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Devwudfw

Zh vkrz wkdw wkh vwdqgdug frqglwlrq iru PVIH hqfrpsdvvlqj lv qr orqjhu

ydolg zkhq wkh iruhfdvwv wr eh frpsduhg duh eldvhg1 Zh sursrvh d vlpsoh

prgl�fdwlrq ri vxfk d frqglwlrq dqg ri whvwv iru lwv ydolglw|1 Wkh uhodwlrqvkls

ehwzhhq wkhvh whvwv/ srrolqj uhjuhvvlrqv dqg whvwv iru qrq0qhvwhg k|srwkhvhv

lv dovr dqdo|vhg/ wrjhwkhu zlwk wkhlu pxowlyduldwh yhuvlrqv1 Wkh wkhruhwl0

fdo uhvxowv duh looxvwudwhg e| dq hpslulfdo h{dpsoh rq lq�dwlrq dqg gh�flw

iruhfdvwv/ nh| yduldeohv iru wkh irupxodwlrq ri prqhwdu| dqg �vfdo srolf|1

M1H1O1 Fodvvl�fdwlrq= F85/ F86
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Vhyhudo gl�huhqw iruhfdvwv ri wkh vdph skhqrphqrq duh riwhq dydlodeoh1 Wkh xvxdo

dssurdfk lq wklv fdvh lv hlwkhu wr fkrrvh rqh ri wkhp rq wkh edvlv ri d fhuwdlq

fulwhulrq/ vxfk dv plqlpxpphdq vtxduhg iruhfdvw huuru +PVIH, ru phdq devroxwh

huuru +PDH,/ ru wr frpelqh wkhp lq d srrohg iruhfdvw/ djdlq zlwk wkh dlp ri

plqlpl}lqj d fhuwdlq orvv ixqfwlrq/ vhh h1j1 Fohphq +4<;<,1

Dq dowhuqdwlyh dssurdfk lv edvhg rq wkh vr0fdoohg hqfrpsdvvlqj sulqflsoh/ vhh

h1j1 Pl}rq +4<;7,/ zklfk zdv ruljlqdoo| ghyhorshg iru lq0vdpsoh prgho frpsdul0

vrq/ dqg odwhu rq h{whqghg wr iruhfdvw frpsdulvrq/ vwduwlqj zlwk wkh vhplqdo sdshu

e| Fkrqj dqg Khqgu| +4<;9,1 Iruhfdvw hqfrpsdvvlqj uhtxluhv rqh prgho wr eh

deoh wr fruuhfwo| suhglfw wkh iruhfdvwv ri wkh frpshwlqj prghov/ l1h1 wkh prghov

wkdw surgxfh wkh dowhuqdwlyh iruhfdvwv/ ru dw ohdvw wkhlu lpsolhg PVIHv1 Lq wklv

fdvh wkh frpshwlqj prghov ehfrph uhgxqgdqw/ dqg doo wkh uhohydqw lqirupdwlrq

lv frqwdlqhg lq wkh hqfrpsdvvlqj prgho1

Wkh hydoxdwlrq ri iruhfdvw hqfrpsdvvlqj uhtxluhv nqrzohgjh ri wkh iruhfdvwlqj

prghov/ ru dw ohdvw ri wkh uhodwlrqvkls dprqj wkh frpshwlqj iruhfdvwv/ zkloh iru

PVIH hqfrpsdvvlqj rqo| wkh iruhfdvwv dqg wkh uhdol}dwlrqv duh qhfhvvdu|1 Wkh

odujhu lqirupdwlrq vhw lv riwhq qrw dydlodeoh zkhq frpsdulqj/ iru h{dpsoh/ iruh0

fdvwv iurp lqwhuqdwlrqdo rujdql}dwlrqv vxfk dv wkh LPI ru wkh RHFG/ ru iruhfdvwv

iurp hfrqrphwulf prghov zlwk frqvhqvxv iruhfdvwv1 Wkhvh hfrqrphwulf prghov/

hyhq li dydlodeoh/ fdq dovr eh vr frpsoh{ wkdw vwdqgdug whfkqltxhv iru iruhfdvw

hqfrpsdvvlqj/ h1j1/ Hulfvvrq +4<<5,/ ehfrph kdugo| dssolfdeoh1 Wkhuhiruh/ lq

wklv sdshu zh zloo pdlqo| irfxv rq PVIH hqfrpsdvvlqj1 Zkhq wkh iruhfdvwlqj

prghov duh dydlodeoh/ wkh dqdo|vlv ri PVIH hqfrpsdvvlqj lv dq|zd| lqwhuhvwlqj/

ehfdxvh wklv surshuw| lv d qhfhvvdu| frqglwlrq iru wkh ydolglw| ri vwurqjhu qrwlrqv

ri iruhfdvw hqfrpsdvvlqj1

PVIH hqfrpsdvvlqj whvwv/ qdpho| whvwv iru fkhfnlqj zkhwkhu rqh prgho fdq

fruuhfwo| suhglfw wkh PVIH dulvlqj iurp d frpshwlqj prgho/ zhuh ruljlqdoo| sur0

srvhg e| Fkrqj dqg Khqgu| +4<;9,/ dv phqwlrqhg/ dqg zhuh ixuwkhu dqdo|vhg dqg

h{whqghg e| Ox dqg Pl}rq +4<<4,/ Hulfvvrq +4<<5,/ Hulfvvrq dqg Pdutxh} +4<<6,1

Wkh| zhuh dssolhg/ dprqj rwkhuv/ e| Dqguhzv hw do1 +4<<9, iru wkh frpsdulvrq

ri xqhpsor|phqw/ jurzwk dqg lq�dwlrq iruhfdvwv e| wkuhh XN pdfurhfrqrphw0

ulf prghoolqj jurxsv/ dqg e| Duwlv dqg Pdufhoolqr +4<<;e, iru LPI/ HF/ dqg

RHFG gh�flw iruhfdvwv1 Lq wklv sdshu zh uhylhz wkh dydlodeoh uhvxowv rq PVIH
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hqfrpsdvvlqj whvwv/ dqg h{whqg wkhp1

Lq Vhfwlrq 5 zh vwduw e| gh�qlqj irupdoo| wkh frqglwlrq iru PVIH hqfrp0

sdvvlqj1 Zh wkhq vkrz wkdw vxfk d frqglwlrq lv qr orqjhu ydolg zkhq wkh iruh0

fdvwv xqghu frpsdulvrq duh eldvhg/ dqg prgli| lw surshuo|1 Lq wklv fdvh/ dovr

wkh vwdqgdug uhodwlrqvkls ehwzhhq PVIH hqfrpsdvvlqj dqg PVIH grplqdqfh

+wkh iruphu lpsolhv wkh odwwhu, qr orqjhu qhfhvvdulo| krogv/ dv lw lv ghulyhg wkh0

ruhwlfdoo| dqg looxvwudwhg zlwk dq h{dpsoh1 Zh wklqn wkdw wklv lv dq lpsruwdqw

h{whqvlrq ehfdxvh iruhfdvw xqeldvhgqhvv lv riwhq uhmhfwhg lq sudfwlfh/ zklfk fdq

eh dovr mxvwl�hg wkhruhwlfdoo| li wkh orvv ixqfwlrq ri wkh iruhfdvwhu lv dv|pphwulf

+h1j1/ Judqjhu dqg Qhzerog +4<;9/ Fk1 7,,/ li rwkhu jrdov udwkhu wkdq dffxudf|

duh lpsruwdqw/ h1j1 sxeolflw| +Odvwhu hw do1 +4<<:,,/ ru li wkhuh duh xqdffrxqwhg

vwuxfwxudo fkdqjhv ryhu wkh iruhfdvw shulrg +h1j1 Fohphqwv dqg Khqgu|+4<<:f,,1

Lq Vhfwlrq 6 zh uhylhz vwdqgdug PVIH hqfrpsdvvlqj whvwv/ dqg lqglfdwh krz

wkh| vkrxog eh prgl�hg lq wkh suhvhqfh ri eldvhg iruhfdvwv1 Qh{w/ zh uhfdoo wkh

uroh ri srrolqj uhjuhvvlrqv iru PVIH hqfrpsdvvlqj/ dqg frpsduh wkh uhodwlyh

phulwv ri dowhuqdwlyh vshfl�fdwlrqv1 Wkhq/ zh vkrz krz d PVIH hqfrpsdvvlqj

whvw fdq eh ghulyhg dv d Fr{ +4<94, vwdwlvwlf/ e| h{sorlwlqj wkh wkhru| ghyhorshg

lq Shvdudq +4<:7,1

Lq Vhfwlrq 7 vhyhudo pxowlyduldwh yhuvlrqv ri wkh whvwv duh ghvfulehg dqg frp0

sduhg/ |lhoglqj d jhqhudo iudphzrun iru mrlqwo| whvwlqj iru hqfrpsdvvlqj/ xqel0

dvhgqhvv/ dqg h�flhqf|1

Lq Vhfwlrq 8 zh suhvhqw dq hpslulfdo h{dpsoh/ lq rughu wr looxvwudwh vrph ri wkh

wkhruhwlfdo uhvxowv1 Zh frpsduh wkh LPI lq�dwlrq dqg gh�flw iruhfdvwv iru wkh J:

frxqwulhv zlwk udqgrp zdon edvhg iruhfdvwv1 Qrwzlwkvwdqglqj wkhlu vlpsolflw|/

wkh odwwhu fdq eh udwkhu urexvw lq wkh suhvhqfh ri vwuxfwxudo fkdqjhv +Fohphqwv

dqg Khqgu| +4<<:e,,/ zklfk duh olnho| lq wkh fdvh ri wkh gh�flw1 Dfwxdoo|/ iru wklv

yduldeoh wkh qdlyh iruhfdvwv shuirup txlwh zhoo/ wkh| hyhq PVIH hqfrpsdvv wkh

LPI iruhfdvwv iru Mdsdq1

Vhfwlrq 9 vxppdulvhv dqg frqfoxghv1

2� �56, ,?UL4T@tt�?}

Lq wklv vhfwlrq zh gh�qh wkh qrwlrq ri PVIH hqfrpsdvvlqj/ dqg vkrz krz wkh

frqglwlrqv iru lwv ydolglw| kdyh wr eh prgl�hg zkhq wkh iruhfdvwv xqghu frpsdulvrq

duh eldvhg1 Zh dovr dqdo|}h wkh uhodwlrqvkls ehwzhhq PVIH grplqdqfh dqg
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hqfrpsdvvlqj/ vkrzlqj wkdw lw lv dovr d�hfwhg e| eldvhgqhvv ri wkh iruhfdvwv1

Zh dvvxph wkdw rqo| wzr xqlyduldwh iruhfdvwlqj prghov duh dydlodeoh/ P�

dqg P2/ wkhlu sdudphwhuv duh nqrzq dqg frqvwdqw ryhu wkh iruhfdvw shulrg/ wkh

yduldeoh wr eh iruhfdvw/ |/ lv vwdwlrqdu|/ dqg wkh iruhfdvw krul}rq lv rqh shulrg1

Wkhvh k|srwkhvhv duh xvhixo iru irfxvlqj rq wkh pdlq wrslfv/ wkh| zloo eh uhod{hg

odwhu rq1 Wkh iruhfdvwv iru shulrg w pdgh dw wlph w�4 e| P� dqg P2 duh odehoohg

e|�| dqg e|2| / zlwk w @ W . 4> W . 5> ===> W .Q 1

Iru wkh uhdvrqv h{srvhg lq wkh Lqwurgxfwlrq/ zh zloo qrw uhtxluh e|�| dqg e|2| wr

eh xqeldvhg/ qdpho|/

P� , || @ d. ee|�| . x�|> x�| � l=l=g=+3> ���,> fry+x�|> e|2|3�, @ 3 l � 3>

P2 , || @ f. ge|2| . x2|> x2| � l=l=g=+3> �2�,> fry+x2|> e|
�

|3�, @ 3 l � 3=
+514,

Xqeldvhgqhvv uhtxluhv qr frqvwdqw dqg d xqlw frh�flhqw rq wkh iruhfdvw/ +d @

3> e @ 4, dqg2ru +f @ 3> g @ 4,1 Xqghu xqeldvhgqhvv x�| frlqflghv zlwk wkh

iruhfdvw huuru h�| @ || � e|�|/ l @ 4> 5> rwkhuzlvh wkh| zloo eh gl�huhqw1 Qrwlfh dovr

wkdw hdfk htxdwlrq lq +514, lv d vwdwhphqw derxw wkh h{shfwdwlrq ri | frqglwlrqdo

rq e|�| dqg e|2| / vr wkdw hdfk prgho*v sursulhwru dvvxphv wkdw wkh frpshwlqj iruhfdvw

lv uhgxqgdqw1

Iurp wkh ghfrpsrvlwlrq

|| � e|2| @ +|| � e|�| , . +e|�| � e|2| ,> +515,

lw iroorzv wkdw

PVIH2 @PVIH� .H+e|�| � e|2| ,
2 . 5H^+|| � e|�| ,+e|

�

| � e|2| ,`= +516,

Wkh suhglfwlrq ri P� iru PVIH2/ PVIH2
�
/ lv

PVIH2

� @PVIH� .H+e|�| � e|2| ,
2 . 5H^+d. +e� 4,e|�| ,+e|

�

| � e|2| ,`= +517,

P� hqfrpsdvvhv P2 zlwk uhvshfw wr wkh PVIH li dqg rqo| liPVIH2
�
@PVIH21

Li e|�| lv xqeldvhg/ wkh odvw whup lq wkh uljkw kdqg vlgh ri +517, lv htxdo wr }hur/ dqg

PVIH hqfrpsdvvlqj uhtxluhv odfn ri fruuhodwlrq ehwzhhq wkh iruhfdvw huuru iurp

rqh prgho dqg wkh gl�huhqfh ri wkh wzr iruhfdvwv/ l1h1/

H^+|| � e|�| ,+e|
�

| � e|2| ,` @ 3= +518,
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Li xqeldvhgqhvv grhv qrw krog/ lw lv vwloo srvvleoh wr kdyh PVIH hqfrpsdvvlqj exw

wkh frqglwlrq ehfrphv

H^+|| � e|�| ,+e|
�

| � e|2| ,` @ H^+d. +e� 4,e|�| ,+e|
�

| � e|2| ,`>

wkdw fdq eh uhzulwwhq dv

H^x�|+e|
�

| � e|2| ,` @ 3> +519,

qdpho|/ wkh huuru x�| +qr orqjhu wkh iruhfdvw huuru || � e|�| , pxvw eh xqfruuhodwhg

zlwk wkh gl�huhqfh ri wkh iruhfdvwv1

Irxu rxwfrphv duh srvvleoh lq d PVIH hqfrpsdvvlqj hydoxdwlrq=

41 P� PVIH hqfrpsdvvhv P21

51 P2 PVIH hqfrpsdvvhv P�1

61 Qhlwkhu 4 qru 5 krog1

71 Erwk 4 dqg 5 krog1

Fdvhv 4 dqg 5 srvh qr sureohpv1 Fdvh 6 lqglfdwhv wkdw erwk prghov duh vrphzkdw

plvvshfl�hg/ dqg vkrxog eh uhirupxodwhg1 Wklv lvvxh lv ixuwkhu glvfxvvhg odwhu

rq lq wkh frqwh{w ri srrolqj uhjuhvvlrqv1 Lq fdvh 7/ P� dqg P2 duh vdlg wr

eh revhuydwlrqdoo| htxlydohqw zlwk uhvshfw wr wkh PVIH +vhh Pl}rq dqg Ulfkdug

+4<;9,,1 Lw fdq eh hdvlo| vkrzq wkdw zkhq wkh iruhfdvwv duh xqeldvhg wklv kdsshqv

li

H^e|2| +e|
2

| � e|�| ,` @ H^e|�| +e|
2

| � e|�| ,`> +51:,

l1h1/ wkh fryduldqfh ri wkh wzr frpshwlqj iruhfdvwv zlwk wkh iruhfdvw gl�huhqfh lv

wkh vdph1 Lw lv txlwh xqolnho| wkdw +51:, krogv lq wkh srsxodwlrq/ exw lq �qlwh

vdpsohv wkh wzr fryduldqfhv fdq eh yhu| forvh1 Li wklv lv wkh fdvh/ wkh wzr prghov

vkrxog eh frpsduhg rq wkh edvlv ri rwkhu fulwhuld/ vxfk dv wkh phdq devroxwh

iruhfdvw huuru1

Lw lv qrz zruwk dqdo|vlqj wkh uhodwlrqvkls ehwzhhq PVIH grplqdqfh ri P�

+PVIH� ? PVIH2, dqg PVIH hqfrpsdvvlqj1 Zkhq e|�| lv xqeldvhg/ PVIH

grplqdqfh lv rqo| d qhfhvvdu| frqglwlrq iru PVIH hqfrpsdvvlqj/ dqg vhohfwlqj d

prgho dffruglqj wr wklv fulwhulrq grhv qrw hqvxuh wkdw wkh uhvxowlqj iruhfdvw huuruv

fdqqrw eh h{sodlqhg e| wkh dowhuqdwlyh iruhfdvwv1 Lqvwhdg/ PVIH hqfrpsdvvlqj
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lv d vx�flhqw frqglwlrq iru PVIH grplqdqfh1 Erwk sursrvlwlrqv fdq eh hdvlo|

ghulyhg iurp d frpsdulvrq ri +516, dqg +517,/ vhh h1j1 Hulfvvrq +4<<5,1

Zkhq e|�| lv eldvhg/ PVIH grplqdqfh lv qr orqjhu qhfhvvdu| iru PVIH hq0

frpsdvvlqj/ dqg wkh odwwhu lv qrw vx�flhqw iru wkh iruphu1 Dfwxdoo|/ iurp +517,/

lw fdq eh PVIH2
�
@PVIH2/ l1h1 P� PVIH hqfrpsdvvhv P2/ exw

H+e|�| � e|2| ,
2 . 5H^+d. +e� 4,e|�| ,+e|

�

| � e|2| ,` ? 3>

zklfk lpsolhv PVIH2 ?PVIH�1

Dv dq h{dpsoh/ ohw xv vxssohphqw +514, zlwk d ghvfulswlrq ri wkh uhodwlrqvkls

ehwzhhq wkh wzr iruhfdvwv/

e|2| @ �. �e|�| . �|> �| � l=l=g=+3> �#,> +51;,

zlwk fry+x�|> �|, @ 31 Lw lv

H^+|| � e|�| ,+e|
�

| � e|2| ,` @ H^+d. +e� 4,e|�| ,+e|
�

| � e|2| ,`>

vr wkdw PVIH2
�
@ PVIH2/ dqg P� PVIH hqfrpsdvvhv P21� Qrwlfh wkdw

xvlqj wkh frqglwlrq +518, wr yhuli| hqfrpsdvvlqj/ zh zrxog uhmhfw lw ehfdxvh lw lv

H^+|| � e|�| ,+e|
�
| � e|2| ,` 9@ 31 Wkhq zh kdyh/

PVIH2 �PVIH� @ H+e|�| � e|2| ,
2 . 5H^+d. +e� 4,e|�| ,+e|

�

| � e|2| ,` @

@ H^+4� �,e|�| � �� �|`
2 . 5H^+d. +e� 4,e|�| ,++4� �,e|�| � �� �|,` @

@ H+e|�| ,
2+4� �,+5e� 4� �, . 5H+e|�| ,^d+4� �,� �+e� �,` .

.�2 . �# � 5d�=

Wklv txdqwlw| fdq eh odujhu ru vpdoohu wkdq }hur/ h1j1/ lw lv PVIH2 ? PVIH�

iru 5e� 4 ? � ? 4/ � @ d+4� �,@+e� �,/ �# ? �+5d� �,1

Wr frqfoxgh/ lw fdq eh zruwk vwuhvvlqj wkdw PVIH hqfrpsdvvlqj surylghv d

phdvxuh ri wkh uhodwlyh shuirupdqfh ri d prgho/ qrw ri lwv ryhudoo jrrgqhvv lq

iruhfdvwlqj/ vr wkdw wkh odwwhu vkrxog eh vhsdudwho| dvvhvvhg1

�W?t|i@_c .dE+| 3 e+2| �Ee+
2

| 3 e+�| �o �' .dES n E_ 3 ��e+2| �Ee+
2

| 3 e+�| �oc tL |�@| �2 _Lit ?L| �56,

i?UL4T@tt ���
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Lq wklv vhfwlrq zh uhylhz h{lvwlqj whvwv iru PVIH hqfrpsdvvlqj/ dqg vxjjhvw krz

wkh| vkrxog eh prgl�hg wr wdnh iruhfdvw eldvhgqhvv lqwr dffrxqw1 Zh wkhq uhodwh

wkhp wr srrolqj uhjuhvvlrqv/ dqg hydoxdwh zkhwkhu eldvhgqhvv srvhv dgglwlrqdo

sureohpv dovr lq wklv iudphzrun1 Qh{w/ zh vkrz krz fodvvlfdo whvwv iru qrq0

qhvwhg k|srwkhvhv fdq eh dgdswhg wr whvw iru PVIH hqfrpsdvvlqj1 Ilqdoo|/ zh

lqglfdwh krz vrph ri wkh vlpsoli|lqj dvvxpswlrqv wkdw zh pdlqwdlq iru fodulw|

fdq eh uhod{hg1

6141 PVIH hqfrpsdvvlqj whvwv

Rqh ri wkh hduolhvw dwwhpswv wr surylgh d vwdwlvwlfdo wrro iru fkrrvlqj d iruhfdvwlqj

irupxod/ Krho +4<7:,/ lv edvhg rq wkh vljql�fdqfh ri wkh uhjuhvvru lq wkh prgho

|| � e|�| @ !+e|2| � e|�| , . x|> x| � l=l=g=+3> ��,= +614,

Wkh xqghuo|lqj lghd lv wkdw zkhq ! @ 3 wkh iruhfdvw huuru iurp P� fdqqrw eh

h{sodlqhg e| P2/ zklfk lv wkhuhiruh uhgxqgdqw1 Iurp +518,/ d whvw iru ! @ 3 lv

dovr d PVIH hqfrpsdvvlqj whvw/ dv qrwlfhg e| Hulfvvrq +4<<5, dqg Fohphqwv dqg

Khqgu| +4<<6,1 \hw/ iurp +519,/ wklv vwdwhphqw lv fruuhfw rqo| li e|�| lv xqeldvhg/ l1h1/

d @ 3/ e @ 4 lq +514,1 Zkhq wklv k|srwkhvlv grhv qrw krog/ lq rughu wr frqvwuxfw

d PVIH hqfrpsdvvlqj whvw edvhg rq wkh k|srwkhvlv ! @ 3/ wkh uhjuhvvlrq vkrxog

eh prgl�hg lqwr

ex�| @ !+e|2| � e|�| , . x|> x| � l=l=g=+3> ��,> +615,

zkhuh ex�| lv wkh hvwlpdwhg frxqwhusduw ri x�|1 Wklv uhjuhvvlrq lv vrphwlphv uxq

lq hpslulfdo dqdo|vlv/ vhh h1j1 Duwlv +4<;;,/ dqg wkh glvfxvvlrq lq wkh suhylrxv

vhfwlrq surylghv d wkhruhwlfdo udwlrqdoh iru lw1

Fkrqj dqg Khqgu| +4<;9, lqvwhdg frqvlghuhg dq htxdwlrq vlplodu wr +614,/

qdpho|/

|| � e|�| @ �e|2| . x|> +616,

dqg sursrvhg wr whvw iru � @ 3 iru PVIH hqfrpsdvvlqj1 Wkh| vkrzhg wkdw wkh

w0vwdwlvwlf iru � @ 3 kdv d Q+3> 4, glvwulexwlrq iru odujh W dqg Q1 Wklv lv dovr wkh

vxjjhvwlrq e| Hulfvvrq +4<<5, lq wkh fdvh ri vwdwlrqdu| yduldeohv1 \hw/ djdlq/ wklv
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lv d PVIH hqfrpsdvvlqj whvw rqo| li e|�| lv xqeldvhg1 Rwkhuzlvh/ wkh ghshqghqw

yduldeoh vkrxog eh vxevwlwxwhg e| ex�|1

Frqwlqxlqj wkh h{dpsoh lq wkh suhylrxv vhfwlrq/ zkhq wkh iruhfdvwv duh eldvhg/

hyhq xqghu PVIH hqfrpsdvvlqj ri P� iru P2 erwk wkh ROV hvwlpdwru ri ! lq +614,

dqg wkdw ri � lq +616, frqyhujh wr qrq }hur ydoxhv/ ehfdxvh H^+||�e|�| ,+e|
�
| �e|2| ,` dqg

H^+||�e|�| ,e|
2
| ` duh gl�huhqw iurp }hur1 Lqvwhdg/ xvlqj ex�| dv wkh ghshqghqw yduldeoh

lq hlwkhu +614, ru +616,/ wkh ROV hvwlpdwru ri wkh frh�flhqw ri wkh uhjuhvvru

frqyhujhv wr }hur/ fruuhfwo| lqglfdwlqj wkdw P� PVIH hqfrpsdvvhv P21

6151 Srrolqj uhjuhvvlrqv

Vrph ri wkh diruhphqwlrqhg gudzedfnv ri vwdqgdug PVIH hqfrpsdvvlqj whvwv

fdq eh dovr dyrlghg e| dgrswlqj wkh prgho

|| @ h. i e|�| . je|2| . x|> +617,

zklfk qhvwv erwk htxdwlrqv lq +514,1 Htxdwlrq +617, kdv ehhq riwhq hpsor|hg lq

wkh olwhudwxuh rq iruhfdvw srrolqj/ vhh/ h1j1/ Fohphq +4<;<, dqg Zdoolv +4<;<,/ eh0

fdxvh wkh hvwlpdwhv ri wkh sdudphwhuv surylgh wkh rswlpdo zhljkwv lq wkh vhqvh ri

plqlplvlqj wkh PVIH iru wkh srrohg iruhfdvw1 Wkh k|srwkhvlv j @ 3 fruuhvsrqgv

wr P� hqfrpsdvvhv P2 zlwk uhvshfw wr PVIH1 Zkhq h @ 3> i @ 4 wkh iruhfdvwv

iurp P� duh dovr xqeldvhg1 Wklv uhvwulfwlrq ohdgv wr +616,/ zkloh h @ 3> i . j @ 4

+zklfk krogv zkhq dw ohdvw rqh iruhfdvw lv xqeldvhg, ohdgv wr +614,1 Lw fdq eh

hdvlo| yhul�hg wkdw lq wkh fdvh ri wkh h{dpsoh lq wkh suhylrxv vhfwlrq wkh ROV

hvwlpdwruv ri h/ i / dqg j frqyhujh/ uhvshfwlyho|/ wr d/ e/ dqg }hur1

Wkh ehqh�wv iurp qrw lpsrvlqj i . j @ 4 duh hpskdvlvhg e| Idlu dqg Vkloohu

+4<<3,1 Krzhyhu/ wkh| xvh d gl�huhqw yhuvlrq ri +617,/ qdpho|/

|| � ||3� @ f. �+e|�| � ||3�, . �+e|2| � ||3�, . x|= +618,

Sdudgr{lfdoo|/ zkhq � . � 9@ 4 wklv irupxodwlrq dsshduv wr eh lqdssursuldwh +eh0

fdxvh ri qrq fdqfhoodwlrq ri wkh ||3� whupv,/ dqg fdq ohdg wr eldvhg hvwlpdwruv ri

� dqg �1 Ohw xv frqvlghu dq h{dpsoh mxvw e| Idlu dqg Vkloohu +s16::,1 Wkh| dv0

vxph/ lq rxu qrwdwlrq/ wkdw | lv jhqhudwhg dv wkh vxp ri wzr ruwkrjrqdo yduldeohv

soxv qrlvh dqg wkdw hdfk ri P� dqg P2 ohwv | ghshqg rq rqh ri wkh wzr yduldeohv

rqo|1 Khqfh/ zh vkrxog kdyh h @ 3 dqg i @ j @ 4 lq htxdwlrq +617,1 Krzhyhu/

wkh hvwlpdwruv ri � dqg � lq +618, fdqqrw erwk frqyhujh wr rqh/ rwkhuzlvh wkhuh
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zrxog eh �||3� rq wkh ohiw kdqg vlgh ri +618, dqg �5||3� rq wkh uljkw kdqg vlgh1

Khqfh/ wkh irupxodwlrq lq +617, vhhpv vwloo suhihudeoh1

Htxdwlrq +617, lv dovr dgydqwdjhrxv zkhq pdq| prghov kdyh wr eh frpsduhg/

vd| q/ ehfdxvh rqh uhjuhvvlrq lqvwhdg ri q w|sh0+616, uhjuhvvlrqv lv vx�flhqw1

\hw/ wkh suredeoh kljk fruuhodwlrq dprqj wkh uhjuhvvruv fdq fuhdwh sureohpv ri

froolqhdulw|1 Lq vxfk d fdvh d fkdqjh ri uhjuhvvruv dv lq

|| @ h. +i . j,e|�| . j+e|2| � e|�| , . x| +619,

pljkw eh uhtxluhg12

Wkh hqfrpsdvvlqj0xqeldvhgqhvv k|srwkhvhv kdyh dovr vwurqj lpsolfdwlrqv lq

whupv ri PVIH grplqdqfh1 Lq sduwlfxodu/ +h @ 3> i @ 4> j @ 3, lpsolhv wkdw

P� PVIH grplqdwhv P�/ zkhuh P� lv zkdwhyhu prgho zkrvh iruhfdvwv fdq eh

h{suhvvhg dv d olqhdu frpelqdwlrq ri wkrvh e| P� dqg P21 Judqjhu dqg Qhzerog

+4<:6, kdyh vxjjhvwhg wkdw d iruhfdvwlqj prgho vkrxog kdyh frqglwlrqdo h�flhqf|

htxdo wr rqh/ zkhuh frqglwlrqdo h�flhqf| lv gh�qhg dv wkh udwlr ri wkh vdpsolqj

yduldqfhv ri wkh iruhfdvw huuruv ri wkh srrohg dqg ruljlqdo prghov1 Wklv uhtxluh0

phqw lv wkhuhiruh vdwlv�hg zkhq +h @ 3> i @ 4> j @ 3,1 Wklv k|srwkhvlv dovr

lpsolhv wkh htxdolw| wr }hur ri wkh �uvw wzr whupv lq wkh Wkhlo +4<8;, ghfrpsrvl0

wlrq

PVIH @ +
3

e|
�

�
3

|, . +V
e+�
� uV+,

2 . +4� u2,V2

+ >

zkhuh
3

e|
�

dqg
3

| duh wkh vdpsoh phdqv ri suhglfwru dqg suhglfwhg vhulhv/ V
e+�

dqg

V+ duh wkhlu vwdqgdug ghyldwlrqv/ dqg u lv wkh vdpsoh fruuhodwlrq ehwzhhq wkhp1

Wr frqfoxgh/ lw fdq eh zruwk frpphqwlqj eulh�| rq wkh uroh ri iruhfdvw srro0

lqj dqg prgho ulvshfl�fdwlrq zkhq erwk uhjuhvvruv duh vljql�fdqw lq +617, ru

+619,/ vhh Fkrqj dqg Khqgu| +4<;9,/ Glherog +4<;<,/ Hulfvvrq +4<<5, iru ixuwkhu

glvfxvvlrq1 Wkh �uvw rswlrq lv fxuuhqw sudfwlfh lq dssolhg iruhfdvwlqj/ exw wklv

rxwfrph lv lq jhqhudo uhodwhg wr d plvvshfl�fdwlrq ri erwk prghov/ zklfk vkrxog

wkhuhiruh eh fkdqjhg vrphkrz ehiruh iruhfdvwlqj1 Krzhyhu/ zkhq P� dqg P2

duh odujh pdfurhfrqrphwulf prghov lw vhhpv gl�fxow wr prgli| wkhp txlfno|/ vr

wkdw iruhfdvw srrolqj fdq eh d vhfrqg ehvw1 Pruhryhu/ lq fhuwdlq fdvhv/ vhh h1j1

2�? @*|ih?@|��i @TThL@U� �t |L i |h@U| |�i UL44L? �?uLh?@|�L? �? |�i ? UL4Ti|�?} uLhiU@t|t
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wkh diruhphqwlrqhg h{dpsoh e| Idlu dqg Vkloohu +4<<3,/ srrohg iruhfdvwv frxog

eh vhhq dv wkh iruhfdvwv e| d frpsohwlqj0w|sh prgho zklfk frxog doohyldwh wkh

plvvshfl�fdwlrq sureohpv ri wkh frpshwlqj prghov1

6161 Qrq0qhvwhg whvwv

Wkh sureohp ri frpsdulqj P� dqg P2 zlwk uhvshfw wr wkhlu iruhfdvwlqj shuiru0

pdqfh fdq eh dovr fdvw lq wkh qrq0qhvwhg k|srwkhvlv whvwlqj iudphzrun/ wkh qrq

qhvwhg prghov ehlqj wkrvh lq +514,1 Xqghu wkh dgglwlrqdo k|srwkhvlv ri qrupdo

huuruv/ wkh qxphudwru ri wkh Fr{ whvw/ dv h{solflwo| ghulyhg e| Shvdudq +4<:7,

iru wkh olqhdu uhjuhvvlrq fdvh�/ lv sursruwlrqdo wr wkh gl�huhqfh ri wkh orj ri wkh

+hvwlpdwhg, yduldqfh ri x2/ e��2/ dqg lwv suhglfwlrq pdgh e| P�/ e��2 �1 Xqghu wkh

dvvxpswlrq d @ 3/ e @ 4/ f @ 3/ g @ 4/ wkh qrq0qhvwhg prghov wr eh frpsduhg

ehfrph
P�

, || @ e|�| . x�|> x�| � l=l=g=Q+3> ���,>

P2
, || @ e|2| . x2|> x2| � l=l=g=Q+3> �2�,=

+61:,

Lq wklv fdvh/ iroorzlqj Shvdudq +4<:7,/ wkh Fr{ vwdwlvwlf iru wkh �uvw prgho yhuvxv

wkh vhfrqg rqh fdq eh zulwwhq dv

FS @
�

2 orj+PVIH2@PVIH2
�,u

�78.�

E�78.2

�
�2
+e|2�+L � e|�+e|��e|�,3�e|��,e|2, >

zkhuh e|� dqg e|2 duh wkh Q � 4 yhfwruv ri iruhfdvwv iurp P� dqg P21 Wkh vwd0

wlvwlf lv glvwulexwhg dv Q+3> 4, iru odujh W dqg Q 1 Lwv lqwhusuhwdwlrq dv d PVIH

hqfrpsdvvlqj whvw lv vwudljkw iruzdug1 Jlyhq wkdw PVIH2@PVIH2
� @ 4 li dqg

rqo| li H^+|| � e|�| ,+e|�| � e|2| ,` @ 3/ wkh whvwv iru ! @ 3 lq +614, ru � @ 3 lq +616,

surylgh vlpsohu dowhuqdwlyhv1

Dv dq dowhuqdwlyh wr Fr{ surfhgxuh/ Dwnlqvrq +4<:3, vxjjhvwhg hpehgglqj wkh

qrq0qhvwhg prghov lqwr d qhvwlqj iudphzrun/ e| wdnlqj d zhljkwhg frpelqdwlrq

ri wkhp1 Wkh whvw lv wkhq wkdw wkh zhljkw dvvrfldwhg wr rqh prgho lv htxdo

wr }hur1 Lq rxu fdvh wkh qhvwlqj iudphzrun lv surylghg e| htxdwlrq +617,/ dqg

wkh whvw lv wkh w0vwdwlvwlf iru j @ 3/ zklfk djdlq dgplwv dq lpphgldwh PVIH

hqfrpsdvvlqj lqwhusuhwdwlrq1 Xqghu wkh k|srwkhvlv h @ 3/ i .j @ 4 wklv vwdwlvwlf

dovr fruuhvsrqgv wr wkh rxw0ri0vdpsoh yhuvlrq ri wkh F whvw e| Gdylgvrq dqg

PdfNlqqrq +4<;4,1
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6171 Vrph h{whqvlrqv

Vr idu zh kdyh dvvxphg wkdw wkh huuru whupv lq wkh uhjuhvvlrqv ri lqwhuhvw duh l1l1g1

yduldeohv/ h1j1/ +514,/ +615,/ ru +617,/ zh kdyh pdlqwdlqhg wkdw wkh yduldeohv wr eh

iruhfdvw duh vwdwlrqdu|/ dqg wkh sdudphwhuv ri wkh iruhfdvwlqj prghov uhpdlq vwdeoh

ryhu wkh iruhfdvw shulrg1 Lq sudfwlfh/ qrq olqhdulw| lq wkh iruhfdvwlqj prghov dqg k0

vwhs dkhdg iruhfdvwlqj/ k A 4/ fdq lqgxfh khwhurvnhgdvwlflw| dqg fruuhodwlrq lq wkh

huuru whupv> hfrqrplf yduldeohv duh riwhq qrqvwdwlrqdu| surfhvvhv/ lq sduwlfxodu

wkh| fdq eh zhoo uhsuhvhqwhg dv surfhvvhv lqwhjudwhg ri rughu rqh +L+4,,> dqg

vwuxfwxudo euhdnv gr kdsshq/ dqg duh rqh ri wkh pdmru vrxufhv ri iruhfdvw idloxuhv

+vhh h1j1 Fohphqwv dqg Khqgu| +4<<:e,,1 Wkhvh wkuhh sureohpv kdyh ehhq douhdg|

wdfnohg lq wkh olwhudwxuh/ vr wkdw zh rqo| eulh�| dgguhvv wkhp khuh1

Lq wkh fdvh ri khwhurvnhgdvwlf fruuhodwhg huuruv/ ROV hvwlpdwlrq zlwk surshu

uhvlgxdo yduldqfh hvwlpdwruv dqg uhodwhg urexvw whvwv fdq eh dgrswhg +vhh h1j1 Idlu

dqg Vkloohu +4<;<,/ Zklwh +4<;3,,/ ru d ihdvleoh JOV hvwlpdwlrq phwkrg fdq eh

xvhg +Hulfvvrq dqg Pdutxh} +4<<6,,1

Zkhq wkh yduldeohv duh lqwhjudwhg/ d �uvw uhtxlvlwh iru wkh frpshwlqj iruh0

fdvwv lv wr eh ri wkh vdph rughu ri lqwhjudwlrq dv wkh yduldeohv wkh| duh uhihuuhg

wr1 D vhfrqg edvlf uhtxluhphqw lv wkdw wkh| frlqwhjudwh zlwk wkh yduldeohv1 Li

dq| ri wkhvh wzr edvlf surshuwlhv lv qrw vdwlv�hg/ lw lv qrw zruwk jrlqj rq zlwk

wkh frpsdulvrq1 Dv idu dv PVIH hqfrpsdvvlqj whvwv duh frqfhuqhg/ L+4,0qhvv

lqfuhdvhv wkh udwh ri frqyhujhqfh ri wkh hvwlpdwruv lq ohyho uhjuhvvlrqv/ exw frp0

solfdwhv lqihuhqfh ehfdxvh vwdqgdug glvwulexwlrq wkhru| qr orqjhu krogv +Vlpv hw

do1 +4<<3,,1 Pruhryhu/ fduh dv wr eh h{huwhg wr dyrlg uxqqlqj xqedodqfhg ru plv0

vshflihg uhjuhvvlrqv zkhq vrph nlqg ri vwdwlrqdulw| wudqvirupdwlrq lv dgrswhg1

Lq sduwlfxodu/ dv qrwlfhg e| Hulfvvrq +4<<5,/ htxdwlrq +616, qr orqjhu surylghv

d surshu iudphzrun iru d PVIH hqfrpsdvvlqj whvw ehfdxvh mxvw zkhq e|�| lv dq

xqeldvhg iruhfdvw/ zklfk zh uhfdoo lv wkh frqglwlrq iru +616, wr eh ydolg zlwk vwd0

wlrqdu| yduldeohv/ wkh vwdwlrqdu| yduldeoh |� e|�| lv uhjuhvvhg rq wkh L+4, uhjuhvvru

e|2| 1

Wr dyrlg wklv sureohp/ Hulfvvrq +4<<5, vxjjhvwhg wr dgrsw htxdwlrq +614,1

\hw/ wklv lv d surshu fkrlfh rqo| li erwk e|�| dqg e|2| duh xqeldvhg/ zklfk jxdudqwhhv

vwdwlrqdulw| erwk ri wkh ghshqghqw dqg ri wkh lqghshqghqw yduldeohv1 Pruhryhu/

wkh jdlqv iurp d idvwhu udwh ri frqyhujhqfh ri wkh hvwlpdwruv duh orvw1 D suhihudeoh

irupxodwlrq vhhpv djdlq htxdwlrq +617,/ frpelqhg zlwk wkh glvwulexwlrq wkhru| e|
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Skloolsv dqg Kdqvhq +4<<3, wr whvw iru wkh k|srwkhvhv ri PVIH hqfrpsdvvlqj dqg

xqeldvhgqhvv ri e|�| 1 Dv dq dowhuqdwlyh/ zh vxjjhvw wr uhsdudphwul}h +617, lqwr wkh

HFP irupxodwlrq

�|| @ h. i�e|�| . j�e|2| . k+||3� � ee|�|3�, . n+||3� � ge|2|3�, . x|= +61;,

P� PVIH hqfrpsdvvhv P2 iru i @ e/ j @ 3/ k @ �4/n @ 3/ dqg ylfhyhuvd iru

i @ 3/ j @ g/ k @ 3/n @ �41 Whvwv iru wkhvh k|srwkhvhv qrz kdyh d vwdqgdug

glvwulexwlrq1 \hw/ wkh whvwv uxq lq wkh uhjuhvvlrq lq ohyhov +htxdwlrq +617,, fdq

kdqgoh pruh jhqhudo huuru whupv/ zkloh wkh k|srwkhvlv ri l1l1g1 huuruv lv lpsruwdqw

lq wkh HFP +61;,1

Ilqdoo|/ vwuxfwxudo fkdqjhv duh rqo| d sureohp li wkh| duh qrw surshuo| wdnhq

lqwr dffrxqw lq wkh iruhfdvwlqj prghov/ h1j1 e| phdqv ri vrph w|sh ri lqwhufhsw

fruuhfwlrqv/ dqg wkhuhiruh d�hfw wkh uhodwlrqvkls ehwzhhq dfwxdo dqg �wwhg ydoxhv1

Zkhwkhu wklv lv wkh fdvh fdq eh fkhfnhg e| phdqv ri whvwv iru sdudphwhu frqvwdqf|

lq wkh uhjuhvvlrqv ri vxevhfwlrqv 614 dqg 615/ h1j1 Kdqvhq +4<<5,> exw li qrq0

frqvwdqf| lv ghwhfwhg lw lv gl�fxow wr suhvfuleh d jhqhudo uhphg|1

e� ��*|��@h�@|i �56, i?UL4T@tt�?} |it|t

Zh qrz dvvxph wkdw { lv d q� 4 yhfwru ri yduldeohv zkrvh iruhfdvwv e| P� dqg

P2 duh wkh q� 4 yhfwruv e{�| dqg e{2| / zlwk

P� , {| @ d.Ee{�| . x�|> x�| � l=l=g=+3>��,> fry+x�|> e{2|3�, @ 3 l � 3>

P2 , {| @ f.Ge{2| . x2|> x2| � l=l=g=+3>2�,> fry+x2|> e{
�

|3�, @ 3 l � 3>
+714,

zkhuh d/ f duh q � 4 yhfwruv zkloh E/ G duh q � q pdwulfhv1 Wr vwduw zlwk/ zh

zlvk wr glvfxvv dowhuqdwlyh whvwv iru wudfh PVIH hqfrpsdvvlqj/ zkhuh wkh PVIH

pdwul{ lpsolhg e| wkh wzr prghov lv
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Wudfh PVIH hqfrpsdvvlqj ri P� iru P2 uhtxluhv wu+�2, @ wu+�2
�
,/ zkhuh �2

�
/

wkh suhglfwlrq ri P� iru �2/ lv

�2

� @ �� .H+e{�| � e{2| ,+e{�| � e{2| ,� . 5H^+d. +E � L,e{�| ,+e{�| � e{2| ,� `> +715,

zkloh �2 fdq eh zulwwhq dv

�2 @ �� .H+e{�| � e{2| ,+e{�| � e{2| ,�

. 5H+{| � e{�| ,+e{�| � e{2| ,� = +716,

Khqfh/ wr kdyh wudfh PVIH lw pxvw eh

wu+H+{| � e{�| ,+e{�| � e{2| ,�, @ wu+H^+d. +E � L,e{�| ,+e{�| � e{2| ,�

`,= +717,

Lw lpphgldwho| iroorzv wkdw zkhq wkh iruhfdvwv lq e{�| duh xqeldvhg dqg E lv gldj0

rqdo/ wkh frqglwlrq vlpsol�hv wr

wu+H+{| � e{�| ,+e{�| � e{2| ,�

, @ 3= +718,

Wudfh PVIH grplqdqfh lv riwhq hpsor|hg dv d wrro iru vhohfwlqj d pxowlydul0

dwh iruhfdvwlqj prgho1 Krzhyhu/ dv lq wkh xqlyduldwh fdvh/ zkhq wkh iruhfdvwv duh

xqeldvhg lw lv qhfhvvdu| exw qrw vx�flhqw iru wudfh PVIH hqfrpsdvvlqj1 Wkh

odwwhu lpsolhv wudfh PVIH grplqdqfh/ ehfdxvh H+e{�| � e{2| ,+e{�| � e{2| ,� lv d v|p0

phwulf pdwul{ vr wkdw lwv wudfh lv qrq qhjdwlyh1 Wkhvh uhodwlrqvklsv qr orqjhu

qhfhvvdulo| krog zkhq wkh iruhfdvwv duh eldvhg1 Qrwlfh dovr wkdw zkloh yduldeoh e|

yduldeoh PVIH grplqdqfh dqg hqfrpsdvvlqj lpso| wudfh PVIH grplqdqfh dqg

hqfrpsdvvlqj/ wkh frqyhuvh lv qrw qhfhvvdulo| wuxh1

D �uvw srvvleoh whvw iru wudfh PVIH hqfrpsdvvlqj uhtxluhv wr uxq q w|sh0+617,

uhjuhvvlrqv/ qdpho|/

{�| @ h. i e{��| . je{2�| . x�|> m @ 4> ===> q> +719,

dqg whvw wkh k|srwkhvlv j @ 3 lq hdfk ri wkhp1 Lq rughu wr kdyh dq ryhudoo

vl}h ri �/ wkh vl}h ri hdfk whvw vkrxog eh htxdo wr �@q1 +719, lv d v|vwhp ri

vhhplqjo| xquhodwhg uhjuhvvlrq htxdwlrqv +VXUH/ vhh ]hooqhu +4<95,,/ dqg Qhovrq

+4<:5, sursrvhg wr hvwlpdwh lw e| phdqv ri JOV lq rughu wr rewdlq pruh h�flhqw

hvwlpdwruv wkdq ROV1 Wudfh PVIH hqfrpsdvvlqj lv dffhswhg zkhq wkh k|srwkhvlv

j @ 3 lv dffhswhg lq hdfk htxdwlrq1 \hw/ dv phqwlrqhg/ wklv lv d vx�flhqw exw qrw

qhfhvvdu| frqglwlrq iru wudfh PVIH hqfrpsdvvlqj/ vr wkdw lq sduwlfxodu fdvhv wkh

odwwhu frxog eh zurqjo| uhmhfwhg1
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Lq rughu wr dyrlg wklv sureohp/ wkh q yduldeohv dqg iruhfdvwv fdq eh vwdfnhg

lqwr wkh qQ � 4 yhfwruv [/ e[�/ e[21 Wkhvh duh wkhq xvhg lq wkh uhjuhvvlrq

[, @ h. i e[�

, . j e[2

| . X,> o @ 4> ===> qQ> +71:,

dqg d w0whvw iru j @ 3 lv shuiruphg1 Lq jhqhudo/ wkh huuru whup lq +71:, lv khw0

hurvnhgdvwlf1 Wkh ydu|lqj yduldqfh fdq eh hvwlpdwhg iurp wkh v|vwhp lq +719,/ vr

wkdw JOV hvwlpdwlrq lv ihdvleoh1 Xqghu wkh qxoo k|srwkhvlv/ xvlqj +71:, lqvwhdg ri

+719, fdq eh dovr dgydqwdjhrxv ehfdxvh ri wkh odujhu qxpehu ri dydlodeoh revhuyd0

wlrqv1 \hw/ zh duh lpsrvlqj wkdw wkh ydoxhv ri wkh frqvwdqw dqg ri wkh frh�flhqw

ri wkh �uvw iruhfdvw duh htxdo iru doo yduldeohv/ dq k|srwkhvlv wkdw fdq eh uhod{hg

e| lqvhuwlqj surshu gxpplhv lq wkh uhjuhvvlrq/ dw wkh frvw ri orrvlqj ghjuhhv ri

iuhhgrp1 Lqglylgxdo surshuwlhv vxfk dv iruhfdvw xqeldvhgqhvv dqg h�flhqf| frxog

wkhq dovr eh whvwhg lq wklv iudphzrun1

Dv idu dv h�flhqf| lv frqfhuqhg/ lq +71:, dqg lq +719, zh duh dvvxplqj wkdw

wkh iruhfdvwv ri rwkhu yduldeohv iurp wkh wzr prghov duh qrw uhohydqw h{sodqdwru|

yduldeohv1 Wklv k|srwkhvlv fdq eh dovr uhod{hg/ frqvlghulqj wkh v|vwhp ri htxdwlrqv

{| @ f. �e{�| .Ke{2| . y|> +71;,

zkhuh � dqg K duh q � q pdwulfhv ri sdudphwhuv dqg f lv dq q � 4 yhfwru ri

frqvwdqwv1 +71;, erlov grzq wr +719, zkhq � dqg K duh gldjrqdo1 Wkh mrlqw

k|srwkhvlv ri h�flhqf| dqg hqfrpsdvvlqj uhtxluhv wkhuhiruh � @ gldj/ K @ 3

zkloh li f @ 3/ � @ L wkh iruhfdvwv iurp P� duh dovr xqeldvhg1 Qrwlfh wkdw lq wklv

fdvh hqfrpsdvvlqj lv zlwk uhvshfw wr �2/ wkh PVIH pdwul{ iru P2/ zklfk lpsolhv

wudfh PVIH hqfrpsdvvlqj1

Zkhq �.K @ L/ zklfk krogv iru h{dpsoh zkhq e{� lv xqeldvhg/ +71;, fdq eh

uh0zulwwhq dv

{| � e{�| @ f.K+e{2| � e{�| , . y|= +71<,

D whvw iru K @ 3 lq +71<, lv lqyduldqw wr lvrprusklf g|qdplf wudqvirupdwlrqv

ri wkh xqghuo|lqj v|vwhp iru wkh { yduldeohv dqg fruuhvsrqglqj iruhfdvwv/ zkloh

wklv lv qrw wuxh lq +71;,1 Wklv surshuw| iroorzv iurp lqyduldqfh ri wkh 40vwhs

dkhdg iruhfdvw huuruv wr wkhvh wudqvirupdwlrqv/ dqg lw dovr krogv iru wkh xqlyduldwh

fdvh/ vhh Fohphqwv dqg Khqgu| +4<<6,1 Xqghu wkh qxoo k|srwkhvlv/ wkh whvw lv

dovr lqyduldqw wr frqwhpsrudqhrxv olqhdu wudqvirupdwlrqv +Fohphqwv dqg Khqgu|

+4<<:d/ Fk1 4316,,1
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Wr frqfoxgh/ Fohphqwv dqg Khqgu| +4<<6, vxjjhvw wr xvh wkh ghwhuplqdqw

ri wkh PVIH pdwul{ iru iruhfdvw frpsdulvrqv lqvwhdg ri lwv wudfh/ ehfdxvh wkh

iruphu lv lqyduldqw wr erwk g|qdplf dqg olqhdu wudqvirupdwlrqv1e � hqfrpsdvvlqj

lv vx�flhqw exw qrw qhfhvvdu| iru ghwhuplqdqw PVIH hqfrpsdvvlqj/ vr wkdw lw

vhhpv lqwhuhvwlqj wr frqvlghu d vshfl�f whvw iru wkh odwwhu surshuw|1 Zh sursrvh wr

xvh wkh pxowlyduldwh yhuvlrq ri wkh Shvdudq +4<:7, whvw/ zklfk zdv ghyhorshg e|

Shvdudq dqg Ghdwrq +4<:;,1 Zh surylgh dq h{solflw irupxod iru wkh fdvh zkhuh

erwk vhwv ri iruhfdvwv duh xqeldvhg/ exw wklv dvvxpswlrq fdq eh hdvlo| uhod{hg dw

wkh frvw ri ixuwkhu qrwdwlrqdo frpsoh{lw|1 Wkh prghov wr eh frpsduhg duh

P� , {| @ e{�| . x�|> x�| � l=l=g=Q+3>��,>

P2 , {| @ e{2| . x2|> x2| � l=l=g=Q+3>�2,>

dqg wkh whvw vwdwlvwlf lv

SG @

�

2
orj �ex2�

�ex2

�
�s

Y

@� Q+3> 4,> +7143,

zkhuh

Y @ + e[� � e[2,
�i++e�2

�,
3�

e��+e�2

�,
3�  L, .

�++e�2

�
,3�  L, e[��3�

e[�
�

++e�2

�
,3�  L,j+ e[� � e[2,>

� @ e[�
�

++e�2

�
,3�  L, e[�=

D� �? i4T�h�U@* i @4T*i

Lq wklv vhfwlrq zh suhvhqw d vlpsoh hpslulfdo h{dpsoh lq rughu wr looxvwudwh vrph

ri wkh suhylrxv wkhruhwlfdo uhvxowv1 Zh dqdo|vh wkh +|hduo|, gh�flw wr jgs udwlr

dqg wkh lq�dwlrq iruhfdvwv iurp wkh LPI iru wkh J: frxqwulhv/ ryhu wkh shulrg

4<:804<<71 Wkhvh duh wzr lpsruwdqw yduldeohv iru �vfdo dqg prqhwdu| srolf|/ dqg

lw vhhpv wkhuhiruh lpsruwdqw wr hydoxdwh krz dffxudwh wkhlu iruhfdvwv duh1

Zh frqvlghu fxuuhqw |hdu iruhfdvwv/ lq wkh whuplqrorj| h1j1 ri Duwlv +4<;;/

4<<:,/ qdpho| wkrvh iru shulrg w sxeolvkhg lq wkh Pd| lvvxh ri |hdu w ri wkhZruog

Hfrqrplf Rxworrn1 Wkh dfwxdo gdwd duh wkh �uvw uhohdvhg ydoxhv/ zklfk dsshdu

eW? |�i U@ti Lu ��t|iT @�i@_ uLhiU@t|�?}c |�i) t�}}it| |L �ti |�i _i|ih4�?@?| Lu |�i tiUL?_

4L4i?| 4@|h� Lu |�i t|@U!i_ ��t|iT @�i@_ uLhiU@t| ihhLhtc � ' �c ���c ��
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lq wkh Pd| lvvxh ri |hdu w . 4 ri wkh Rxworrn1 D frpsdulvrq zlwk wkh RHFG

dqg HF gh�flw iruhfdvwv lv suhvhqwhg lq Duwlv dqg Pdufhoolqr +4<<;d/ 4<<;e,1

Khuh zh xvh dv dowhuqdwlyh iruhfdvwv wkrvh edvhg rq d udqgrp zdon prgho iru wkh

yduldeohv/ zklfk wkhuhiruh frlqflgh zlwk wkh dfwxdo ydoxhv iru |hdu w � 4 +zklfk

ehfrph dydlodeoh dw wkh vdph wlph dv wkh LPI iruhfdvwv,1 Khqfh/ e|�| @ e|U�8
| /

e|2| @ ||3�1 Zh fdq dqwlflsdwh wkdw/ qrwzlwkvwdqglqj wkh olnho| plvvshfl�fdwlrq

ri wkh udqgrp zdon prgho +wkh shuvlvwhqfh ri prvw yduldeohv lv udwkhu orz,/ dqg

wkh odujhu lqirupdwlrq vhw hperglhg lq wkh LPI iruhfdvwv/ wkh dowhuqdwlyh qdlyh

iruhfdvwv vhhp wr shuirup udwkhu zhoo lq vrph fdvhv1 Zh dujxh wkdw wklv lv gxh

wr wkh urexvwli|lqj uroh ri gl�huhqflqj lq wkh suhvhqfh ri vwuxfwxudo fkdqjhv +vhh

h1j1 Fohphqwv dqg Khqgu| +4<<:e,,1

Lq Wdeoh 814 zh vxppdulvh wkh uhvxowv iru wkh gh�flw wr jgs udwlr iruhfdvwv1D

Wkh vhfrqg froxpq suhvhqwv wkh udwlr ri wkh urrw PVIH ri wkh LPI iruhfdvwv

wr wkdw ri wkh udqgrp zdon +UZ, iruhfdvwv1 Lw lv odujhu wkdq rqh iru Mdsdq/

Jhupdq|/ dqg Lwdo|/ lqglfdwlqj wkdw iru wkhvh frxqwulhv e|2| PVIH grplqdwhv e|�| 1

Wkh wklug dqg irxuwk froxpqv uhsruw whvwv iru xqeldvhgqhvv ri wkh iruhfdvwv1 Wkhvh

duh w0whvwv iru f @ 3 dqg g @ 3 lq wkh uhjuhvvlrq

|| � e|�| @ f. ge|�| . x|> l @ LPI>UZ= +814,

Xqeldvhgqhvv lv uhmhfwhg lq vhyhudo fdvhv iru wkh LPI iruhfdvwv/ zlwk wkh h{fhswlrq

ri Fdqdgd dqg XN/ zkloh wkh UZ vhhpv wr shuirup ehwwhu lq wklv uhvshfw zlwk

uhmhfwlrq rqo| iru Fdqdgd/ Mdsdq/ dqg Jhupdq|1

Wkhvh uhvxowv vxjjhvw wkdw wkh vwdqgdug yhuvlrqv ri wkh PVIH hqfrpsdvvlqj

whvwv duh qrw dssursuldwh/ dqg wkh| vkrxog eh prgl�hg dv/ h1j1/ lq +615,1 Wkh

qh{w irxu froxpqv lq Wdeoh 814 uhsruw wkh vwdqgdug dqg prgl�hg whvw vwdwlvwlfv

iru wkh LPI dqg UZ iruhfdvwv/ edvhg uhvshfwlyho| rq wkh uhjuhvvlrq prghov +614,

dqg +615,1 Iurp wkh �iwk froxpq/ wkh LPI iruhfdvw huuruv fdq eh h{sodlqhg

e| wkh iruhfdvw gl�huhqfh e|2| � e|�| iru Mdsdq/ Jhupdq| dqg Lwdo|/ wkh frxqwulhv

zkhuh wkh UZ iruhfdvwv PVIH grplqdwh1 \hw/ iurp wkh vhyhqwk froxpq/ zkhq

wkh uhvlgxdov iurp htxdwlrq +814, duh xvhg dv ghshqghqw yduldeohv/ wkh iruhfdvw

D�** |�i U@*U�*@|�L?t �ihi TihuLh4i_ ��|� �UB��i @?_ �U6�4* b�f�c tii Oi?_h) @?_ #LLh?�!

E�bb.�c #LLh?�! @?_ Oi?_h) E�bb.�� #i|@�*i_ hit�*|t @hi @�@�*@M*i �TL? hi^�it|� W? T@h|�U�*@hc

|�i hit�_�@*t Lu |�i hi}hitt�L? 4L_i*t �ti_ ��i? |it|�?} uLh �?M�@ti_?itt @?_ i?UL4T@tt�?} �?

}i?ih@* T@tt _�@}?Lt|�U U�iU!t uLh ?L @�|LULhhi*@|�L?c �L4Lt!i_@t|�U�|)c @?_ ?Lh4@*�|)c @?_ |�i

T@h@4i|iht @hi t|@M*i L�ih |�4i�
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gl�huhqfh uhpdlqv vljql�fdqw rqo| lq wkh fdvh ri Mdsdq1 Wkxv/ wkh LPI PVIH

hqfrpsdvvhv wkh UZ dovr iru Jhupdq| dqg Lwdo|1 Lqvwhdg/ wkhuh duh qr fkdqjhv lq

wkh vljql�fdqfh ri wkh vwdwlvwlfv zkhq whvwlqj zkhwkhu wkh UZPVIH hqfrpsdvvhv

wkh LPI1 Wklv lv wkh fdvh iru Mdsdq/ Jhupdq|/ dqg Lwdo|1

Wkh odvw wzr froxpqv ri Wdeoh 814 uhsruw wkh w0whvwv iru wkh vljql�fdqfh ri

e|�| dqg e|2| dv h{sodqdwru| yduldeohv ri || lq htxdwlrq +617,1 Wkh uhvxowv duh lq

djuhhphqw zlwk wkrvh iurp wkh prgl�hg whvwv1 Wkh wzr iruhfdvwv duh qhyhu mrlqwo|

vljql�fdqw/ e|2| lv uhohydqw rqo| iru Mdsdq/ zkloh qrqh ri wkhp lv vljql�fdqw iru

Jhupdq| dqg Lwdo|1 Wkh rxwfrph iru Lwdo| frxog eh gxh wr froolqhdulw| sureohpv/

wkh fruuhodwlrq dprqj wkh wzr iruhfdvwv lv 31<3 zkloh lw lv 315: iru Jhupdq|1

Wklv sureohp frxog eh vroyhg e| dgrswlqj wkh uhjuhvvlrq lq +619,> wkh fruuhodwlrq

ehwzhhq wkh uhjuhvvruv gursv wr 3194/ exw wkh uhvxow ri wkh whvw grhv qrw fkdqjh1

Wkh LPI shuirupv pxfk ehwwhu lq iruhfdvwlqj lq�dwlrq1 Iurp Wdeoh 815/ lw

dozd|v PVIH grplqdwhv wkh UZ1 Pruhryhu/ wkh iruhfdvwv duh xqeldvhg iru doo

frxqwulhv/ zkloh eldv dulvhv iru Mdsdq/ Jhupdq|/ dqg XN lq wkh fdvh ri wkh UZ1

Wkh ydoxhv ri wkh vwdqgdug dqg prgl�hg PVIH hqfrpsdvvlqj whvwv duh txlwh forvh

iru wkh LPI/ zklfk kdv wr eh wkh fdvh ehfdxvh ri xqeldvhgqhvv1 Wkh LPI PVIH

hqfrpsdvvhv wkh UZ iru doo frxqwulhv/ dsduw iurp XV dqg Fdqdgd1 Wkh UZ qhyhu

hqfrpsdvvhv wkh LPI1 Wkhvh uhvxowv duh frq�uphg e| wkh mrlqw whvwv/ zklfk dovr

kljkoljkw wkh srwhqwldo ehqh�wv lq whupv ri PVIH uhgxfwlrq iurp srrolqj wkh LPI

dqg UZ iruhfdvwv iru XV dqg Fdqdgd1

Zh fdq qrz pryh wr wkh mrlqw dqdo|vlv ri wkh gh�flw wr jgs udwlr dqg lq�dwlrq

iruhfdvwv1 Wkh vhfrqg dqg wklug froxpqv ri Wdeoh 816 uhsruw wkh udwlr ri wkh

wudfh dqg ghwhuplqdqw ri wkh PVIH pdwul{/ �/ iru wkh LPI wr wkrvh iru wkh

UZ1 Wkh LPI grhv ehwwhu lq doo fdvhv> wkh zruvh shuirupdqfh lq vrph gh�flw

iruhfdvwv lv pruh wkdq frpshqvdwhg e| wkh jrrg rqh lq iruhfdvwlqj lq�dwlrq1 Wkh

irxuwk froxpq uhsruwv wkh whvw iru h�flhqf|/ l1h1/ iru wkh luuhohydqfh ri wkh gh�flw

iruhfdvwv lq h{sodlqlqj lq�dwlrq/ dqg ylfhyhuvd1 Irupdoo|/ lw lv d Zdog whvw iru �

dqg K gldjrqdo lq +71;,/ dq k|srwkhvlv wkdw lv dffhswhg iru doo frxqwulhv

Wkh �iwk dqg vl{wk froxpqv suhvhqw wkh mrlqw whvw iru h�flhqf| dqg � hqfrp0

sdvvlqj1 Wkh LPI � hqfrpsdvvhv wkh UZ lq doo fdvhv +K @ 3 lq +71;,,/ dsduw

iurp Mdsdq dqg Jhupdq|/ dqg wkhuhiruh lw dovr hqfrpsdvvhv UZ zlwk uhvshfw

wr wkh wudfh dqg ghwhuplqdqw ri �1 Wkh UZ qhyhu hqfrpsdvvhv wkh LPI1 Wkh

odvw froxpq ri Wdeoh 816 frqwdlqv wkh whvw iru wkh mrlqw k|srwkhvlv ri h�flhqf|/

hqfrpsdvvlqj/ dqg xqeldvhgqhvv ri erwk LPI iruhfdvwv1 Lw lv dffhswhg iru Iudqfh
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Wdeoh 814= Gh�flw iruhfdvwv1

UPVIH Eldv Hqfrpsdvvlqj

Vwdqgdug Prgl�hg Mrlqw

LPI2UZ LPI UZ LPI UZ LPI UZ LPI UZ

XV 3=;4
wS @ �5=<3

ws @ �6=;5

wS @ 4=84

ws @ 4=:3
�4=64 6=97 3=;9 8=4; 8=54 �4=48

FDQ 3=:<
wS @ �4=98

ws @ �4=43

wS @ 5=93

ws @ 5=95
�3=48 6=<9 �3=34 5=6< 5=;7 �3=37

MDS 4=;;
wS @ �4=4<

ws @ �7=59

wS @ 4=83

ws @ 5=68
�7=;4 4=47 �5=77 4=<4 4=<3 5=86

JHU 4=44
wS @ �7=64

ws @ �7=8:

wS @ 6=43

ws @ 6=6:
�6=63 3=6; �4=35 3=5; 4=35 3=;7

IU 3=;4
wS @ �5=48

ws @ �5=34

wS @ 4=7<

ws @ 4=53
�4=83 6=73 �3=98 6=95 6=84 3=96

LW 4=75
wS @ �7=5;

ws @ �7=<<

wS @ 4=93

ws @ 4=99
�6=9< 3=6; 3=43 4=84 4=<5 �3=68

XN 3=;6
wS @ 3=44

ws @ �4=9;

wS @ 4=4;

ws @ 4=87
�3=93 6=<7 �3=54 6=69 6=83 3=67

_Eldv%= w0whvwv iru f @ 3 dqg g @ 3 +wS dqg ws , lq wkh uhjuhvvlrq +814,1

_Vwdqgdug% LPI= w0whvw iru ! @ 3 lq htxdwlrq +614, zlwk LPI@4/ UZ@51

_Vwdqgdug% UZ= w0whvw iru ! @ 3 lq htxdwlrq +614, zlwk LPI@5/ UZ@41

_Prgl�hg% LPI= w0whvw iru ! @ 3 lq htxdwlrq +615, zlwk LPI@4/ UZ@51

_Prgl�hg% UZ= w0whvw iru ! @ 3 lq htxdwlrq +615, zlwk LPI@5/ UZ@41

_Mrlqw% LPI +UZ,= w0whvw iru i @ 3 +j @ 3, lq htxdwlrq +617,1

Vljql�fdqw ydoxhv duh uhsruwhg lq erogidfh1

4:



Wdeoh 815= Lq�dwlrq iruhfdvwv1

UPVIH Eldv Hqfrpsdvvlqj

Vwdqgdug Prgl�hg Mrlqw

LPI2UZ LPI UZ LPI UZ LPI UZ LPI UZ

XV 3=64
wS @ �3=49

ws @ 3=46

wS @ 4=5:

ws @ �4=87
5=<; �47=: 5=<5 �43=7 46=: �6

FDQ 3=98
wS @ �3=;;

ws @ 4=56

wS @ 3=<4

ws @ �4=53
5=:; �9=<4 6=89 �7=97 :=;6 �6

MDS 3=86
wS @ �3=77

ws @ �3=844

wS @ 4=47

ws @ �5=36
4=5: �:=;; 4=75 �8=:: 9=<: �4

JHU 3=7<
wS @ �3=95

ws @ 3=89

wS @ 5=35

ws @ �5=8:
3=44 �:=<; 3=35 �7=56 9=76 �3

IU 3=:5
wS @ 3=:<

ws @ �3=5<

wS @ 3=4<

ws @ �3=7:
�4=84 �8=3: �4=76 �7=;9 7=<3 4=7

LW 3=8<
wS @ 4=9:

ws @ �4=36

wS @ 3=;3

ws @ �3=<<
3=54 �9=:9 3=86 �9=9< 9=97 �3

XN 3=68
wS @ �3=46

ws @ 3=39

wS @ 4=84

ws @ �5=33
3=7; �45=8 3=4< �9=68 44=6 �3

_Eldv%= w0whvwv iru f @ 3 dqg g @ 3 +wS dqg ws , lq wkh uhjuhvvlrq +814,1

_Vwdqgdug% LPI= w0whvw iru ! @ 3 lq htxdwlrq +614, zlwk LPI@4/ UZ@51

_Vwdqgdug% UZ= w0whvw iru ! @ 3 lq htxdwlrq +614, zlwk LPI@5/ UZ@41

_Prgl�hg% LPI= w0whvw iru ! @ 3 lq htxdwlrq +615, zlwk LPI@4/ UZ@51

_Prgl�hg% UZ= w0whvw iru ! @ 3 lq htxdwlrq +615, zlwk LPI@5/ UZ@41

_Mrlqw% LPI +UZ,= w0whvw iru i @ 3 +j @ 3, lq htxdwlrq +617,1

Vljql�fdqw ydoxhv duh uhsruwhg lq erogidfh1

4;



Wdeoh 816= Gh�flw dqg Lq�dwlrq iruhfdvwv/ mrlqw dqdo|vlv1

wu+�, m�m H�1 H�.Hqf1 H�1.Hqf1.Xqe1

LPI2UZ LPI2UZ LPI UZ

XV 3=57 3=3; :=79 43=4 4<: 6<=9

FDQ 3=7: 3=94 :=<8 44=3 87=; 55=<

MDS 3=7< 3=<< 4=;8 54=; 47=5 �

JHU 3=73 3=5; :=95 46=< 436 �

IU 3=87 3=69 7=97 <=37 7<=: 46=7

LW 3=:5 3=:9 ;=37 <=4< 4:9 7<=;

XN 3=4: 3=3< 7=<< 8=44 <8=3 45=6

H�1= Zdog whvw +"2+7,, iru � dqg K gldjrqdo lq +71;,1

H�1.Hqf1 LPI= Zdog whvw +"2+9,, iru H�1 dqg K @ 3 lq +71;,1

H�1.Hqf1 UZ= Zdog whvw +"2+9,, iru H�1 dqg � @ 3 lq +71;,1

H�1.Hqf1.Xqe1= Zdog whvw +"2+43,, iru f @ 3/ � @ L / K @ 3 lq +71;,1

Vljql�fdqw ydoxhv duh uhsruwhg lq erogidfh1

dqg XN1

Wr frqfoxgh/ qrwlfh wkdw dv d frqvhtxhqfh ri h�flhqf| wkh v|vwhp lq +71;, lv

pdgh xs ri wzr htxdwlrqv olnh +617, iru wkh gh�flw udwlr dqg lq�dwlrq1 \hw/ wkh uh0

vxowv rq hqfrpsdvvlqj dqg xqeldvhgqhvv iurp wkh mrlqw dqdo|vlv gl�hu iurp wkrvh

iurp wkh xqlyduldwh dqdo|vlv1 Lq sduwlfxodu/ hqfrpsdvvlqj zdv uhmhfwhg iru wkh XV

dqg Fdqdgd lq wkh fdvh ri lq�dwlrq iruhfdvwv/ dv zhoo dv xqeldvhgqhvv ri wkh Iuhqfk

LPI gh�flw udwlr iruhfdvwv1 Vwulfwo| vshdnlqj/ wkh uhvxowv ri wkh xqlyduldwh dqg

pxowlyduldwh whvwv fdqqrw eh frpsduhg ehfdxvh ri wkh gl�huhqw qxoo k|srwkhvhv

dqg glvwulexwlrqv ri wkh vwdwlvwlfv1 \hw/ lq rxu fdvh/ wkh sduwo| plvpdwfklqj frq0

foxvlrqv duh olnho| gxh wr wkh ydolglw| ri rqo| vrph ri wkh frpsrqhqwv ri wkh mrlqw

k|srwkhvhv xqghu dqdo|vlv1 Ryhudoo/ wkh xqlyduldwh dqg pxowlyduldwh dssurdfkhv

fdq eh frqvlghuhg dv frpsohphqwdu| udwkhu wkdq vxevwlwxwh1

S� �L?U*�t�L?t

PVIH hqfrpsdvvlqj lv dq lpsruwdqw dqg hdvlo| whvwdeoh surshuw|1 Khqfh/ whvwlqj

iru lwv ydolglw| vkrxog ehfrph d �uvw vwhs lq iruhfdvw frpsdulvrq h{huflvhv1 Zh

4<



kdyh h{whqghg wkh vwdqgdug gh�qlwlrqv dqg whvwlqj surfhgxuhv wr ohw wkh iruhfdvwv

xqghu frpsdulvrq eh eldvhg/ wkdw lv txlwh frpprq lq sudfwlfh1 Zh kdyh dovr

fodul�hg wkh uhodwlrqvkls zlwk qrq0qhvwhg whvwv/ dqg lqwurgxfhg Fr{0w|sh PVIH

hqfrpsdvvlqj whvwv1 Wkh hpslulfdo dqdo|vlv vxssruwv wkh sudfwlfdo xvhixoqhvv ri

wkhvh jhqhudol}dwlrqv1

Vlplodu h{whqvlrqv frxog eh ghyhorshg iru rwkhu qrwlrqv ri iruhfdvw hqfrpsdvv0

lqj/ zklfk lv uhohydqw zkhq wkh iruhfdvwlqj prghov duh nqrzq dqg ri pdqdjhdeoh

vl}h1 Wklv uhsuhvhqwv dq lqwhuhvwlqj vxemhfw iru ixwxuh uhvhdufk1

+iuihi?Uit

^4` Dqguhzv/ P1M1/ Plqirug/ D1S1O1/ dqg Uloh|/ M1 +4<<9,/ _Rq Frpsdulqj

Pdfurhfrqrplf Prghov Xvlqj Iruhfdvw Hqfrpsdvvlqj Whvwv%/ R{irug Exo0

ohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 8;/ 5:<06381

^5` Duwlv/ P1 +4<;;,/ _Krz dffxudwh lv wkh Zruog Hfrqrplf RxworrnB D srvw0

pruwhp rq vkruw whup iruhfdvwlqj dw wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg%/ LPI

Vwd� Vwxglhv Ehklqg wkh Zruog Hfrqrplf Rxworrn/ 407<1

^6` Duwlv/ P1 +4<<:,/ _Krz dffxudwh duh wkh LPI*v vkruw whup iruhfdvwvB Dqrwkhu

h{dplqdwlrq ri wkh Zruog Hfrqrplf Rxworrn%/ LPI Vwd� Vwxglhv Ehklqg wkh

Zruog Hfrqrplf Rxworrn1

^7` Duwlv/ P1 dqg Pdufhoolqr/ P1/ +4<<;d,/ _Ilvfdo Vroyhqf| dqg Ilvfdo Iruhfdvw0

lqj lq Hxursh%/ FHSU Z1S1 4;691

^8` Duwlv/ P1 dqg Pdufhoolqr/ P1/ +4<<;e,/ _Ilvfdo Iruhfdvwlqj= Wkh Wudfn

Uhfrug ri LPI/ RHFG dqg HF%/ plphr/ HXL1

^9` Dwnlqvrq/ D1F1 +4<:3,/ _D Phwkrg iru Glvfulplqdwlqj Ehwzhhq Prghov%/

Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 65/ 54405761

^:` Fkdq/ \1/ Vwrfn/ M1K1 dqg Zdwvrq/ P1Z1 +4<<;,/ _D G|qdplf Idfwru Prgho

Iudphzrun iru Iruhfdvw Frpelqdwlrq%/ plphr/ Kduydug Xqlyhuvlw|1

^;` Fkrqj/ \1\1 dqg Khqgu|/ G1I1 +4<;9,/ _Hfrqrphwulf hydoxdwlrq ri olqhdu

pdfur0hfrqrplf prghov%/ Uhylhz ri Hfrqrplf Vwxglhv/ 86/ 9:409<31
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^<` Fkulvwr�huvhq/ S1I1 dqg Glherog/ I1[1 +4<<7,/ _Rswlpdo suhglfwlrq xqghu

dv|pphwulf orvv%/ Q1E1H1U1 Whfkqlfdo Z1S1 49:1

^43` Fohphq/ U1W1 +4<;<,/ _Frpelqlqj Iruhfdvwv= D Uhylhz dqg Dqqrwdwhg Ele0

olrjudsk|%/ Mrxuqdo ri Iruhfdvwlqj/ 8/ 88<08;61

^44` Fohphqwv/ P1S1 dqg Khqgu|/ G1I1 +4<<6,/ _Rq wkh Olplwdwlrqv ri Frpsdulqj

Phdq Vtxduh Iruhfdvw Huuruv%/ Mrxuqdo ri Iruhfdvwlqj/ 45/ 94:096:1

^45` Fohphqwv/ P1S1 dqg Khqgu|/ G1I1 +4<<:d,/ Wkh Pduvkdoo Ohfwxuhv rq Hfr0

qrplf Iruhfdvwlqj/ Fdpeulgjh Xqlyhuvlw| Suhvv/ iruwkfrplqj1

^46` Fohphqwv/ P1S1 dqg Khqgu|/ G1I1 +4<<:e,/ Wkh ]hxwkhq Ohfwxuhv rq Iruh0

fdvwlqj/ PLW Suhvv/ iruwkfrplqj1

^47` Fohphqwv/ P1S1 dqg Khqgu|/ G1I1 +4<<:f,/ _Lqwhufhsw fruuhfwlrqv dqg vwuxf0

wxudo fkdqjh%/ Mrxuqdo ri Dssolhg Hfrqrphwulfv/ 44/ 7:807<71

^48` Fr{/ G1U1 +4<94,/ _Whvwv ri Vhsdudwh Idplolhv ri K|srwkhvhv%/ lq Surfhhglqjv

ri wkh Irxuwk Ehunhoh| V|psrvlxp rq Pdwkhpdwlfdo Vwdwlvwlfv dqg Suredelo0

lw|/ Yro1 L/ 4380456/ Ehunhoh|= Xqlyhuvlw| ri Fdoliruqld Suhvv1

^49` Gdylgvrq/ U1/ dqg PdfNlqqrq/ M1J1 +4<;4,/ _Vhyhudo Whvwv iru Prgho Vshfl0

�fdwlrq lq wkh Suhvhqfh ri Dowhuqdwlyh K|srwkhvhv%/ Hfrqrphwulfd/ 7</ :;40

:<61

^4:` Glherog/ I1[1 +4<;<,/ _Iruhfdvw Frpelqdwlrq dqg Hqfrpsdvvlqj= Uhfrq0

flolqj Wzr glyhujhqw Olwhudwxuhv%/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj/ 8/

8;<08<51

^4;` Glherog/ I1[1 dqg Pduldqr/ U1V1 +4<<8,/ _Frpsdulqj suhglfwlyh dffxudf|%/

Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 46/ 58605961

^4<` Grruqln/ M1D1 dqg Khqgu|/ G1I1 +4<<:,/ Prghoolqj G|qdplf V|vwhpv xvlqj

SfIlpo < iru Zlqgrzv/ Orqgrq= Lqwhuqdwlrqdo Wkrpvrq Exvlqhvv Suhvv1

^53` Hulfvvrq/ Q1U1 +4<<5,/ _Sdudphwhu frqvwdqf|/ phdq vtxduh iruhfdvw huuruv/

dqg phdvxulqj iruhfdvw shuirupdqfh= Dq h{srvlwlrq/ h{whqvlrqv/ dqg looxv0

wudwlrq%/ Mrxuqdo ri Srolf| Prgholqj/ 47/ 79807<81
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^54` Hulfvvrq/ Q1U1 dqg Pdutxh}/ M1 +4<<6,/ _Hqfrpsdvvlqj wkh Iruhfdvwv ri XV

Wudgh0Edodqfh Prghov%/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :8/ 4<0641

^55` Idlu/ U1F1/ dqg Vkloohu/ U1M1 +4<;<,/ _Wkh Lqirupdwlrqdo Frqwhqw ri H{0dqwh

Iruhfdvwv%/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :4/ 65806641

^56` Idlu/ U1F1/ dqg Vkloohu/ U1M1 +4<<3,/ Frpsdulqj Lqirupdwlrq lq Iruhfdvwv

iurp Hfrqrphwulf Prghov%/ Dphulfdq Hfrqrplf Uhylhz/ ;3/ 6:806;<1

^57` Jrgiuh|/ O1J1 +4<;;,/ Plvvshfl�fdwlrq Whvwv lq Hfrqrphwulfv/ Fdpeulgjh=

Fdpeulgjh Xqlyhuvlw| Suhvv1

^58` Judqjhu/ F1Z1M1 +4<<:,/ _Rxwolqh ri iruhfdvw wkhru| xvlqj jhqhudol}hg frvw

ixqfwlrqv%/ plphr/ XFVG1

^59` Judqjhu/ F1Z1M1 dqg Qhzerog/ S1 +4<:6,/ _Vrph Frpphqwv rq wkh Hydoxd0

wlrq ri Hfrqrplf Iruhfdvwv%/ Dssolhg Hfrqrplfv/ 8/ 6807:1

^5:` Judqjhu/ F1Z1M1 dqg Qhzerog/ S1 +4<;9,/ Iruhfdvwlqj hfrqrplf wlph vhulhv/

5qg hgq1/ Qhz \run= Dfdghplf Suhvv1

^5;` Kdqvhq/ E1H1 +4<<5,/ _Whvwv iru Sdudphwhu Lqvwdelolw| lq Olqhdu Prghov%/

Mrxuqdo ri Srolf| Prgholqj/ 47/ 84:08661

^5<` Khqgu|/ G1I1 dqg Grruqln/ M1D1 +4<<:,/ Hpslulfdo Hfrqrphwulf Prghoolqj xv0

lqj SfJlyh < iru Zlqgrzv/ Orqgrq= Lqwhuqdwlrqdo Wkrpvrq Exvlqhvv Suhvv1

^63` Krho/ S1J1 +4<7:,/ _Rq wkh Fkrlfh ri Iruhfdvwlqj Irupxodv%/ Mrxuqdo ri wkh

Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 75/ 93809441

^64` Odvwhu/ G1/ Ehqqhww/ S1/ dqg Jhrxp/ L1V1 +4<<:,/ _Udwlrqdo Eldv lq Pdfur0

hfrqrplf Iruhfdvwv%/ Ihghudo Uhvhuyh edqn ri Qhz \run/ Vwd� Uhsruwv q1

541

^65` Ox/ P1 dqg Pl}rq/ J1H1 +4<<4,/ _Iruhfdvw hqfrpsdvvlqj dqg prgho hydoxd0

wlrq%/ lq Kdfno/ S1 dqg Zhvwoxqg/ D1K1 +hgv1,/ Hfrqrplf vwuxfwxudo fkdqjh/

Dqdo|vlv dqg Iruhfdvwlqj/ 456046;/ Ehuolq= Vsulqjhu0Yhuodj1

^66` PdfNlqqrq/ M1J1 +4<;6,/ _Prgho Vshfl�fdwlrq Whvwv djdlqvw Qrq0qhvwhg Do0

whuqdwlyhv%/ Hfrqrphwulf Uhylhzv/ 5/ ;804431
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^67` Pl}rq/ J1H1 +4<;7,/ _Wkh Hqfrpsdvvlqj Dssurdfk lq Hfrqrphwulfv%/ lq

Khqgu|/ G1I1 dqg Zdoolv/ N1I1 +hgv1,/ Hfrqrphwulfv dqg Txdqwlwdwlyh Hfr0

qrplfv/ 46804:5/ R{irug= Edvlo Eodfnzhoo11

^68` Pl}rq/ J/H1 dqg Ulfkdug/ M10I1 +4<;9,/ _Wkh Hqfrpsdvvlqj Sulqflsoh dqg lwv

Dssolfdwlrq wr Whvwlqj Qrq0qhvwhg K|srwkhvhv%/ Hfrqrphwulfd/ 87/ 98:09:;1

^69` Qhovrq/ F1U1 +4<:5,/ _Wkh Suhglfwlrq Shuirupdqfh ri wkh I1U1E10PLW0SHQQ

Prgho ri wkh XV Hfrqrp|%/ Dphulfdq Hfrqrplf Uhylhz/ 95/ <350<4:1

^6:` Sdjdq/ D1U1 +4<;7,/ _Hfrqrphwulf Lvvxhv lq wkh Dqdo|vlv ri Uhjuhvvlrqv zlwk

Jhqhudwhg Uhjuhvvruv%/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 58/ 554057:1

^6;` Shvdudq/ P1K1/ +4<:7,/ _Rq wkh Jhqhudo Sureohp ri Prgho Vhohfwlrq%/ Uh0

ylhz ri Hfrqrplf Vwxglhv/ 74/ 48604:41

^6<` Shvdudq/ P1K1/ dqg Ghdwrq/ D1V1 +4<:;,/ _Whvwlqj Qrq0qhvwhg Qrqolqhdu

Uhjuhvvlrq Prghov%/ Hfrqrphwulfd/ 79/ 9::09<71

^73` Skloolsv/ S1F1E1/ dqg Kdqvhq/ E1H1 +4<<3,/ _Vwdwlvwlfdo Lqihuhqfh lq Lqvwux0

phqwdo Yduldeohv Uhjuhvvlrqv zlwk L+4, Surfhvvhv%/ Uhylhz ri Hfrqrplf Vwxg0

lhv/ 8:/ <<04581

^74` Vlpv/ F1D1/ Vwrfn/ M1K1/ dqg Zdwvrq P1Z1 +4<<3,/ _Lqihuhqfh lq Olqhdu Wlph

Vhulhv Prghov zlwk Vrph Xqlw Urrwv%/ Hfrqrphwulfd/ 8;/ 44604771

^75` Wkhlo/ K1 +4<8;,/ Hfrqrplf Iruhfdvwv dqg Srolf|/ Dpvwhugdp= Qruwk Kro0

odqg1

^76` Zdoolv/ N1I1/ +4<;<,/ _Pdfurhfrqrplf Iruhfdvwlqj= D Vxuyh|%/ Hfrqrplf

Mrxuqdo/ <</ 5;0941

^77` Zklwh/ K1 +4<;3,/ _D Khwhurvnhgdvwlflw|0Frqvlvwhqw Fryduldqfh Pdwul{ Hvwl0

pdwru dqg d Gluhfw Whvw iru Khwhurvnhgdvwlflw|%/ Hfrqrphwulfd/ 7;/ ;4:0;6;1

^78` ]hooqhu/ +4<95,/ _Dq H�flhqw Phwkrg ri Hvwlpdwlqj Vhhplqjo| Xquhodwhg

Uhjuhvvlrqv/ dqg Whvwv iru Djjuhjdwlrq Eldv%/ Mrxuqdo ri wkh Dphulfdq Vwd0

wlvwlfdo Dvvrfldwlrq/ 8:/ 67;069;1
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