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41 Lqwurgxfwlrq1

Rqh ri wkh nh| dvvxpswlrqv ri wkh vwdqgdug olqhdu lqvwuxphqwdo yduldeohv +LY, prgho

lv wkdw wkh lqvwuxphqwv dqg hqgrjhqrxv yduldeohv duh fruuhodwhg1 Wklv lv wkh lghqwl�0

fdwlrq dvvxpswlrq/ zlwkrxw zklfk wkh xvxdo LY hvwlpdwru lv qhlwkhu frqvlvwhqw qru dv0

|pswrwlfdoo| qrupdo1 Li wkh fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg wkh hqgrjhqrxv

yduldeohv lv qrq}hur/ exw voljkw/ wkhq wkh frqyhqwlrqdo Jdxvvldq dv|pswrwlf wkhru|

iru wkh LY prgho fdq qhyhuwkhohvv surylgh d yhu| srru dssur{lpdwlrq wr wkh dfwxdo

vdpsolqj glvwulexwlrq ri hvwlpdwruv dqg whvw vwdwlvwlfv1 Dq hqruprxv olwhudwxuh kdv

frqvlghuhg wkh h{dfw vdpsolqj glvwulexwlrq ri wkh wzr vwdjh ohdvw vtxduhv +WVOV, dqg

olplwhg lqirupdwlrq pd{lpxp olnholkrrg +OLPO, hvwlpdwruv lq prghov zlwk qrqvwr0

fkdvwlf lqvwuxphqwv dqg Jdxvvldq lqqrydwlrqv +vhh/ iru h{dpsoh/ Ulfkdugvrq +4<9;,/

Vdzd +4<9<,/ Skloolsv +4<;3/ 4<;6,/ Qhovrq dqg Vwduw} +4<<3d/ 4<<3e,/ Pdggdod dqg

Mhrqj +4<<5, dqg Erxqg/ Mdhjhu dqg Ednhu +4<<8,,1 Wkhvh h{dfw glvwulexwlrqv duh idu

iurp wkh olplwv rewdlqhg iurp frqyhqwlrqdo dv|pswrwlf wkhru| zkhq wkh lqvwuxphqwv

duh zhdn> WVOV lv vhyhuho| eldvhg lq wkh gluhfwlrq ri wkh suredelolw| olplw ri ruglqdu|

ohdvw vtxduhv dqg wkh dvvrfldwhg w0vwdwlvwlf lv kljko| qrqqrupdo dqg fdq hyhq eh el0

prgdo1 Uhfhqwo|/ dowhuqdwlyh dv|pswrwlf qhvwlqjv kdyh ehhq sursrvhg/ zklfk surylgh

pxfk ehwwhu dssur{lpdwlrqv wr wkh dfwxdo vdpsolqj glvwulexwlrq ri hvwlpdwruv dqg

whvw vwdwlvwlfv lq wkh LY prgho1 Ehnnhu +4<<7, prghov wkh qxpehu ri lqvwuxphqwv dv

ehlqj dq lqfuhdvlqj ixqfwlrq ri wkh vdpsoh vl}h1 Vwdljhu dqg Vwrfn +4<<:, prgho wkh
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fruuhodwlrq ehwzhhq wkh lqvwuxphqwv dqg hqgrjhqrxv yduldeohv dv ehlqj orfdo wr }hur1

Uhfrjql}lqj wkh lghqwl�fdwlrq dvvxpswlrq rq zklfk wkh LY prgho uholhv/ lw lv

txlwh frpprq lq wkh dssolhg olwhudwxuh wr whvw iru lqvwuxphqw uhohydqfh e| d �uvw0

vwdjh I0whvw +Edvpdqq +4<93,,1 Wklv lqyroyhv uxqqlqj d uhjuhvvlrq ri wkh hqgrjhqrxv

yduldeohv rq wkh lqvwuxphqwv dqg whvwlqj wkh qxoo k|srwkhvlv ri wkh mrlqw lqvljql�fdqfh

ri wkh vorsh frh!flhqwv/ e| phdqv ri dq I0whvw1 Wkh qxoo k|srwkhvlv lv rqh ri d wrwdo

odfn ri lghqwl�fdwlrq1 D uhmhfwlrq ri wklv k|srwkhvlv e| qr phdqv lpsolhv wkdw lvvxhv

ri zhdn lqvwuxphqwv fdq eh ljqruhg +vhh/ iru h{dpsoh/ Vwdljhu dqg Vwrfn +4<<:,,1 Exw

d idloxuh wr uhmhfw wklv k|srwkhvlv lv d vwurqj lqglfdwlrq ri lghqwl�fdwlrq gl!fxowlhv1

Wkh �uvw0vwdjh I0whvw lv dq lpsruwdqw dqg xvhixo gldjqrvwlf lq wkh LY prgho1

Wkh jhqhudol}hg phwkrg ri prphqwv +JPP, prgho +Kdqvhq +4<;5,, qhvwv wkh

olqhdu LY prgho dv d vshfldo fdvh1 Lw lv qrw vxusulvlqj wkdw dqdorjrxv lvvxhv dulvh lq

wklv prgho1 Pdq| uhvhdufkhuv kdyh irxqg wkdw/ lq d zlgh ydulhw| ri frqwh{wv/ wkh frq0

yhqwlrqdo Jdxvvldq dv|pswrwlf wkhru| surylghv d srru dssur{lpdwlrq wr wkh vdpsolqj

glvwulexwlrq ri JPP hvwlpdwruv dqg whvw vwdwlvwlfv1 Wkhuh duh pdq| srvvleoh uhdvrqv

zk| wklv frxog kdsshq/ exw wkh| lqfoxgh lghqwl�fdwlrq sureohpv +wkh lghqwl�fdwlrq

frqglwlrq khuh uhtxluhv d fhuwdlq pdwul{ wr kdyh ixoo froxpq udqn,1 Wkh lghqwl�fdwlrq

frqglwlrq lv fuxfldo lq wkh JPPprgho/ mxvw dv lw lv lq wkh olqhdu LY vshfldo fdvh1 Exw L

dp dzduh ri qr whvw ri wkh lghqwl�fdwlrq frqglwlrq lq wkh JPP prgho/ lq wkh h{lvwlqj

olwhudwxuh1 Wklv sdshu sursrvhv vxfk d whvw1 Hvvhqwldoo|/ lw lqyroyhv dq dssolfdwlrq ri
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wkh jhqhudo dssurdfk wr whvwlqj wkh udqn ri d pdwul{ sursrvhg e| Fudjj dqg Grqdog

+4<<:,/ xvlqj d Erqihuurql dujxphqw wr holplqdwh d qxlvdqfh sdudphwhu wkdw lv qrw

frqvlvwhqwo| hvwlpdeoh1 Wkh sursrvhg whvw lv/ lq jhqhudo/ dv|pswrwlfdoo| frqvhuydwlyh1

Wkh �uvw0vwdjh I0whvw lq wkh olqhdu LY prgho whvwv wkh qxoo k|srwkhvlv wkdw doo

ri wkh lqvwuxphqwv duh xqfruuhodwhg zlwk doo ri wkh hqgrjhqrxv uhjuhvvruv1 Lq wkh

suhvhqfh ri pxowlsoh hqgrjhqrxv uhjuhvvruv/ wkh olqhdu LY prgho pd| vwloo idlo wr eh

ixoo| lghqwl�hg hyhq li wklv qxoo k|srwkhvlv lv idovh1 Fkrl dqg Skloolsv +4<<5, glvfxvv

wklv vlwxdwlrq dqg fdoo lw sduwldo lghqwl�fdwlrq1 Lw frxog dulvh/ iru h{dpsoh/ li rqo|

rqh lqvwuxphqw lv fruuhodwhg zlwk wkh hqgrjhqrxv yduldeohv1 Wkh �uvw0vwdjh I0whvw

zloo qrw ghwhfw wklv nlqg ri lghqwl�fdwlrq sureohp> li wkh prgho lv sduwldoo| lghqwl�hg

wkhq wkh �uvw0vwdjh I0whvw zloo uhmhfw zlwk suredelolw| rqh dv|pswrwlfdoo| +Qhovrq

dqg Vwduw} +4<<3e,/ Vkhd +4<<:,,1 Fudjj dqg Grqdog +4<<6, sursrvh d whvw ri wkh

qxoo ri sduwldo lghqwl�fdwlrq lq wkh olqhdu LY prgho zklfk fdq ghwhfw wklv nlqg ri

lghqwl�fdwlrq sureohp41 Wkh whvw wkdw L sursrvh lq wkh JPP iudphzrun uhgxfhv wr

Fudjj dqg Grqdog*v whvw lq wkh olqhdu LY prgho1 Li wkh whvw wkdw L sursrvh lq wkh

JPP iudphzrun lv xvhg wr whvw wkh qxoo ri d frpsohwh odfn ri lghqwl�fdwlrq/ wkhq lw

uhgxfhv wr wkh xvxdo �uvw0vwdjh I0whvw lq wkh olqhdu LY prgho1 Lq wkh vshfldo fdvh ri

4Vkhd +4<<:, sursrvhg d sduwldo U0vtxduhg phdvxuh ri lqvwuxphqw uhohydqfh lq wkh olqhdu LY
prgho zlwk pxowlsoh uhjuhvvruv/ olnhzlvh prwlydwhg e| wkh idfw wkdw d kljk U0vtxduhg +ru I0vwdwlvwlf,
lq wkh �uvw0vwdjh uhjuhvvlrq grhv qrw lpso| wkdw wkh prgho lv ixoo| lghqwl�hg1 Wklv phdvxuh grhv qrw
krzhyhu doorz dq| irupdo whvw wr eh frqgxfwhg1
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wkh olqhdu LY prgho/ wkh sursrvhg whvw lv qr orqjhu dv|pswrwlfdoo| frqvhuydwlyh1

Wkh sodq iru wkh uhpdlqghu ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 glvfxvvhv

wkh JPP prgho/ wkh frqvhtxhqfhv ri lghqwl�fdwlrq sureohpv dqg dssurdfkhv iru

frqgxfwlqj lqihuhqfh zkhq lghqwl�fdwlrq fdqqrw eh dvvxphg1 Vhfwlrq 6 glvfxvvhv

wkh sursrvhg whvw iru ghwhfwlqj xqghulghqwl�fdwlrq1 Vhfwlrq 7 frqwdlqv Prqwh0Fduor

hylghqfh rq lwv shuirupdqfh lq wkh frqwh{w ri JPP hvwlpdwlrq ri wkh frqvxpswlrq

fdslwdo dvvhw sulflqj prgho +FDSP, ri Oxfdv +4<:;,1 Vhfwlrq 8 frqfoxghv1

51 Wkh JPP Prgho1

Wkh JPP prgho vshfl�hv wkdw it|jA|'� lv dq revhuyhg wlph vhulhv dqg w lv d R{4

sdudphwhu yhfwru zlwk d wuxh ydoxh wf/ lq wkh lqwhulru ri d frpsdfw vsdfh X/ vxfk wkdw

.|E�Et|c wf�� ' f +514,

zkhuh �E�c �� lv dC0glphqvlrqdo ixqfwlrq dqg .|E�� ghqrwhv wkh h{shfwdwlrq frqglwlrqdo

rq dq| yduldeoh lq wkh lqirupdwlrq vhw dw wlph |1 Ohw ~| eh d &{4 yhfwru ri lqvwuxphqwv

lq wkh lqirupdwlrq vhw dw wlph |1 Lw iroorzv wkdw .E�Et|c wf�� ' f/ zkhuh �Et|c w� '

�Et|c w�
 ~|/ d C&{4 yhfwru1 Lw lv dvvxphg wkdw C& � R1

Wkh JPP hvwlpdwru ri w lv

	w ' @h}4�?w 7Ew�
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zkhuh

7Ew� ' �WEw��`A�
WEw�c

�WEw� ' dA3�*2PA
|'��Et|c w�o dqg`A lv d v|pphwulf srvlwlyh gh�qlwh C&{C& zhljkwlqj

pdwul{ zklfk frqyhujhv doprvw vxuho| wr d v|pphwulf qrqvwrfkdvwlf �E�� srvlwlyh

gh�qlwh pdwul{ ` 1

Iurp khuh xqwlo wkh vwduw ri vxevhfwlrq 514/ L dgrsw doo ri wkh iroorzlqj vwdqgdug

dvvxpswlrqv iru wkh JPP prgho=

Dvvxpswlrq D4= �WEw� lv wzlfh frqwlqxrxvo| gl�huhqwldeoh/ iru doo w lq X1

Dvvxpswlrq D5= A3�PA
|'��Et|c w� $@r .E�Et|c w�� dqg A3�PA

|'�
_�Et|cw�

_w
$@r .d_�Et|cw�

_w
o/

xqlirupo| lq w1

Dvvxpswlrq D6= A3�*2PA
|'��Et|c wf� $_ �Efc ��/ zkhuh � ' .E�Et|c wf��Et|c wf�

��1

Dvvxpswlrq D7= Wkh Cg{R pdwul{ � ' .d_�Et|cwf�
_w

o kdv udqn R1

Dvvxpswlrq D8= .E�Et|c w�� kdv d xqltxh }hur dw w ' wf1

Dvvxpswlrq D9= TA Ew� ' A3�PA
|'��Et|c w��Et|c w�

� lv d frqwlqxrxv ixqfwlrq ri w zklfk

frqyhujhv wr .E�Et|c w��Et|c w�
�� xqlirupo| lq w1

Dvvxpswlrqv D5 dqg D6 duh kljk ohyho frqyhujhqfh dvvxpswlrqv1 Dvvxpswlrq D7 lv

wkh lghqwl�fdwlrq dvvxpswlrq dqg lv wkh irfxv ri wklv sdshu1 Dvvxpswlrq D8 lv uxohv

rxw wkh srvvlelolw| wkdw w frxog eh orfdoo|/ exw qrw joredoo| lghqwl�hg +Kvldr +4<;6,,1

Xqghu wkhvh dvvxpswlrqv/ 	w $R w dqg
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s
A E	w � w� $_ �Efc E��`��3���`�`�E��`��3��

Wkh dv|pswrwlfdoo| h!flhqw hvwlpdwru lv rewdlqhg e| fkrrvlqj d zhljkwlqj pdwul{ vxfk

wkdw ` ' �3�> wkh yduldqfh ri wklv dv|pswrwlf glvwulexwlrq lv wkhq E���3���3�1

Lq sudfwlfh/ JPP lqihuhqfh uhtxluhv d vshfl�f zhljkwlqj pdwul{ wr eh fkrvhq1

Rqh srvvleoh fkrlfh ri wkh zhljkwlqj pdwul{ lv wkh lghqwlw| pdwul{1 Wklv remhfwlyh

ixqfwlrq lv

7�7Ew� ' dA3�*2PA
|'��Et|c w�o

�dA3�*2PA
|'��Et|c w�o

Ghqrwh wkh uhvxowlqj hvwlpdwru e| 	w�7 ' @h}4�?w 7�7Ew�1 Wklv hvwlpdwru lv qrw

dv|pswrwlfdoo| h!flhqw1 D ihdvleoh dv|pswrwlfdoo| h!flhqw hvwlpdwru fdq eh rewdlqhg

e| vhwwlqj wkh zhljkwlqj pdwul{ htxdo wr TA E	w�7�
3�/ |lhoglqj wkh remhfwlyh ixqfwlrq

7A7Ew� ' dA3�*2PA
|'��Et|c w�o

�TA E	w�7�
3�dA3�*2PA

|'��Et|c w�o�

Ghqrwh wkh uhvxowlqj hvwlpdwru/ fdoohg wkh wzr0vwhs hvwlpdwru/ e| 	wA7 ' @h}4�?w 7A7Ew�1

Dqrwkhu ihdvleoh dv|pswrwlfdoo| h!flhqw hvwlpdwru fdq eh rewdlqhg e| vhwwlqj wkh

zhljkwlqj pdwul{ htxdo wr TA Ew�/ |lhoglqj wkh remhfwlyh ixqfwlrq

7�LEw� ' dA3�*2PA
|'��Et|c w�o

�TA Ew�
3�dA3�*2PA

|'��Et|c w�o�

Ghqrwh wkh uhvxowlqj hvwlpdwru/ fdoohg wkh frqwlqxrxv0xsgdwlqj hvwlpdwru/ e| 	w�L '

@h}4�?w 7�LEw�1 Wklv hvwlpdwru zdv sursrvhg e| Kdqvhq/ Khdwrq dqg \durq +4<<9,1
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Li C& : R/ wkhq wkhuh duh vxusoxv lqvwuxphqwv/ zklfk pd| eh xvhg wr whvw wkh

uhvwulfwlrq wkdw .�Et|c wf� ' f1 Wklv pd| eh grqh e| Kdqvhq*v M0whvw/ wkh vwdwlvwlf

iru zklfk lv aA7 ' 7A7E	wA7� ru a�L ' 7�LE	w�L�/ ghshqglqj rq zkhwkhu wkh wzr0vwhs

ru frqwlqxrxv0xsgdwlqj hvwlpdwru lv xvhg1 Xqghu wkh qxoo/ aA7 dqg a�L duh erwk

dv|pswrwlfdoo| �2 glvwulexwhg rq C& � R ghjuhhv ri iuhhgrp1

514 Sureohpv zlwk Vwdqgdug Jdxvvldq Dv|pswrwlfv iru JPP1

Wkh deryh dv|pswrwlf wkhru| riwhq zrunv srruo| lq sudfwlfh1 Riwhq/ lq hpslulfdoo|

uhohydqw vdpsoh vl}hv/ 	wA7 dqg 	w�L duh eldvhg dqg kdyh vdpsolqj glvwulexwlrqv idu iurp

wkrvh suhglfwhg e| wklv dv|pswrwlf wkhru|/ dqg wkh dvvrfldwhg M0vwdwlvwlfv kdyh huudwlf

uhmhfwlrq udwhv1 Wkhvh sureohpv kdyh ehhq grfxphqwhg lq Prqwh0Fduor vwxglhv e|

Wdxfkhq +4<;9,/ Nrfkhuodnrwd +4<<3, dqg e| wkh sdshuv lq d 4<<9 vshfldo lvvxh ri wkh

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv rq JPP hvwlpdwlrq/ lqfoxglqj Kdqvhq/

Khdwrq dqg \durq +4<<9,1 Sureohpv zlwk wkh frqyhqwlrqdo dv|pswrwlf wkhru| lq wkh

JPPprgho frxog rffxu iru d qxpehu ri uhdvrqv1 Lw frxog eh wkdw A3�*2PA
|'��Et|c wf�

idlov wr frqyhujh wr qrupdolw|/ ru frqyhujhv rqo| yhu| vorzo|1 Dowhuqdwlyho|/ lw frxog

eh wkdw .E�Et|c w�� lv }hur/ ru forvh wr }hur/ hyhq iru w 9' wf1

Wkh irfxv ri wklv sdshu lv rq sureohpv zlwk wkh dv|pswrwlf wkhru| xqghuo|lqj

JPP zklfk dulvh iurp wklv odwwhu vrxufh= dq lghqwl�fdwlrq sureohp1 Vwrfn dqg

Zuljkw +5333, sursrvhg dq dowhuqdwlyh dv|pswrwlf qhvwlqj lq zklfk .E�Et|c w�� '

�EA3�*2�/ xqlirupo| lq w1 Wkh| ghulyh dq dowhuqdwlyh dv|pswrwlf wkhru| zklfk qhvwv

:



wkh frpsohwho| xqlghqwl�hg prgho E.E�Et|c w�� ' f/ xqlirupo| lq w� dv d vshfldo fdvh1

Wklv dowhuqdwlyh dv|pswrwlf wkhru| zrunv pxfk ehwwhu wkdq wkh frqyhqwlrqdo Jdxvvldq

dv|pswrwlf wkhru| lq surylglqj dq dssur{lpdwlrq wr wkh �qlwh vdpsoh glvwulexwlrqv

ri JPP hvwlpdwruv dqg whvw vwdwlvwlfv lq wkh frqvxpswlrq FDSP/ frqvlghuhg e|

Wdxfkhq +4<;9,/ Nrfkhuodnrwd +4<<3, dqg Kdqvhq/ Khdwrq dqg \durq +4<<9,1 Vr/

lw fdq dffrxqw iru pdq| ri wkh sx}}ohv irxqg lq Prqwh0Fduor vwxglhv ri wkh JPP

phwkrg1 Lq wkh olqhdu LY prgho/ lw uhgxfhv wr wkh qhvwlqj sursrvhg e| Vwdljhu dqg

Vwrfn +4<<:,1

515 V0vhwv1

Wkh zhdn lghqwl�fdwlrq sureohp lq JPP pd| eh h�hfwlyho| flufxpyhqwhg e| wkh

xvh ri V0vhwv/ dv sursrvhg lq Vwrfn dqg Zuljkw +5333,1 Wkh dssurdfk glvshqvhv zlwk

srlqw hvwlpdwlrq dqg lqvwhdg irupv d frq�ghqfh vhw iru w gluhfwo| iurp dq remhfwlyh

ixqfwlrq/ xvlqj d qrqolqhdu dqdorj ri wkh Dqghuvrq0Uxelq frq�ghqfh vhw +Dqghu0

vrq dqg Uxelq +4<7<,/ Vwdljhu dqg Vwrfn +4<<:,,51 Li dvvxpswlrq D6 krogv/ dqg li

TA Ewf� $R �/ wkhq wkh frqwlqxrxv0xsgdwlqj remhfwlyh ixqfwlrq hydoxdwhg dw wkh wuxh

sdudphwhu yhfwru/ 7�LEwf�/ frqyhujhv wr d �2 glvwulexwlrq rq Cg ghjuhhv ri iuhhgrp1

Qr lghqwl�fdwlrq dvvxpswlrq +dvvxpswlrq D7 ru D8, lv uhtxluhg iru wklv wr krog1

Wkh frq�ghqfh vhw iru w lv iruphg dv wkh lqyhuvh ri wkh dffhswdqfh uhjlrq ri wklv

5Wkh ruglqdu| Dqghuvrq0Uxelq frq�ghqfh vhw dssolhv lq wkh olqhdu LY prgho1 Lq wklv prgho/
rwkhu forvho| uhodwhg frq�ghqfh vhwv kdyh ehhq sursrvhg/ zklfk duh olnhzlvh urexvw wr lghqwl�fdwlrq
sureohpv +]lyrw dqg Zdqj +4<<;,,1

;



whvw/ l1h1 wkh frq�ghqfh vhw ri fryhudjh 40k lv 7Ww Ek� ' iw G 7�LEw� � 8�2EkcCg�j

zkhuh 8�2E@c K� lv wkh 433@ shufhqwloh ri d �2 glvwulexwlrq rq K ghjuhhv ri iuhhgrp1

Lq d frpsohwho| xqlghqwl�hg prgho +.E�Et|c w�� ' f/ xqlirupo| lq w, ru d orfdoo| dv0

|pswrwlfdoo| xqghulghqwl�hg prgho +.E�Et|c w�� ' �EA3�*2�/ xqlirupo| lq w,/ vxfk d

frq�ghqfh vhw zloo kdyh lq�qlwh h{shfwhg yroxph1 Exw wklv lv wkh fruuhfw vwdwhphqw

ri rxu xqfhuwdlqw| derxw w lq wkh suhvhqfh ri zhdn lghqwl�fdwlrq1 Pruh irupdoo|/

xqghu wkhvh flufxpvwdqfhv/ dq| frq�ghqfh vhw wkdw lv ydolg +l1h1 frqwurov fryhudjh,

pxvw kdyh lq�qlwh h{shfwhg yroxph +Gxirxu +4<<:,,1 Lq dq lghqwl�hg prgho/ wkh V0

vhw lv dv|pswrwlfdoo| htxlydohqw wr wkh xvxdo frq�ghqfh hoolsvh/ edvhg rq frqyhqwlrqdo

dv|pswrwlf wkhru|1

516 Orfdo Lghqwl�fdwlrq/ Joredo Lghqwl�fdwlrq dqg Sduwldo Lghqwl�fdwlrq1

Dvvxpswlrq D7/ vshfli|lqj wkdw � lv ri udqn R/ lv wkh orfdo lghqwl�fdwlrq dvvxpswlrq

+Kvldr +4<;6,,1 Lw lpsolhv wkdw .E�Et|c w�� kdv d }hur dw wf/ wkdw lv xqltxh dw ohdvw lq d

qhljkerukrrg ri wf1 Dvvxpswlrq D8 lv wkh joredo lghqwl�fdwlrq dvvxpswlrq1 D prgho

frxog eh orfdoo| lghqwl�hg zlwkrxw ehlqj joredoo| lghqwl�hg1 Lq wklv fdvh/ zh zrxog

h{shfw V0vhwv wr eh glvmrlqw/ lq odujh vdpsohv1 Krzhyhu/ khqfhiruwk lq wklv sdshu/ doo

uhihuhqfhv wr lghqwl�fdwlrq uhihu h{foxvlyho| wr orfdo lghqwl�fdwlrq1

Li � lv ri udqn R/ wkhq w lv frpsohwho| lghqwl�hg1 Li � lv ri udqn }hur/ wkhq

w lv frpsohwho| xqlghqwl�hg +ru frpsohwho| xqghulghqwl�hg,1 Wkh fdvh lq zklfk �

kdv d qrq}hur udqn/ vpdoohu wkdq R/ fdq eh fdoohg sduwldo lghqwl�fdwlrq +ru sduwldo
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xqghulghqwl�fdwlrq,1 Fkrl dqg Skloolsv +4<<5, glvfxvv d olqhdu LY prgho lq zklfk

vrph hqgrjhqrxv yduldeohv duh fruuhodwhg zlwk wkh lqvwuxphqwv/ zkloh rwkhuv duh qrw1

Wklv uhvxowv lq sduwldo lghqwl�fdwlrq1 Wkh sdudphwhuv dvvrfldwhg zlwk wkh hqgrjhqrxv

yduldeohv zklfk duh xqfruuhodwhg zlwk wkh lqvwuxphqwv duh qrw frqvlvwhqwo| hvwlpdeoh1

Wkh uhpdlqlqj sdudphwhuv duh urrw0A frqvlvwhqwo| hvwlpdeoh1 Zkdw lv ohvv lqwxlwlyh/

exw dovr vkrzq e| Fkrl dqg Skloolsv lv wkdw wkhvh odwwhu sdudphwhuv gr qrw kdyh wkhlu

xvxdo qrupdo olplwlqj glvwulexwlrqv> wkhlu olplwlqj glvwulexwlrqv duh d�hfwhg e| wkh

idfw wkdw rwkhu sdudphwhuv duh qrw frqvlvwhqwo| hvwlpdeoh1 Vwrfn dqg Zuljkw +5333,

surylgh wkh olplwlqj dv|pswrwlf glvwulexwlrq ri wkh hvwlpdwruv lq wkh JPP prgho/

lq wkh suhvhqfh ri sduwldo lghqwl�fdwlrq1 Lq wkh vwdqgdug frqvxpswlrq FDSP/ d

fdqrqlfdo dssolfdwlrq ri wkh JPP phwkrg/ � lv xqolnho| wr kdyh }hur udqn/ exw pd|

zhoo kdyh udqn vpdoohu wkdq R +vhh Vwrfn dqg Zuljkw/ dqg vhfwlrq 7 ehorz,1 Vr sduwldo

lghqwl�fdwlrq lv dq lpsruwdqw lvvxh lq frqvlghulqj lghqwl�fdwlrq lq wkh JPP prgho1

61 Ghwhfwlqj Xqghulghqwl�fdwlrq1

Wkh irfxv ri wklv sdshu lv rq whvwv iru ghwhfwlqj d odfn ri lghqwl�fdwlrq1 Lq wkh

olqhdu LY prgho/ lw lv frpprq wr whvw iru lqvwuxphqw uhohydqfh e| d �uvw0vwdjh I0whvw

+Edvpdqq +4<93,,1 Wklv lqyroyhv uxqqlqj d uhjuhvvlrq ri wkh hqgrjhqrxv yduldeohv

rq wkh lqvwuxphqwv dqg whvwlqj wkh qxoo k|srwkhvlv ri wkh mrlqw lqvljql�fdqfh ri wkh

vorsh frh!flhqwv/ e| phdqv ri dq I0whvw1 Wkh qxoo k|srwkhvlv lv rqh ri d wrwdo odfn
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ri lghqwl�fdwlrq1 D uhmhfwlrq ri wklv k|srwkhvlv e| qr phdqv lpsolhv wkdw lvvxhv ri

zhdn lqvwuxphqwv fdq eh ljqruhg1 Exw d idloxuh wr uhmhfw wklv k|srwkhvlv lv d vwurqj

lqglfdwlrq ri lghqwl�fdwlrq gl!fxowlhv1 Krzhyhu/ L nqrz ri qr dqdorjrxv whvw lq wkh

JPP prgho1 Wkh sdshu surylghv vxfk d whvw61

Wkh lghqwl�fdwlrq frqglwlrq zklfk L zlvk wr whvw lv dvvxpswlrq D7/ wkdw wkh pd0

wul{ � lv ri udqn R1 L vkdoo gr wklv e| whvwlqj wkh qxoo k|srwkhvlv ri xqghulghqwl�fdwlrq

+sduwldo ru frpsohwh,= wkdw 4E�� ' o/ zkhuh wkh rshudwru 4E�� ghqrwhv wkh udqn ri lwv

dujxphqw dqg o 	 R1 Iru wklv sxusrvh/ L gh�qh 	�Ew� ' A3�PA
|'�

_�Et|cw�
_w

dqg

	�Ew� ' A3�PA
|'�d�eSE

_�Et|cw�
_w

�� �eSE 	�Ew��o�d�eSE_�Et|cw�
_w

�� �eSE 	�Ew��o

dqg lqwurgxfh wkuhh pruh srvvleoh dvvxpswlrqv=

Dvvxpswlrq E4= A �*2d�eSE 	�Ewf��� �eSE��o $_ �Efc ��zkhuh � ' .Ed�eSE_�Et|cwf�
_w

�

��o�d�eSE_�Et|cwf�
_w

���o� lv d �qlwh srvlwlyh0gh�qlwh pdwul{ ri ixoo udqn71

Dvvxpswlrq E5= 	�Ewf� $R �1

Dvvxpswlrq E6= TA Ewf� $R �

6Wkh V0vhw zrunv uhjdugohvv ri zkhwkhu wkh prgho lv lghqwl�hg ru qrw1 Krzhyhu/ d phdqv ri
ghwhfwlqj xqghulghqwl�fdwlrq lv vwloo xvhixo ehfdxvh +d, li wkh prgho lv lghqwl�hg/ frqvlvwhqw srlqw
hvwlpdwhv ri wkh sdudphwhuv duh dydlodeoh/ +e, li wkh prgho lv lghqwl�hg/ frq�ghqfh lqwhuydov iru
lqglylgxdo sdudphwhuv zklfk gr qrw qhhg wr eh dv|pswrwlfdoo| frqvhuydwlyh duh dydlodeoh dqg +f, wkh
V0vhw lv kdug wr uhsuhvhqw zkhq wkhuh duh pruh wkdq 5 sdudphwhuv1

7Wkh uhtxluhphqw wkdw F eh ri ixoo udqn frxog eh uhod{hg dorqj wkh olqhv sursrvhg e| Urelq dqg
Vplwk +5333,1
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Dvvxpswlrqv E4/ E5 dqg E6 duh kljk ohyho frqyhujhqfh dvvxpswlrqv/ dv duh dvvxps0

wlrqv D5 dqg D6 deryh1 Lq vshfl�f prghov/ pruh sulplwlyh frqglwlrqv pd| eh dydlodeoh

wkdw lq wxuq lpso| wkdw wkhvh dvvxpswlrqv krog1 Dvvxpswlrqv D6/ E4/ E5 dqg E6 doo

dsso| rqo| dw w ' wf1 Dvvxpswlrq E6 lv d vshfldo fdvh ri dvvxpswlrq D91

Ohw

uEwc o� ' A 4�?�0lEo�d�eSE 	�Ew��� �eSE� �o� 	�Ew�3�d�eSE 	�Ew��� �eSE� �o

zkhuh lEo� lv wkh vsdfh ri doo C&{R pdwulfhv ri udqn o1 Li wf zhuh nqrzq/ uEwfc o�

zrxog eh wkh vwdwlvwlf iru whvwlqj wkh udqn ri �/ sursrvhg e| Fudjj dqg Grqdog +4<<:,1

P| �uvw wkhruhp lv d gluhfw frqvhtxhqfh ri Wkhruhp 4 ri Fudjj dqg Grqdog1

Wkhruhp 4= Xqghu dvvxpswlrqv E4 dqg E5/ li � lv lq idfw ri udqn o/ wkhq uEwfc o�

frqyhujhv wr d �2 udqgrp yduldeoh rq EC& � o�ER� o� ghjuhhv ri iuhhgrp1

Fohduo| wf lv qrw nqrzq dqg lv qrw frqvlvwhqwo| hvwlpdeoh +xqghu wkh qxoo k|srwkhvlv,1

Krzhyhu/ xqghu dvvxpswlrqv D6 dqg E6/ 7Ww Ek� lv d frq�ghqfh vhw iru w zlwk dv|ps0

wrwlf fryhudjh �� k1 P| vhfrqg wkhruhp iroorzv iurp wklv idfw/ Wkhruhp 4 dqg wkh

Erqihuurql lqhtxdolw|1

Wkhruhp 5= Xqghu dvvxpswlrqv D6/ E4/ E5 dqg E6/ li � lv lq idfw ri udqn o dqg

uWEo� ' �?uw07W
w
Ek� uEwc o�/ wkhq *�4A<" � EuWEo� � 8�2Ekc EC& � o�ER� o��� � 2k1

uWEo� lv d ihdvleoh vwdwlvwlf zklfk |lhogv dq dv|pswrwlfdoo| frqvhuydwlyh whvw> wkh olp0

lwlqj suredelolw| ri lqfruuhfwo| uhmhfwlqj wkh qxoo lv erxqghg deryh e| 2k1 Wklv lv wkh
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whvw vwdwlvwlf sursrvhg lq wklv sdshu> wkh whvw uhmhfwv l� uWEo� h{fhhgv wkh �2 fulwlfdo

ydoxh1 Li 4E�� lv lq idfw ,J�eo wkdq wkh k|srwkhvl}hg udqn o/ L frqmhfwxuh +iroorz0

lqj Fudjj dqg Grqdog, wkdw wkh whvw zloo frqwlqxh wr eh dv|pswrwlfdoo| frqvhuydwlyh1

Li 4E�� lv ��}�eo wkdq wkh k|srwkhvl}hg udqn o/ wkh whvw zloo uhmhfw zlwk suredelo0

lw| rqh/ dv|pswrwlfdoo|1 Wr ghwhfw lghqwl�fdwlrq gl!fxowlhv/ lw lv shukdsv hvshfldoo|

dssursuldwh wr whvw wkh qxoo wkdw 4E�� ' R� �1

614 H{lvwlqj Lghqwl�fdwlrq Whvwv dqg wkh Olqhdu LY Prgho1

Frqvlghu wkh vlpsoh olqhdu LY prgho

+| ' q �%| n �|

%| ' ��5| n �|c

zkhuh �| lv d vfdodu huuru whup/ �| lv d R{4 huuru whup/ l| ' E�|c �
�

|�
� lv llg zlwk phdq

}hur dqg �qlwh srvlwlyh0gh�qlwh fryduldqfh pdwul{ P '

3
EEEC

j�� P
�

��

P�� P��

4
FFFD +sduwlwlrqhg

frqirupdeo| zlwk l|,/ %| lv d R{4 yhfwru ri hqgrjhqrxv yduldeohv/ 5| lv d &{4 yhfwru

ri lqvwuxphqwv wkdw lv xqfruuhodwhg zlwk l|/ & � R dqg � lv d &{R pdwul{1 Wkh

vdpsoh vl}h lv A 1 Dovr/ dvvxph wkdw A3�PA
|'�l|l

�

| $R P/ A3�PA
|'��|�

�

| $R ' dqg

A3�*2PA
|'�l| 
 5| $_ �EfcP 
 '�/ zkhuh ' ' .E5|5

�

|� lv d �qlwh srvlwlyh0gh�qlwh

pdwul{ ri ixoo udqn1 Odvwo|/ dvvxph wkdw P�� 9' f/ vr wkdw wkh uhjuhvvruv lq wklv prgho

duh hqgrjhqrxv1 Wkh lghqwl�fdwlrq frqglwlrq8 lv wkdw � lv ri udqn R1

8Wkh udqn ri E lv wkh vdph dv udqn ri �/ ehfdxvh L kdyh dvvxphg wkdw T lv ri ixoo udqn dqg
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Wklv prgho lv d vshfldo fdvh ri wkh JPP prgho9/ zlwk C ' �/ w ' q/ t| '

E+|c %
�

|c 5
�

|�
�/ ~| ' 5|/ �Et|c w� ' +| � q �%| dqg �Et|c w� ' 5

�

|E+| � q �%|�1 Dffruglqjo|/

_�Et|cw�
_w

' 5|%
�

|/ zklfk grhv qrw ghshqg rq wkh sdudphwhu yhfwru1 Wklv uhsuhvhqwv dq

h{wuhpho| xvhixo vlpsol�fdwlrq/ vlqfh lw lq wxuq phdqv wkdw uEwc o� grhv qrw ghshqg

rq w dqg kdv d �2 qxoo olplwlqj glvwulexwlrq dv vshfl�hg lq Wkhruhp 41 Wkhuh lv

wkhuhiruh qr qhhg wr holplqdwh w e| d Erqihuurql dujxphqw dv lq Wkhruhp 5> wr gr

vr zrxog vlpso| kdoyh wkh dv|pswrwlf vl}h ri wkh whvw:1 Dffruglqjo|/ lq wkh olqhdu

LY prgho/ wkh sursrvhg whvw lv qr orqjhu dv|pswrwlfdoo| frqvhuydwlyh dqg lqvwhdg kdv

vl}h wkdw lv htxdo wr lwv qrplqdo ohyho/ dv|pswrwlfdoo|1 Ohw ~ eh wkh A{& pdwul{/ wkh

wwk urz ri zklfk lv 5
�

| dqg ohw f eh wkh A{R pdwul{/ wkh wwk urz ri zklfk lv %
�

|1 Vlqfh

� ' T @oE�eSE5|�
�

|�� ' P�� 
'/ 	� fdq eh vhw htxdo wr 	P�� 
 	'/ zkhuh 	' ' A3�~ �~/

	P�� ' A3�PA
|'�	�|	�

�

|/ 	�| ' %| � 	��5| dqg 	� ' E~ �~�3�~ �f lv wkh hvwlpdwh ri � iurp d

pxowlyduldwh uhjuhvvlrq ri %| rq 5|1 Vr/ wkh sursrvhg whvw vwdwlvwlf fdq eh zulwwhq lq

wkh irup

uEo� ' A 4�?�0lEo�d�eSEA
3�~ �f�� �eSE� �o�d	P3��� 
 	'3�od�eSEA3�~ �f�� �eSE� �o�

ehfdxvh H+g!+\w>�,
g�

, @ T�1 Wkhuh lv qr orvv ri jhqhudolw| lq dvvxplqj wkdw T lv ri ixoo udqn/ vlqfh
wkh lqvwuxphqwv fdq dozd|v eh urwdwhg vr wkdw wkh| duh pxwxdoo| ruwkrjrqdo1

9Wkh wzr0vwhs dqg frqwlqxrxv xsgdwlqj JPP hvwlpdwruv uhgxfh wr wkh xvxdo WVOV dqg OLPO
hvwlpdwruv/ uhvshfwlyho|1

:Lq wkh jhqhudo JPP prgho/ wkh judglhqw ri wkh prphqw frqglwlrq ghshqgv rq wkh sdudphwhu
yhfwru +zklfk lv qrw frqvlvwhqwo| hvwlpdeoh zlwkrxw frpsohwh lghqwl�fdwlrq,/ qhfhvvlwdwlqj wkh holp0
lqdwlrq ri wkh qxlvdqfh sdudphwhu � e| d Erqihuurql dujxphqw1 Wkh olqhdulw| ri wkh vwdqgdug LY
prgho hqvxuhv wkdw wkh judglhqw ri wkh prphqw frqglwlrq grhv qrw ghshqg rq � dqg vr wklv gl!fxow|
lv flufxpyhqwhg1
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Khuh/ dqg iru wkh uhpdlqghu ri wklv vhfwlrq/ L gurs wkh qrz0ghjhqhudwh ghshqghqfh ri

wklv vwdwlvwlf rq w1 Lq wklv vshfl�f prgho/ wkhuh lv d forvhg irup h{suhvvlrq; iru uEo�/

vlqfh

uEo� ' A 4�?�0lEo� |od	P
3�
�� EA

3�~ �f � � �� 	'3�EA3�~ �f � � �o

' A 4�? 7�0lEo� |odE 	'
�*2 	�	P3�*2�� � 7� ��E 	'�*2 	�	P3�*2�� � 7� �o ' PR3o

�'�b�c

zkhuh b� lv wkh lwk jhqhudol}hg hljhqydoxh ri 	��~ �~ 	� zlwk uhvshfw wr 	P��/ duudqjhg lq

lqfuhdvlqj rughu Eb� � b2 � ���bR�1 Wklv lv vlpso| wkh whvw vwdwlvwlf zklfk Fudjj dqg

Grqdog +4<<6, sursrvhg wr whvw wkh k|srwkhvlv wkdw wkh udqn ri � lv o/ lq wkh olqhdu LY

prgho<1 Dv glvfxvvhg lq wkh lqwurgxfwlrq/ Fudjj dqg Grqdog*v whvw kdv wkh dgydqwdjh

ryhu wkh xvxdo �uvw0vwdjh I0whvw wkdw lw fdq ghwhfw sduwldo xqghulghqwl�fdwlrq/ qrw

mxvw frpsohwh xqghulghqwl�fdwlrq1 Li wkh uhvhdufkhu zlvkhv wr whvw wkh k|srwkhvlv ri

frpsohwh xqghulghqwl�fdwlrq lq wkh olqhdu LY prgho/ wkhq wkh sursrvhg whvw vwdwlvwlf/

uEf�/ lv vlpso| |oE	P3���
	��~ �~ 	�� ' �eSE	���E	P3��� 
 ~ �~��eSE	��1 Wklv lv mxvw wkh xvxdo

�uvw0vwdjh I0whvw vwdwlvwlf431

;Wkh whvw vwdwlvwlf lq Fudjj dqg Grqdog +4<<:, dozd|v vlpsol�hv wr d forvhg irup h{suhvvlrq +d
vroxwlrq wr dq hljhqydoxh sureohp,/ zkhqhyhu aF fdq eh zulwwhq lq wkh irup K4 
K5/ zkhuh K4 dqg
K5 duh Jn{Jn dqg s{s pdwulfhv/ uhvshfwlyho|1 Wklv zdv srlqwhg rxw lq irrwqrwh 7 ri Fudjj dqg
Grqdog1

<Lw lv dovr wkh whvw vwdwlvwlf zklfk Dqghuvrq +4<84, sursrvhg iru whvwlqj wkh udqn ri d frh!flhqw
pdwul{ lq d pxowlyduldwh ohdvw vtxduhv uhjuhvvlrq +khuh d uhjuhvvlrq ri {w rq }w,1

43Iru s A 4/ wklv lv d pxowlyduldwh I0vwdwlvwlf +Vwdljhu dqg Vwrfn +4<<:,,1
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71 Prqwh0Fduor Uhvxowv1

Rqh ohdglqj dssolfdwlrq ri wkh JPP phwkrg lv wr lqihuhqfh lq wkh frqvxpswlrq

FDSP ri Oxfdv +4<:;, zlwk lqwhuwhpsrudoo| vhsdudeoh frqvwdqw uhodwlyh ulvn dyhuvlrq

+FUUD, suhihuhqfhv1 Lq wklv vhfwlrq/ L hydoxdwh wkh vl}h dqg srzhu ri wkh sursrvhg

whvw lq wklv prgho1 Wkh Hxohu htxdwlrq lq wklv prgho lv dv jlyhq lq htxdwlrq 514/ zlwk

�Et|c w� ' B-|n�E
�|n�
�|

�3� � �C

zkhuh t| ' E-
�

|n�c
�|n�
�|

��/ w ' EBc ���/ -| ' E-�|c -2|c ���-C|�
� lv d C{4 yhfwru ri jurvv

dvvhw uhwxuqv/ �| lv qrqvwruhdeoh frqvxpswlrq/ �C lv d C{4 yhfwru ri rqhv/ B lv wkh

glvfrxqw idfwru dqg � lv wkh frh!flhqw ri uhodwlyh ulvn dyhuvlrq +Kdqvhq dqg Vlqjohwrq

+4<;5,,1 Ohw (�|/ ��| dqg ��| ghqrwh wkh glylghqg/ sulfh dqg sulfh0glylghqg udwlr iru

dvvhw � dw gdwh |/ vr wkdw ��| '
��|
(�|

dqg -�| '
��|n(�|

��|3�
1 Wkh lwk hohphqw ri wkh Hxohu

htxdwlrq fdq eh uhzulwwhq dv

��| ' .|dBE� n ��|n��
(�|n�

(�|
E
�|n�

�|
�3�o +714,

Qrwh wkdw li E(�|n�

(�|
c �|n�

�|
�� lv llg +lqghshqghqw ri dq|wklqj lq wkh lqirupdwlrq vhw dw

gdwh w,/ wkhq wkh sulfh0glylghqg udwlr iru wkh lwk dvvhw lv frqvwdqw dqg lv �W� '

d �

B.d
(�|n�
(�|

E
�|n�
�|

�3� o
� �o3�1 Wkh jurvv uhwxuq rq wkh lwk dvvhw lv -�| '

(�|

(�|3�

�W�
�n�W

�

�

Lq JPP hvwlpdwlrq ri wklv prgho/ �Et|c w� ' EB-|n�E
�|n�
�|

�3� � �C�
 ~| dqg

� '

#
.dE�|n�

�|
�3�-|n� 
 ~|o �.dBE�|n�

�|
�3� *L}E�|n�

�|
�-|n� 
 ~|o

$
�
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Ohw wkh yhfwru ri lqvwuxphqwv frqvlvw ri dq lqwhufhsw/ odjjhg uhwxuqv dqg odjjhg frq0

vxpswlrq jurzwk/ dv lv w|slfdo lq wklv olwhudwxuh1 Lw lv kdug wr lpdjlqh d fdvh lq zklfk

wkh pdwul{ � zrxog kdyh udqn }hur441 Exw/ lw lv hdv| wr lpdjlqh flufxpvwdqfhv lq

zklfk lw kdv udqn 4/ zkloh wkh lghqwl�fdwlrq frqglwlrq uhtxluhv lw wr kdyh udqn 51 Vxs0

srvh wkdw C ' � dqg E(�|n�

(�|
c �|n�

�|
�� lv llg dqg lqghshqghqw ri ~|1 Wkhq E-|n�c

�|n�
�|

��

lv lqghshqghqw ri ~|/ vr � lv d &{5 pdwul{ ri udqn 4/ ehfdxvh doo ri lwv urzv duh

sursruwlrqdo wr wkh �uvw urz451 Dowhuqdwlyho|/ vxssrvh wkdw frqvxpswlrq lv frqvwdqw1

Wkhq +uhjdugohvv ri wkh qxpehu ri dvvhwv C ru wkh lqvwuxphqwv ~|,/ doo wkh hohphqwv

ri wkh vhfrqg froxpq ri � duh htxdo wr }hur/ dqg wkh pdwul{ djdlq kdv udqn 41 Zkloh

frqvxpswlrq lv fohduo| qrw olwhudoo| frqvwdqw/ �|n�
�|

lv dozd|v yhu| qhduo| 4 dqg wklv lv/

lqwxlwlyho|/ d olnho| vrxufh ri wkh gl!fxow| lq hvwlpdwlqj �� Dvvxpswlrqv D6/ E4/ E5

dqg E6 zloo krog lq wklv prgho/ li lw lv dvvxphg wkdw E-|n�c
�|n�
�|

c ~
�

|�
� lv 60ghshqghqw/

m�m � 7� dqg -|n�/ E
�|n�
�|

�7�/ *L}E�|n�
�|

� dqg ~| doo kdyh H n / �qlwh prphqwv/ iru vrph

/ : f1

Wr vlpxodwh gdwd iurp wkh frqvxpswlrq FDSP/ L iroorz wkh dssurdfk ri Wdxfkhq

44Wklv lv wkh pdlq uhdvrq zk| wklv sdshu grhv qrw vlpso| irfxv rq whvwlqj wkh k|srwkhvlv wkdw E
kdv }hur udqn/ olnh wkh �uvw0vwdjh I0whvw lq wkh olqhdu LY prgho1 Pruh jhqhudoo|/ wkh srlqw lv wkdw
lq wkh olqhdu LY prgho wkh frqvwdqw lv dq lqvwuxphqw zklfk lghqwl�hv rqo| wkh lqwhufhsw sdudphwhu
lq wkh vwuxfwxudo htxdwlrq= wklv sdudphwhu lv ri xvxdoo| ri olwwoh lqwhuhvw dqg lwv lghqwl�delolw| lv
ryhuorrnhg e| vlpso| surmhfwlqj rxw wkh frqvwdqw whup1 Qr vxfk vlpsol�fdwlrq lv dydlodeoh lq wkh
jhqhudo qrqolqhdu JPP frqwh{w> vr li wkh frqvwdqw kdv lghqwli|lqj srzhu/ wkh pdwul{ E pxvw kdyh
qrq}hur udqn1

45Li J A 4/ wkhq wkh prgho zloo w|slfdoo| eh irupdoo| lghqwl�hg hyhq li Glw.4

Glw

dqg Fw.4

Fw

duh llg1 L
zrxog h{shfw wklv lghqwl�fdwlrq wr eh yhu| zhdn1
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dqg Kxvvh| +4<<4, +dovr xvhg lq Wdxfkhq +4<;9,/ Nrfkhuodnrwd +4<<3,/ Kdqvhq/ Khdwrq

dqg \durq +4<<9, dqg Vwrfn dqg Zuljkw +5333,,1 Wklv lqyroyhv �wwlqj d 490vwdwh

Pdunry fkdlq wr frqvxpswlrq dqg vwrfn0pdunhw glylghqg jurzwk fdoleudwhg vr dv wr

dssur{lpdwh wkh �uvw0rughu YDU=
3
EEEC

*L}E �|
�|3�

�

*L}E (|

(|3�
�

4
FFFD ' >nx

3
EEEC

*L}E�|3�
�|32

�

*L}E(|3�

(|32
�

4
FFFDn

3
EEEC

�S|

�_|

4
FFFD

zkhuh (| lv wkh vwrfn0pdunhw glylghqg dw gdwh | dqg E�S|c �_|�
� lv llg qrupdo zlwk

phdq }hur dqg yduldqfh \1 Frqvxpswlrq jurzwk dqg glylghqg jurzwk duh wkh vwdwh

yduldeohv1 Wdnlqj udqgrp gudzv ri frqvxpswlrq jurzwk dqg glylghqg jurzwk iurp

wklv Pdunry fkdlq/ qxphulfdo txdgudwxuh lv wkhq xvhg wr fdofxodwh wkh sulfhv ri d

vwrfn dqg d ulvniuhh dvvhw lq hdfk shulrg lpsolhg e| wkh frqvxpswlrq FDSP zlwk

lqwhuwhpsrudoo| vhsdudeoh FUUD suhihuhqfhv +iurp htxdwlrq 714,1 Lq wklv zd|/ wlph

vhulhv ri frqvxpswlrq jurzwk dqg vwrfn uhwxuqv pd| eh vlpxodwhg461

Wkh Prqwh0Fduor vlpxodwlrq lq wklv vxevhfwlrq lv edvhg rq wkh Hxohu htxdwlrq

lq wklv frqvxpswlrq FDSP iru d vlqjoh dvvhw +vwrfnv/ C@4, dqg zlwk lqvwuxphqwv

~| ' E�c -|c
�|

�|3�
�1 L frqvlghu wkuhh vdpsoh vl}hv= W@433/ 833 dqg 43331 Wkh vdpsoh

vl}h ri 433 lv prvw frpprqo| xvhg lq Prqwh0Fduor vlpxodwlrqv/ dv lw lv dssur{lpdwho|

htxdo wr wkh dydlodeoh vdpsoh vl}h iru X1V1 dqqxdo gdwd1 Wkh odujhu vdpsoh vl}hv duh

dovr frqvlghuhg vr dv wr lqfoxgh prghov zlwk ohvv vhyhuh lghqwl�fdwlrq sureohpv1 Wr

46L dp judwhixo wr Jhrujh Wdxfkhq iru klv Jdxvv frgh iru lpsohphqwlqj wklv1
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frpsohwh wkh vshfl�fdwlrq/ L pxvw vshfli| ydoxhv ri B/ �/ >/ x dqg \1 L frqvlghu

8 frpelqdwlrqv ri wkhvh sdudphwhuv/ dv olvwhg lq Wdeoh 4/ dqg uhihu wr wkh uhvxowlqj

prghov dv prghov P40P8/ uhvshfwlyho|1

Prghov P4 dqg P5 vhw x htxdo wr d pdwul{ ri }hurv vr dv wr zlsh rxw doo

vhuldo ghshqghqfh lq wkh jurzwk udwhv ri frqvxpswlrq dqg glylghqgv1 Qrwh wkdw lq

wkhvh prghov/ frqvxpswlrq jurzwk dqg glylghqg jurzwk duh vwloo frqwhpsrudqhrxvo|

fruuhodwhg1 Wkh wuxh udqn ri � lv 4 lq wkhvh prghov> wkh prghov duh qrw ixoo| lghqwl�hg

dqg vr wkh uhmhfwlrq udwh ri wkh sursrvhg whvw/ xvhg wr whvw wkh k|srwkhvlv wkdw 4E�� '

�/ uhsuhvhqwv wkh vl}h ri wkh whvw1

Nrfkhuodnrwd +4<<3, fkrvh ydoxhv ri >/ x dqg \ e| �wwlqj d elyduldwh YDU+4,

wr klvwrulfdo X1V1 dqqxdo uhdo glylghqg jurzwk dqg uhdo frqvxpswlrq jurzwk gdwd1

Prghov P6 dqg P7 xvh klv ydoxhv ri >/ x dqg \1 Wkh wuxh udqn ri � lv 5 lq wkhvh

prghov> wkh prghov duh lghqwl�hg dqg vr wkh uhmhfwlrq udwh ri wkh sursrvhg whvw/ xvhg

wr whvw wkh k|srwkhvlv wkdw 4E�� ' �/ uhsuhvhqwv wkh srzhu ri wkh whvw1 Krzhyhu/ � lv

forvh wr ehlqj udqn0gh�flhqw dqg vr zhdn lghqwl�fdwlrq sureohpv pd| dulvh1 Kdqvhq/

Khdwrq dqg \durq dqg Vwrfn dqg Zuljkw +5333, vkrz wkdw wkh frqyhqwlrqdo Jdxvvldq

dv|pswrwlf wkhru| zrunv yhu| srruo| lq vpdoo vdpsohv lq wkhvh prghov +h1j1 wkh

hvwlpdwruv duh eldvhg dqg kdyh qrqqrupdo vdpsolqj glvwulexwlrqv,1 Lw lv ri lqwhuhvw

wr vhh krz wkh srzhu ri wkh sursrvhg whvw lv uhodwhg wr wkh txdolw| ri wkh frqyhqwlrqdo

dv|pswrwlf wkhru|1
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Prgho P8 xvhv ydoxhv ri >/ x dqg \ iru zklfk Wdxfkhq +4<;9, irxqg wkdw wkh

frqyhqwlrqdo dv|pswrwlf wkhru| zrunv zhoo/ hyhq lq vpdoo vdpsohv1 P| prgho P8

lv Wdxfkhq*v h{shulphqw 4E1 Wkh wuxh udqn ri � lv 5 lq wklv prgho> wkh prgho lv

lghqwl�hg dqg vr wkh uhmhfwlrq udwh ri wkh sursrvhg whvw/ xvhg wr whvw wkh k|srwkhvlv

wkdw 4E�� ' �/ uhsuhvhqwv wkh srzhu ri wkh whvw1

Lq prghov P4/ P6 dqg P8/ B ' f�b. dqg � ' ���1 Lq prghov P5 dqg P7/ B '

����b dqg � ' ���.1 Wkhvh odwwhu sdudphwhu ydoxhv zhuh dgyrfdwhg e| Nrfkhuodnrwd

+4<<3, dv d vroxwlrq wr wkh htxlw| suhplxp sx}}oh1

Wkh vlpxodwhg uhmhfwlrq udwhv ri uWE�� duh uhsruwhg lq Wdeohv 509 iru prghov

P40P8/ uhvshfwlyho|1 Wkh uhmhfwlrq udwhv uhsuhvhqw wkh vl}h ri wkh whvw lq Wdeohv 5

dqg 6 +prghov P4 dqg P5, dqg uhsuhvhqw wkh srzhu ri wkh whvw lq wkh rwkhu wdeohv1

Lq wkhvh wdeohv/ L dovr uhsruw=

+d, wkh 43wk/ 83wk dqg <3wk shufhqwlohv ri 	BA7/ 	�A7/ 	B�L dqg 	��L wkh wzr0vwhs dqg

frqwlqxrxv0xsgdwlqj JPP hvwlpdwruv ri B dqg �c

+e, wkh 43wk/ 83wk dqg <3wk shufhqwlohv ri wkh dvvrfldwhg w vwdwlvwlfv +|	BA7 / |	�A7 / |	B�L

dqg |	��L ,/ zklfk zloo eh forvh wr wkhlu wkhruhwlfdo ydoxhv +0415;5/ 3 dqg 415;5, li wkh

frqyhqwlrqdo dv|pswrwlf wkhru| lv zrunlqj zhoo/

+f, wkh Nroprjrury0Vpluqry vwdwlvwlfv frpsdulqj wkh vdpsolqj glvwulexwlrqv ri wkh w

vwdwlvwlfv wr wkh vwdqgdug qrupdo glvwulexwlrq dqg

+g, wkh uhmhfwlrq udwhv ri aA7 dqg a�L 1
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Doo whvwv kdyh d 8( qrplqdo vl}h1

Lq wkh vlpxodwlrqv zlwkrxw frpsohwh lghqwl�fdwlrq +prghov P4 dqg P5,/ wkh

hvwlpdwruv ri B dqg � fdq h{klelw vhyhuh phgldq eldv dqg wkh vdpsolqj glvwulexwlrq

ri wkh dvvrfldwhg w0vwdwlvwlfv fdq eh yhu| idu iurp wkh vwdqgdug qrupdo glvwulexwlrq

suhglfwhg e| frqyhqwlrqdo dv|pswrwlf wkhru|1 Wkhvh sureohpv duh pxfk zruvh zlwk

wkh sdudphwhuv B ' ����b/ � ' ���. +prgho P5, wkdq zlwk wkh sdudphwhuv B ' f�b./

� ' ��� +prgho P4,1 Lqghhg/ lq prgho P4/ |	BA7 dqg |	�A7 duh erwk forvh wr ehlqj

vwdqgdug qrupdo lq vdpsohv ri vl}h 433 dqg 833/ exw wkhq ehfrph ohvv qrupdo dv

wkh vdpsoh vl}h lqfuhdvhv wr 4333/ lq d fohdu vljq ri d odfn ri lghqwl�fdwlrq1 Lq doo

fdvhv/ wkh dfwxdo vl}h ri wkh sursrvhg whvw lv zhoo ehorz wkh qrplqdo 8( ohyho +qrw

vxusulvlqjo|/ dv wkh whvw lv dv|pswrwlfdoo| frqvhuydwlyh,1

Lq prgho P6/ wkh suhglfwlrqv ri frqyhqwlrqdo dv|pswrwlf wkhru| zrun ehwwhu

dv wkh vdpsoh vl}h lqfuhdvhv1 Lq d vdpsoh ri vl}h 433/ wkh hvwlpdwruv h{klelw vrph

phgldq eldv dqg wkh vdpsolqj glvwulexwlrq ri wkh dvvrfldwhg w0vwdwlvwlfv lv vrphzkdw

qrqqrupdo1 Wkhvh sureohpv jhw ohvv vhyhuh dv wkh vdpsoh vl}h lqfuhdvhv1 Wkh sursrvhg

whvw kdv yhu| olwwoh srzhu lq wkh vdpsoh ri vl}h 433/ exw lwv srzhu lqfuhdvhv zlwk wkh

vdpsoh vl}h1 Lq wklv prgho/ zlwk d vdpsoh vl}h ri 4333/ frqyhqwlrqdo dv|pswrwlf wkhru|

zrunv zhoo dqg wkh sursrvhg whvw kdv <319( srzhu1

Lq prgho P7/ wkh suhglfwlrqv ri frqyhqwlrqdo dv|pswrwlf wkhru| zrun ohvv zhoo1

Lq d vdpsoh vl}h ri 433/ wkh hvwlpdwruv h{klelw frqvlghudeoh phgldq eldv dqg wkh
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vdpsolqj glvwulexwlrq ri wkh dvvrfldwhg w0vwdwlvwlfv lv idu iurp ehlqj vwdqgdug qrupdo1

Djdlq wkh sureohpv jhw ohvv vhyhuh dv wkh vdpsoh vl}h lqfuhdvhv1 Wkh sursrvhg whvw

kdv yhu| olwwoh srzhu lq wkh vdpsoh ri vl}h 4331 Lwv srzhu lqfuhdvhv zlwk wkh vdpsoh

vl}h/ exw +dssursuldwho|, grhv vr pruh vorzo| wkdq lq prgho P61

Lq prgho P8/ L �qg +olnh Wdxfkhq +4<;9,, wkdw wkh frqyhqwlrqdo dv|pswrwlf

wkhru| zrunv zhoo lq doo vdpsoh vl}hv1 Fruuhvsrqglqjo|/ wkh sursrvhg whvw kdv d yhu|

kljk uhmhfwlrq udwh lq doo vdpsoh vl}hv1

Lq vxppdu|/ wkh sursrvhg whvw lv frqvhuydwlyh xqghu wkh qxoo zkloh/ lq wkh vlp0

xodwlrqv zkhuh wkh lghqwl�fdwlrq frqglwlrq lv vdwlv�hg +prghov P60P8,/ wkh lwv srzhu

lv vwurqjo| dvvrfldwhg zlwk wkh txdolw| ri wkh frqyhqwlrqdo dv|pswrwlf wkhru|1 Wkh

uhodwlrqvkls lv qrw d shuihfw rqh> qr pruh wkdq lw lv zlwk wkh �uvw0vwdjh I0whvw lq wkh

olqhdu LY prgho +Vwdljhu dqg Vwrfn +4<<:,,471

Uhwxuqv rq d ulvniuhh dvvhw fdq dovr eh jhqhudwhg e| wkh dojrulwkp ri Wdxfkhq

dqg Kxvvh| +4<<4,1 L gr qrw uxq vlpxodwlrqv lq zklfk erwk vwrfnv dqg d ulvniuhh dvvhw

duh lq wkh Hxohu htxdwlrq +C ' 2,1 Wklv lv ehfdxvh lq vxfk d prgho/ wkh pdwul{ � zloo

dozd|v kdyh udqn 5/ zkhqhyhu wkhuh lv dq lqwhufhsw lq wkh vhw ri lqvwuxphqwv +jlyhq

wkdw frqvxpswlrq lv qrw frqvwdqw,1 Wklv lv wuxh hyhq li doo wkh rwkhu lqvwuxphqwv

duh udqgrp qxpehuv1 Lq wklv vhqvh/ wkh qxoo k|srwkhvlv ri xqghulghqwl�fdwlrq lv qrw

47Wkh �uvw0vwdjh I0whvw lv dq lpshuihfw phdvxuh ri wkh txdolw| ri wkh frqyhqwlrqdo dv|pswrwlf
wkhru| lq wkh olqhdu LY prgho1 Wklv lv wuxh hyhq devwudfwlqj iurp lvvxhv ri sduwldo lghqwl�fdwlrq +h1j1
lq d prgho zlwk d vlqjoh hqgrjhqrxv uhjuhvvru,1
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zhoo gh�qhg zkhq C ' 21 Ri frxuvh/ vxfk d prgho lv olnho| wr eh rqo| yhu| zhdno|

lghqwl�hg1

81 Frqfoxvlrq1

Lq wkh olqhdu LY prgho/ wkh �uvw0vwdjh I0whvw lv dq lpsruwdqw gldjqrvwlf iru fkhfnlqj

wkh txdolw| ri wkh lqvwuxphqwv1 Lq wkh h{lvwlqj olwhudwxuh/ wkhuh lv qr dqdorj ri wklv

whvw lq wkh JPP prgho1 Wklv sdshu kdv sursrvhg d whvw ri wkh qxoo ri sduwldo ru

frpsohwh xqghulghqwl�fdwlrq lq wkh jhqhudo JPP prgho dqg kdv dujxhg wkdw lw lv d

xvhixo gldjqrvwlf iru lghqwl�fdwlrq gl!fxowlhv lq wklv prgho1

Uhihuhqfhv1

Dqghuvrq/ W1Z1 +4<84,= Hvwlpdwlqj Olqhdu Uhvwulfwlrqv rq Uhjuhvvlrq Frh!flhqwv iru

wkh Pxowlyduldwh Qrupdo Glvwulexwlrq/ Dqqdov ri Pdwkhpdwlfdo Vwdwlvwlfv/ 55/ ss165:0

6841

Dqghuvrq/ W1Z1 dqg K1 Uxelq +4<7<,= Hvwlpdwlrq ri wkh Sdudphwhuv ri d Vlqjoh

Htxdwlrq lq d Frpsohwh V|vwhp ri Vwrfkdvwlf Htxdwlrqv/ Dqqdov ri Pdwkhpdwlfdo

Vwdwlvwlfv/ 53/ ss1790961

Edvpdqq/ U1O1 +4<93,= Rq Ilqlwh Vdpsoh Glvwulexwlrqv ri Jhqhudol}hg Fodvvlfdo Olqhdu

Lghqwl�delolw| Whvw Vwdwlvwlfv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 88/

ss1983098<1
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Ehnnhu/ S1D1 +4<<7,= Dowhuqdwlyh Dssur{lpdwlrqv wr wkh Glvwulexwlrqv ri Lqvwuxphqwdo

Yduldeoh Hvwlpdwruv/ Hfrqrphwulfd/ 95/ ss198:09;41

Erxqg/ M1/ G1D1 Mdhjhu dqg U1 Ednhu +4<<8,= Sureohpv zlwk Lqvwuxphqwdo Yduldeohv

Hvwlpdwlrq zkhq wkh Fruuhodwlrq Ehwzhhq wkh Lqvwuxphqwv dqg wkh Hqgrjhqrxv H{0

sodqdwru| Yduldeoh lv Zhdn/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ <3/

ss177607831

Fkrl/ L1 dqg S1F1E1 Skloolsv +4<<5,= Dv|pswrwlf dqg Ilqlwh Vdpsoh Glvwulexwlrq Wkh0

ru| iru LY Hvwlpdwruv dqg Whvwv lq Sduwldoo| Lghqwl�hg Vwuxfwxudo Htxdwlrqv/ Mrxuqdo

ri Hfrqrphwulfv/ 84/ ss144604831

Fudjj/ M1J1 dqg V1J1 Grqdog +4<<6,= Whvwlqj Lghqwl�delolw| dqg Vshfl�fdwlrq lq Lq0

vwuxphqwdo Yduldeoh Prghov/ Hfrqrphwulf Wkhru|/ </ ss155505731

Fudjj/ M1J1 dqg V1J1 Grqdog +4<<:,= Lqihuulqj wkh Udqn ri d Pdwul{/ Mrxuqdo ri

Hfrqrphwulfv/ :9/ ss155605831

Gxirxu/ M1P1 +4<<:,= Vrph Lpsrvvlelolw| Wkhruhpv lq Hfrqrphwulfv zlwk Dssolfdwlrqv

wr Vwuxfwxudo dqg G|qdplf Prghov/ Hfrqrphwulfd/ 98/ ss14698046;:1

Kdqvhq/ O1S1 +4<;5,= Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv

Hvwlpdwruv/ Hfrqrphwulfd/ 83/ ss1435<043871

Kdqvhq/ O1S1/ M1 Khdwrq dqg D1 \durq +4<<9,= Ilqlwh Vdpsoh Surshuwlhv ri Vrph Do0

whuqdwlyh JPP Hvwlpdwruv/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 47/ ss15950

5;31
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Kdqvhq/ O1S1 dqg N1 Vlqjohwrq +4<;5,= Jhqhudol}hg Lqvwuxphqwdo Yduldeoh Hvwlpdwlrq

ri Qrqolqhdu Udwlrqdo H{shfwdwlrqv Prghov/ Hfrqrphwulfd/ 83/ ss1459<045;91

Kvldr/ F1 +4<;6,= �Lghqwl�fdwlrq�/ lq Kdqgerrn ri Hfrqrphwulfv/ Yro1 4/ hgv1 ]1

Julolfkhv dqg P1G1 Lqwuloljdwru/ Qruwk0Kroodqg/ Dpvwhugdp1

Nrfkhuodnrwd/ Q1 +4<<3,= Rq Whvwv ri Uhsuhvhqwdwlyh Frqvxphu Dvvhw Sulflqj Prghov/

Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 59/ ss15;806371

Pdggdod/ J1V1 dqg M1 Mhrqj +4<<5,= Rq wkh H{dfw Vpdoo Vdpsoh Glvwulexwlrq ri wkh

Lqvwuxphqwdo Yduldeoh Hvwlpdwru/ Hfrqrphwulfd/ 93/ ss14;404;61

Qhovrq/ F1U1 dqg U1 Vwduw} +4<<3d,= Vrph Ixuwkhu Uhvxowv rq wkh H{dfw Vpdoo Vdpsoh

Surshuwlhv ri wkh Lqvwuxphqwdo Yduldeohv Hvwlpdwru/ Hfrqrphwulfd/ 8;/ ss1<9:0<:91

Qhovrq/ F1U1 dqg U1 Vwduw} +4<<3e,= Wkh Glvwulexwlrq ri wkh Lqvwuxphqwdo Yduldeoh

Hvwlpdwru dqg Lwv w0udwlr Zkhq wkh Lqvwuxphqw lv d Srru Rqh/ Mrxuqdo ri Exvlqhvv/

96/ ss18458084731

Skloolsv/ S1F1E1 +4<;3,= Wkh H{dfw Ilqlwh Vdpsoh Ghqvlw| ri Lqvwuxphqwdo Ydul0

deohv Hvwlpdwruv lq dq Htxdwlrq zlwk q.4 Hqgrjhqrxv Yduldeohv/ Hfrqrphwulfd/ 7;/

ss1;940;:;1

Skloolsv/ S1F1E1 +4<;6,= �H{dfw Vpdoo Vdpsoh Wkhru| lq wkh Vlpxowdqhrxv Htxdwlrqv

Prgho�/ lq Kdqgerrn ri Hfrqrphwulfv/ Yro1 4/ hgv1 ]1 Julolfkhv dqg P1G1 Lqwuloljdwru/

Qruwk0Kroodqg/ Dpvwhugdp1

Ulfkdugvrq/ G1K1 +4<9;,= Wkh H{dfw Glvwulexwlrq ri d Vwuxfwxudo Frh!flhqw Hvwlpd0
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wru/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 96/ ss14547045591

Urelq/ M1P1 dqg U1M1 Vplwk +5333,= Whvwv ri Udqn/ Hfrqrphwulf Wkhru|/ 49/ ss14840

4:81

Vdzd/ W1 +4<9<,= Wkh H{dfw Vdpsolqj Glvwulexwlrq ri Ruglqdu| Ohdvw Vtxduhv dqg

Wzr Vwdjh Ohdvw Vtxduhv Hvwlpdwruv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/

97/ ss1<560<691

Vkhd/ M1 +4<<:,= Lqvwuxphqw Uhohydqfh lq Pxowlyduldwh Olqhdu Prghov= D Vlpsoh Phd0

vxuh/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :</ ss167;06851

Vwdljhu/ G1 dqg M1K1 Vwrfn +4<<:,= Lqvwuxphqwdo Yduldeohv Uhjuhvvlrq zlwk Zhdn

Lqvwuxphqwv/ Hfrqrphwulfd/ 98/ ss188:08;91

Vwrfn/ M1K1 dqg M1K1 Zuljkw +5333,= JPP zlwk Zhdn Lghqwl�fdwlrq/ Hfrqrphwulfd/

9;/ ss133303331

Wdxfkhq/ J1 +4<;9,= Vwdwlvwlfdo Surshuwlhv ri Jhqhudol}hg Phwkrg ri Prphqwv Hvwl0

pdwruv ri Vwuxfwxudo Sdudphwhuv Rewdlqhg iurp Ilqdqfldo Pdunhw Gdwd/ Mrxuqdo ri

Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 7/ ss16<:07581

Wdxfkhq/ J1 dqg U1 Kxvvh| +4<<4,= Txdgudwxuh EdvhgPhwkrgv iru Rewdlqlqj Dssur{0

lpdwh Vroxwlrqv wr Qrqolqhdu Dvvhw Sulflqj Prghov/ Hfrqrphwulfd/ 8</ ss16:406<91

]lyrw/ H1 dqg M1 Zdqj +4<<;,= Lqihuhqfh rq Vwuxfwxudo Sdudphwhuv lq Lqvwuxphqwdo

Yduldeohv Uhjuhvvlrq zlwk Zhdn Lqvwuxphqwv/ Hfrqrphwulfd/ 99/ ss146;<047371
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Wdeoh 4= Sdudphwhu Ydoxhv lq wkh Prghov

Prgho � � � � �

P4

�
3=34;
3=346

� �
3 3
3 3

� �
3=3345 3=334:
3=334: 3=3479

�
31<: 416

P5

�
3=34;
3=346

� �
3 3
3 3

� �
3=3345 3=334:
3=334: 3=3479

�
4146< 461:

P6

�
3=354
3=337

� � �3=494 3=34:
3=747 3=44:

� �
3=3345 3=334::
3=334:: 3=347

�
31<: 416

P7

�
3=354
3=337

� � �3=494 3=34:
3=747 3=44:

� �
3=3345 3=334::
3=334:: 3=347

�
4146< 461:

P8

�
3
3

� � �3=8 3
3 �3=8

� �
3=34 3
3 3=34

�
31<: 416

Qrwh= Prghov P6 dqg P7 zhuh frqvlghuhg e| Nrfkhuodnrwd +4<<3,1 Prghov P4 dqg P5 vhw � wr d
pdwul{ ri }hurv dqg dgmxvw � dqg � vr wkdw wkh jurzwk udwhv ri frqvxpswlrq dqg glylghqgv duh wkh
vdph dv lq prghov P6 dqg P71 Prgho P8 lv h{shulphqw 4E ri Wdxfkhq +4<<9,1 Wkh prghov duh
glvfxvvhg ixuwkhu lq wkh wh{w1



Wdeoh 5= Vlpxodwlrq uhvxowv lq prgho P41

W@433 W@833 W@4333

43wk (wloh ri a�WV 31;;9 31;;7 31;<7

Phgldq ri a�WV 31<:4 31<:4 31<:5

<3wk (wloh ri a�WV 41369 41368 41358

43wk (wloh ri a�WV 051<9; 061444 051954
Phgldq ri a�WV 41597 41633 41757
<3wk (wloh ri a�WV 81664 81748 71:48

43wk (wloh ri a�FX 31:<7 31:98 31:<3

Phgldq ri a�FX 31<9: 31<98 31<9:

<3wk (wloh ri a�FX 4139; 4139; 41398

43wk (wloh ri a�FX 0919:7 0:1:86 09199;
Phgldq ri a�FX 415;7 4153: 415;4
<3wk (wloh ri a�FX 43169: 4318:; <1<36

43wk (wloh ri w
a�WV

0416:< 041763 0416:<
Phgldq ri w

a�WV
31358 31345 31358

<3wk (wloh ri w
a�WV

41455 41464 413<5

43wk (wloh ri w
a�WV 041569 04158; 0415<5

Phgldq ri w
a�WV 031345 31333 31363

<3wk (wloh ri w
a�WV 4158; 4163; 4154;

43wk (wloh ri w
a�FX

051776 051858 05176<
Phgldq ri w

a�FX
0313:< 031467 0313:3

<3wk (wloh ri w
a�FX

417;8 41846 417;7

43wk (wloh ri w
a�FX 0513:8 051354 05135<

Phgldq ri w
a�FX 031344 031383 03133;

<3wk (wloh ri w
a�FX 514;6 5146; 5155;

NV+w
a�WV

, 3136: 31365 313;5
NV+w

a�WV , 3134: 31353 313:5
NV+w

a�FX
, 3145: 31483 31485

NV+w
a�FX , 31447 3145< 3144:

Uhm Udwh ri MWV whvw 419 419 41:
Uhm Udwh ri MFX whvw 319 315 317

Uhm Udwh ri Sursrvhg whvw 31: 31< 413

Qrwhv= Lq wklv prgho/ wkh uhmhfwlrq udwh ri wkh sursrvhg whvw uhsuhvhqwv lwv vl}h1 NV+1, uhihuv wr wkh
Nroprjrury0Vpluqry vwdwlvwlf frpsdulqj wkh vdpsolqj glvwulexwlrq ri wkh dujxphqw zlwk d vwdqgdug
qrupdo glvwulexwlrq1 Doo whvwv kdyh 8( qrplqdo vl}h1 4/333 uhsolfdwlrqv zhuh frqgxfwhg lq hdfk
vlpxodwlrq1



Wdeoh 6= Vlpxodwlrq uhvxowv lq prgho P51

W@433 W@833 W@4333

43wk (wloh ri a�WV 31<4; 31<55 31<4<

Phgldq ri a�WV 41335 41338 41334

<3wk (wloh ri a�WV 413:9 413;5 413:3

43wk (wloh ri a�WV 051986 051:67 051963
Phgldq ri a�WV 417:7 419:3 417<9
<3wk (wloh ri a�WV 91778 91<;< 91487

43wk (wloh ri a�FX 31686 31664 315<7

Phgldq ri a�FX 41376 41369 4135<

<3wk (wloh ri a�FX 414<4 41477 41467

43wk (wloh ri a�FX 419;8 41975 419:8
Phgldq ri a�FX 461485 47134; 461;85
<3wk (wloh ri a�FX :719<; 9418;6 971<34

43wk (wloh ri w
a�WV

061553 081;43 0:13;6
Phgldq ri w

a�WV
041;<7 0614:6 061977

<3wk (wloh ri w
a�WV

031875 031987 031<34

43wk (wloh ri w
a�WV 0516:4 051669 05175:

Phgldq ri w
a�WV 0415;< 041577 04164;

<3wk (wloh ri w
a�WV 03169; 03165: 0316<7

43wk (wloh ri w
a�FX

0441869 05315;3 0551<99
Phgldq ri w

a�FX
04167; 05174< 061357

<3wk (wloh ri w
a�FX

31743 3137: 0313;8

43wk (wloh ri w
a�FX 041;66 051353 051378

Phgldq ri w
a�FX 03135: 31353 31344

<3wk (wloh ri w
a�FX :1644 81844 81:98

NV+w
a�WV

, 31989 31:68 31:;3
NV+w

a�WV , 3187< 3186< 3188:
NV+w

a�FX
, 3175: 31884 318;6

NV+w
a�FX , 31543 314:6 31536

Uhm Udwh ri MWV whvw 414 413 31<
Uhm Udwh ri MFX whvw 31< 415 513

Uhm Udwh ri Sursrvhg whvw 315 315 319

Qrwhv= Dv iru Wdeoh 51



Wdeoh 7= Vlpxodwlrq uhvxowv lq Prgho P61

W@433 W@833 W@4333

43wk (wloh ri a�WV 31<4: 31<74 31<7<

Phgldq ri a�WV 31<:; 31<:5 31<:3

<3wk (wloh ri a�WV 41359 31<<8 31<;<

43wk (wloh ri a�WV 041648 0314;3 3155:
Phgldq ri a�WV 419<< 416;8 41654
<3wk (wloh ri a�WV 71546 51959 51595

43wk (wloh ri a�FX 31;7: 31<67 31<7:

Phgldq ri a�FX 31<:5 31<:3 31<9<

<3wk (wloh ri a�FX 41368 31<<9 31<;<

43wk (wloh ri a�FX 071587 031834 31477
Phgldq ri a�FX 416<7 415<; 4158;
<3wk (wloh ri a�FX 71;76 51995 5158<

43wk (wloh ri w
a�WV

041433 04156; 0415:5
Phgldq ri w

a�WV
3154: 313:< 031344

<3wk (wloh ri w
a�WV

41593 41635 4164<

43wk (wloh ri w
a�WV 0413<4 04149: 04159<

Phgldq ri w
a�WV 31536 313;4 31365

<3wk (wloh ri w
a�WV 4176: 41643 41673

43wk (wloh ri w
a�FX

051337 0417;; 04173;
Phgldq ri w

a�FX
3139: 31333 031385

<3wk (wloh ri w
a�FX

41774 41687 41665

43wk (wloh ri w
a�FX 041;7: 041795 0416::

Phgldq ri w
a�FX 31394 031336 031389

<3wk (wloh ri w
a�FX 41:86 41678 4169;

NV+w
a�WV

, 313<5 31378 3135:
NV+w

a�WV , 313;9 31377 31357
NV+w

a�FX
, 313;: 3136: 31368

NV+w
a�FX , 313;7 3136; 3136:

( Uhm Udwh ri MWV whvw 416 41; 615
( Uhm Udwh ri MFX whvw 414 51< 71:

( Uhm Udwh ri Sursrvhg whvw 915 8513 <319

Qrwhv= Lq wklv prgho/ wkh uhmhfwlrq udwh ri wkh sursrvhg whvw uhsuhvhqwv lwv srzhu1 NV+1, uhihuv wr wkh
Nroprjrury0Vpluqry vwdwlvwlf frpsdulqj wkh vdpsolqj glvwulexwlrq ri wkh dujxphqw zlwk d vwdqgdug
qrupdo glvwulexwlrq1 Doo whvwv kdyh 8( qrplqdo vl}h1 4/333 uhsolfdwlrqv zhuh frqgxfwhg lq hdfk
vlpxodwlrq1



Wdeoh 8= Vlpxodwlrq uhvxowv lq Prgho P71

W@433 W@833 W@4333

43wk (wloh ri a�WV 41359 413<9 4143;

Phgldq ri a�WV 413<7 41459 41466

<3wk (wloh ri a�WV 41498 41496 4148;

43wk (wloh ri a�WV 8149: <1<6; 431<44
Phgldq ri a�WV <18<; 451835 461483
<3wk (wloh ri a�WV 4918:: 4:1557 4:1393

43wk (wloh ri a�FX 31<49 413<6 41443

Phgldq ri a�FX 41444 41463 41468

<3wk (wloh ri a�FX 41535 414:3 41496

43wk (wloh ri a�FX ;1789 431945 4415<5
Phgldq ri a�FX 461499 461785 461965
<3wk (wloh ri a�FX 741<83 551445 4;1656

43wk (wloh ri w
a�WV

05134; 041:84 041:43
Phgldq ri w

a�WV
031:9; 031799 031636

<3wk (wloh ri w
a�WV

315:6 318;6 31:6<

43wk (wloh ri w
a�WV 051344 04195: 041883

Phgldq ri w
a�WV 031:85 0316<4 03156;

<3wk (wloh ri w
a�WV 315:; 31:5: 4135;

43wk (wloh ri w
a�FX

051;:< 041;7< 041934
Phgldq ri w

a�FX
0317:6 031657 031544

<3wk (wloh ri w
a�FX

319;9 31;56 31;;9

43wk (wloh ri w
a�FX 041846 0416:8 041674

Phgldq ri w
a�FX 0313;: 0313:9 031364

<3wk (wloh ri w
a�FX 51<57 41878 41747

NV+w
a�WV

, 31647 314;; 31477
NV+w

a�WV , 31663 314:3 3143:
NV+w

a�FX
, 314;; 3145< 313<4

NV+w
a�FX , 31435 31376 31358

( Uhm Udwh ri MWV whvw 4<14 471; 4316
( Uhm Udwh ri MFX whvw 51; 718 719

( Uhm Udwh ri Sursrvhg whvw 913 5:16 8514

Qrwhv= Dv iru Wdeoh 71



Wdeoh 9= Vlpxodwlrq uhvxowv lq Prgho P81

W@433 W@833 W@4333

43wk (wloh ri a�WV 31<88 31<96 31<98

Phgldq ri a�WV 31<:3 31<:3 31<:3

<3wk (wloh ri a�WV 31<;7 31<:9 31<:7

43wk (wloh ri a�WV 413;7 41533 41559
Phgldq ri a�WV 4159< 415<< 41635
<3wk (wloh ri a�WV 418;: 41765 416;9

43wk (wloh ri a�FX 31<88 31<96 31<98

Phgldq ri a�FX 31<:3 31<:3 31<:3

<3wk (wloh ri a�FX 31<;7 31<:9 31<:9

43wk (wloh ri a�FX 413<< 41536 4155<
Phgldq ri a�FX 41639 41637 41637
<3wk (wloh ri a�FX 4196< 4176< 416<3

43wk (wloh ri w
a�WV

04167< 0416;4 041675
Phgldq ri w

a�WV
031345 31336 03134:

<3wk (wloh ri w
a�WV

41648 41665 41659

43wk (wloh ri w
a�WV 041697 041655 0415;<

Phgldq ri w
a�WV 03147< 031339 3135:

<3wk (wloh ri w
a�WV 414<7 4169; 415;8

43wk (wloh ri w
a�FX

04174: 0416<5 041675
Phgldq ri w

a�FX
031363 031336 031373

<3wk (wloh ri w
a�FX

41634 41668 4165;

43wk (wloh ri w
a�FX 041593 0415<4 041547

Phgldq ri w
a�FX 31363 31377 313:5

<3wk (wloh ri w
a�FX 4167: 41739 4167<

NV+w
a�WV

, 31348 3135< 31358
NV+w

a�WV , 313:9 31357 31359
NV+w

a�FX
, 31357 31363 31357

NV+w
a�FX , 31368 31368 31373

( Uhm Udwh ri MWV whvw 815 715 71;
( Uhm Udwh ri MFX whvw 818 716 813

( Uhm Udwh ri Sursrvhg whvw ;618 43313 43313

Qrwhv= Dv iru Wdeoh 71


