoh 818= Shuirupdqfh frpsdulvrq ehiruh dqg diwhu PRJD rswlpl}dwlrq

Ehiruh Rswlpl}dwlrq Diwhu Rswlpl}dwlrq
+NJo�}, +N��C�,

Remhfwlyh Xqlw Vlpx H{s Vlpx H{s +uhodwlyh wr rulj,

phdq+�2Rer, wu(2 8=57 8=55 8=38 8=3<+�5=<(,

vwg+�2
Rer

, wu(2 5=58 5=64 5=35 5=44+�;=:(,

JP gE 9=4 9=6 9=8 9=6

SP ghjuhh 75=4 73=7 74=8 73=7

$J K} 873 877 933 8<8

V
"

gE 8=: 8=8 8=< 8=;

SHV phdvxuhphqwv/ dqg uhdg| iru wkh qh{w uxq ri rswlpl}dwlrq1 Wklv lwhudwlyh rswlpl}dwlrq

surfhvv fdq eh uhshdwhg xqwlo vdwlvidfwru| uhvxowv duh rewdlqhg1

+"+ ������7

Wklv fkdswhu ghyhorshg d PRJD +pxowl0remhfwlyh jhqhwlf dojrulwkp, wr gluhfwo|

vroyh wkh pxowl0remhfwlyh qrq0frqyh{ rswlpl}dwlrq sureohp1 Dv vkrzq e| vlpxodwlrqv dqg

h{shulphqwv/ wkh sursrvhg phwkrg zdv fdsdeoh ri rswlpl}lqj wkh frqwuroohu lq d odujh udqjh

lq zklfk judglhqw0edvhg phwkrgv jhqhudoo| idlohg1 Wkh sursrvhg phwkrg kdv wkh iroorzlqj

dgydqwdjhv ryhu h{lvwlqj wxqlqj phwkrgv=

41 Wkh srsxodwlrq0edvhg qdwxuh ri wkh PRJD hqdeohv wkh hyroxwlrq ri d vhw ri Sduhwr0

rswlpdo vroxwlrqv zlwkrxw uhtxlulqj zhljkwlqjv ehiruh rswlpl}dwlrq1

51 Frpsduhg wr judglhqw edvhg phwkrgv/ wkh PRJD juhdwo| lqfuhdvhv wkh srvvlelolw|

ri �qglqj wkh joredo rswlpd iru dq h{wuhpho| eurdg fodvv ri rswlpl}dwlrq sureohpv/

hvshfldoo| qrq0frqyh{ rswlpl}dwlrq sureohpv1 Wkh PRJD jlyhv ghvljqhu pxowlsoh

Sduhwr vroxwlrqv zlwkrxw whglrxv wuldo0dqg0huuruv iru slfnlqj xs zhljkwlqjv1
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61 Wkh JD r�huv doprvw olqhdu frpsxwdwlrqdo frpsoh{lw| uhodwlyh wr wkh qxpehu ri wxq0

deoh yduldeohv1 Wklv lv d yhu| dwwudfwlyh ihdwxuh iru qrq0frqyh{ PRSv zlwk d odujh

qxpehu ri yduldeohv1 Iru h{dpsoh/ wkh wudfn0iroorzlqj frqwuroohuv iru gxdo0vwdjh dfwx0

dwruv xvxdoo| kdyh ryhu wzhoyh wxqdeoh yduldeohv iru zklfk wkh OPL . frqyh{ dssur{0

lpdwlrq sdudphwhul}dwlrq lv sudfwlfdoo| xqvroydeoh1

71 Xvhuv fdq xvh dq| rswlpl}dwlrq vhwxs dv orqj dv wkh frvw ixqfwlrqv duh hydoxdwdeoh

lq forvhg0irup1 Iru h{dpsoh/ wkh vwdwlvwlfdo prgho ghyhorshg lq Fkdswhu 6 zdv xvhg

wr h�hfwlyho| suhglfw wkh wlph0grpdlq shuirupdqfh ri fdqglgdwh vroxwlrqv iru d odujh

srsxodwlrq ri gulyhv1

Krzhyhu/ olnh dq| rswlpl}dwlrq dojrulwkp/ wkhuh lv �qr iuhh oxqfk� ^464`1 Lq rwkhu

zrugv/ qr rswlpl}dwlrq dojrulwkp lv xqlyhuvdoo| ehwwhu wkdq rwkhu dojrulwkpv1 Wkhuh lv

d wudgh0r� ehwzhhq h!flhqf| dqg dssolfdeoh jhqhudolw|1 Dowkrxjk wkh lghdv ri JDv duh

dssolfdeoh wr d eurdg udqjh ri sureohpv/ gl�huhqw JDv fdq eh exlow/ zklfk glvsod|v d

ydu|lqj ghjuhh ri sureohp ghshqghqfh1 JDv lqfrusrudwlqj vrph sureohp vshfl�f nqrzohgjh

jhqhudoo| rxwshuirup wkh rqh lq fdqrqlfdo irup/ krzhyhu/ zlwk wkh vdful�fh ri jhqhudolw|1

Wkh pdmru gudzedfn ri wkh dssurdfk sursrvhg lq wklv fkdswhu lv wkdw wkh PRJD vx�huv

iurp srru qxphulfdo wudfwdelolw|1 Lw vkrxog eh qrwhg wkdw ehfdxvh ri wkh vwrfkdvwlf qdwxuh ri

JDv/ rqh fdqqrw jxdudqwhh wkh frqyhujhqfh ri JDv wr wkh joredo rswlpd lq d ghwhuplqlvwlf

zd|1 Rxu h{shulhqfh kdv vkrzq wkdw wkh Sduhwr vhwv duh gl�huhqw iurp uxq wr uxq/ dowkrxjk

wkh| duh doo forvh wr wkh joredo rswlpd lq wkh remhfwlyh vsdfh1 Lq qh{w fkdswhu/ d wzr0skdvh

rswlpl}dwlrq phwkrg zloo eh sursrvhg wr hqkdqfh wkh orfdo �qh0wxqlqj fdsdelolw| ri wkh

PRJD1
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Lq wkh suhylrxv fkdswhu/ wkh PRJD zdv xvhg wr vhdufk iru wkh Sduhwr0rswlpdo

sdudphwhu vhw ri �{hg0vwuxfwxuh frqwuroohu/ wkurxjk vroxwlrq ri dq dssursuldwho| irupxodwhg

JDS sureohp1 Wkh PRJD lv fdsdeoh ri lghqwli|lqj wkh kljk shuirupdqfh uhjlrq lq qrq0

frqyh{ vhdufk vsdfh/ |hw vorz lq �qh0wxqlqj orfdo vhdufk1 Wkh pdmru gudzedfn ri wkh

PRJD lv lwv srru frpsxwdwlrqdo wudfwdelolw|1 Ehfdxvh ri wkh vwrfkdvwlf qdwxuh ri wkh

PRJD/ wkh Sduhwr vroxwlrq vhw lv voljkwo| gl�huhqw iurp uxq wr uxq1 Lw kdv ehhq irxqg

wkdw wkh lpsuryhg dffxudf| kdv wr eh vdful�fhg iru h!flhqf| ^76`1 Rq wkh rwkhu kdqg/ dv

vkrzq e| wkh ehqfkpdun sureohp lq Vhfwlrq 81519/ lq d qrq0frqyh{ vhdufk vsdfh wkh uhvxowv

ri judglhqw0edvhg phwkrgv khdylo| ghshqg rq wkh lqlwldo vwduwlqj srlqwv1 Li d jrrg vwduwlqj
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srlqw lv hqfrxqwhuhg/ wkh judglhqw0edvhg vhdufk dojrulwkpv fdq h!flhqwo| dwwdlq wkh rswlpdo

vroxwlrq zlwk jrrg qxphulfdo wudfwdelolw|1 \hw/ li d srru lqlwldo srlqw lv xwlol}hg/ wkh uhvxow

lv olnho| wr eh wudsshg lq d orfdo plqlpxp1

Lq wklv fkdswhu/ d qxphulfdo dojrulwkp lv suhvhqwhg e| frpelqlqj wkh dgydqwdjh ri

wkh PRJD dqg wkh judglhqw0edvhg whfkqltxhv wr surylgh d sudfwlfdo whfkqltxh iru wxqlqj

wkh �{hg0vwuxfwxuh frqwuroohu1 Iluvw/ wkh PRJD shuirupv d joredo vhdufk dqg vhhnv d qhdu0

rswlpdo lqlwldo srlqw iru wkh vhfrqg vwdjh1 Lq wkh vhfrqg vwdjh/ d judglhqw0edvhg qrqolqhdu

surjudpplqj phwkrg lv xvhg wr shuirup orfdo vhdufk wr ixuwkhu hqkdqfh wkh txdolw| ri

vroxwlrqv1

,"% -���	���� 6��� ����	����� &��
����	�


Uhfdoo wkh qrqolqhdu JDS vhwxs suhvhqwhg lq Vhfwlrq 7171 D frqvwudlqhg PRS fdq

eh uhirupxodwhg dv dq xqfrqvwudlqhg JDS

plqlpl}h
�M^ckMl

�

vxemhfw wr M�+N, 9 M
f
�
.z��> l @ 4> ===>p

= +914,

Wkh phfkdqlvp ri Ht1 +914, fdq eh looxvwudwhg e| d wzr0remhfwlyh sureohp +p@5,

dv vkrzq lq Iljxuh 9141

plqlpl}h
�M^ckM^?

�

vxemhfw wr M�+N, 9 M
f
� .z��

M2+N, 9 M
f
2 .z2�

N 5 


+915,
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Λ

M
4
+N,

M
5
+N, Wudgh0rii vroxwlrqv

z

3

M3. γ-z

M3

M
4
-+N,

M
5
-+N,

γz

M
4

3+N,

M
5

3+N,

M-

Iljxuh 914= Jrdo dwwdlqphqw phwkrg zlwk wzr remhfwlyhv1

Wkh zhljkwlqj yhfwru z @ iz�> z2j gh�qhv wkh gluhfwlrq ri vhdufk1 Mf @ iMf� > Mf2j

duh wkh ghvljq jrdov wkdw duh qrw qhfhvvdu| lq wkh ihdvleoh uhjlrq 
1 Jlyhq z dqg Mf/ wkh

gluhfwlrq ri yhfwru Mf . �z lv ghwhuplqhg1 Gxulqj wkh rswlpl}dwlrq � lv ydulhg/ zklfk

fkdqjhv wkh ohqjwk ri Mf.�z1 Wkh Ht1 +914, lv htxlydohqw wr �qglqj d ihdvleoh srlqw dorqj

yhfwru Mf . �z lq wkh remhfwlyh vsdfh1 Zkhq wkh zhljkw z� lv srvlwlyh/ wkh JDS dwwhpswv

wr pdnh wkh remhfwlyh M� ohvv wkdq wkh jrdo ydoxh Mf
�
1 Wr pdnh wkh remhfwlyh M� juhdwhu wkdq

wkh jrdo ydoxh/ vhw wkh zhljkwlqj z� wr qhjdwlyh1 Wkh rswlpdo ydoxh ri wkh vodfn yduldeoh/

ghqrwhg dv �W/ lqglfdwhv zkhwkhu wkh jrdov duh dwwdlqdeoh ru qrw1 D qhjdwlyh ydoxh ri �W

lpsolhv wkdw wkh jrdo lv dwwdlqdeoh/ dqg dq lpsuryhg vroxwlrq zloo eh rewdlqhg1 Rwkhuzlvh/

li �W lv srvlwlyh/ wkhq wkh jrdo lv xqdwwdlqdeoh1 Lq wkh h{dpsoh ri Iljxuh 914/ z� A 3 dqg

z2 A 3 phdq wkdw zh wu| wr �qg M+N, ! Mf1 Krzhyhu/ �W A 3 lqglfdwhv wkdw wklv jrdo

fdqqrw eh dfklhyhg exw wkh JDS grhv jlyh d vroxwlrq MW @ M
f . �

W

z wkdw kdv wkh ohdvw

ghjuhh ri xqghu0dfklhyhphqw1
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Wkh prwlydwlrq ri sdudphwhul}lqj PRS lq wklv JDS irup lv wkdw Ht1 +914, fdq

eh vroyhg e| qrqolqhdu surjudpplqj whfkqltxhv/ olnh vhtxhqwldo txdgudwlf surjudpplqj

+VTS,1 Zh xwlol}h wkh ixqfwlrq ijrdodwwdlq lq PDWODE Rswlpl}dwlrq Wrroer{ dv wkh VTS

vroyhu1 ijrdodwwdlq lpsohphqwv VTS e| iroorzlqj wkh dujxphqw ri Eud|wrq hw do1 ^465`1 Lw

�uvw xsgdwhv wkh Khvvldq ri wkh Odjudqjldq ixqfwlrq xvlqj d txdvl0Qhzwrq dssur{lpdwlrq

phwkrg1 Wklv lqirupdwlrq lv wkhq xvhg wr vroyh d txdgudwlf surjudpplqj vxesureohp zkrvh

vroxwlrq lv xvhg wr irup d olqh vhdufk gluhfwlrq1 Dq ryhuylhz ri VTS fdq eh irxqg lq ^466`

^467` ^<7`1

,"' ���1&���� (��	�	)��	�� ��
��	���

VTS uhtxluhv wkdw wkh remhfwlyhv pxvw eh frqwlqxrxv lq wkh lqwhuhvwhg vhdufk vsdfh1

Dv vkrzq lq Fkdswhu 6/ erwk M�+N, @phdq+�2Rer, dqg M2+N, @ vwg+�2Rer, kdyh vrph vlqjx0

odu srlqwv lq vhdufk vsdfh1 Wkxv lw lv h{shfwhg wkdw udqgrpo| jhqhudwhg vwduwlqj srlqwv pd|

ohdg VTS wr wkh orfdo rswlpd ri JDS ru hyhq qrqfrqyhujhqfh1 Dv looxvwudwhg lq Iljxuh 915/

vwduwlqj iurp d udqgrpo| slfnhg srlqw Mo pd| jhqhudwh d qrq0rswlpdo vroxwlrq M
Wo1 Vlqfh

wkh zhljkwlqjv duh vhohfwhg khxulvwlfdoo|/ vwduwlqj iurp vxe0rswlpdo Sduhwr vroxwlrqv zloo

pdnh Mf.�z pruh olnho| wr eh lq wkh Sduhwr vxuidfh1 Wkhuhiruh/ d wzr0skdvh rswlpl}dwlrq

dojrulwkp iru wxqlqj wkh �{hg0vwuxfwxuh frqwuro lv sursrvhg dv iroorzv=

Dojrulwkp 57 +Wzr0Skdvh Rswlpl}dwlrq Dojrulwkp,

41 +Skdvh0Rqh, Uxq Dojrulwkp 56 +PRJD, zlwk d prghudwh q}e?=

51 +Skdvh0Wzr, Vhohfw uhodwlyh zhljkwlqjv edvhg rq wkh shuirupdqfh ri Sduhwr0rswlpdo

vroxwlrqv ri wkh PRJD1
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Λ

M
4
+N,

M
5

-+N,

Sduhwr0rswlpdo

vroxwlrqv
3

M3. γ-z

M3

M
4
-+N,

γz

M
4
3+N,

M
5
3+N, M-

Vxerswlpdo Sduhwr

vroxwlrqv e| PRJD

M
5
+N,

Mu

γz
M-u

Iljxuh 915= Zkhq JDS lv vroyhg e| VTS/ vwduwlqj iurp wkh vxe0rswlpdo vhw ri PRJD
hqkdqfhv wkh srvvlelolw| ri uhdfklqj Sduhwr0rswlpdo vxuidfh1

61 Uhsdudphwhul}h wkh ruljlqdo PRS dv d qrqolqhdu JDS dffruglqj wr Ht1 +914,1

71 Xvh Sduhwr0rswlpdo vroxwlrqv ri wkh PRJD dv lqlwldo srlqwv1

81 Vroyh wkh JDS e| xvlqj VTS1

91 Li doo jrdov duh dfklhyhg/ vwrs> rwkhuzlvh dgmxvw zhljkwlqjv edvhg rq wkh ghjuhh ri

xqghu0dwwdlqphqw ru ryhu0dwwdlqphqw/ dqg wkhq jr wr vwhs 71

Olnh doo zhljkwhg0vxp vwudwhjlhv/ vhohfwlqj dghtxdwh zhljkwlqjv lv vwloo wkh prvw

gl!fxow vwhs1 Exw e| xvlqj wkh ehvw hyroyhg vroxwlrqv ri wkh �uvw vwdjh +PRJD,/ zh qrw

rqo| juhdwo| lqfuhdvh wkh srvvlelolw| ri �qglqj wkh wuxh Sduhwr0rswlpdo vroxwlrqv/ exw jdlq

ydoxdeoh lqvljkwv lqwr wkh wudgh0r�v dprqj gl�huhqw remhfwlyhv1 Hyhq vr zh fdqqrw jxdudqwhh

wkdw VTS zloo dfklhyh doo jrdov xqghu wkh zhljkwlqjv zh vhohfw1 Dw ohdvw/ krzhyhu/ zh nqrz

wr zkdw ghjuhh wkh vroxwlrqv xqghu0dfklhyh ru ryhu0dfklhyh rxu jrdov/ dqg zh fdq dgmxvw wkh

zhljkwv dffruglqjo| ru slfn xs wkh vroxwlrq wkdw kdv wkh ehvw wudgh0r�1
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Wdeoh 914= Wzr0skdvh dojrulwkp= PRJD frq�jxudwlrqv lq skdvh rqh

Ghvfulswlrq V|pero Ydoxh

Qxpehu ri jhqhudwlrqv q}e? 63

Qxpehu ri lqglylgxdov shu jhqhudwlrq qRJR 533

Suredelolw| ri furvvryhu SS 4

Suredelolw| ri pxwdwlrq S6 3=35

Pd{lxp shufhqwdjh ri holwlvp h( 73(

Shufhqwdjh ri udqgrp lppljudqwv u( 8(

,"* 0
�����> (��	�	)��	�� �� ��� ���������� &���������

Wkh frq�jxudwlrq ri wkh PRJD xvhg lq wkh �uvw skdvh lv suhvhqwhg lq Wdeoh 9141

Wkh gh�qlwlrq ri frvw ixqfwlrqv duh vdph dv Ht1 +8143, dqg Ht1 +8144,1 Diwhu 61; plqxwhv lq

d DPG 4JK} SF/ wkh PRJD jhqhudwhv d Sduhwr vhw zlwk 4< vroxwlrqv/ �yh ri zklfk zlwk

wkh vpdoohvw pj2
Rer

duh vhohfwhg dv vwduwlqj srlqwv iru skdvh wzr/ dv olvwhg lq Wdeoh 9151

Dv vkrzq lq Iljxuh 915/ wkh uhvxow ri ijrdodwwdlq ghshqgv rq qrw rqo| wkh vhohfwlrq ri

zhljkwlqjv zklfk glfwdwh wkh vhdufk gluhfwlrq/ exw wkh lqlwldo vwduwlqj srlqw1 Wkh dgydqwdjh

ri xvlqj wkh Sduhwr vhw ri PRJD dv vwduwlqj srlqwv iru VTS lv vkrzq lq Wdeoh 9151 Wkh �uvw

vl{ vwduwlqj srlqwv duh udqgrpo| slfnhg dqg �yh ri vl{ fdvhv idlo wr gholyhu d vroxwlrq wkdw

vdwlv�hv doo jrdov1 Wkh odvw �yh duh slfnhg iurp wkh Sduhwr0rswlpdo +dfwxdoo| vxe0rswlpdo,

vroxwlrqv ri wkh PRJD dqg doo frqyhujh wr voljkwo| ehwwhu rswlpdo vroxwlrqv1 Wkh PRJD

vxe0rswlpdo vroxwlrqv duh yhu| forvh +hydoxdwhg lq remhfwlyh vsdfh, wr wkh �qdo rswlpdo

vroxwlrqv1 Lw wdnhv ohvv wkdq 43 vhfrqgv iru ijrdodwwdlq wr frqyhujh lq doo fdvhv1

E| �qh0wxqlqj wkh uhodwlyh zhljkwlqjv/ zh fdq ixuwkhu lpsuryh wkh txdolw| ri vr0

oxwlrqv1 Lq Wdeoh 915/ wkh irxuwk vroxwlrq e| VTS ^3=594> 3=;97> 3=668` zlwk uhodwlyho| vpdoo

pj2
Rer

dqg �j2
Rer
/ lv hyroyhg iurp wkh PRJD vroxwlrq ^3=544> 3=398> 3=<49` e| xvlqj uhod0

wlyh zhljkwv ^4> 4>�4>�4>�4> 4`1 Dffruglqj wr Ht1 +914,/ wkh eljjhu wkh zhljkw/ wkh odujhu



465

Wdeoh 915= Wkh uhvxow ri vroylqj JDS e| VTS kljko| ghshqgv rq vwduwlqj srlqw

Remhfwlyhv pj2
Rer

�j2
Rer

JP SP $J V
"

Xqlw wu(2 wu(2 gE ghj K} gE

Jrdov ?815 ?515 A81< A69 A933 ?918

?43 ?93 ?4333

Zhljkwv 4 4 04 04 04 4

^nf/n�/n2`

VwduwlqjSrlqw Vroxwlrq Vlpxodwlrq uhvxowv

U ^315/316/31:` ^3173</31969/413` 71;7 417; 515 ;:16 8<4 4614 �
d ^318/318/318` ^316:9/413/413` 6183 4153 41; :513 73;7 471: �
q ^314/318/318` ^3169;/413/31895` 8143 418; 615 ;316 8<8 43147 �
g ^318/0318/0318` ^3159;/31;:9/31667` 71;9 41;: 914 771: 937 914

s

r ^31</031:/316` ^316;7/3197</413` 71:4 4178 51: <614 7:7 4416; �
p ^318/318/0318` ^3169::/413/31895` 8143 4189 615 ;316 8<8 43147 �
P ^31694/31673/31;86` 716; 41:: 719 6;19 :9; ;17

R ^3155</31537/31<3<` 814< 41<8 918 7819 933 81;
s

J ^31684/31;46/31748` 7183 41;; 71: 6:19 :88 :16

D ^31579/31;:3 315:7` 8138 5135 918 7418 933 81;
s

^31584/31658/31:68` 814; 5143 917 6:15 8:3 816

^315:5/31665/31;::` 71:< 41;7 81< 7718 94: 915
s

^31544/31398/31<49` 8155 5137 914 741; 976 918

^31594/31;97/31668` 8138 41<9 916 751: 8<5 81;
s

^31554/314<5/31<54` 8117; 5137 91: 7:1; 8;6 819

^31578/315:7/31;:3` 8138 5135 918 7418 933 81;
s
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Wdeoh 916= Shuirupdqfh frpsdulvrq dprqj gl�huhqw frqwuroohuv1

Ruljlqdo PRJD= Wzr0Skdvh=
NJo�} N��C� N|�J

FSX wlph= :16 plqv FSX wlph= 61< plqv
Remhfwlyh Xqlw Vlpx1 H{s1 Vlpx1 H{s1+uhodwlyh wr rulj, Vlpx1 H{s1+uhodwlyh wr rulj,

p+�2
Rer

, wu(2 8=57 8=55 8=38 8=3<+�5=<(, 7=<5 7=<6+�8=8(,

�+�2Rer, wu(2 5=58 5=64 5=35 5=44+�;=:(, 4=<3 4=<:+�47=:(,

JP gE 9=4 9=6 9=8 9=6 9=5 9=4

SP ghjuhh 75=4 73=7 74=8 73=7 77=3 76=8

$J K} 873 877 933 8<8 935 8<;

V
"

gE 8=: 8=8 8=< 8=; 9=3 8=<

wkh ryhu0 ru xqghu0dwwdlqphqw ri fruuhvsrqglqj remhfwlyh1 Wkhuhiruh/ d zhljkwlqj yhfwru

^43> 43>�4>�4>�4> 4` lv xvhg wr ixuwkhu sxvk grzq pj2
Rer

dqg �j2
Rer
1 Wkh uhvxowlqj vroxwlrq

e| ijrdodwwdlq lv N|�J @ ^3=58<> 3=;::> 3=646`1 E| ordglqj N|�J lqwr rxu h{shulphqwdo gulyhv/

zh frpsduh lwv shuirupdqfh zlwk wkdw ri N��C� @ ^3=579> 3=;:3> 3=5:8` lq wkh odvw fkdswhu/

dv olvw lq Wdeoh 9161 Lw fdq eh vhhq wkdw ehvlghv wkh lpsuryhphqw rq dyhudjh shuirupdqfh

lq whupv ri p+�2
Rer

,/ wkhuh lv d elj lpsuryhphqw rq wkh shuirupdqfh urexvwqhvv ryhu h{shu0

lphqwdo gulyhv lq whupv ri �+�2Rer,1 Wkh uhdvrq lv wkdw wkh ruljlqdo frqwuroohu NJo�} zdv qrw

v|vwhpdwlfdoo| wxqhg wrzdug plqlpdo shuirupdqfh yduldwlrq/ gxh wr wkh odfn ri d jrrg pxowl0

gulyh prgho1 Wklv lv dqrwkhu surri iru wkh h�hfwlyhqhvv ri wkh vwdwlvwlfdo prgho ghyhorshg

lq Fkdswhu 61 Frpsduhg zlwk wkh sxuh PRJD phwkrg/ wkh wzr0skdvh dojrulwkp doprvw

fxw wkh wrwdo FSX wlph e| kdoi ehfdxvh wkh judglhqw0edvhg VTS lv pxfk pruh h!flhqw lq

wkh orfdo vhdufk1
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,"+ ������7

Zkloh wkh judglhqw0edvhg whfkqltxhv odfn urexvwqhvv ryhu joredo qrq0frqyh{ rs0

wlpl}dwlrq sureohpv dqg duh vhqvlwlyh wr lqlwldo srlqwv/ wkh PRJD lv ohvv h!flhqw wkdq

judglhqw0edvhg phwkrgv lq orfdo �qh0wxqlqj1 Lq oljkw ri wkh deryh/ wklv fkdswhu ghyhorshg d

wzr0skdvh qxphulfdo dojrulwkp wr rswlpl}h wkh sdudphwhu vhw ri �{hg0vwuxfwxuh frqwuroohu

edvhg rq pxowlsoh ghvljq fulwhuld1 Lq skdvh rqh/ wkh PRJD h�hfwlyho| vhdufkhv wkh qrq0

frqyh{ vsdfh dqg lghqwl�hv d vhw ri vxe0rswlpdo Sduhwr vroxwlrqv/ zklfk duh xvhg dv vwduwlqj

srlqwv lq skdvh wzr1 Lq skdvh wzr/ wkh VTS udslgo| jhqhudwh d suhflvh rswlpdo vroxwlrq

durxqg hyhu| vwduwlqj srlqw1 Wkh wudgh0r�v dprqj ghvljq remhfwlyhv uhyhdohg e| wkh PRJD

lq skdvh rqh glfwdwh wkh vhohfwlrq ri zhljkwlqjv lq skdvh wzr1 Wkh vlpxodwlrq dqg h{shul0

phqw kdyh vkrzq wkdw/ frpsduhg zlwk wkh sxuh PRJD phwkrg/ wkh wzr0skdvh dojrulwkp

lv pruh frpsxwdwlrqdoo| h!flhqw |hw suhvhuyhv wkh vhdufklqj urexvwqhvv ri PRJD1
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Doprvw doo vhuyr v|vwhpv ri prghuq KGGv xvh wkh gljlwdo frqwuro vwuxfwxuh frq0

vlvwlqj ri dqdorj0wr0gljlwdo +D2G, frqyhuwhu/ �{hg0srlqw gljlwdo vljqdo surfhvvru +GVS, dqg

gljlwdo0wr0dqdorj +G2D, frqyhuwhu ^468`1 Frpsduhg zlwk  rdwlqj0srlqw GVSv/ �{hg0srlqw

GVSv duh pruh hfrqrplfdo1 Krzhyhu/ wkh xqdyrlgdeoh txdqwl}dwlrq huuruv ri �{hg0srlqw

GVSv duh revwdfoh wr wkh ixuwkhu shuirupdqfh hqkdqfhphqw ri wkh KGG vhuyr v|vwhp1

Ehvlghv wkh txdqwl}dwlrq huuruv fdxvhg e| D2G dqg G2D ^469` ^58`/ wkh txdqwl}d0

wlrq huuruv rffxuulqj lqvlgh �{hg0srlqw GVSv duh wkh frh!flhqw txdqwl}dwlrq huuru +FTH,

zklfk lv gxh wr wkh txdqwl}dwlrq ri frh!flhqw sdudphwhuv/ dqg wkh vwdwh wuxqfdwlrq huuru

+VWH, zklfk lv gxh wr wkh wuxqfdwlrq ri vwdwh yduldeohv ^:6`1 Lq KGG vhuyr v|vwhpv/ wkh
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+KP+KD

-KD

Z-1

Z-1Z-1

Z-1Z-1

b0

b1

b2

a1

a2

+

Ucmd
D/A

PES
A/D 2-B

2-B

2-B+

2B

Pre-calculation

Iljxuh :14= Fdvfdgh irup lpsohphqwdwlrq ri wudfn iroorzlqj frqwuroohu1

FTH lv qhjoljleoh ehfdxvh lq rughu wr suhvhuyh wkh suhflvlrq ri frh!flhqw sdudphwhuv/ wkh

fruuhvsrqglqj lqwhjhuv vwruhg lq �{hg0srlqw GVS duh xvxdoo| forvh wr wkh ixoo zrugohqjwk1

Rq wkh rwkhu kdqg/ wkh vwdwh yduldeohv pd| wdnh yhu| vpdoo ydoxhv ehfdxvh ri lqsxw xqfhu0

wdlqw| dqg dulwkphwlf rshudwlrq1 Wkhuhiruh wkh vwdwh wuxqfdwlrq frxog ohdg wr pxfk odujhu

uhodwlyh huuru wkdq wkh frh!flhqw txdqwl}dwlrq1 Iru wklv uhdvrq/ wkh VWH vkrxog qrw eh

ryhuorrnhg1 Lq idfw/ rxu h{shulphqwv vkrzhg wkdw hyhq iru d yhu| jrrg lqlwldo ghvljq/ VWHv

iurp d fduhohvv GVS lpsohphqwdwlrq frxog frqwulexwh xs wr :( ri wkh wrwdo hqhuj| ri wkh

srvlwlrq huuru vljqdo +SHV,1 Lq wklv glvvhuwdwlrq/ d v|vwhpdwlf dssurdfk lv suhvhqwhg iurp d

vhuyr srlqw ri ylhz wr plqlpl}h wkh h�hfw ri VWHv lq SHV1

8"% �������	�� -�	�� &����
��	��

Frqwudu| wr wkh txdqwl}dwlrq huuruv ri D@G dqg G@D/ wkh VWH ghshqgv qrw rqo|

rq wkh kdugzduh uhvrxufh/ h1j1 zrugohqjwk/ exw dovr rq wkh frqwuroohu lpsohphqwdwlrq vwuxf0

wxuh1 Dv d vlpsoh looxvwudwlrq/ frqvlghu d wudfn0iroorzlqj frqwuroohu zklfk frqvlvwv ri d SG
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uhjxodwru

JR_+}
3�, @ N� .N(+4� }

3�, +:14,

dqg d qrwfk �owhu ^5;`

J?J|S�+}
3�, @

ef . e�}
3� . e2}

32

4� d�}
3� � d2}

32
+:15,

zklfk lv dgghg wr dwwhqxdwh wkh srwhqwldo vxvshqvlrq uhvrqdqfh prgh1

Iljxuh :14 vkrzv d fdvfdgh irup lpsohphqwdwlrq ri wklv wudfn0iroorzlqj frqwuroohu

J?J|S�+}
3�, � JR_+}

3�, lq �{hg0srlqw GVS1 Wkh �{hg0srlqw lpsohphqwdwlrq uhtxluhv wkdw

doo frh!flhqwv duh vfdohg e| 5� zkhuh E lv wkh vwdqgdug zrugohqjwk1 Uhvxowv duh wkhq

wuxqfdwhg ru urxqghg lqwr lqwhjhuv dqg vwruhg lq wkh gdwd phpru| ri GVS1 Iru frqyhqlhqfh/

wkhvh lqwhjhuv duh fdoohg lq wkh irupdw ri T�1 Iru h{dpsoh/ T�S phdqv wkdw d  rdwlqj0

srlqw qxpehu lv txdqwl}hg dv d 490elw lqwhjhu1 Dvvxplqj wkdw d grxeoh0zrug dffxpxodwru

lv dydlodeoh/ wkh vxp0wkhq0wuxqfdwh vfkhph lv xvhg lq doo vxppdwlrq srlqwv1 Dovr/ doo eorfnv

ri wkh qrwfk �owhu zlwklq wkh gdvkhg olqh +Iljxuh :14, lqfoxgh rqo| sulru vwdwhv zklfk fdq

eh fdofxodwhg lq wkh odvw forfn f|foh1 Wklv lv fdoohg suh0fdofxodwlrq ^46:`1 Lw ghfuhdvhv wkh

frpsxwdwlrqdo ghod| ehwzhhq wkh phdvxuhphqw lqsxw SHV dqg wkh xsgdwhg frqwuro rxwsxw

XS6_/ dqg wkxv lpsuryhv wkh v|vwhp vwdelolw| pdujlq1 Hyhu| grxeoh0olqh er{ lqglfdwhv d

txdqwl}hu/ l1h1/ d vfdoh0edfn idfwru 53� zlwk d wuxqfdwlrq ru urxqg0r� rshudwru t^�`1 Vwdwh

wuxqfdwlrq huuruv rffxu dw wkhvh txdqwl}huv1

Lw lv zhoo nqrzq wkdw wkh �{hg0srlqw lpsohphqwdwlrq zlwk txdqwl}huv lv qrqolqhdu1

Krzhyhu/ xqghu fhuwdlq frqglwlrq/ lw fdq eh dssur{lpdwho| wuhdwhg dv d olqhdu  rdwlqj0

srlqw v|vwhp soxv vrph txdqwl}dwlrq qrlvh vrxufhv ^99`1 Wklv zloo pdnh wkh v|vwhp pxfk
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Scaling-back: 2-B

without truncation

Scaling-back: 2-B

with truncation q[.]

+
_

State Truncation
Noise ni

xi

q[2-B xi]

2-B xi

Iljxuh :15= Lghqwl�fdwlrq ri vwdwh wuxqfdwlrq qrlvh vrxufh1

hdvlhu wr dqdo|}h1 D fdvfdgh frqwuroohu prgho dv vkrzq lq Iljxuh :14 lv exlow e| xvlqj

PDWODE Vlpxolqn Il{hg0srlqw Eorfnvhw1 Wr vlpxodwh wkh uhdo vfhqdulr/ VWHv duh lghqwl�hg

e| lqmhfwlqj vrph vhjphqwv ri phdvxuhg SHV wudfhv lqwr frqwuroohu lqsxw dqg dsso|lqj

wkh phwkrg vkrzq lq Iljxuh :15 wr hyhu| txdqwl}hu1 Wkh ghfrxsohg txdqwl}dwlrq qrlvh

q�+n, @ N�{�+n,� t^N�{�+n,` lv wkh gl�huhqfh ehwzhhq wzr rxwsxwv/ l1h1/ zlwk dqg zlwkrxw

wuxqfdwlrq1 D vlpsoh vwdwlvwlfdo gdwd dqdo|vlv vkrzv wkdw hyhu| VWH lv d vwdwlrqdu| zklwh

surfhvv zlwk dpsolwxgh xqlirupo| glvwulexwhg ryhu ^3 4` iru wuxqfdwlrq ru ^0318 318` iru

urxqg0r�/ erwk lq wkh irupdw ri T�1 Doo VWHv duh pxwxdoo| xqfruuhodwhg dqg lqghshqghqw

ri wkh lqsxw dw wkh odujh1 Pruh suhflvho|/ wkh phdq/ dxwr0fryduldqfh/ dqg furvv0fruuhodwlrq

ri VWHv duh uhvshfwlyho| jlyhq lq wkh irupdw ri T� dv

p?�
@ H^q�+n,` @

�
3> urxqgr�
318> wuxqfdwlrq

>

H^+q�+n,�p?�
,+q�+o,�p?�

,` @

;AA?
AA=

�
�2 > n @ o

3> n 9@ o

>

H^q�+n,q�+o,` @ 3> l 9@ m =

+:16,

Edvhg rq wkhvh revhuydwlrqv/ rqh fdq frqyhuw hyhu| fruuhvsrqglqj txdqwl}hu lq wkh

frqwuroohu lqwr d  rdwlqj0srlqw vfdolqj idfwru 53�/ soxv d qrlvh vrxufh q� zklfk lv htxdo wr wkh

lghqwl�hg wuxqfdwlrq huuru1 Wkh prgl�hg eorfn gldjudp lv vkrzq lq Iljxuh :161 Krzhyhu/
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+KP+KD

-KD

Z-1

Z-1Z-1

Z-1Z-1

b0

b1

b2

a1

a2

Ucmd

D/AA/D +2-B

2-B

2-B

n1 n3

n2

2B

Pre-calculation

PES
+ +

+

+

Iljxuh :16= Fdvfdgh irup= olqhdu prgho soxv txdqwl}dwlrq qrlvh vrxufhv1

qrwh wkdw wklv dssur{lpdwlrq lv wuxh rqo| li wkh frqwuroohu lqsxw lv d frpsolfdwhg zlgh0edqg

vljqdo ^:6`1 Iruwxqdwho|/ lq KGG vhuyr v|vwhpv/ frqwuroohu lqsxw SHV lv d zlgh0edqg udqgrp

surfhvv wkdw pdnhv wkh deryh wudqvirupdwlrq ydolg1

Wkh dqdo|vlv deryh vkrzv wkdw wkh VWHv fdq eh wuhdwhg dv h{rjhqrxv lqsxw qrlvhv1

Iru frqyhqlhqfh/ edvhg rq wkh olqhdu prgho vkrzq lq Iljxuh :16/ doo wuxqfdwlrq qrlvh vrxufhv

duh oxpshg lqwr rqh qrlvh vrxufh q^ dv vkrzq lq Iljxuh 51:/ zklfk hqwhuv wkh forvhg0orrs

v|vwhp uljkw ehiruh G2D dqg

q^+n, @ J?J|S�+}
3�,q�+n, .J_e?+}

3�,^q2+n, . q�+n,` +:17,

zkhuh J?J|S� lv wkh wudqvihu ixqfwlrq ri qrwfk �owhu dqg J_e? @ �
�3@�53�

3@25
32 zklfk kdv

wkh vdph ghqrplqdwru dv wkh qrwfk �owhu1 Ilqdoo|/ uhihuulqj edfn wr Iljxuh 51:/ wkh oxpshg

qrlvh q^ uhodwhv wr SHV e|

SHV?^ +n, @ J^+}
3�,q^+n, +:18,

zkhuh J^+}
3�, @

� E53��

�n� E53���E53��
dqg S +}3�, lv wkh glvfuhwh yhuvlrq ri sodqw g|qdplfv lghq0

wl�hg e| phdvxuhphqwv ^46;`1 Jlyhq wkdw wkh h{rjhqrxv qrlvh lqsxwv duh zklwh qrlvhv zlwk
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Iljxuh :17= Qrlvh wudqvihu ixqfwlrqv1

phdq p?�
+3=8 iru wuxqfdwlrq ru 3 iru urxqg0r�, dqg srzhu vshfwudo ghqvlw| �?�

+h�/, @

�
2
?�

@ �
�2
/ wkh phdq ri SHV?^ lv

p�.7?^
@ J^+4,^J?J|S�+4, . 5J_e?+4,` �p?�

+:19,

dqg wkh srzhu vshfwudo ghqvlw| ri SHV?^ lv

S�.7?^ +$, @
��J^+h

�/,
��2
5
997

��J?J|S�+h
�/,
��2

.5
��J_e?+h

�/,
��2

6
::8�2?�

.5��+$, �p2
�.7?^

=

+:1:,

Iurp +:19, dqg +:1:,/ wkh yduldqfh ri SHV?^ fdq eh fdofxodwhg dv

��.7?^ @
4

5�

]
Z

3Z

S�.7?^ +$,g$�
���p�.7?^

���2 = +:1;,

Dv vwdwhg deryh/ vwdwlvwlfdoo|/ doo qrlvh vrxufhv vkduh wkh vdph fkdudfwhulvwlf= wkh|

kdyh wkh vdph hqhuj| vsuhdglqj ryhu wkh zkroh iuhtxhqf| udqjh xs wr wkh Q|txlvw iuhtxhqf|1

Vr wkh pdjqlwxgh vkdshv ri J_e?/ J?J|S� dqg J^ ghwhuplqh wkh hqhuj| glvwulexwlrq ri qrlvh

rxwsxw lq wkh iuhtxhqf|0grpdlq1 Iljxuh :17 vkrzv rqh vhw ri w|slfdo pdjqlwxgh sorwv ri
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Wdeoh :14= Yduldqfh shufhqwdjh ri vwdwh wuxqfdwlrq qrlvhv lq wrwdo SHV= Fdvfdgh irup +Vlp0
xodwlrq,

FdvfdghIrup
�@odC^C?J|S�?�o

�@od�.7|J|@,o
7=8(

�@odC^C_e?E?2n?��o

�@od�.7|J|@,o
5=4(

�@od�.7?^ o

�@od�.7|J|@,o
9=9(

J_e?/ J?J|S� dqg J^ ^46;` ^5;`1 Lq wklv glvvhuwdwlrq/ wkh v|vwhp kdv d vdpsolqj udwh

ri 45/<93 K}1 J_e? dwwhqxdwhv wkh orz iuhtxhqf| qrlvhv e| 09 gE xs wr 4/833 K} dqg

dpsol�hv qrlvhv vwduwlqj iurp 6/833 K}1 Rq wkh rwkhu kdqg/ qrwfk �owhu J?J|S� kdv dq doprvw

rssrvlwh h�hfw= lw kdv d xqlw jdlq dw wkh orz iuhtxhqf| dqg jlyhv wkh kljk iuhtxhqf| lqsxw

d juhdw dwwhqxdwlrq1 Ixuwkhupruh/ vlqfh J^ sodfhv juhdw hpskdvlv rq wkh orz iuhtxhqf|/

qrlvh q� dvvrfldwlqj zlwk J?J|S� zloo pds pruh hqhuj| lqwr SHV1 Wklv fdq eh vkrzq lq

Iljxuh :18 zkhuh wkh srzhu vshfwudo ghqvlw| ri wzr frpsrqhqwv ri q^/ J?J|S�+}
3�,q�+n,

dqg J_e?+}
3�,^q2+n, . q�+n,`/ duh sorwwhg1 Wklv sorw frpelqhg zlwk Iljxuh :17 fohduo|

h{sodlqv zk| q� dorqh frqwulexwhv pruh wr SHV wkdq q2 dqg q� wrjhwkhu1 Ixuwkhupruh/

edvhg rq +:17,/ +:18,/ dqg suhylrxvo| lghqwl�hg wuxqfdwlrq qrlvhv +p?�
@ 3,/ frpsrqhqwv ri

SHV?^ fdq eh txdqwlwdwlyho| ghwhuplqhg wkurxjk qxphulfdo vlpxodwlrq1 Wkhq wkh yduldqfh

shufhqwdjh ri SHV?^ dqg lwv frpsrqhqwv lq SHV|J|@, duh fdofxodwhg edvhg rq +:1:, dqg

+:1;,/ dv vkrzq lq Wdeoh :141 Lq wklv fdvh/ SHV|J|@, lv wkh vdph SHV xvhg wr lghqwli| wkrvh

VWHv +Vhfwlrq 6,1 Vxusulvlqjo|/ dv qrupdo dv wklv fdvfdgh lpsohphqwdwlrq dsshduv wr eh/

vlpxodwlrq vkrzv wkdw wkh VWHv frqwulexwh wr 9=9( ri wkh wrwdo SHV yduldqfh1
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Iljxuh :18= Srzhu vshfwudo ghqvlw| ri vkdshg qrlvh vrxufhv1

8"' !����������	�� ��������� (��	�	)��	��

Wkh deryh h{dpsoh uhyhdov wkdw VWHv duh vwdwlvwlfdoo| lqghshqghqw ri wkh lqsxw

dqg wkhlu sursdjdwlrq uhodwhv wr wkh frqwuroohu vwuxfwxuh1 Khuh dq rswlpl}dwlrq sureohp

dulvhv= krz vkrxog wkh lpsohphqwdwlrq vwuxfwxuh eh ghvljqhg wr plqlpl}h wkh h�hfw ri VWHv

lq SHVB Iurp wkh dqdo|vlv deryh/ vhyhudo lpsruwdqw jxlgholqhv fdq eh gudzq dv glvfxvvhg

ehorz1

Iluvw/ wu| wr plqlpl}h wkh qxpehu ri qrlvh vrxufhv/ l1h1 txdqwl}huv/ hvshfldoo|

wkh rqhv jrlqj wkurxjk wkh orrs wkdw kdv uhodwlyho| odujh jdlqv dw wkh orz iuhtxhqf|1 Iru

h{dpsoh/ dv vkrzq lq Iljxuh :19/ wkh gluhfw LLU irup lpsohphqwdwlrq ri JR_+}
3�, dqg

J?J|S�+}
3�, zloo uhgxfh wkh wrwdo qxpehu ri wuxqfdwlrq qrlvh vrxufhv e| frpelqlqj wkh

�uvw0rughu frqwuroohu dqg wkh vhfrqg0rughu qrwfk �owhu dv

J@,,+}
3�, @ JR_+}

3�,J?J|S�+}
3�,

@
Qf .Q�}

3� .Q2}
32 .Q�}

3�

4�G�}3� �G2}32 �G�}3�
+:1<,
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zkhuh

Qf @ +N� .N(,ef>

Q� @ +N� .N(,e� �N(ef>

Q2 @ +N� .N(,e2 �N(e�c

Q� @ �N(e2>

G� @ d�> G2 @ d2> G� @ 3=

+:143,

Vr wkh SHV gxh wr wuxqfdwlrq qrlvhv lv

SHV
?

�

^

@ J^+}
3�,

4

4�G�}3� �G2}32
+q

�

� . q
�

2,= +:144,

Dssduhqwo|/ �
�3(�5

3�
3(25

32 lv htxdo wrJ_e?1 Vr/ xqolnh wkh fdvfdgh irup/ doo vwdwh wuxqfdwlrq

qrlvhv lq gluhfw LLU irup sdvv wkurxjk wkh orrs zklfk kdv dwwhqxdwlrq h�hfw dw wkh orz

iuhtxhqf|1 Vlpxodwlrq vkrzv wkdw wklv pdnhv d elj gl�huhqfh rq wkh sursdjdwlrq ri wkhvh

qrlvhv= wkh yduldqfh shufhqwdjh ri SHV
?
�

^

lq SHV|J|@, lv rqo| 5=4( frpsduhg wr 9=9( lq

wkh suhylrxv fdvfdgh irup lpsohphqwdwlrq1 Krzhyhu/ frqvlghulqj wkh srwhqwldo sureohp ri

ryhu rz/ d gluhfw LLU irup zlwk dq rughu kljkhu wkdq irxu lv qrw uhfrpphqghg1

Dqrwkhu phwkrg wr dwwhqxdwh wuxqfdwlrq qrlvhv lv wr xvh d vfdolqj frxsoh/ l1h1/ sxw

wkh txdqwl}hu ehwzhhq d vfdoh0xs idfwru 57 dqg d vfdoh0grzq idfwru 537 1 Iru frpsdulvrq/

wklv phwkrg lv xvhg wr dwwhqxdwh wkh prvw vljql�fdqw qrlvh vrxufh q� lq wkh suhylrxv fdvfdgh

irup h{dpsoh1 Dv vkrzq lq Iljxuh :1:/ q� lv dwwhqxdwhg e| 537 exw wkh ryhudoo orrs jdlq lv

xqfkdqjhg ehfdxvh wkh pxowlsolfdwlrq ri vfdolqj frxsoh lv rqh1 Vr wkh �qdo rxwsxw gxh wr

wkh VWHv lv

SHV
?
��

^

+n, @ J^+}
3�,

;AA?
AA=

�
27
J?J|S�+}

3�,q�+n,

.J_e?+}
3�,^q2+n, . q�+n,`

<AA@
AA>
= +:145,
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Iljxuh :19= Olqhdu prgho ri gluhfw LLU irup zlwk qrlvh vrxufhv1

Ucmd
D/A

PES
A/D 2-B

n1

2-SPD 2S Notch

Iljxuh :1:= Xvh d vfdolqj frxsoh wr dwwhqxdwh wkh wuxqfdwlrq qrlvhv1

Wdeoh :15= Yduldqfh shufhqwdjh ri vwdwh wuxqfdwlrq qrlvhv lq wrwdo SHV zlwk gl�huhqw rswl0
pl}dwlrq vfkhphv +Vlpxodwlrq,

Gluhfw Fdvfdgh Irup
Irup zlwk Vfdolqj Frxsoh

V@3 V@4 V@5 V@6
�@od�.7?^ o

�@od�.7|J|@,o
514( 919( 61:( 518( 515(
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Lpsohphqwlqj wkh vfdoh0xs idfwru lv htxlydohqw wr fkdqjlqj wkh vfdoh0edfn idfwru

53� wr 573�1 Qrwh wkdw gluhfwo| lpsohphqwlqj wkh vfdoh0grzq idfwru +elwv uljkw0vkliw lq

GVS, zloo lqwurgxfh dqrwkhu vwdwh wuxqfdwlrq qrlvh1 Wkh ehvw zd| wr dyrlg wkdw lv wr devrue

wkh vfdoh0grzq idfwru lqwr wkh frh!flhqwv ri wkh iroorzlqj qrwfk �owhu1 Rqh pd| dujxh

wkdw wklv zloo hqodujh wkh FTHv dqg wuljjhu wkh ghjudgdwlrq ri v|vwhp shuirupdqfh gxh wr

frh!flhqw vkliw1 Lq idfw/ d vpdoo V lv hqrxjk wr gudpdwlfdoo| uhgxfh wkh h�hfw ri VWHv zkloh

eduho| d�hfwlqj wkh suhflvlrq ri frh!flhqwv1 Iru h{dpsoh/ zkhq V @ 4/ wkh qrlvh dpsolwxgh

lv fxw e| kdoi dqg wkh hqhuj| lv uhgxfhg e| :8(1 Rq wkh rwkhu kdqg/ hyhq iru d yhu| vpdoo

90elw frh!flhqw lq wkh irupdw ri T�2/ wkh fkdqjh ri FTH e| devruelqj wklv 40elw vfdoh0grzq

idfwru lv wlq|/ vd| iurp f�D
2S

@ 3=:;( wr f�D
2D

@ 4=89(1

Wdeoh :15 vkrzv vlpxodwlrq uhvxowv iru gl�huhqw vfdolqj V1 Reylrxvo|/ wkh eljjhvw

lpsuryhphqw lv pdgh iurp zlwkrxw vfdolqj +V @ 3, wr zlwk 40elw vfdolqj +V @ 4,1 Wkh

yduldqfh shufhqwdjh ri wkh wuxqfdwlrq qrlvh rxwsxw lv doprvw uhgxfhg e| kdoi1 Krzhyhu/

zlwk wkh lqfuhdvh ri V/ wkh sur�w h{srqhqwldoo| ghfuhdvhv1 Zkhq V @ 6/ wkh qrlvh rxwsxw

ohyho lv douhdg| qhduo| htxdo wr gluhfw LLU irup1 Lw vxjjhvwv wkdw 40elw ru 50elw vfdolqj vkrxog

eh wkh prvw h!flhqw1

Iljxuh :1; vkrzv h{shulphqwdo uhvxowv ri ordglqj wkuhh gl�huhqw lpsohphqwdwlrq

vwuxfwxuhv lqwr d glvn gulyh hpehgghg GVS uhvshfwlyho|1 Wkh gulyh kdv d uhfruglqj ghqvlw|

ri 4:/333 WSL dqg d vdpsolqj udwh ri 45/<93 K}1 Wkh IIW frpsrqhqwv ri phdvxuhg SHV

duh vxpphg hyhu| 433 K} iru d ehwwhu ylvxdol}dwlrq1 Rqo| wkh orz iuhtxhqf| frpsrqhqwv

duh vkrzq ehfdxvh prvw hqhuj| ri wkh SHV lv lq wklv udqjh1 Wkh h{shulphqwdo uhvxowv djuhh

zlwk wkh wuhqg suhglfwhg e| qxphulfdo vlpxodwlrq= wkh fdvfdgh irup zlwkrxw vfdolqj frxsoh
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Iljxuh :1;= IIW frpsrqhqwv ri SHV iru gl�huhqw lpsohphqwdwlrqv +H{shulphqw,

lv wkh zruvw fdvh +6�Rer @ 8=35( wudfnzlgwk, dqg wkh gluhfw irup kdv wkh ehvw shuirupdqfh

+6�Rer @ 7=:<( wudfnzlgwk, zklfk lv 8( vpdoohu wkh zruvw fdvh1 Vfdolqj frxsoh zlwk V @ 5

+6�Rer @ 7=;4( wudfnzlgwk, juhdwo| lpsuryhv wkh shuirupdqfh ri fdvfdgh irup dqg doprvw

pdwfkhv wkh shuirupdqfh ri gluhfw irup1 Pruhryhu/ iurp wkh qr0vfdolqj fdvfdgh fdvh/ lw

fdq eh vhhq wkdw wkh lq xhqfh ri VWHv shdnv durxqg 533 � 733 K} dqg ghfuhdvhv dv wkh

iuhtxhqf| jrhv xs1 Wklv �wv wkh pdjqlwxgh sur�oh ri JR dv vkrzq lq Iljxuh :171 Ilqdoo|/

qrwh wkdw ehfdxvh wkh VWHv duh uhodwlyho| vpdoo SHV vrxufhv/ wkh uhvxowhg lpsuryhphqw rq

SHV frxog ydu| ghshqglqj rq wkh ryhudoo SHV ohyho1

8"* ������7

Wklv fkdswhu dqdo|}hg wkh fkdudfwhulvwlfv dqg sursdjdwlrq phfkdqlvp ri vwdwh

wuxqfdwlrq huuruv +VWHv, ri �{hg0srlqw GVS lq glvn gulyh vhuyrv1 Iru d vshfl�hg vwuxfwxuh/
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wkh h�hfw ri VWHv fdq eh hydoxdwhg hyhq ehiruh lw lv lpsohphqwhg lq d uhdo gulyh1 Vlpxod0

wlrq dqg h{shulphqw lq wudfn0iroorzlqj prgh vkrzhg wkh h�hfwlyhqhvv ri wzr rswlpl}dwlrq

vfkhphv/ l1h1 fkdqjlqj wkh lpsohphqwdwlrq vwuxfwxuh dqg dsso|lqj d vfdolqj frxsoh/ lq uhgxf0

lqj wkh SHV gxh wr VWHv1 Wkh uxohv ri wkxpe duh wr uhgxfh wkh qxpehu ri vwdwh wuxqfdwlrq

qrlvh vrxufhv �uvw/ wkhq dsso| wkh vfdolqj frxsoh wr xqdyrlgdeoh txdqwl}huv1
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Wklv glvvhuwdwlrq lqyhvwljdwhg wzr pdmru sureohpv dvvrfldwhg zlwk wkh ghvljq ri

wkh wudfn0iroorzlqj frqwuroohu iru KGGv= 4, prgholqj ri d srsxodwlrq ri KGGv/ dqg 5,

sdudphwhu rswlpl}dwlrq ri �{hg vwuxfwxuh frqwuroohuv1

Dq ryhuylhz ri KGG vhuyrphfkdqlvp zdv jlyhq lq Fkdswhu 5/ zlwk dq hpskdvlv

rq wkh ghwdlohg euhdngrzq ri SHV frqwulexwruv lq wkh wudfn0iroorzlqj prgh1 Fkdswhu 5 dovr

vkrzhg wkdw gxh wr wkh qxphurxv ghvljq frqvwudlqwv dqg wudgh0r�v/ wkh ghvljq ri wkh KGG

wudfn0iroorzlqj frqwuroohu lv d pxowl0remhfwlyh sureohp lq zklfk wkh pdmru remhfwlyh lv wr

plqlpl}h wkh yduldqfh ri wkh SHV/ �2
Rer

1 Fkdswhu 6 zdv ghyrwhg wr exloglqj d vwdwlvwlfdo sodqw

prgho/ zklfk zdv dlphg wr surylgh dq dffxudwh dqg h!flhqw zd| wr suhglfw wkh wlph0grpdlq
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shuirupdqfh iru d srsxodwlrq ri gulyhv zlwk d jlyhq frqwuroohu1 Wkh ryhudoo irupxodwlrq

frqvlvwv ri d olqhdu sodqw prgho exlow e| d pxowlsoh0skdvh lghqwl�fdwlrq surfhvv/ dqg d vhw ri

udqgrp yduldeohv ghvfulelqj wkh SHV frqwulexwruv lghqwl�hg iurp d odujh qxpehu ri gulyhv1

Wkh prgho v|qwkhvl}hv wkh dyhudjh shuirupdqfh lqgh{ H+�2
Rer

, dqg shuirupdqfh urexvwqhvv

lqgh{ ydu+�2
Rer

, zlwk d juhdw dffxudf| +?6(, dqg d vpdoo frpsxwdwlrqdo ryhukhdg +?314v,1

Lw zdv xwlol}hg e| wkh qrq0judglhqw0edvhg rswlpl}dwlrq dojrulwkpv lq odwhu fkdswhuv wr wxqh

wkh frqwuroohu sdudphwhuv iru plqlpl}dwlrq ri SHV1

Fkdswhu 7 glvfxvvhg wkh sdudphwhul}dwlrq ri �{hg vwuxfwxuh frqwuroohuv dqg wkh

rswlpl}dwlrq whfkqltxhv iru pxowl0remhfwlyh ghvljq sureohpv1 Il{lqj wkh vwuxfwxuh ri frq0

wuroohuv lv idyruhg lq hqjlqhhulqj sudfwlfh/ exw lw pdnhv wkh wxqlqj ri frqwuroohu sdudphwhuv

d qrq0frqyh{ rswlpl}dwlrq sureohp1 Lq wklv glvvhuwdwlrq/ wkh wxqlqj ri �{hg vwuxfwxuh frq0

wuroohuv zdv irupxodwhg dv d qrq0frqyh{ pxowl0remhfwlyh JDS1 Lw zdv gluhfwo| vroyhg e| d

qrq0judglhqw0edvhg Sduhwr vroyhu/ PRJD/ suhvhqwhg lq Fkdswhu 81 Wkh srsxodwlrq0edvhg

qdwxuh ri wkh PRJD hqdeohv wkh hyroxwlrq ri d vhw ri Sduhwr rswlpdo +ru vxe0rswlpdo, vr0

oxwlrqv zlwkrxw uhtxlulqj zhljkwv ehiruh rswlpl}dwlrq1 Gxh wr wkh vwrfkdvwlf qdwxuh ri wkh

PRJD/ lw lv pruh urexvw wkdq frqyhqwlrqdo rswlpl}dwlrq phwkrgv lq d qrq0frqyh{ vhdufk

vsdfh/ exw lw odfnv �qh0wxqlqj fdsdelolw| lq orfdo vhdufk1 Rxu h{shulphqwv vkrzhg wkdw wkh

Sduhwr vhwv duh gl�huhqw iurp uxq wr uxq/ dowkrxjk wkh| duh doo forvh wr wkh joredo rswlpd

lq wkh remhfwlyh vsdfh1 Lq Fkdswhu 9/ d wzr0skdvh qxphulfdo dojrulwkp zdv ghyhorshg e|

wdnlqj dgydqwdjh ri wkh urexvwqhvv ri wkh PRJD dqg wkh h!flhqf| ri wkh judglhqw0edvhg

whfkqltxhv1 Wkh PRJD �uvw shuiruphg d joredo vhdufk dqg irxqg vxe0rswlpdo lqlwldo srlqwv

iru wkh vhfrqg vwdjh/ lq zklfk d judglhqw0edvhg qrqolqhdu surjudpplqj phwkrg zdv xvhg
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wr shuirup orfdo vhdufk wr ixuwkhu hqkdqfh wkh txdolw| ri vroxwlrqv1 Frpsdulqj zlwk wkh

h{shulphqwdo uhvxowv ri wkh ruljlqdo frqwuroohu/ wkh dyhudjh shuirupdqfh lqgh{ H+�2
Rer

, dqg

shuirupdqfh urexvwqhvv lqgh{ ydu+�2
Rer

, zhuh uhgxfhg e| 5=<( dqg ;=:( uhvshfwlyho| iru

wkh frqwuroohu wxqhg e| wkh PRJD/ dqg 8=8( dqg 47=:( iru wkh frqwuroohu wxqhg e| wkh

wzr0skdvh dojrulwkp1 Lq whupv ri wkh frpsxwdwlrqdo h!flhqf|/ wkh wzr0skdvh dojrulwkp fxw

wkh wrwdo FSX wlph ri wkh PRJD doprvw e| kdoi ehfdxvh wkh judglhqw0edvhg dojrulwkp lv

pxfk pruh h!flhqw wkdq wkh PRJD lq orfdo vhdufk1 Rq wkh rwkhu kdqg/ li vwduwlqj iurp

d udqgrpo| jhqhudwhg srlqw lq wkh qrq0frqyh{ vhdufk vsdfh/ wkh judglhqw0edvhg dojrulwkp

zdv olnho| wr eh wudsshg lq d orfdo rswlpxp ru xqdeoh wr frqyhujh1

Fkdswhu : surylghg d v|vwhpdwlf dqdo|vlv ri wkh vwdwh wuxqfdwlrq huuruv +VWHv,

dvvrfldwhg zlwk �{hg0srlqw GVS lpsohphqwdwlrq1 Lq rughu wr dfklhyh ghvluhg shuirupdqfh/

wkh lpsohphqwdwlrq vwuxfwxuh ri frqwuroohuv dovr qhhgv wr eh wdnhq lqwr dffrxqw1 Vlpxodwlrqv

dqg h{shulphqwv vkrzhg wkdw d jrrg lpsohphqwdwlrq fdq uhgxfh 6�Rer xs wr 8( vroho| e|

plqlpl}lqj wkh h�hfw ri VWHv1

:"% ��

���	��� ��� ������ ��������

Kdylqj d jrrg prgho ru d vhw ri prghov edvhg rq h{shulphqwdo gdwd lv yhu| lpsru0

wdqw iru wkh ghvljq dqg hydoxdwlrq ri KGG vhuyr v|vwhpv1 Wkh vwdwlvwlfdo prgholqj phwkrg

sursrvhg lq wklv glvvhuwdwlrq fdq eh h{whqghg wr KGGv zlwk gxdo0vwdjh dfwxdwlrq/ dowkrxjk

lw lv pruh gl!fxow wr lghqwli| ydulrxv SHV frqwulexwruv gxh wr wkh dgghg frpsoh{lw| ri

wkh vhuyr orrs1 D jrrg hvwlpdwlrq dojrulwkp ru d qhz vhqvlqj phfkdqlvp lv uhtxluhg wr

gh0frxsoh wkh h�hfwv ri wzr dfwxdwruv1 Dq lqwdfw phwkrg lv ghvludeoh iru lw fdq eh hdvlo|
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vfdohg wr kdqgoh d odujh qxpehu ri gulyhv/ hyhq lq surgxfwlrq surfhvvhv1

Wkh PRJD r�huv doprvw olqhdu frpsxwdwlrqdo ryhukhdg uhodwlyh wr wkh qxpehu

ri wxqdeoh yduldeohv1 Wklv lv d yhu| dwwudfwlyh ihdwxuh iru qrq0frqyh{ PRSv zlwk d odujh

qxpehu ri yduldeohv1 Iru h{dpsoh/ wkh frqwuroohu ri gxdo0vwdjh vhuyr xvxdoo| lqyroyhv ryhu

wzhoyh wxqdeoh yduldeohv iru zklfk wkh frqyh{ dssur{lpdwlrq zlwk OPL sdudphwhul}dwlrq lv

sudfwlfdoo| xqvroydeoh1

Ghvslwh ri dgydqfhv lq plfurhohfwurqlfv/ lpsohphqwlqj d gljlwdo frqwuro dojrulwkp

lv pxfk pruh gl!fxow wkdq zkdw lw dsshduv wr eh1 Wkh jds ehwzhhq frqwuro ghvljq dqg

hqjlqhhulqj lpsohphqwdwlrq ghvhuyhv pruh dfdghplf h�ruwv1 Pxfk fdq eh ohduqhg iurp

wkh uhodwhg �hog ri gljlwdo vljqdo surfhvvlqj lq zklfk wkh lpsohphqwdwlrq lvvxhv kdyh ehhq

wdfnohg shuvlvwhqwo| dqg v|vwhpdwlfdoo| iurp wkh hduo| |hduv ri lwv ghyhorsphqw1 Fkdswhu :

ri wklv glvvhuwdwlrq glvfxvvhg wkh h�hfw ri olplwhg zrugohqjwk lq wkh lpsohphqwdwlrq vwdjh>

d pruh h!flhqw zd|/ krzhyhu/ lv wr wdnh lqwr dffrxqw wkh lpsohphqwdwlrq lpshuihfwlrq lq

wkh ghvljq vwdjh1 Iru lqvwdqfh prghuq urexvw dqg rswlpdo frqwuro ghvljqv duh urexvw zlwk

uhvshfw wr sodqw xqfhuwdlqw|1 Krzhyhu/ wkh| +hvshfldoo| kljk0rughu frqwuroohuv, fdq eh yhu|

vhqvlwlyh ru iudjloh zlwk uhvshfw wr wkh yduldwlrqv ri wkh frqwuroohu frh!flhqwv gxh wr �qlwh

zrugohqjwk lq gljlwdo v|vwhpv ru lpsuhflvlrq lqkhuhqw lq dqdorj v|vwhpv1 Vwxglhv rq wkh

iudjlolw| ri frqwuro ghvljq fdq eh irxqg lq ^46<`/ ^473`/ ^474`/ ^475`/ ^476`/ ^477`/ dqg wkh

uhihuhqfhv wkhuhlq1 JDv fdq eh xvhg wr vroyh wkh sureohp ri qrq0iudjloh frqwuro ghvljq dv d

urexvw rswlpl}dwlrq wrro1 Rqh fdq hqfrgh wkh frqwuroohu yduldeohv zlwk wkh elqdu| frglqj

vfkhph dffruglqj wr kdugzduh uhvroxwlrq dqg uhgh�qh wkh shuirupdqfh lqgh{hv wr shqdol}h

iudjloh vroxwlrqv1 Vxfk dq lqwhjhu surjudpplqj sureohp lv kljko| qrq0frqyh{ dqg h{wuhpho|
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gl!fxow wr vroyh e| frqyhqwlrqdo rswlpl}dwlrq whfkqltxhv/ zkloh JDv duh vwrfkdvwlf uxoh

edvhg dqg wkxv duh fdsdeoh ri gluhfwo| vhdufklqj iru wkh ehvw +ru vxe0rswlpdo, vroxwlrq wkdw

jxdudqwhhv d frpsurplvh ehwzhhq rswlpdolw| dqg iudjlolw| lq wkh glvfuhwl}hg vhdufk vsdfh1

Dqrwkhu srwhqwldo dssolfdwlrq ri JDv lv wr dxwrpdwlfdoo| v|qwkhvl}h frqwuro odzv1

Wkh sureohp ri v|qwkhvl}lqj d frqwuroohu lqyroyhv wkh gh�qlwlrq ri edvlf ixqfwlrqdo eorfnv/ wkh

ghwhuplqdwlrq ri wrsrorjlfdo lqwhufrqqhfwlrqv ehwzhhq wkhvh eorfnv/ dqg wkh rswlpl}dwlrq ri

wxqdeoh yduldeohv ri hdfk eorfn1 Wkh �uvw wzr vwhsv zklfk gh�qh wkh frqwuro odz duh xvxdoo|

shuiruphg pdqxdoo| lq wkh wudglwlrqdo frqwuroohu ghvljq1 Rq wkh rwkhu kdqg/ JDv kdyh ehhq

vxffhvvixoo| dssolhg wr dxwrpdwlf wrsrorj| v|qwkhvlv lq rwkhu �hogv iru |hduv1 Gh�qlqj d vhw

ri edvlf ixqfwlrqdo eorfnv vhhpv wr eh wkh prvw gl!fxow sduw1 D slrqhhulqj zrun ri dsso|lqj

JDv wr v|qwkhvl}h wkh frqwuro odz fdq eh irxqg lq Nr}d hw do1 ^478`1

Lq oljkw ri wkh wzr0skdvh dojrulwkp glvfxvvhg lq wklv glvvhuwdwlrq/ lw lv phdqlqjixo

wr frpelqh wkh phulwv ri rwkhu rswlpl}dwlrq whfkqltxhv zlwk JDv lq rughu wr frpshqvdwh iru

wkh gh�flhqf| ri JDv lq whupv ri orfdo �qh0wxqlqj fdsdelolw|1 Wklv lqfoxghv qrw rqo| xvlqj

wkh uhvxowv ri JDv dv vwduwlqj srlqwv iru wkh qh{w vwdjh ri rswlpl}dwlrq exw lqfrusrudwlqj wkh

judglhqw lqirupdwlrq lqwr jhqhwlf rshudwruv1 Wkh uhvxowlqj k|eulg JDv vxfk dv frqmxjdwh

JD kdyh ehhq vkrzq wr eh yhu| h�hfwlyh lq vroylqj qrq0frqyh{ rswlpl}dwlrq sureohpv zlwk

uhjdug wr wkh vhdufk urexvwqhvv dqg vroxwlrq txdolw|1 Uhdghuv fdq �qg pruh ghwdlov rq wklv

wrslf iurp wkh uhihuhqfhv phqwlrqhg lq Fkdswhu 8 dqg 91
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#	��	�
����7

^4` Q1 Vfkluoh/ �Nh| phfkdqlfdo whfkqrorjlhv iru kdug glvn gulyhv/� Lqwhuqdwlrqdo Frqihu0

hqfh rq Plfurphfkdwurqlfv iru Lqirupdwlrq dqg Suhflvlrq Htxlsphqw/ Mxo| 4<<:1

^5` M10\1 \hq/ N1 Kdoodpdvhn/ dqg U1 Krurzlw}/ �Wudfn0iroorzlqj frqwuroohu ghvljq iru

d frpsrxqg glvn gulyh dfwxdwru/� Wudqvdfwlrqv ri wkh DVPH Mrxuqdo ri G|qdplf

V|vwhpv/ yro1 445/ ss1 6<4�735/ Vhswhpehu 4<<31

^6` N1 Prul/ W1 Pxqhprwr/ K1 Rwvxnl/ \1 \dpdjxfkl/ dqg N1 Dndjl/ �D gxdo0vwdjh

pdjqhwlf glvn gluyh dfwxdwru xvlqj d slh}rhohfwulf ghylfh iru d kljk wudfn ghqvlw|/�

LHHH Wudqvdfwlrqv rq Pdjqhwlfv/ yro1 5:/ qr1 9/ ss1 85<;�8633/ Qryhpehu 4<<41

^7` W1 Lpdpxud/ V1 Kdvhjdzd/ N1 Wdndlvkl/ dqg \1 Pl}rvklwd/ �Slh}rhohfwulf plfurdfwxd0

wru frpshqvdwlqj iru r�0wudfn huuruv lq pdjqhwlf glvn gulyhv/� Dgydqfhv lq Lqirupd0

wlrq Vwrudjh V|vwhpv/ yro1 8/ ss1 44<�459/ 4<<61

^8` N1 Wdndlvkl/ W1 Lpdpxud/ \1 Pl}rvklwd/ V1 Kdvhjdzd/ W1 Xhqr/ dqg W1 \dpdgd/

�Plfurdfwxdwru frqwuro iru glvn gulyh/� LHHH Wudqvdfwlrq rq Pdjqhwlfv/ yro1 65/ qr1 6/

ss1 4;96�4;99/ 4<<91
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^9` M1 Iudqgvhq/ �Glvn gulyh prwlrq frqwuro/� Surfhhglqjv ri wkh Iluvw Dqqxdo Lqwhuqd0

wlrqdo PRWRUFRQ *;4 Frqihuhqfh/ ss1 645�655/ 4<;41

^:` U1 N1 Rvzdog/ �Kljk shuirupdqfh prwlrq frqwuro iru glvn gulyh frpsxwhu shulskhudov/�

Gulyhv dqg Frqwurov Lqwhuqdwlrqdo/ yro1 5/ qr1 8/ ss1 66�67/ Mxqh 4<;51

^;` P1 Mdphv/ �Gulyh frqwuro= Glvn gulyhv frqwuro dqg lqwhuidflqj/� Hohfwurqlfv dqg Frp0

sxwlqj Prqwko|/ yro1 8/ qr1 </ ss1 4;�54/ Vhswhpehu 4<;81

^<` K1 Kdqvhopdqq dqg Z1 Prulw}/ �Kljk0edqgzlgwk frqwuro ri wkh khdg0srvlwlrqlqj

phfkdqlvp lq d Zlqfkhvwhu glvn gulyh/� LHHH Frqwuro V|vwhpv Pdjd}lqh/ yro1 :/

qr1 8/ ss1 48�4</ Rfwrehu 4<;:1

^43` F1 G1 Phh dqg H1 G1 Gdqlho/ Pdjqhwlf Vwrudjh Kdqgerrn1 PfJudz0Kloo/ 5qg hgl0

wlrq hg1/ 4<<91

^44` K1 Kdqvhopdqq dqg D1 Hqjhonh/ �OTJ0frqwuro ri d kljko| uhvrqdqw glvn gulyh khdg

srvlwlrqlqj dfwxdwru/� LHHH Wudqvdfwlrqv rq Lqgxvwuldo Hohfwurqlfv/ yro1 68/ qr1 4/

ss1 433�437/ Iheuxdu| 4<;;1

^45` W1 F1 Fklx/ F1 Nhpsi/ Z1 K1 \dr/ dqg P1 Wrpl}xnd/ �Frpshqvdwlrq iru uhshdw0

deoh dqg qrquhshdwdeoh wudfnlqj huuruv lq glvn �oh v|vwhpv/� Suhvhqwhg dw wkh MVPH

Frqihuhqfh rq Dgydqfhg Phfkdwurqlfv/ 4<<61

^46` V1 Zhhudvrrul|d dqg G1 W1 Skdq/ �Glvfuhwh0wlph OTJ2OWU ghvljq dqg prgholqj

ri d glvn gulyh dfwxdwru wudfnlqj vhuyr v|vwhp/� LHHH Wudqvdfwlrqv rq Lqgxvwuldo

Hohfwurqlfv/ yro1 75/ ss1 573�57:/ Mxqh 4<<81
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^47` M1 N1 Fkdqj dqg K1 W1 Kr/ �OTJ2OWU iuhtxhqf| orrs vkdslqj wr lpsuryh WPH

exgjhw/� LHHH Wudqvdfwlrqv rq Pdjqhwlfv/ yro1 68/ qr1 8/ ss1 55;3�55;5/ Vhswhpehu

4<<<1

^48` Z1 Jxr/ O1 \xdq/ O1 Zdqj/ J1 Jxr/ W1 Kxdqj/ E1 P1 Fkhq/ dqg W1 K1 Ohh/ �Olqhdu

txdgudwlf rswlpdo gxdo0vwdjh vhuyr frqwuro v|vwhpv iru kdug glvn gulyhv/� Surfhhglqjv

ri wkh 57wk Dqqxdo Frqihuhqfh ri wkh LHHH Lqgxvwuldo Hohfwurqlfv Vrflhw|/ yro1 6/

ss1 4738�4743/ Vhsw1 4<<;1

^49` P1 Kludwd/ N1 ]1 Olx/ W1 Plwd/ dqg W1 \dpdjxfkl/ �Khdg srvlwlrqlqj frqwuro ri d

kdug glvn gulyh xvlqj K
"

frqwuro wkhru|/� Surfhhglqjv ri wkh 64vw LHHH Frqihuhqfh

rq Ghflvlrq dqg Frqwuro/ yro1 4/ ss1 5793�94/ Ghfhpehu 4<<51

^4:` P1 Kludwd/ W1 Dwvxpl/ D1 Pxudvh/ dqg N1 Qrqdpl/ �Iroorzlqj frqwuro ri d kdug glvn

gulyh e| xvlqj vdpsohg0gdwd K
"
frqwuro/� Surfhhglqjv ri wkh 4<<< LHHH Lqwhuqdwlrqdo

Frqihuhqfh rq Frqwuro Dssolfdwlrqv/ ss1 4;5�4;9/ Dxjxvw 4<<<1

^4;` D1 Do0Pdpxp/ W1 K1 Ohh/ dqg W1 V1 Orz/ �Glvn gluyh vhuyr frqwuroohu ghvljq xvlqj

K
"
0OWU/� Surfhhglqjv ri wkh 4<<8 LHHH LHFRQ/ yro1 5/ ss1 <58�<5;/ 4<<81

^4<` V1 Ledudnl/ Qrqfrqyh{ Rswlpl}dwlrq Sureohpv lq Rswlpl}dwlrq dqg Wkhlu Dssolfdwlrqv1

SkG wkhvlv/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|/ 53331

^53` P1 Vwhlqexfk dqg P1 O1 Qruj/ �Dgydqfhg prwlrq frqwuro= Dq lqgxvwuldo shuvshfwlyh/�

Hxurshdq Mrxuqdo ri Frqwuro/ yro1 7/ ss1 5:;�5<6/ 4<<;1

^54` G1 \1 Deudprylwfk dqg W1 \dpdjxfkl/ �Glvfxvvlrq rq= %dgydqfhg prwlrq frqwuro= Dq
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lqgxvwuldo shuvshfwlyh% e| p1 vwhlqexfk dqg p1 o1 qruj/� Hxurshdq Mrxuqdo ri Frqwuro/

yro1 7/ ss1 5<7�5<:/ 4<<;1

^55` O1 HoJkdrxl/ I1 Rxvwu|/ dqg P1 Dlwudpl/ �D frqh frpsohphqwdulw| olqhdul}dwlrq do0

jrulwkp iru vwdwlf rxwsxw0ihhgedfn dqg uhodwhg sureohp/� LHHH Wudqvdfwlrqv rq Dx0

wrpdwlf Frqwuro/ yro1 75/ ss1 44:4�44:9/ 4<<:1

^56` K1 V1 Ohh/ �Frqwuroohu rswlpl}dwlrq iru plqlpxp srvlwlrq huuru vljqdov ri kdug glvn

gulyhv/� Surfhhglqjv ri wkh 5333 Dphulfdq Frqwuro Frqihuhqfh/ ss1 63;4�63;8/ Mxqh

53331

^57` P1 Ghwwrul/ Y1 Surgdqrylf/ dqg F1 Z1 Vfkhuhu/ �Pl{hg remhfwlyhv PLPR frqwuro

ghvljq iru d frpsdfw glvf sod|hu/� Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/

ss1 45;7�45;;/ Mxqh/ 4<<;1

^58` G1 Deudprylwfk/ W1 Kxuvw/ dqg G1 Khq}h/ �Ghfrpsrvlwlrq ri edvholqh qrlvh vrxufhv lq

kdug glvn srvlwlrq huuru vljqdov lq glvn gulyhv/� Surfhhglqjv ri wkh Dphulfdq Frqwuro

Frqihuhqfh/ yro1 8/ ss1 5<34�5<38/ 4<<:1

^59` G1 Deudprylwfk/ W1 Kxuvw/ dqg G1 Khq}h/ �Wkh SHV sduhwr phwkrg= Xqfryhulqj wkh

vwudwd ri srvlwlrq huuru vljqdov lq glvn gulyhv/� Surfhhglqjv ri 49wk Dphulfdq Frqwuro

Frqihuhqfh/ yro1 8/ ss1 5;;;�5;<8/ Mxqh 4<<:1

^5:` G1 Deudprylwfk/ W1 Kxuvw/ dqg G1 Khq}h/ �Dq ryhuylhz ri wkh shv sduhwr phwkrg

iru ghfrpsrvlqj edvholqh qrlvh vrxufhv lq kdug glvn srvlwlrq huuru vljqdov/� LHHH

Wudqvdfwlrqv rq Pdjqhwlfv/ yro1 67/ ss1 4:�56/ Mdqxdu| 4<<;1
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^5;` O1 Jxr/ K1 V1 Ohh/ D1 Kxgvrq/ dqg V1 K1 Fkhq/ �D frpsuhkhqvlyh wlph grpdlq vlpx0

odwlrq wrro iru kdug glvn gulyh WSL suhglfwlrq dqg phfkdqlfdo 2 vhuyr hqkdqfhphqw/�

LHHH Wudqvdfwlrqv rq Pdjqhwlfv/ yro1 68/ ss1 ;:<�;;7/ Pdufk 4<<<1

^5<` O1 \l/ Wzr Ghjuhh ri Iuhhgrp Frqwuro iru Glvn Gulyh Vhuyr V|vwhpv1 SkG wkhvlv/

Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|/ 53331

^63` F1 Q1 Qhww/ G1 V1 Ehuqvwhlq/ dqgZ1 P1 Kdggdg/ �Plqlpdo frpsoh{lw| frqwuro odz v|q0

wkhvlv/ sduw 4= Sureohp irupxodwlrq dqg uhgxfwlrq wr rswlpdo vwdwlf rxwsxw ihhgedfn/�

Surfhhglqj ri Dphulfdq Frqwuro Frqihuhqfh/ ss1 5389�5397/ 4<;<1

^64` G1 V1 Ehuqvwhlq/ Z1 P1 Kdggdg/ dqg F1 Q1 Qhww/ �Plqlpdo frpsoh{lw| frqwuro odz

v|qwkhvlv/ sduw 5= Sureohp vroxwlrq yld K2@K" rswlpdo vwdwlf rxwsxw ihhgedfn/�

Surfhhglqjv ri Dphulfdq Frqwuro Frqihuhqfh/ ss1 5839�5844/ 4<;<1

^65` V1 Ledudnl dqg P1 Wrpl}xnd/ �K
"
rswlpl}dwlrq ri �{hg vwuxfwxuh frqwuroohuv/� Surf1 ri

wkh Lqwhuqdwlrqdo Phfkdqlfdo Hqjlqhhulqj Frqjuhvv dqg H{srvlwlrq/ Qryhpehu 53331

^66` P1 Urwxqqr dqg U1 D1 gh Fdoodirq/ �Il{hg rughu K
"

frqwuro ghvljq iru gxdo0vwdjh

kdug glvn gulyhv/� Surfhhglqjv ri wkh 6<wk LHHH Frqihuhqfh rq Ghflvlrq dqg Frqwuro/

ss1 644;�4</ Ghfhpehu 53331

^67` S1 Jdklqhw dqg S1 Dsnduldq/ �D olqhdu pdwul{ lqhtxdolw| dssurdfk wr K
"

frqwuro/�

Lqwhuqdwlrqdo Mrxuqdo ri Urexvw dqg Qrqolqhdu Frqwuro/ yro1 7/ qr1 7/ ss1 754�77;/

Mxo|0Dxjxvw 4<<71

^68` S1 Iohplqj/ D1 Judfh/ dqg V1 Kdqfrfn/ �Frqwuro v|vwhp ghvljq yld pxowlremhfwlyh

rswlpl}dwlrq/� LHH Froortxlxp rq Dgydqfhv lq Rswlpl}dwlrq/ yro1 78/ ss1 4�7/ 4<;<1
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^69` Y1 Fkdqnrqj dqg \1 \1 Kdlphv/Pxowlremhfwlyh Ghflvlrq Pdnlqj= Wkhru| dqg Phwkrg0

rorj|1 Qruwk0Kroodqg/ Qhz \run/ 4<;61

^6:` \1 O1 Fkhq dqg F1 F1 Olx/ �Pxowlremhfwlyh YDU sodqqlqj xvlqj wkh jrdo0dwwdlqphqw

phwkrg/� LHH Surfhhglqjv ri Jhqhu1 Wudqvp1 Glvwule1/ yro1 474/ qr1 6/ ss1 55:�565/

Pd| 4<<71

^6;` I1 Z1 Jhpelfnl/ Yhfwru Rswlpl}dwlrq iru Frqwuro zlwk Shuirupdqfh dqg Sdudphwhu

Vhqvlwlylw| Lqglfhv1 SkG wkhvlv/ Fdvh Zhvwhuq Uhvhuyh Xqlyhuvlw|/ Fohyhodqg/ Rklr/

4<:71

^6<` I1 Z1 Jhpelfnl dqg \1 Kdlphv/ �Dssurdfk iru shuirupdqfh dqg vhqvlwlylw| pxowlre0

mhfwlyh rswlpl}dwlrq= Wkh jrdo dwwdlqphqw phwkrg/� LHHH Wudqvdfwlrqv rq Dxwrpdwlf

Frqwuro/ yro1 53/ qr1 9/ ss1 :9<�::4/ Ghfhphehu 4<:81

^73` D1 Fkduqhv dqg Z1 Z1 Frrshu/ Pdqdjhphqw Prghov dqg wkh Lqgxvwuldo Dssolfdwlrqv

ri Olqhdu Surjudpplqj1 Qhz \run= Mrkq Zloh|/ 4<941

^74` P1 M1 Vfkqlhghumdqv/ Jrdo Surjudpplqj= Phwkrgrorj| dqg Dssolfdwlrqv1 Ervwrq=

Noxzhu Dfdghplf Sxeolvkhuv/ 4<<81

^75` G1 H1 Jrogehuj/ Jhqhwlf Dojrulwkpv lq Vhdufk Rswlpl}dwlrq/ dqg Pdfklqh Ohduqlqj1

Uhdglqj/ PD= Dgglvrq Zhvoh|/ 4<;<1

^76` ]1 Plfkdohzlf}/ Jhqhwlf Dojrulwkpv . Gdwd Vwuxfwxuh @ Hyroxwlrq Surjudpv/ Vhfrqg

H{whqghg Hglwlrq1 Qhz \run= Vsulqjhu0Yhuodj Ehuolq Khlghoehuj/ 4<<51
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^77` N1 M1 Kxqw/ �Sro|qrpldo OTJ dqg K
"

frqwuroohu v|qwkhvlv= D jhqhwlf vroxwlrq/�

Surfhhglqjv ri LHHH 64vw Frqihuhqfh rq Ghflvlrq dqg Frqwuro/ ss1 6937�3</ 4<<51

^78` U1 M1 Sdwwrq dqg J1 S1 Olx/ �Urexvw frqwuro ghvljq yld hljhqvwuxfwxuh dvvljqphqw/

jhqhwlf dojrulwkpv dqg judglhqw0edvhg rswlpl}dwlrq/� LHH Surf1 ri Frqwuro Wkhru|

Dsso1/ yro1 474/ ss1 535�53:/ Pd| 4<<71

^79` U1 D1 Nurkolqj/ �Jhqhwlf dojrulwkpv iru v|qwkhvlv ri pl{hg K2@K" �{hg0vwuxfwxuh

frqwuroohuv/� Surfhhglqjv ri wkh 4<<; LHHH LVLF2FLUD2LVDV Mrlqw Frqihuhqfh/

ss1 63�68/ Vhswhpehu 4<<;1

^7:` E1 Fkhq/ \1 Fkhqj/ dqg F1 K1 Ohh/ �D jhqhwlf dssurdfk wr pl{hg K2@K" rswlpdo

SLG frqwuro/� LHHH Frqwuro V|vwhpv/ ss1 84�93/ Rfwreru 4<<81

^7;` M1 G1 Vfkd�hu/ �Pxowlsoh remhfwlyh rswlpl}dwlrq zlwk yhfwru hydoxdwhg jhqhwlf dojr0

ulwkpv/� Surfhhglqj ri 4vw Lqwhuqdwlrqdo Frqihuhqfh rq Jhqhwlf Dojrulwkpv/ ss1 <6�

433/ 4<;81

^7<` F1 P1 Irqvhfd dqg S1 M1 Iohplqj/ �Jhqhwlf dojrulwkpv iru pxowl0remhfwlyh rswlpl}d0

wlrq= Irupxodwlrq/ glvfxvvlrq dqg jhqhudol}dwlrq/� Surfhhglqjv ri wkh Iliwk Lqwhuqd0

wlrqdo Frqihuhqfh rq Jhqhwlf Dojrulwkpv/ ss1 749�756/ 4<<61

^83` M1 Kruq/ Q1 Qdisolrwlv/ dqg G1 H1 Jrogehuj/ �D qlfkhg sduhwr jhqhwlf dojrulwkp iru

pxowlremhfwlyh rswlpl}dwlrq/� Surfhhglqj ri wkh Iluvw LFHF/ ss1 ;5�;:/ 4<<71

^84` K1 Wdpdnl/ K1 Nlwd/ dqg V1 Nred|dvkl/ �Pxowl0remhfwlyh rswlpl}dwlrq e| jhqhwlf do0

jrulwkp= D uhylhz/� Surfhhglqjv ri 4<<9 LHHH Lqwhuqdwlrqdo Frqihuhqfh rq Hyrox0

wlrqdu| Frpsxwdwlrq/ ss1 84:�855/ Pd| 4<<91



493

^85` ]1 Nhplqj/ M1 Gr|oh/ dqg N1 Joryhu/ Urexvw dqg Rswlpdo Frqwuro1 Xsshu Vdggoh

Ulyhu/ QM= Suhqwlfh Kdoo/ 4<<91

^86` V1 Vnrjhvwdg/Pxowlyduldeoh Ihhgedfn Frqwuro1 Fklfkhvwhu/ Zhvw Vxvvh{/ Hqjodqg= Mrkq

Zloh| dqg Vrqv Owg1/ 4<<91

^87` I1 Mrujhqvhq/ Wkh Frpsohwh Kdqgerrn ri Pdjqhwlf Uhfruglqj1 Qhz \run= PfJudz0

Kloo/ 4<<91

^88` V1 Ilqfk dqg G1 Pdf}duq|/ �Khdghuohvv glvn irupdwwlqj= Pdnlqj urrp iru pruh gdwd/�

Gdwd Vwrudjh Pdjd}lqh/ ss1 85�87/ Dsulo 4<<:1

^89` Wh{dv Lqvwuxphqwv/ Vhuyr2PVF Surgxfw Olqh Xvhuv*v Jxlgh/ 4<<<1

^8:` W1 \dpdjxfkl/ N1 Xvxl/ dqg K1 Kludl/ �Prgholqj dqg WPU +wudfn plvuhjlvwudlrq,

exgjhw ghvljq iru khdg srvlwlrqlqj ri kljk wudfn0ghqvlw| glvn gulyhv/� LHHH Wudqvdf0

wlrqv rq Pdjqhwlfv/ yro1 68/ qr1 5/ ss1 ;<5�;<:/ Pdufk 4<<<1

^8;` K1 Z1 Ergh/ Qhwzrun Dqdo|vlv dqg Ihhgedfn Dpsol�hu Ghvljq1 Qhz \run= Ydq Qrv0

wudqg/ 4<781

^8<` M1 V1 Iuhxghqehuj dqg G1 S1 Orr}h/ �Uljkw kdoi sodqhv srohv dqg }hurv dqg ghvljq

wudghr�v lq ihhgedfn v|vwhpv/� LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ yro1 DF0

63/ qr1 9/ ss1 888�898/ Mxqh 4<;81

^93` F1 Prkwdgl/ �Ergh*v lqwhjudo wkhruhp iru glvfuhwh0wlph v|vwhpv/� Surfhhglqjv ri wkh

LHH/ yro1 46:/ ss1 8:�99/ Pdufk/ 4<<31
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^94` E1 ]kx/ \1 Vxq/ O1 Jxr/ dqg P1 Wrpl}xnd/ �Vwdwh wuxqfdwlrq huuru lq glvn gulyh vhuyr

v|vwhpv/� Surfhhglqjv ri Dphulfdq Frqwuro Frqihuhqfh/ ss1 63:4�63:8/ Mxqh 4<<<1

^95` O1 Jxr/ �D qhz glvwxuedqfh uhmhfwlrq vfkhph iru kdug glvn gulyh frqwuro/� Surfhhglqj

ri wkh Dphulfdq Frqwuro Frqihuhqfh/ ss1 4886�488:/ Mxqh 4<<;1

^96` U1 Hkuolfk dqg G1 Fxuudq/ �Pdmru KGG WPU vrxufhv dqg surmhfwhg vfdolqj zlwk

WSL/� LHHH Wudqvdfwlrqv rq Pdjqhwlfv/ yro1 68/ ss1 ;;8�<4/ Pdufk 4<<<1

^97` P1 Nldghk dqg L1 Dkphg/ �Vhuyr frqwuro ri d glvn gulyh xvlqj d gljlwdo vljqdo sur0

fhvvru/� Surfhhglqjv ri wkh Vl{whhqwk Lqwhuqdwlrqdo Lqwhooljhqw Prwlrq Frqihuhqfh/

ss1 63;�655/ 4<;<1

^98` J1 I1 Iudqnolq/ M1 G1 Srzhoo/ dqg D1 Hpdpl0Qdhlql/ Ihhgedfn Frqwuro ri G|qdplf

V|vwhpv1 Dgglvrq0Zhvoh|/ 6ug hg1/ 4<<71

^99` J1 I1 Iudqnolq/ M1 G1 Srzhoo/ dqg P1 O1 Zrunpdq/ Gljlwdo Frqwuro ri G|qdplf V|v0

whpv1 Dgglvrq0Zhvoh|/ 5qg hg1/ 4<<31

^9:` D1 Ehjkl/ U1 Rerh/ S1 Fdsuhwwd/ dqg I1 F1 Vrogdylql/ �Orrs vkdslqj lvvxhv lq kdug glvn

gulyh vhuyr v|vwhp ghvljq/� 5334 LHHH2DVPH Lqwhuqdwlrqdo Frqihuhqfh rq Dgydqfhg

Lqwhooljhqw Phfkdwurqlfv Surfhhglqjv/ ss1 ;5;�;65/ Mxo| 53341

^9;` R1 O1 Ixqfkhv/ �Dssolfdwlrq ri prghuq frqwuro wr glvn gulyh dfwxdwru srvlwlrqlqj/�

Surfhhglqjv ri wkh 46wk LIDF/ yro1 5/ ss1 6;4�6;9/ 4<<91

^9<` P1 Wrpl}xnd/ Fodvv Qrwhv iru PH566= Dgydqfhg Frqwuro V|vwhp LL1 Xqlyhuvlw| ri

Fdoliruqld dw Ehunhoh|/ Vsulqj 4<<<1
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^:3` P1 Dwkdqv/ �D wxwruldo rq wkh OTJ2OWU phwkrg/� Surfhhglqjv ri wkh 4<;9 Dphulfdq

Frqwuro Frqihuhqfh/ ss1 45;<�45<9/ 4<;91

^:4` F1 Olq/ J1 Jxr/ E1 P1 Fkhq/ dqg F1 Nr/ �Rswlpdo wudfn iroorzlqj frqwuro iru kdug glvn

gulyhv/� Surfhhglqjv ri wkh 9wk Lqwhuqdwlrqdo Zrunvkrs rq Dgydqfhg Prwlrq Frqwuro/

ss1 835�839/ Dsulo 53331

^:5` E1 ]kx/ O1 Jxr/ dqg P1 Wrpl}xnd/ �D vwdwlvwlfdo SHV prgho iru gluhfw frqwuroohu

rswlpl}dwlrq wrzdugv plqlpxp SHV lq kdug glvn gulyhv11� Pd{wru Whfkdqlfdo Uhsruw/

Mxo| 53331

^:6` D1 Y1 Rsshqkhlp dqg U1 Z1 Vfkdihu/ Glvfuhwh0Wlph Vljqdo Surfhvvlqj1 Suhqwlfh0Kdoo/

4<;<1

^:7` PdwkZrunv Lqf1/ Vljqdo Surfhvvlqj Wrroer{/ Xvhu*v Jxlgh/ 8 hg1/ 53331

^:8` GVS Whfkqrorj| Lqf1/ Hvwlpdwlqj Wudqvihu Ixqfwlrqv zlwk Vljode/ 4<<81

^:9` P1 Q1 Ohh/ M1 K1 Prrq/ N1 E1 Mlq/ dqg P1 M1 Fkxqj/ �Urexvw K
"

frqwuro zlwk

pxowlsoh frqvwudlqwv iru wkh wudfn0iroorzlqj v|vwhp ri dq rswlfdo glvn gulyh/� LHHH

Wudqvdfwlrqv rq Lqgxvwuldo Hohfwurqlfv/ yro1 78/ qr1 7/ ss1 96;�978/ 4<<;1

^::` K1 Kdqvhopdqq/ �Lpsohphqwdwlrq ri gljlwdo frqwuroohuv0d vxuyh|/� Dxwrpdwlfd/ yro1 56/

qr1 4/ ss1 :�65/ 4<;:1

^:;` M1 H1 Ghqqlv dqg U1 E1 Vfkqdeho/ Qxphulfdo Phwkrgv iru Xqfrqvwudlqhg Rswlpl}dwlrq

dqg Qrqolqhdu Htxdwlrqv1 Suhqwlfh0Kdoo/ 4<;61
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^:<` \1 Qhvwhury dqg D1 Qhpluryvn|/ �Lqwhulru srlqw sro|qrpldo phwkrgv lq frqyh{ sur0

judpplqj= Wkhru| dqg dssolfdwlrqv/� Vwxglhv lq Dssolhg Pdwkhpdwlfv/ 4<<61

^;3` O1 H1 Jkdrxl/ Frqyh{ Rswlpl}dwlrq= Uhdglqj Pdwhuldov iru HH55:D1 Xqlyhuvlw| ri

Fdoliruqld dw Ehunhoh|/ 53331

^;4` U1 Ehoopdq/ Dgdswlyh Frqwuro Surfhvv= D Jxlghg Wrxu1 Sulqfhwrq/ QM= Sulqfhwrq

Xqlyhuvlw| Suhvv/ 4<941

^;5` M1 D1 Qhoghu dqg U1 Phdg/ �D vlpsoh{ phwkrg iru ixqfwlrq plqlpl}dwlrq/� Frpsxwhu

Mrxuqdo/ yro1 :/ ss1 63;�646/ 4<981

^;6` M1 F1 Odjduldv/ M1 Uhhgv/ P1 K1 Zuljkw/ dqg S1 Zuljkw/ �Frqyhujhqfh surshuwlhv ri

wkh qhoghu0phdg vlpsoh{ phwkrg lq orz glphqvlrqv/� VLDP Mrxuqdo ri Rswlpl}dwlrq/

yro1 </ qr1 4/ ss1 445�47:/ 4<<;1

^;7` M1 K1 Kroodqg/ �Rxwolqh iru d orjlfdo wkhru| ri dgdswlyh v|vwhpv/� Mrxuqdo ri wkh

Dvvrfldwlrq iru Frpsxwlqj Pdfklqhu|/ yro1 6/ ss1 5<:�647/ 4<951

^;8` L1 Uhfkhqehuj/ �F|ehuqhwlf vroxwlrq sdwk ri dq h{shulphqwdo sureohp/� Ur|do Dlufudiw

Hvwdeolvkphqw/ Oleudu| Wudqvodwlrq Qr1 4455/ Dxjxvw 4<<81

^;9` L1 Uhfkhqehuj/ Hyroxwlrqvvwudwhjlh= Rswlplhuxqj Whfklvfkhu V|vwhph Qdfk Sulq}lslhq

ghu Elrorjlvfkhq Hyroxwlrq1 Vwxwwjduw= Iurppdqq0Kro}errj/ 4<:61

^;:` K1 S1 Vfkzhiho/ N|ehuqhwlvfkh Hyroxwlrq Dov Vwudwhjlh ghu H{shulphqwhoohq Iruvfkxqj

lq ghu Vwuùpxqjvwhfkqln1 SkG wkhvlv/ Whfkqlvfkh Xqlyhuvlwçw Ehuolq/ 4<981
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^;;` K1 S1 Vfkzhiho/ Hyroxwlrq dqg Rswlpxp Vhhnlqj1 Qhz \run= Vl{wk0Jhqhudwlrq Frp0

sxwhu Whfkqrorj| Vhulhv1 Zloh|/ 4<<81

^;<` O1 M1 Irjho/ �Wrzdug lqgxfwlyh lqihuhqfh dxwrpdwd/� Surfhhglqjv ri wkh Lqwhuqdwlrqdo

Ihghudwlrq iru Lqirupdwlrq Surfhvv Frqjuhvv/ ss1 6<8�6<</ 4<951

^<3` O1 M1 Irjho/ D1 M1 Rzhqv/ dqg P1 M1 Zdovk/ Duwl�fdo Lqwhooljhqfh Wkurxjk Vlpxodwhg

Hyroxwlrq1 Qhz \run= Zloh|/ 4<991

^<4` W1 Eçfn dqg K1 S1 Vfkzhiho/ �Dq ryhuylhz ri hyroxwlrqdu| dojrulwkpv iru sdudphwhu

rswlpl}dwlrq/� Hyroxwlrqdu| Frpsxwlqj/ yro1 4/ ss1 4�56/ 4<<61

^<5` W1 Eçfn dqg K1 S1 Vfkzhiho/ �Hyroxwlrqdu| frpsxwdwlrq= Dq ryhuylhz/� Surfhhglqjv

ri wkh Wklug LHHH Frqihuhqfh rq Hyroxwlrqdu| Frpsxwdwlrq/ ss1 53�5</ 4<<91

^<6` D1 Exfkdqdq/ Hwklfv/ H!flhqf|/ dqg wkh Pdunhw1 Wrwrzd/ QM= Urzpdq dqg Doodqkhog

Wh{wv lq Sklorvrsk|/ 4<;81

^<7` Rswlpl}dwlrq Wrroer{ +Yhuvlrq 5, Xvhu*v Jxlgh1 Wkh PdwkZrunv Lqf1/ 53331

^<8` D1 Fkduqhv/ Z1 Z1 Frrshu/ dqg U1 Ihujxvrq/ �Rswlpdo hvwlpdwlrq ri h{hfxwlyh frp0

shqvdwlrq e| olqhdu surjudpplqj/� Pdqdjhphqw Vflhqfh/ yro1 4/ ss1 46;�484/ 4<881

^<9` F1 Urphur/ Kdqgerrn ri Fulwlfdo Lvvxhv lq Jrdo Surjudpplqj1 R{irug= Shujdprq

Suhvv/ 4<<41

^<:` N1 Ghe/ �Vroylqj jrdo surjudpplqj sureohpv xvlqj pxowl0remhfwlyh jhqhwlf dojr0

ulwkpv/� Surfhhglqjv ri wkh 4<<< Frqjuhvv rq Hyroxwlrqdu| Frpsxwdwlrq/ yro1 4/

ss1 ::�;7/ Mxo| 4<<<1
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^<;` U1 H1 Vwhxhu/ Pxowlsoh Fulwhuld Rswlpl}dwlrq= Wkhru|/ Frpsxwdwlrq/ dqg Dssolfdwlrq1

Qhz \run= Zloh|/ 4<;91

^<<` Q1 Vulqlydv dqg N1 Ghe/ �Pxowlremhfwlyh rswlpl}dwlrq xvlqj qrq0grplqdwhg vruwlqj lq

jhqhwlf dojrulwkpv/� Hyroxwlrqdu| Frpsxwdwlrq/ yro1 5+6,/ ss1 554�57;/ 4<<71

^433` F1 P1 Irqvhfd dqg S1 M1 Iohplqj/ �Pxowlremhfwlyh jhqhwlf dojrulwkp pdgh hdv|= Vh0

ohfwlrq/ vkdulqj dqg pdwlqj uhvwulfwlrq/� Jhqhwlf Dojrulwkp lq Hqjlqhhulqj V|vwhpv=

Lqqrydwlrqv dqg Dssolfdwlrqv/ ss1 78�85/ Vhswhpehu 4<<81 Frqihuhqfh Sxeolfdwlrq Qr

7471

^434` F1 P1 Irqvhfd dqg S1 M1 Iohplqj/ �Pxowlremhfwlyh rswlpl}dwlrq dqg pxowlsoh frq0

vwudlqw kdqglqj zlwk hyroxwlrqdu| dojrulwkpv 0 sduw l= D xql�hg irupxodwlrq/� LHHH

Wudqvdfwlrqv rq V|vwhp/ Pdq/ dqg F|ehuqhwlfv0 Sduw D= V|vwhpv Dqg Kxpdqv/

yro1 5;/ Mdqxdu| 4<<;1

^435` D1 Sdfndug/ N1 ]krx/ S1 Sdqgh|/ dqg J1 Ehfnhu/ �D froohfwlrq ri urexvw frqwuro

sureohpv ohdglqj wr OPLv/� Surfhhglqjv ri Frqihuhqfh rq Ghflvlrq dqg Frqwuro/ 4<<41

^436` V1 Er|g/ O1 H1 Jkdrxl/ H1 Ihurq/ dqg Y1 Edodnulvkqdq/ �Olqhdu pdwul{ lqhtxdolwlhv lq

v|vwhp dqg frqwuro wkhru|/� VLDP/ 4<<71

^437` F1 Vfkhuhu/ S1 Jdklqhw/ dqg P1 Fklodol/ �Pxowlremhfwlyh rxwsxw0ihhgedfn frqwuro yld

OPL rswlpl}dwlrq/� LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/ yro1 75/ ss1 ;<9�<44/

4<<:1

^438` L1 Pdvxexfkl/ D1 Rkdud/ dqg Q1 Vxgd/ �OPL0edvhg frqwuroohu v|qwkhvlv= D xql�hg
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irupxodwlrq dqg vroxwlrq/� Lqwhuqdwlrqdo Mrxuqdo ri Urexvw dqg Qrqolqhdu Frqwuro/

yro1 ;/ ss1 99<�9;9/ 4<<;1

^439` F1 Z1 Vfkhuhu/ �Dq h!flhqw vroxwlrq wr pxowl0remhfwlyh frqwuro sureohpv zlwk OPL

remhfwlyhv/� V|vwhp dqg Frqwuro Ohwwhuv/ yro1 73/ ss1 76�8:/ 53331

^43:` U1 J1 Eodqg/ G1 Jrogidue/ dqg P1 M1 Wrgg/ �Wkh hoolsvrlg phwkrg= D vxuyh|/� Rshu0

dwlrqv Uhvhdufk/ yro1 5</ qr1 9/ ss1 436<�43<4/ 4<;41

^43;` F1 M1 Zhqn dqg F1 K1 Nqdss/ �Sdudphwhu rswlpl}dwlrq lq olqhdu v|vwhpv zlwk duel0

wudulo| frqvwudlqhg frqwuroohu vwuxfwxuh/� LHHH Wudqvdfwlrqv rq Dxwrpdwlf Frqwuro/

yro1 58/ ss1 7<8�833/ 4<;31

^43<` P1 Phufdgdo/ �Krprwrs| dssurdfk wr rswlpdo/ olqhdu txdgudwlf/ �{hg0dufklwhfkwxuh

frpshqvdwlrq/� DLDD Mrxuqdo ri Jxlg1 Frqwu1 G|q1/ yro1 47/ ss1 4557�4566/ 4<<41

^443` U1 V1 Huzlq/ D1 J1 Vsdunv/ dqg G1 V1 Ehuqvwhlq/ �Il{hg0vwuxfwxuh urexvw frqwuroohu

v|qwkhvlv yld ghfhqwudol}hg vwdwlf rxwsxw ihhgedfn/� Lqw1 Mrxuqdo ri Urexvw dqg Qrq0

olqhdu Frqwuro/ yro1 ;/ ss1 7<<�855/ 4<<;1

^444` G1 V1 Ehuqvwhlq dqg Z1 Kdggdg/ �Urexvw ghfhqwudol}hg rxwsxw ihhgedfn= Wkh vwdwlf

frqwuroohu fdvh/� Surfhhglqjv ri wkh Frqihuhqfh rq Ghflvlrq dqg Frqwuro/ ss1 433<�

4346/ Ghfhpehu 4<;;1

^445` S1 Jdklqhw dqg S1 Dsnduldq/ �Dq OPL0edvhg sdudphwul}dwlrq ri doo K
"

frqwuroohuv

zlwk dssolfdwlrqv/� Surfhhglqjv ri wkh 65qg Frqihuhqfh rq Ghflvlrq dqg Frqwuro/

ss1 989�994/ 4<<61
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^446` S1 Dsnduldq dqg K1 G1 Wxdq/ �OPL0frqvwudlqhg frqfdyh surjudpv lq urexvw frqwuro/�

Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/ ss1 46<8�46<</ Mxqh 4<<<1

^447` G1 Zddjhq/ S1 Ghufnv/ dqg M1 PfGrqqhoo/ �Wkh vwrfkdvwlf gluhfwlrq vhw dojrulwkp=

D k|eulg whfkqltxh iru �qglqj ixqfwlrq h{wuhpd/� Surfhhglqjv ri wkh Iluvw Dqqxdo

Frqihuhqfh rq Hyroxdwlrqdu| Surjudpplqj/ yro1 4/ ss1 68�75/ 4<<51

^448` K1 P|xqj dqg M10K1 Nlp/ �Wzr0skdvh hyroxwlrqdu| surjudpplqj iru frqvwudlqhg

qxphulfdo rswlpl}dwlrq/� Surfhhglqjv ri wkh 68wk Frqihuhqfh rq Ghflvlrq dqg Frqwuro/

yro1 8/ ss1 76;:�;;/ 4<<91

^449` O1 O1 Vkrz dqg M1 F1 Mxdqj/ �D wzr0skdvh rswlpl}dwlrq dojrulwkp lq frqwuroohu v|q0

wkhvlv/� Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/ yro1 5/ ss1 <47�<4;/ Mxqh

53331

^44:` I1 Ol dqg U1 N1 Djjduzdo/ �Idvw dqg dffxudwh srzhu glvsdwfk xvlqj d uhod{hg jhqhwlf

dojrulwkp dqg d orfdo judglhqw whfkqltxh/� H{shuw V|vwhpv zlwk Dssolfdwlrqv/ yro1 4</

ss1 48<�498/ 53331

^44;` M1 G1 Zroih dqg G1 I1 Fklfknd/ �Dq h!flhqw ghvljq dojrulwkp iru rswlpdo �{hg vwuxf0

wxuh frqwuro/� Surfhhglqjv ri wkh 69wk Frqihuhqfh rq Ghflvlrq dqg Frqwuro/ ss1 5958�

5:/ Ghfhpehu 4<<:1

^44<` W1 N1 Olx/ W1 Lvklkdud/ dqg K1 Lqrrnd/ �Pxowlremhfwlyh frqwuro v|vwhpv ghvljq e|

jhqhwlf dojrulwkpv/� Surfhhglqjv ri wkh 67wk VLFH Dqqxdo Frqihuhqfh/ ss1 4854�59/

Mxo| 4<<81
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^453` U1 Nurkolqj/ �Ghvljq ri SLG frqwuroohu iru glvwxuedqfh uhmhfwlrq= D jhqhwlf rswlpl}d0

wlrq dssurdfk/� Surfhhglqjv ri Jhqhwlf Dojrulwkpv lq Hqjlqhhulqj V|vwhpv/ ss1 7<;�

836/ Vhsw1 4<<:1

^454` \1 Plwvxnxud/ W1 \dpdprwr/ dqg P1 Ndqhgd/ �D jhqhwlf wxqlqj dojrulwkp ri SLG

sdudphwhuv/� Surfhhglqjv ri 4<<: LHHH Lqwhuqdwlrqdo Frqihuhqfh rq V|vwhpv/ Pdq/

dqg F|ehuqhwlfv/ yro1 4/ ss1 <56�<5;/ 4<<:1

^455` H1 J1 Froolqv dqg \1 ]kdr/ �Ghvljq ri K
"
0rswlpdo/ �qlwh zrug ohqjwk/ SLG frq0

wuroohuv/� Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/ yro1 5/ ss1 <35�<36/ Mxqh

53331

^456` U1 D1 Nurkolqj dqg M1 S1 Uh|/ �Ghvljq ri rswlpdo glvwxuedqfh uhmhfwlrq SLG frqwuroohuv

xvlqj jhqhwlf dojrulwkpv/� LHHH Wudqvdfwlrqv rq Hyroxwlrqdu| Frpsxwdwlrq/ yro1 8/

qr1 4/ ss1 :;�;5/ Iheuxdu| 53341

^457` K1 Lvklexfkl dqg W1 Pxudwd/ �Pxowlremhfwlyh jhqhwlf orfdo vhdufk dojrulwkp/� Surfhhg0

lqjv ri 6ug LFHF/ ss1 44<�457/ 4<<91

^458` D1 M1 Fklsshu�hog/ Q1 Y1 Gdnhy/ S1 M1 Iohplqj/ dqg M1 I1 Zklgeruqh/ �Pxowlremhf0

wlyh urexvw frqwuro xvlqj hyroxwlrqdu| dojrulwkpv/� LHHH Surf1 ri wkh Lqwhuqdwlrqdo

Frqihuhqfh rq Lqgxvwuldo Whfk1/ ss1 59<�5:6/ 4<<91

^459` W1 Ndzdeh dqg W1 Wdjdpl/ �D uhdo frghg jhqhwlf dojrulwkp iru pdwul{ lqhtxdolw|

ghvljq dssurdfk ri urexvw SLG frqwuroohu zlwk wzr ghjuhh ri iuhhgrp/� Surfhhglqjv

ri wkh 45wk LHHH Lqwhuqdwlrqdo V|psrvlxp rq Lqwhooljhqw Frqwuro/ ss1 44<�457/ Mxo|

4<<:1
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^45:` K1 E1 Ndphsdool/ �Wkh rswlpdo edvlfv iru JDv/� LHHH Srwhqwldov/ ss1 58�5:/ Dsulo/

53341

^45;` N1 G1 Mrqj/ Dq Dqdo|vlv ri wkh Ehkdylru ri d Fodvv ri Jhqhwlf Dgdswlyh V|vwhpv1

SkG wkhvlv/ Xqlyhuvlw| ri Plfkljdq/ 4<:81

^45<` ]1 Plfkdohzlf} dqg F1 ]1 Mdqlnrz/ �Kdqgolqj frqvwudlqwv lq jhqhwlf dojrulwkpv/� lq

Surfhhglqj ri 7wk Lqwhuqdwlrqdo Frqihuhqfh lq Jhqhwlf Dojrulwkpv +U1 N1 Ehohz dqg

O1 E1 Errnhu/ hgv1,/ +Vdq Pdwhr/ FD,/ ss1 484�48:/ Prujdq Ndxipdqq/ 4<<41

^463` G1 H1 Jrogehuj dqg S1 Vhjuhvw/ �Ilqlwh pdunry fkdlq dqdo|vlv ri jhqhwlf dojrulwkp/�

Surfhhglqjv ri wkh 5qg Lqwhuqdwlrqdo Frqihuhqfh rq Jhqhwlf Dojrulwkpv/ ss1 4�;/ 4<;:1

^464` G1 K1 Zroshuw dqg Z1 J1 Pdfuhdg|/ �Qr iuhh oxqfk wkhruhpv iru rswlpl}dwlrq/� LHHH

Wudqvdfwlrqv rq Hyroxwlrqdu| Frpsxwdwlrq/ yro1 4/ ss1 9:�;5/ 4<<:1

^465` U1 N1 Eud|wrq/ J1 G1 Kdfkwho/ V1 Z1 Gluhfwru/ dqg O1 P1 Ylgljdo/ �D qhz dojrulwkp

iru vwdwlvwlfdo flufxlw ghvljq edvhg rq txdvl0qhzwrq phwkrgv dqg ixqfwlrq vsolwwlqj

+plqlpd{ whfkqltxh,/� Surfhhglqjv ri wkh 4<:< Lqwhuqdwlrqdo V|psrvlxp rq flufxlwv

dqg v|vwhpv/ ss1 5;3�5;6/ 4<:<1

^466` Z1 Krfn dqg N1 Vfklwwrzvnl/ �D frpsdudwlyh shuirupdqfh hydoxwlrq ri 5: qrqolqhdu

surjudpplqj frghv/� Frpsxwlqj/ yro1 6/ s1 668/ 4<;61

^467` U1 Iohwfkhu/ Sudfwlfdo Phwkrgv ri Rswlpl}dwlrq1 Mrkq Zloh| dqg Vrqv/ 4<;31

^468` G1 Zlooldpvrq/ Gljlwdo Frqwuro dqg Lpsohphqwdwlrq1 Suhqwlfh0Kdoo/ 4<<41
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^469` N1 Rknxer/ \1 \djlvklwd/ dqg W1 Ndwd|dpd/ �Dq dqdo|vlv ri txdqwl}dwlrq huuruv lq

gljlwdo frqwuro v|vwhpv dqg lwv dssolfdwlrq wr d kdug glvn gulyh/� Surfhhglqjv ri Wkh

LHHH Lqwhuqdwlrqdo Frqihuhqfh rq Lqgxvwuldo Whfkqrorj|/ 4<<91

^46:` Wh{dv Lqvwuxphqwv Lqf1/ WPV653F5[[ GVS Ghvljq ZrunVkrs/ 4<<91

^46;` K1 V1 Ohh dqg O1 Jxr/ �Vhuyr shuirupdqfh suhglfwlrq iru kljk fdsdflw| glvn gulyhv/�

Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/ ss1 6383�6387/ Mxqh 4<<;1

^46<` O1 K1 Nhho dqg V1 E1 Ekdwwdfkdu||d/ �Urexvw/ iudjloh/ ru rswlpdoB/� LHHH Wudqvdfwlrq

Dxwrpdwlf Frqwuro/ yro1 75/ ss1 43<;�4438/ 4<<:1

^473` S1 P1 Pçnloç/ �Frpphqwv rq %urexvw/ iudjloh/ ru rswlpdoB%/� LHHH Wudqvdfwlrq rq

Dxwrpdwlf Frqwuro/ yro1 76/ ss1 4598�459:/ 4<<;1

^474` D1 Mdgededlh/ F1 W1 Degdoodk/ G1 Idpxodur/ dqg S1 Grudwr/ �Urexvw/ qrq0iudjloh dqg

rswlpdo frqwuroohu ghvljq yld olqhdu pdwul{ lqhtxdolwlhv/� Surfhhglqjv ri wkh Dphulfdq

Frqwuro Frqihuhqfh/ ss1 5;75�5;79/ 4<<;1

^475` G1 Idpxodur/ F1 W1 Degdoodk/ D1 Mdgededlh/ S1 Grudwr/ dqg Z1 P1 Kdggdg/ �Ur0

exvw/ qrq0iudjloh OT frqwuroohuv= Wkh vwdwlf vwdwh ihhgedfn fdvh/� Surfhhglqjv ri wkh

Dphulfdq Frqwuro Frqihuhqfh/ ss1 443<�4446/ 4<<;1

^476` M1 U1 Fruudgr dqgZ1 P1 Kdggdg/ �Vwdwlf rxwsxw ihhgedfn frqwuroohuv iru v|vwhpv zlwk

sdudphwulf xqfhuwdlqw| dqg frqwuroohu jdlq yduldwlrq/� Surfhhglqjv ri wkh Dphulfdq

Frqwuro Frqihuhqfh/ ss1 <48�<4</ 4<<<1

^477` J1 K1 \dqj dqg M1 O1 Zdqj/ �Urexvw/ qrq0iudjloh k4 frqwuro iru olqhdu v|vwhpv zlwk d
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fodvv ri frqwuroohu jdlq yduldwlrqv/� Surfhhglqjv ri wkh Dphulfdq Frqwuro Frqihuhqfh/

ss1 ;<:�<34/ 53331

^478` M1 U1 Nr}d/ P1 D1 Nhdqh/ dqg M1 \x/ �Dxwrpdwlf v|qwkhvlv ri erwk wkh wrsrorj| dqg

sdudphwhuv iru d urexvw frqwuroohu e| phdqv ri jhqhwlf surjudpplqj/� Surfhhglqjv ri

wkh 4<<< LHHH Lqwhuqdwlrqdo V|psrvlxp rq Lqwhooljhqw Frqwuro/ Lqwhooljhqw V|vwhpv/

dqg Vhplrwlfv/ ss1 677�685/ 4<<<1
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Wklv dsshqgl{ olvwv wkh PDWODE frghv ri pxowl0remhfwlyh jhqhwlf dojrulwkpv

PRJD1p

ixqfwlrq^ehvwN/ehvwRem/ehvwShui/Riivsulqj/Vwdw` @ PRJD+j,>

irupdw orqj>

forvh doo>

qxpJhq @ j1sdud1qxpJhq> (wrwdo & ri jhqhudwlrqv

qxpSrs @ j1sdud1qxpSrs> (wrwdo & ri srsxodwlrqv lq rqh jhqhudwlrq

sFurvv @ j1sdud1sFurvv> (suredelolw| ri furvvryhu

sPxwdwh @ j1sdud1sPxwdwh> (suredelolw| ri pxwdwlrq

xe @ j1sdud1xe*>

oe @ j1sdud1oe*>

shuLpplj @ j1sdud1shuLpplj>

shuHolwhXE @ j1sdud1shuHolwhXE>

FRVWilohqdph @ j1sdud1FRVWilohqdph>

PRJDiodj @ j1sdud1PRJDiodj>

ehvwN @ ^`>

ehvwRem @ ^`>

(000Vhw xs wkh vhdufk udqjh dqg uhvroxwlrq ri sdudphwhuv

UdqjhN @^oe xe`>

li ohqjwk+oe,@@ ohqjwk+xe,



4:6

QxpN @ ohqjwk+oe,>

hovh

glvs+*ghjuhhv ri xsshu dqg orzhu erxqg gr qrw djuhh1*,>

hqg

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

(( Udqgrpo| jhqhudwh wkh iluvw Jhqhudwlrq

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

ehjlqbwlph @ fsxwlph>

iluvwN @ gldj+xe0oe,-udqg+QxpN/qxpSrs, . oe-rqhv+4/qxpSrs,>

iru lSrs @ 4=qxpSrs

iluvwJhq+lSrs,1N @ iluvwN+=/lSrs,>( N lq froxpq

iluvwJhq+lSrs,1sduhqwv @ ^3 3`>

^iluvwJhq+lSrs,1frvw/ iluvwJhq+lSrs,1shui`

@ ihydo+FRVWilohqdph/iluvwJhq+lSrs,1N,>

hqg

li +vl}h+iluvwJhq+lSrs,1frvw/5,A4,)+PRJDiodj@@3,

glvs+*PRJD zduqlqj= \rx kdyh pxowlsoh remhfwlyhv1

Sohdvh xvh PRJD e| vhwwlqj PRJDiodj@4*,

euhdn>

hqg

^Riivsulqj+4/=,/ ruljSduhwrVhw`

@ SDUHWRUDQNLQJ+PRJDiodj/iluvwJhq/qxpSrs/QxpN/UdqjhN,>

sduhwrVhw @ GHGXSOLFDWH+ruljSduhwrVhw,>

VxpIlw @ vxp+^Riivsulqj+4/=,1ilwqhvv`,>

Vwdw1DyhIlw+4, @ VxpIlw2qxpSrs>

Vwdw1Pd{Ilw+4, @ pd{+^Riivsulqj+4/=,1ilwqhvv`,>

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

(( Pdlq lwhudwlrq

(( Jhqhudwh wkh qh{w jhqhudwlrq e| wkuhh zd|v=

(( ^4` Holwlvp +h(,

(( ^5` Qrupdo vhohfwlrq2furvvryhu2pxwdwlrq

(( ^6` Udqgrpo| jhqhudwh vpdoo sruwdwlrq +43(,

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

QxpLpplj@iorru+fhlo+qxpSrs-shuLpplj2433,25,-5>

QxpHolwh+4,@3>

iru mJhq@5=qxpJhq

(@@@@@@@@@@@@@

(0^4` Holwlvp

(0 Gluhfwo| pryh wkh Holwh wr wkh qh{w jhqhudwlrq

(0 /xs wr 425 srsxodwlrq
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QxpHolwh+mJhq,@iorru+vl}h+sduhwrVhw/5,25,-5>

li QxpHolwh+mJhq,AqxpSrs-shuHolwhXE2433

QxpHolwh+mJhq,@qxpSrs-shuHolwhXE2433>

hqg

iru mHolwh@4=QxpHolwh+mJhq,

Riivsulqj+mJhq/mHolwh,@sduhwrVhw+mHolwh,>

hqg

(@@@@@@@@@@@@@@

(0^5` jhqhudwh <3( fkloguhq e| vhohfwlrq2furvvryhu2pxwdwlrq

iru mSrs@QxpHolwh+mJhq,.4=5=qxpSrs0QxpLpplj

pdwh4 @ VHOHFW+VxpIlw/Riivsulqj+mJhq04/=,/7,>

glvwdqfhN@31:>

zkloh +glvwdqfhN A@317,

pdwh5 @ VHOHFW+VxpIlw/Riivsulqj+mJhq04/=,/7,>

glvwdqfhN@GLVWRIN+pdwh41N/pdwh51N/QxpN/UdqjhN,>

hqg

^fklog4/ fklog5/furvvhgIodj`

@ FURVVRYHU+pdwh4/pdwh5/ sFurvv/*U*/QxpN ,>

^fklog4/pxwdwhgIodj4`

@ PXWDWLRQ+*U*/sPxwdwh/ fklog4/ UdqjhN/ QxpN/mJhq/qxpJhq,>

^fklog5/pxwdwhgIodj5`

@ PXWDWLRQ+*U*/sPxwdwh/ fklog5/ UdqjhN/ QxpN/mJhq/qxpJhq,>

li +furvvhgIodj@@4,m+pxwdwhgIodj4@@4,

^fklog41frvw/ fklog41shui`

@ ihydo+FRVWilohqdph/fklog41N,> (hydoxdwh && FRVW &&

hovh

fklog41frvw@pdwh41frvw>

fklog41shui@pdwh41shui>

hqg

li +furvvhgIodj@@4,m+pxwdwhgIodj5@@4,

^fklog51frvw/ fklog51shui`

@ ihydo+FRVWilohqdph/fklog51N,> (hydoxdwh && FRVW &&

hovh

fklog51frvw@pdwh51frvw>

fklog51shui@pdwh51shui>

hqg



4:8

fklog41udqn@^`>

fklog41ilwqhvv@^`>

Riivsulqj+mJhq/mSrs, @ fklog4>

fklog51udqn@^`>

fklog51ilwqhvv@^`>

Riivsulqj+mJhq/mSrs.4,@ fklog5>

hqg ( hqg ri mSrs e| vhohfwlrq

(@@@@@@@@@@@@@@@

(0^6` Jhqhudwh 43( fkloguhq udqgrpo|

iluvwN @ gldj+xe0oe,-udqg+QxpN/qxpSrs, . oe-rqhv+4/qxpSrs,>

udqgN @ gldj+xe0oe,-udqg+QxpN/qxpSrs, . oe-rqhv+4/qxpSrs,>

iru lSrs@qxpSrs0QxpLpplj.4=qxpSrs

Riivsulqj+mJhq/lSrs,1N@udqgN+=/lSrs0qxpSrs.QxpLpplj,>

Riivsulqj+mJhq/lSrs,1sduhqwv@^3 3`>

((00Fdofxodwh ilwqhvv iru wkh udqgrp jhqhudwhg iluvw jhqh

^Riivsulqj+mJhq/lSrs,1frvw/ Riivsulqj+mJhq/lSrs,1shui`

@ ihydo+FRVWilohqdph/Riivsulqj+mJhq/lSrs,1N,> (&& FRVW &&

hqg (hqg ri mSrs e| udqgrp

(@@@@@@@@@@@@@@@

^Riivsulqj+mJhq/=,/ ruljSduhwrVhw`

@ SDUHWRUDQNLQJ+PRJDiodj/Riivsulqj+mJhq/=,/qxpSrs/QxpN/UdqjhN,>

sduhwrVhw@GHGXSOLFDWH+ruljSduhwrVhw,>

VxpIlw @ vxp+^Riivsulqj+mJhq/=,1ilwqhvv`,>

Vwdw1DyhIlw+mJhq,@VxpIlw2qxpSrs>

Vwdw1Pd{Ilw+mJhq,@pd{+^Riivsulqj+mJhq/=,1ilwqhvv`,>

Vwdw1PlqIlw+mJhq,@plq+^Riivsulqj+mJhq/=,1ilwqhvv`,>

vhw+j1uxqbfsxwlphbw/*Vwulqj*/qxp5vwu+fsxwlph0ehjlqbwlph,,>gudzqrz>

vhw+j1uxqbdyjilwbw/*Vwulqj*/qxp5vwu+Vwdw1DyhIlw+mJhq,,,>gudzqrz>

hqg ( hqg ri mJhq

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

(( Uhwxuq wkh rswlpd

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

li PRJDiodj@@4

(@@@@@@ PRJD
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QxpRsw@vl}h+sduhwrVhw/5,>

iru mrxw@4=QxpRsw

ehvwYhfwru+mrxw,@sduhwrVhw+mrxw,1frvw+4,>

hqg

^vruwEhvw/vruwEhvwLqgh{`@ vruw+ehvwYhfwru/5,>

iru nrxw@4=QxpRsw

vl}h+sduhwrVhw+vruwEhvwLqgh{+nrxw,,1N,>

ehvwN+nrxw/=,@+sduhwrVhw+vruwEhvwLqgh{+nrxw,,1N,*>

ehvwRem+nrxw/=,@^sduhwrVhw+vruwEhvwLqgh{+nrxw,,1frvw`*>

ehvwShui+nrxw/=,@^sduhwrVhw+vruwEhvwLqgh{+nrxw,,1shui`*>

vdyh Riivsulqj Riivsulqj ehvwN ehvwRem ehvwShui

hqg

hovh

(@@@@@@ JD

Vwdw1pd{IlwDoo @ 3>

iru lJhq @ 4=qxpJhq

iru lSrs @ 4=qxpSrs

li +Riivsulqj+lJhq/lSrs,1ilwqhvvA@Vwdw1pd{IlwDoo,

Vwdw1pd{NDoo@ Riivsulqj+lJhq/lSrs,1N>

Vwdw1pd{JhqDoo @ lJhq>

Vwdw1pd{SrsDoo @ lSrs>

Vwdw1pd{IlwDoo @ Riivsulqj+lJhq/lSrs,1ilwqhvv>

Vwdw1ehvwRem @ Riivsulqj+lJhq/lSrs,1frvw>

Vwdw1ehvwShui @ Riivsulqj+lJhq/lSrs,1shui>

hqg

hqg

hqg

ehvwbIlwqhvv @^Vwdw1pd{JhqDoo Vwdw1pd{SrsDoo Vwdw1pd{IlwDoo`>

ehvwN @ Vwdw1pd{NDoo>

ehvwRem @ Vwdw1ehvwRem>

ehvwShui @ Vwdw1ehvwShui>

vdyh Riivsulqj Riivsulqj ehvwN ehvwRem ehvwShui

hqg

VHOHFW1p

ixqfwlrq Vhohfwhg @ VHOHFW+VxpIlw/ RogJhq/ QxpWrxu,

uqSrlqw @ udqg+QxpWrxu/4,-VxpIlw>

fxpVxpIlw@fxpvxp+^RogJhq1ilwqhvv`/5,>

iru l@4=QxpWrxu

lqg@ilqg+fxpVxpIlwAuqSrlqw+l,,>

lSrsV+l, @ lqg+4,>

hqg
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^pd{I/lqgV`@pd{+^RogJhq+lSrsV,1ilwqhvv`,>

Vhohfwhg @ RogJhq+lSrsV+lqgV,,>

Vhohfwhg1LG@lSrsV+lqgV,>

FURVVRYHU1p

ixqfwlrq ^fklog4/fklog5/furvvhgIodj`

@ FURVVRYHU+pdwh4/pdwh5/sFurvv/frglqjIodj/Nsdud,

furvvhgIodj@IOLS+sFurvv,>

fklog41N @ pdwh41N>

fklog51N @ pdwh51N>

li +furvvhgIodj@@4,

li frglqjIodj@@*E*>

fOrfdwlrq @ fhlo+udqg+4,-+Nsdud04,,

fklog41N+fOrfdwlrq.4=Nsdud, @ pdwh51N+fOrfdwlrq.4=Nsdud,>

fklog51N+fOrfdwlrq.4=Nsdud, @ pdwh41N+fOrfdwlrq.4=Nsdud,>

hqg ( hqg ri *E*

li frglqjIodj@@*U*

fOrfdwlrq @ fhlo+udqg+4,-Nsdud,>

d@316>

fklog41N+fOrfdwlrq=Nsdud,

@ d-pdwh41N+fOrfdwlrq=Nsdud, . +40d,-pdwh51N+fOrfdwlrq=Nsdud,>

fklog51N+fOrfdwlrq=Nsdud,

@ +40d,-pdwh41N+fOrfdwlrq=Nsdud, . d-pdwh51N+fOrfdwlrq=Nsdud,>

hqg ( hqg ri *U*

hqg ( hqg ri *furvvryhu*

fklog41sduhqwv @ ^pdwh41LG pdwh51LG`>

fklog51sduhqwv @ ^pdwh41LG pdwh51LG`>

PXWDWLRQ1p

ixqfwlrq ^pxwdwhg/pxwdwhgIodj`

@ PXWDWLRQ+frglqjIodj/sPxwdwh/ rulj/ UdqjhN/ Nsdud/mJhq/QxpJhq,

lqgP @ 3>

W @ 3>

pxwdwhg @ rulj>

pxwdwhgIodj@3>

lqgP@ilqg+udqg+Nsdud/4,?sPxwdwh,>

li +�lvhpsw|+lqgP,,

pxwdwhgIodj@4>

li frglqjIodj @@ *E*

pxwdwhg1N+=/lqgP,@elwfps+rulj1N+=/lqgP,/4,>

hqg ( hqg ri li *E*

( Pxwdwlrq iru iordwlqj srlqw frglqj/ Nsdud@ QxpN

li frglqjIodj @@ *U*
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li +IOLS+318,@@ 3,

|@UdqjhN+lqgP/5,0pxwdwhg1N+lqgP,>

pxwdwhg1N+lqgP,@pxwdwhg1N+lqgP,.|-+40udqg+4,a++40mJhq2QxpJhq,a8,,>

hovh

|@pxwdwhg1N+lqgP,0UdqjhN+lqgP/4,>

pxwdwhg1N+lqgP,@pxwdwhg1N+lqgP,0|-+40udqg+4,a++40mJhq2QxpJhq,a8,,>

hqg

hqg ( hqg ri li *U*

hqg (hqg ri li *lvhpsw|*

SDUHWRUDQNLQJ1p

ixqfwlrq ^diwhu/ sduhwrRswlpd`

@ SDUHWRUDQNLQJ+PRJDiodj/ehiruh/QxpSrs/QxpN/UdqjhN,

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

((vruw frvw iurp wkh ohdvw wr wkh odujhvw dffruglqj wr vxp+frvw,

frvwPdwul{@^ehiruh1frvw`>

frvwVxpYhfwru@vxp+frvwPdwul{/4,>

li vl}h+frvwPdwul{,�@QxpSrs>

glvs+*PRJD HUURU= frvw pxvw eh lq P{4 irup*,>

euhdn>

hqg

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

((xvh PRJDiodj wr vzlwfk ehwzhhq JD dqg PRJD

diwhu@ehiruh>

li vl}h+frvwPdwul{/4,@@4

PRJDiodj@3>

hqg

li PRJDiodj@@3>

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

((JD = li |rx kdyh rqo| RQH frvw2remhfwlyh ru

(( frpelqh doo frvw lqwr rqh remhfwlyh1

diwhu@ehiruh+vruwhgSrlqwhu,>

iru n@4=QxpSrs

diwhu+n,1udqn @ n>

diwhu+n,1ilwqhvv @ 42+diwhu+n,1frvw.4,>

hqg

sduhwrRswlpd @ ehiruh+vruwhgSrlqwhu+4,,>

hovh

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

(( ehjlqqlqj ri PRJD

diwhu @ ehiruh>

grpSrlqwhu@ vruwhgSrlqwhu>

UQN@4> ( udqn
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zkloh +�lvhpsw|+grpSrlqwhu,, ( vhdufk iru qh{w sduhwr vhw

xqghwSrlqwhu @ grpSrlqwhu>

grpSrlqwhu @ ^`>

sduhwrSrlqwhu @ ^`>

ql@3>

((vhdufk iru wkh qh{w hohphqw lq wklv vhw

zkloh +�lvhpsw|+xqghwSrlqwhu,,

((ohw*v orrn dw wkh xqghwhuplqdwh vhw djdlq

srlqwhu @ xqghwSrlqwhu>

xqghwSrlqwhu @ ^`>

iluvw @ srlqwhu+4,>

srlqwhuVl}h @ vl}h+srlqwhu/5,>

li +srlqwhuVl}hA4,

gli @ frvwPdwul{+=/iluvw,-rqhv+4/srlqwhuVl}h,

0 frvwPdwul{+=/srlqwhu+4=srlqwhuVl}h,,>

grpE|IluvwYhfwru @ ++pd{+gli/^`/4,?@3,) +plq+gli/^`/4,?04h043,,>

grpE|IluvwLqg @ ilqg+grpE|IluvwYhfwru,>

grpSrlqwhu @ ^grpSrlqwhu srlqwhu+grpE|IluvwLqg,`>

xqghwE|IluvwLqg @ ilqg+elwfps+grpE|IluvwYhfwru/4,,>

xqghwSrlqwhu @ srlqwhu+xqghwE|IluvwLqg+5=ohqjwk+xqghwE|IluvwLqg,,,>

hqg (hqg ri li

ql@ql.4> ( ql lv wkh vl}h ri fxuuhqw Sduhwr Vhw

((sxw wkh iluvw hohphqw wr qrq0grplqdwhg vhw

sduhwrSrlqwhu+ql,@iluvw>

((vlqfh vxp+vruwhg+iluvw,, lv wkh plqlpxp

hqg (hqg ri lqqhu zkloh

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

((dvvljq ilwqhvv

vkduhIodj@3>

((@@@@@@@@@@@@@@@@@@@@@@@@@@@@@

(( z2vkdulqj

li vkduhIodj@@4

glm @ 3>

k @ 4>

vxpV @^`>

((fdofxodwh wkh pxwxdo glvwdqfh zlwklq wkh vdph udqnlqj

iru ll@4=ql

whpsVxp @ 3>

iru mm @ 4=ql

glm @ GLVWRIN+*E*/diwhu+sduhwrSrlqwhu+ll,,1N/

diwhu+sduhwrSrlqwhu+mm,,1N/QxpN/UdqjhN,>

whpsVxp @ whpsVxp . JVWHS+4 0 glm2k,>
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hqg

vxpV+ll,@whpsVxp>

hqg

vxpVxpV@vxp+vxpV,>

(wrwdoIlwqhvv@ql-5-+41804,-+QxpSrs0UQN,2+QxpSrs04,> ( olqhdu

wrwdoIlwqhvv@ql2UQN> ( glvs+*H{srqhqwldo*, ( h{srqhwldo
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