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4 Lqwurgxfwlrq

Wkh lvvxh ri �frqwdjlrq� kdv ehhq rqh ri wkh prvw ghedwhg wrslfv lq lqwhuqdwlrqdo �qdqfh vlqfh wkh

Dvldq fulvhv1 Rqh lqwhuhvwlqj dvshfw ri wklv glvfxvvlrq lv wkh vwurqj djuhhphqw rq zklfk hyhqwv kdyh

frqvwlwxwhg lqvwdqfhv ri frqwdjlrq= Ph{lfdq fulvlv/ Dvldq fulvhv/ Uxvvldq fulvlv/ OWFP/ Eud}loldq

fulvlv/ hwf1 Sdudgr{lfdoo|/ wkhuh lv qr dffrugdqfh rq zkdw h{dfwo| frqwdjlrq phdqv1 Wkhuhiruh/ d

sdshu wkdw dvnv krz wr phdvxuh vrphwklqj wkdw qrerg| djuhhv rq zkdw h{dfwo| lw lv vkrxog kdyh

hlwkhu }hur sdjhv ru lq�qlwh1

Khqfh/ lqvwhdg ri surylglqj d olvw ri gh�qlwlrqv ri frqwdjlrq dqg surfhgxuhv iru hdfk ri wkhp +wkh

lq�qlwho| orqj sdshu, L frqfhqwudwh rq wkh wzr prvw iuhtxhqwo| dvnhg txhvwlrqv udlvhg e| dssolhg

sdshuv rq frqwdjlrq= Iluvw/ zkdw duh wkh fkdqqhov wkurxjk zklfk vkrfnv duh sursdjdwhg iurp rqh

frxqwu| wr wkh rwkhu1 Lq rwkhu zrugv/ lv lw wudgh/ pdfur vlplodulwlhv/ frpprq ohqghu/ ohduqlqj/

pdunhw sk|frorj|/ hwf1 zkdw ghwhuplqhv wkh ghjuhh ri yxoqhudelolw| ru frqwdjlrq1 Dqg vhfrqg/ grhv

wkh wudqvplvvlrq phfkdqlvp lv vwdeoh wkurxjk wlphB ru pruh vshfl�fdoo|/ lv lw vwdeoh gxulqj wkh

fulvhvB

Lqghshqghqwo| ri wkh gh�qlwlrq ri frqwdjlrq/ surylglqj wkh dqvzhu wr dq| ri wkhvh txhvwlrqv

uhtxluhv d phdvxuhphqw ri wkh wudqvplvvlrq phfkdqlvp dfurvv pdunhwv dqg frxqwulhv1 Qrqhwkh0

ohvv/ wkh idfw wkdw wkh gdwd h{klelwv vlpxowdqhrxv htxdwlrqv sureohpv/ rplwwhg yduldeohv sureohpv/

khwhurvnhgdvwlflw|/ qrq0qrupdolw|/ hwf1 pdnhv wklv hvwlpdwlrq d gl!fxow wdvn14c5 Lq wklv sdshu/ L

hydoxdwh vhyhudo ri wkrvh whfkqltxhv/ L lqglfdwh wkhlu sureohpv dqg r�hu dowhuqdwlyh surfhgxuhv wr

vroyh wkhp1 Dowkrxjk/ lq vrph flufxpvwdqfhv wkhlu lv vlpso| qr vroxwlrq1 Reylrxvo|/ wkhuh lv qrw

hqrxjk vsdfh wr glvfxvv doo wkh srvvleoh whfkqltxhv wr phdvxuh wkh sursdjdwlrq ri vkrfnv/ qru doo

wkh sureohpv1 Wkhuhiruh/ L zloo frqfhqwudwh rq zkdw L frqvlghu wkh prvw zlgho| xvhg surfhgxuhv

+olqhdu uhjuhvvlrqv/ sulqflsdo frpsrqhqwv/ orjlw0surelw/ DUFK/ dqg fruuhodwlrq frh!flhqwv,6 dqg

wkh wkuhh pdlq sureohpv= vlpxowdqhrxv htxdwlrqv/ rplwwhg yduldeohv/ dqg khwhurvnhgdvwlflw|1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 suhvhqwv d eulhi ghvfulswlrq ri wkh vwdwlvwlfdo prghov

wkdw duh jrlqj wr eh xvhg lq wkh glvfxvvlrqv wr iroorz1 Vhfwlrq 6 glvfxvvhv wkh sureohpv wr whvw iru

fkdqjhv lq wkh sursdjdwlrq phfkdqlvp1 Vhfwlrq 7 dqdo|}hv lvvxhv lqyroyhg lq wkh phdvxuhphqw ri

wkh wudqvplvvlrq fkdqqhov1 Vhfwlrq 8 dssolhv vrph ri wkh whfkqltxhv wr phdvxuh frqwdjlrq lq Odwlq

Dphulfdq frxqwulhv1 Vhfwlrq 9 glvfxvv dyhqxhv iru ixwxuh uhvhdufk1 Vhfwlrq : frqfoxghv1

4Wkh gdwd vx�huv iurp wkh zruvw sureohpv ri pdfur dqg �qdqfh dw wkh vdph wlph1 Iluvwo|/ lw kdv vlpxowdqhrxv
htxdwlrq sureohpv dqg rplwwhg yduldeoh eldv1 Dqg vhfrqgo|/ wkh huuruv duh vhuldoo| fruuhodwhg/ qrq0qrupdo/ dqg kdyh
kxjh khwhurvnhgdvwlflw|1

5Iru h{dpsoh/ wudglwlrqdo whfkqltxhv wr ghdo zlwk fkdqjhv lq uhjlph xqghu vlpxowdqhrxv htxdwlrqv duh eldvhg lq
wkh suhvhqfh ri khwhurvnhgdvwlflw|1

6 L dp ohdylqj lpsruwdqw dvshfwv ri wkh phdvxuhphqw ri wkh sursdjdwlrq ri vkrfnv rxw ri wklv dqdo|vlv1 Pdlqo|
phdvxuhv edvhg rq frlqwhjudwlrq +vhh Fdvklq/ hw1 do1 ^4<<8`/ Orqjxlq dqg Vorqlfn ^4<<8`,/ vzlwfklqj uhjlphv +vhh djdlq
Orqjxlq dqg Vorqlfn ^4<<8`,/ idfwru uhjuhvvlrq prgho +vhh Vhqwdqd dqg Ilruhqwlql ^4<<<` ,/ dqg qrq0olqhdulwlhv1
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5 Wkh prghov

Lq rughu wr glvfxvv wkh sureohpv lqyroyhg lq wkh phdvxuhphqw ri frqwdjlrq L xvh vhyhudo prghov1

Wkh pdlq uhdvrq lv wkdw hyhq wkrxjk L wklqn wkh wuxh ghvfulswlrq ri frxqwu| lqwhuuhodwlrqvklsv

duh wkh xqlrq ri wkhvh sduwlfxodu slhfhv/ lw lv hdvlhu wr kljkoljkw wkh sureohpv lq vlpsoh vwdwlvwlfdo

iudphzrunv1

Wkh frxqwu| yduldeohv ri lqwhuhvw duh ghqrwhg e| {| dqg ||1 Wkh| uh hfw hlwkhu vwrfn pdunhw

uhwxuqv/ h{fkdqjh udwhv/ lqwhuhvw udwhv/ ru frpelqdwlrqv ri wkhp1 Zlwkrxw orvv ri jhqhudolw|/ L

dvvxphg wkdw {| dqg || kdyh ehlqj ghphdqhg1 Djjuhjdwh xqrevhuydeoh vkrfnv duh ghqrwhg e| }|1

Wkhvh vkrxog eh lqwhusuhwwhg dv oltxlglw| vkrfnv/ ulvn suhihuhqfhv/ lqyhvwru*v vhqwlphqwv/ hwf1 Lq

jhqhudo/ wkhvh duh vkrfnv wkdw duh frpprq dqg dvvxphg wr eh xqrevhuydeohv1 Doo wkh lqqrydwlrqv

duh ghqrwhg e| %|/ �|/ dqg �|1 Lw lv dvvxphg +rwkhuzlvh lqglfdwhg, wkdw wkh| duh lqghshqghqw zlwk

phdq }hur1 Dgglwlrqdoo|/ lw lv dvvxphg wkdw wkhvh vkrfnv duh dovr lqghshqghqw ri wkh djjuhjdwh

vkrfnv1

L frqfhqwudwh rq wkh elyduldwh fdvh/ dowkrxjk prvw ri wkh uhvxowv fdq eh hdvlo| h{whqghg wr odujhu

vhwxsv1

Zkhq L glvfxvv sureohpv ri vlpxowdqhrxv htxdwlrqv L xvh wkh iroorzlqj prgho wr ghvfuleh wkh

lqwhuuhodwlrqvkls ehwzhhq wkh frxqwulhv=

|| @ �{| . %|> +Prgho 4,

{| @ �|| . �|>

zkhuh H ^%|` @ 3/ H ^�|` @ 3/ dqg H ^%|�|` @ 3/ dqg wkhlu yduldqfh ghqrwhg dv �0 dqg �#1 Zkhq L

glvfxvv sureohpv ri rplwwhg yduldeohv wkh prgho xvhg lv

|| @ �{| . �}| . %|> +Prgho 5,

{| @ }| . �|=

zkhuh dgglwlrqdoo| wr wkh suhylrxv prphqw uhvwulfwlrqv lw lv dovr dvvxphg wkdw H ^%|}|` @ 3/ dqg

H ^�|}|` @ 31 Wkh yduldqfh ri wkh djjuhjdwh vkrfn lv �51

Lq doo wkhvh prghov/ wkh sdudphwhu ri lqwhuhvw lv � +ru zkhwkhu ru qrw lw kdv vkliwhg,1 Zlwkrxw

dgglwlrqdo lqirupdwlrq Prgho 4 dqg Prgho 5 fdqqrw eh hvwlpdwhg1 Krzhyhu/ L dvvxph wkh htxdwlrq

hvwlpdwhg lv wkh iroorzlqj=

|| @ �{| . �| +4,

L dvvxph wkdw wkhuh duh qr jrrg lqvwuxphqwv wr vroyh hlwkhu wkh sureohp ri vlpxowdqhrxv htxdwlrqv/
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qrw wkh rplwwhg yduldeohv sureohp1 Iru wkh vlpxowdqhrxv htxdwlrqv sureohp/ krzhyhu/ lw frxog

eh dujxhg wkdw odujh hfrqrplhv/ vxfk dv wkh RHFG*v/ duh xqd�hfwhg e| vpdoo pdunhwv1 Wkxv/

h{foxvlrq uhvwulfwlrqv frxog eh xvhg +lq wklv sduwlfxodu fdvh � @ 3,1 Hyhq wkrxjk wklv dvvxpswlrq

pljkw eh dsshdolqj/ lw udlvhv lpsruwdqw txhvwlrqv ru zk|/ iru h{dpsoh/ gxulqj erwk wkh Krqj Nrqj

dqg Uxvvldq fulvhv wkh XV vwrfn pdunhwv zhuh vr khdylo| lq xhqfhg1 Lq idfw/ sduw ri wkh IHG*v

mxvwl�fdwlrq wr orzhu lqwhuhvw udwhv dw wkh hqg ri 4<<; zdv prwlydwhg e| zruog pdunhw vwdelol}dwlrq

dujxphqwv1 Wkxv/ iru wkh sxusrvh ri wklv sdshu/ L suh�hu qrw wr xvh wklv dvvxpswlrq1 Vlploduo| iru

wkh djjuhjdwh vkrfnv/ phdvxuhv ri lqyhvwru vhqwlphqw dw kljk iuhtxhqflhv/ iru h{dpsoh/ duh dw ehvw

ghulyhg e| wkh vdph sulfhv dqg yroxphv wkh prgho lv wu|lqj wr h{sodlq1 Lq vxppdu|/ L dvvxph wkdw

hyhq wkrxjk wkhuh pljkw h{lvw zhdn lqvwuxphqwv wkh sureohpv shuvlvw1

Prghov 4 dqg 5 duh pdlqo| xvhg wr glvfxvv sureohpv zlwk whvwv uhjduglqj wkh vwdelolw| ri sdudp0

hwhuv/ iru wkh lvvxhv ri phdvxuhphqw ri wkh wudqvplvvlrq phfkdqlvp L xvh wkh qh{w wkuhh prghov= Lq

olqhdu uhjuhvvlrqv wkh vhwxs lv

|| @ �{�c| . }| . %|> +Prgho 6,

{�c| @ ��}| . ��c|>

{2c| @ �2}| . �2c|>

zkhuh {�c| duh wkh rwkhu frxqwulhv ru gl�huhqw yduldeohv ri wkh vdph frxqwu|1 Dv ehiruh/ wkh vkrfnv

duh lqghshqghqw1 Ehfdxvh wkh uhvhdufkhu grhv qrw nqrz zklfk {�c| lv wkh rqh wkdw h{sodlqv ||/ wkh

htxdwlrq hvwlpdwhg lv

|| @ ��{�c| . �2{2c| . �|= +5,

Wkh txhvwlrq lv/ wkhq/ lq zklfk frqglwlrqv wkh hvwlpdwhv lq uhjuhvvlrq +5, duh frqvlvwhqw +a�� @ �/

dqg a�2 @ 3,1 Lq Prgho 6/ wkh vhwxs rqo| dvvxphv sureohpv ri rplwwhg yduldeohv1 Dq htxlydohqw

irupxodwlrq fdq eh ghulyhg lq d vlpxowdqhrxv htxdwlrqv iudphzrun1 Wkh uhvxowv glvfxvvhg khuh duh

doprvw lghqwlfdo lq erwk vhwxsv1

Zkhq L glvfxvv qrq0olqhdu vhwxsv wkh prgho xvhg lv

|W| @ �{| . %| +Prgho 7,

{| @ �|| . �|
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dqg wkh htxdwlrq hvwlpdwhg lv

|| @ 4 ^|W| ? �|` +6,

Wkh pdlq lvvxh glvfxvvhg lq wklv vhwxs lv wkh lghqwl�fdwlrq ri � hyhq lq wkh devhqfh ri hqgrjhqrxv

sureohpv +� @ 3,1 Lq rwkhu zrugv/ wkh txhvwlrq lv lq zklfk flufxpvwdqfhv zh fdq hvwlpdwh �

frqvlvwhqwo|1

Ilqdoo|/ iru DUFK prghov L xvh dq h{whqghg yhuvlrqv ri Prgho 4 +zklfk lqfoxghv odjv,1
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dqg wkh pdwulfhv D dqg E duh qrw gldjrqdo1

Djdlq/ wkh pdlq txhvwlrq lq wklv prgho lv wkh lghqwl�fdwlrq ri D dqg E1

6 Whvwlqj iru fkdqjhv lq wkh sursdjdwlrq phfkdqlvp

Lq wklv vhfwlrq/ L glvfxvv wkh sureohpv zlwk wkh whfkqltxhv xvhg wr ghwhfw frqwdjlrq/ zkhq lw lv

gh�qhg dv d fkdqjh lq wkh sursdjdwlrq phfkdqlvp1 Wkh jhqhudo lghd ri wkh surfhgxuhv lv wr whvw li

wkhuh lv d fkdqjh lq wkh hvwlpdwhv dfurvv wzr gl�huhqw vdpsohv1 Xvxdoo|/ wkh frpsdulvrq lv ehwzhhq

ehiruh dqg diwhu d fulvlv/ ru ehiruh dqg gxulqj fulvhv1 Wkh prvw zlgho| xvhg surfhgxuhv duh edvhg

rq olqhdu vhwxsv +ROV/ JOV/ hwf1,/ fruuhodwlrq frh!flhqwv/ dqg sulqflsdo frpsrqhqwv1

Lw lv lpsruwdqw wr kljkoljkw wkdw lq wkh suhvhqfh ri vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv

sureohpv wkh hvwlpdwhv rq olqhdu uhjuhvvlrqv duh lqfrqvlvwhqw zkloh wkh hvwlpdwhv rq wkh rwkhu wzr

whfkqltxhv duh frqvlvwhqw1 Krzhyhu/ lq doo wkuhh fdvhv/ li wkhuh lv qr khwhurvnhgdvwlflw|/ wkh whvw iru

vwdelolw| ri sdudphwhuv lv frqvlvwhqw1 Lw lv wkh lqwhudfwlrq ehwzhhq wkh khwhurvnhgdvwlflw| dqg wkh

rwkhu wzr sureohpv zkdw pdnhv wkh whvwv iru fkdqjhv lqfrqvlvwhqw1

Wkh sureohp lv wkdw erwk wkh hqgrjhqrxv dqg wkh rplwwhg yduldeoh eldvhv ghshqg rq wkh uhodwlyh

yduldqfhv1 Li wkh gdwd h{klelwv khwhurvnhgdvwlflw|/ wkhq wkh eldvhv vkliw dfurvv wkh vdpsoh dqg lw
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lv srvvleoh wr uhmhfw wkh k|srwkhvlv wkdw wkh hvwlpdwhv duh wkh vdph ehfdxvh ri wkh fkdqjh lq wkh

eldvhv/ dqg qrw ehfdxvh ri d vkliw lq wkh sdudphwhuv1

Wkh odvw sduw ri wkh vhfwlrq lv ghyrwhg wr dowhuqdwlyh surfhgxuhv wr vroyh wkh sureohp1

614 Whvwlqj xvlqj ROV

Dvvxplqj wkdw wkhuh lv qr dydlodeoh lqvwuxphqw wr vroyh wkh vlpxowdqhrxv htxdwlrqv ru rplwwhg

yduldeoh sureohp/ wkh ROV hvwlpdwh ri wkh �uvw htxdwlrq lq Prgho 4 dqg Prgho 5 duh=

a��J_� � � @ � +4� ��,
�0

�2�0 . �#
+7,

a��J_2 � � @ �
�5

�5 . �#
+8,

Wkh eldv lq erwk fdvhv ghshqgv rq wkh uhodwlyh yduldqfhv ri glvwxuedqfhv1 Erwk fdq eh vlpsol�hg

wr=

a��J_� � � @ � +4� ��,
4

�2 .
j#
j0

>

a��J_2 � � @ �
4

4 .
j#
j5

=

Dvvxph wkdw wkh txhvwlrq ri lqwhuhvw lv zkhwkhu ru qrw wkh sdudphwhuv duh vwdeoh dorqj wkh

vdpsoh1

Lq jhqhudo/ wkh whvwv wdnh wzr irupv= hlwkhu wkh| hvwlpdwh � lq wkh wzr vxe0vdpsohv dqg shuirup

d frpsdulvrq/ ru lqwurgxfh d gxpp| iru wkh shulrg xqghu dqdo|vlv dqg whvw iru lwv vljql�fdqfh1

Lqghshqghqwo| ri wkh vhwxs/ wkrxjk/ wkh uhvxowv lqglfdwhg ehorz duh wkh vdph1 Iru vlpsolflw| lq

wkh h{srvlwlrq/ L dvvxph wkh vdpsoh lv vsolw dqg wzr vhsdudwh uhjuhvvlrqv duh vxq1 Wkh txhvwlrq ri

lqwhuhvw lv lq zklfk flufxpvwdqfhv/ dvvxplqj wkh � lv vwdeoh/ wkh gl�huhqfh lq wkh hvwlpdwhv lv }hur1

Lq rwkhu zrugv/ wkh lghd lv wr h{soruh zkhq wkh whvw lv dw ohdvw frqvlvwhqw1

Iluvw/ ohwv dqdo|}h wkh fdvh zkhq wkhuh lv qr khwhurvnhgdvwlflw|1 Li wklv zhuh wkh fdvh/ wkhq

uhjdugohvv ri wkh sureohp ri vlpxowdqhrxv htxdwlrqv ru rplwwhg yduldeoh wkh whvw lv frqvlvwhqw1

Wklv uhvxowv frphv iurp wkh idf wkdw wkh eldvhv xqghu wkh qxoo k|srwkhvlv duh wkh vdph lq erwk

vxevdpsohv1 Wkh gl�huhqfh lq wkh hvwlpdwhv lv

�
a��J_�c7@6R,e� � �7@6R,e�

�
�

�
a��J_�c7@6R,e2 � �7@6R,e2

�
@ �

�2

�2 .
j#
j0

�
�7@6R,e� � �7@6R,e2

�

Qrwh wkdw xqghu wkh qxoo k|srwkhvlv wkdw �7@6R,e� @ �7@6R,e2/ wkh gl�huhqfh lq wkh hvwlpdwhv lv

}hur> lw lv srusruwlrqdo wr �7@6R,e� � �7@6R,e21 Wkxv/ wkh uhmhfwlrq rffxuv rqo| li wkh sdudphwhuv

kdyh vkliwhg1
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Krzhyhu/ li wkhuh lv khwhurvnhgdvwlflw| lq wkh vdpsoh/ wkh txhvwlrq lv li wkh uhmhfwlrq lv rewdlqhg

ehfdxvh wkh sdudphwhuv kdyh fkdqjhg/ ru ehfdxvh wkh yduldqfhv +dqg khqfh wkh eldvhv, vkliwhg1 Iru

h{dpsoh/ dvvxph wkh sdudphwhu � lv frqvwdqw exw wkhuh lv khwhurvnhgdvwlflw|/ wkhq wkh gl�huhqfh lq

wkh hvwlpdwhv lv=

a��J_�c7@6R,e� �
a��J_�c7@6R,e2 @ � +4� ��,

3
EC 4

�2 .

�
j#
j0

�
7@6R,e�

�

4

�2 .

�
j#
j0

�
7@6R,e2

4
FD

Qrwh wkdw wkh eldvhv fdqfho hdfk rwkhu li wkh khwhurvnhgdvwlflw| lpsolhv d sursruwlrqdo lqfuhdvh lq

wkh yduldqfh ri erwk vkrfnv1 Rwkhuzlvh/ wkh hvwlpdwhv duh gl�huhqw hyhq wkrxjk wkh xqghuo|lqj

sdudphwhu lv vwdeoh1 Lq vxppdu|/ zkhq ROV lv xvhg wr pdnh frpsdulvrqv dfurvv vdpsohv wkh

dowhuqdwlyh k|srwkhvlv lv xqfohdu1 Zh duh mrlqwo| whvwlqj wkh vwdelolw| dqg wkh krprvnhgdvwlflw| ri

wkh gdwd1 Wkh dowhuqdwlyh k|srwkhvlv lv wkdw rqh ri wkhvh wzr +ru erwk, duh qrw vdwlv�hg1 Zkhq zh

duh ghdolqj zlwk frqwdjlrq/ lq sduwlfxodu/ sureohpv ri khwhurvnhgdvwlflw| dqg vlpxowdqhrxv htxdwlrqv

duh lpsruwdqw pdnlqj lqihuhqfh lq wkh olqhdu uhjuhvlrq frqwh{w kdug1

615 Whvwlqj xvlqj Sulqflsdo Frpsrqhqwv

Wkh lghd ri sulqflsdo frpsrqhqwv lv wr �qg frpprq idfwruv iru d vhw ri wlph vhulhv> �lq wkh fdvh

zkhuh wkh ruljlqdo vhulhv duh lghqwlfdo/ wkh �uvw sulqflsdo frpsrqhqw h{sodlqv 433 shufhqw ri wkh

yduldwlrq lq wkh ruljlqdo vhulhv1 Dowhuqdwlyho|/ li wkh vhulhv duh ruwkrjrqdo wr rqh dqrwkhu/ lw zrxog

wdnh dv pdq| sulqflsdo frpsrqhqwv dv wkhuh duh vhulhv wr h{sodlq doo wkh yduldqfh lq wkh ruljlqdo

vhulhv1 Lq wkdw fdvh/ qr dgydqwdjh zrxog eh jdlqhg e| orrnlqj dw frpprq idfwruv/ dv qrq h{lvw1�7

Sulqflsdo frpsrqhqwv kdyh ehhq zlgho| xvhg wr whvw iru wkh vwdelolw| ri wkh sursdjdwlrq phfk0

dqlvp1 Wkh pdlq uhdvrq ehlqj wkdw wkh hvwlpdwhv duh frqvlvwhqw li wkh gdwd kdv vlpxowdqhdrxv

htxdwlrqv dqg rplwwhg yduldeohv sureohpv18

Irupdoo|/ dvvxph wkhuh duh N yduldeohv hdfk zlwk q revhuydwlrqv/ zkrvh fryduldqfh pdwul{ lv

ghqrwhg dv[1 Wkh lghd ri wkh �uvw frpsrqhqw lv wr h{sodlq wkh N vhulhv dv ehvw dv srvvleoh1 Dvvxph

wkh sulqflsdo frpsrqhqw lv ghqrwhg dv s1 Wkhq/ lw plqlpl}hv wkh glvfuhsdqflhv ri

[ � d�s

zkhuh d� lv d pdwul{ ri vfdoduv1 s lv rqo| lghqwl�hg xs wr d frqvwdqw/ dqg wkhuhiruh vrph qrupdol}dwlrq

lv lpsrvhg +xvxdoo| s�s @ 4,1 Lw fdq eh vkrzq wkdw wkh �uvw frpsrqhqw/ s/ fruuhvsrqgv wr wkh

7Wdnhq iurp Ndplvn| dqg Uhlqkduw ^5333`1 Vhh Wkhlo ^4<:4` iru d irupdo ghulydwlrq1
8Vhh Fdoyr dqg Uhlqkduw ^4<<8`/ Ndplvqn| dqg Uhlqkduw ^5333`/ dqg Pdvvrq ^4<<:`1
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hljhqyhfwru ri wkh odujhvw hljhqydoxh ri [ �[ +vhh Wkhlo ^4<:4`,1 Wkh frpsrqhqwv ri s duh nqrzq dv

wkh ordglqj dqg uh hfw wkh lpsruwdqfh ri d sduwlfxodu yduldeoh lq h{sodlqlqj wkh uhvw1

Dv zdv phqwlrqhg ehiruh/ sulqflsdo frpsrqhqwv lv frqvlvwhqw li wkhuh lv qr khwhurvnhgdvwlflw|1

Iurp Prgho 4 wkh fryduldqfh pdwul{ lv=
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Wkh hljhqyhfwru ri wkh �uvw hljhqydoxh +wkh odujhvw rqh, lv
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�� @ 4� �2 � +4� �2,�

Qrwh wkdw wkh hljhqydoxhv dqg hljhqyhfwruv rqo| ghshqg rq wkh sdudphwhuv +� dqg �, dqg wkh uho0

dwlyh yduldqfh ri wkh lglrv|qfudwlf vkrfnv +�,1 Wkhuhiruh/ xqghu wkh dvvxpswlrq wkdw wkhuh lv qr

khwhurvnhgdvwlflw|/ d fkdqjh lq wkh ordglqjv ri wkh sulqflsdo frpsrqhqw lpsolhv d vkliw lq wkh sdudp0

hwhuv1 Wkh txhvwlrq lv wkhq/ zkdw kdsshqv wr wkh ordglqjv li wkhuh lv frqglwlrqdo khwhurvnhgdvwlflw|1

Dv vkrxog ehfrph fohdu iurp wkh suhylrxv ghulydwlrq/ d vkliw lq wkh uhodwlyh yduldqfhv +�, grhv

lqghhg dowhuv wkh ordglqjv hyhq li wkh sdudphwhuv duh vwdeoh1

Jlyhq wkh gh�qlwlrq ri sulqflsdo frpsrqhqwv lw vkrxog eh h{shfwhg wkdw pryhphqwv lq wkh

uhodwlyh yduldqfhv/ lq wkh hqg/ uh hfw fkdqjhv lq wkh ordglqjv1 Zkhq wkhuh lv d fkdqjh lq wkh

uhodwlyh lpsruwdqfh ri wkh vkrfnv/ e| frqvwuxfwlrq/ wkh frpprq frpsrqhqw dovr vkliwv/ dqg wkh

zhljkwv lq wkh hljhqyhfwru uh hfw vr1

:



Djdlq/ dv ehiruh/ lq wkh devhqfh ri khwhurvnhgdvwlflw|/ wkh whvw ri vwdelolw| edvhg rq sulqflsdo

frpsrqhqwv lv frqvlvwhqw1 Krzhyhu/ lw lv qrw zkhq wkh gdwd lv khwhurvnhgdvwlf1 Wkh idfw wkdw frqwd0

jlrq lqghhg lv dffrpsdlqhg e| odujh vkliwv lq vhfrqg prphqwv lpsolhv/ wkhuhiruh/ wkdw frpsdulvrqv

dfurvv vdpsohv edvhg rq sulqflsdo frpsrqhqwv duh lqdghtxdwh1

616 Whvwlqj xvlqj wkh Fruuhodwlrq

Wkh �uvw sdshu whvwlqj iru fkdqjhv lq wkh sursdjdwlrq phfkdqlvp xvlqj fruuhodwlrq phdvxuhv zdv

wkh vhplqdo sdshu e| Nlqj dqg Zdgkzdql ^4<<3`1 Wkh lqwxlwlrq lv

Iru wkh fruuhfwlrq vhh Iruehv dqg Uljrerq ^4<<;`/ iru dgglwlrqdo dssolfdwlrqv xvlqj wkh dgmxvw0

phqw vhh Edlj dqg Jrogimdq ^5333` / Jhorv dqg Vdkd| ^5333`/ dqg Idyhur dqg Jldyd}}l ^5333`1+Idyhur

dqg Jldyd}}l/ 5333,

617 Zkdw duh wkh dowhuqdwlyhvB

Lq wklv vhfwlrq/ ohw ph eulh | vxppdul}h vrph ri wkh dowhuqdwlyhv dydlodeoh wr vroyh wkh sureohp ri

hvwlpdwlrq1 Iluvw/ L glvfxvv wkh fdvh ri wkh fruuhodwlrq/ wkhq sulqflsdo frpsrqhqwv/ dqg �qdoo| ROV1

61714 Fruuhodwlrq frh!flhqw

Wkh vroxwlrq wr wkh hvwlpdwlrq ri wkh fruuhodwlrq frh!flhqw lv sduwldoo| vxppdul}hg lq wkh suhylrxv

vhfwlrq1 Lw lv lpsruwdqw/ krzhyhu/ wr uhdol}h wkdw vxfk dgmxvwphqw lv ydolg RQO\ lq wkh flufxpvwdqfhv

lq zklfk lw zdv ghyhorshg1 Li dq| ri wkh dvvxpswlrqv lv uhod{hg wkhq wkh fruuhfwlrq sursrvhg lv qrw

ydolg1 Qrwh wkdw lqghhg lw lv qrw ydolg li wkh sureohp ri vlpxowdqhrxv htxdwlrqv h{lvwv1

Krzhyhu/ dv zh dujxhg lq wkh sdshu/ li wkh dgmxvwphqw lv rqo| sudfwlfhg xvlqj wkrvh frxqwulhv

lq zklfk wkh vkrfn lv jhqhudwhg/ wkhq lw lv vwloo srvvleoh wr jhw d jrrg dssur{lpdwlrq edvhg rq zkdw

kdv ehhq fdoohg qhdu0lghqwl�fdwlrq19

Qhdu0lghqwl�fdwlrq uhihuv wr wkh flufxpvwdqfh lq zklfk wkh yduldqfh ri wkh vkrfn lq rqh ri wkh

htxdwlrqv lv vljql�fdqwo| odujhu wkdq wkh vkrfn lq wkh rwkhu htxdwlrq1 Lq wklv fdvh/ dv fdq eh vhhq

e| htxdwlrq +7, wkh eldv whqgv wr }hur/ dqg wkh prgho lv forvhu wr [[[1 Wkh shulrgv ri fulvhv iroorz

forvho| wklv ghvfulswlrq1

Wkh lpsolfdwlrq ri wklv dvvxpswlrq lv wkdw d vpdoo vhw ri wudqvplvvlrq phfkdqlvpv fdq eh whvwhg=

rqo| wkrvh fkdqqhov iurp wkh frxqwu| xqghu fulvhv wr wkh uhvw ri wkh frxqwulhv lq wkh vdpsoh1

9Vhh Ilvkhu ^4<:9`1

;



61715 Sulqflsdo Frpsrqhqwv

Wkh vroxwlrq wr wkh Sulqflsdo frpsrqhqwv eldv lv wr holplqdwh wkh eldv jhqhudwhg e| wkh khwhurvnhgdv0

wlflw|1 Wkxv/ dq dowhuqdwlyh lv wr hvwlpdwh d uroolqj DUFK dqg xvh wkh suhglfwhg rxw0ri0vdpsoh

yduldqfh wr qrupdol}h wkh vhulhv1: Wklv dgmxvwphqw surgxfhv frqvlvwhqw hvwlpdwhv li wkhuh lv qr

vlpxowdqhrxv htxdwlrqv sureohpv1

Rq wkh rwkhu kdqg/ li wkhuh lv d vkliw lq wkh sdudphwhuv wkdw kdv dq h�hfw rq wkh vhfrqg prphqwv/

wkhq wkh sureohp ri wkh dgmxvwphqw lv wkdw lw plqlpl}hv wkh gl�huhqfhv lq wkh vdpsoh/ dqg wkhuh

lv dq lpsruwdqw orvv lq srzhu1 Wkhuhiruh/ frqfoxvlrqv edvhg rq wklv dgmxvwphqw wkdw gr qrw �qg

uhmhfwlrq vkrxog eh wdnhq fdxwlrxvo|1

Lq wkh iroorzlqj vlpxodwlrq L vxppdul}h wkh ghjuhh ri eldv dqg dgmxvwphqw irxqg1

[[[[

61716 Olqhdu uhjuhvvlrqv

Ilqdoo|/ zkhq wkhuh lv vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv sureohp lw lv zhoo nqrzq wkdw

wkhuh lv qr surfhgxuh wr frqvlvwhqwo| hvwlpdwh htxdwlrqv +4, dqg +4,1 Zlwkrxw dgglwlrqdo lqirupdwlrq

wkrvh htxdwlrqv fdqqrw eh hvwlpdwhg1

Lq d suhylrxv sdshu/ L vkrz wkdw hyhq li lw lv lpsrvvleoh wr hvwlpdwh wkh frh!flhqwv/ d whvw iru

wkhlu fkdqjhv fdq eh lpsohphqwhg xqghu wkh iroorzlqj lqirupdwlrq= wkh frxqwu| jhqhudwlqj wkh

fulvlv dqg lwv shulrg kdyh wr eh h{rjhqrxvo| surylghg1 Lq jhqhudo/ nqrzlqj wkh frxqwu| jhqhudwlqj

wkh fulvlv lv uhodwlyho| xqfrqwuryhuvldo/ krzhyhu/ ghwhuplqlqj wkh h{dfw shulrg lq zklfk wkh lqfuhdvh

lq wkh yduldqfh rffxuv lv qrw1

Lq Uljrerq ^4<<<` L ghvfuleh erwk wkh phwkrgrorj| dqg wkh srzhu ri wkh whvw1 Ehfdxvh lw lv

lpsrvvleoh wr shuihfwo| gh�qh wkh fulvlv zlqgrz/ L fkhfn iru wkh urexvwqhvv ri wkh uhvxowv zkhq wkh

zlqgrz lv prgl�hg1

Wklv surfhgxuh fdq eh lpsohphqwhg erwk lq pxowlyduldwh dv zhoo dv elyduldwh vhwxsv dqg wkh

whvw lv urexvw wr wkh suhvhqfh ri vlpxowdqhrxv htxdwlrqv dqg rplwwhg yduldeohv1 Pruhryhu/ wkh

surfhgxuh mrlqwo| whvw iru wkh fkdqjhv lq wkh frh!flhqwv ri d vhw ri frxqwulhv +udwkhu wkdq sdluzlvh

frpsdulvrqv,1

Lw lv lpsruwdqw wr phqwlrq/ krzhyhu/ wkdw li wkhuh lv plvvshfl�fdwlrq lq wkh fulvlv zlqgrz lw lv

srvvleoh wr �qg uhmhfwlrqv +wkxv �qglqj d vkliw lq wkh sdudphwhuv, hyhq wkrxjk wkh wuxh sdudphwhuv

duh vwdeoh1 Wkh pdlq zhdnqhvv ri wkh whvw lv wkdw lw lv uhmhfwhg lq wzr flufxpvwdqfhv= zkhq wkh

sdudphwhuv vkliw +zklfk lv wkh fdvh ri lqwhuhvw, dqg zkhq wkhuh lv khwhurvnhgdvwlflw| lq pruh wkdq wzr

: Lq wkh vlpxodwlrqv L glg/ wkh uhvxowv zhuh yhu| vlplodu li uroolqj yduldqfhv zhuh xvhg lqvwhdg ri dq DUFK prgho1

Wklv lv gh�qlwho| hdvlhu wr lpsohphqw1

<



lglrv|qfudwlf vkrfnv1 Wklv vhfrqg uhmhfwlrq lv xqlqwhuhvwlqj1 Krzhyhu/ vr idu/ wkhuh lv qr surfhgxuh

wr glvhqwdqjoh ehwzhhq wkh wzr dowhuqdwlyh k|srwkhvlv1

7 Phdvxulqj wkh sursdjdwlrq phfkdqlvp

D vhfrqg lpsruwdqw txhvwlrq lq hpslulfdo dssolfdwlrqv ri frqwdjlrq lv uhodwhg wr zkdw ghwhuplqhv

wkh sursdjdwlrq ri wkh vkrfnv= wudgh/ frxqwu| vlplodulwlhv/ frpprq ohqghu/ ohduqlqj/ oltxlglw|/ hwf1

Lq jhqhudo/ wkhvh txhvwlrqv duh dgguhvv e| ghwhuplqlqj li wkh sursdjdwlrq ri vkrfnv lv vwurqjhu

wr frxqwulhv wkdw kdyh sduwlfxodu fkdudfwhulvwlfv1

714 Phdvxulqj xvlqj ROV

Xvlqj Prgho 6 lw lv hdv| wr vkrz wkdw frqfoxvlrqv fdq eh huurqhrxv zkhq wkhuh h{lvw vlpxowdqhrxv

htxdwlrqv ru rplwwhg yduldeohv sureohpv1 Wkh ROV hvwlpdwhv rq htxdwlrq 5 duh +diwhu vrph dojheud,
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Qrwh wkdw lq Prgho 6/ wkh wuxh ydoxh ri �2 @ 3 dqg �� @ �1 Lw lv srvvleoh wkdw wkh eldvhv pdnh a�2

odujhu wkdq }hur/ dqg a�� htxdo wr }hur$ Wklv pdnhv wkh frqfoxvlrq wkdw || ghshqgv rq {2c| dqg qrw

{�c| zurqj1 H{dfwo| wkh vdph frqfoxvlrqv fdq eh rewdlqhg li Prgho 6 lv fkdqjhg wr eh rqh zkhuh

wkh sureohp lv vlpxowdqhrxv htxdwlrqv lqvwhdg ri rplwwhg yduldeohv1

Pruhryhu/ ehfdxvh wkh yduldqfhv fdq eh gl�huhqw dfurvv frxqwulhv/ frqfoxvlrqv derxw wkh ghshq0

ghqfh ri || fdq eh gulyhq e| wkrvh eldvhv dqg qrw qhfhvvdu| e| wkh wuxh lqwhuuhodwlrqvkls1

71414 Xvlqj wkh �lqgh{� uhjuhvvlrq1

Vhyhudo sdshuv kdyh iroorzhg wkh phwkrgrorj| ghulyhg lq Hlfkhqjuhhq/ Urvh/ dqg Z|sorv} ^4<<9`

wr phdvxuh frqwdjlrq1;

715 Phdvxulqj xvlqj Orjlw0Surelw0Wrelw

Dssolfdwlrqv +Hlfkhqjuhhq hw do1/ 4<<9,/ +Hlfkhqjuhhq dqg Prg|/ 5333,

Hfrqrphwulf sureohpv xqghu khwhurvnhgdvwlflw|= Pd{lpxp vfruh hvwlpdwlrq +Pdqvnl/ 4<;8,/

+Krurzlw}/ 4<<5,/ dqg +Krurzlw}/ 4<<6,

;Vhh Jolfn dqg Urvh ^4<<;`/ Edlj dqg Jrogimdq ^4<<;/ 5333` dqg Gh Juhjrulr dqg Ydoghv ^5333` iru vrph sdshuv
xvlqj doprvw wkh vdph whfkqltxh1 Vhh dovr Ydq Ulmfnhjkhp dqg Zhghu ^5333` dv zhoo dv Jhorv dqg Vdkd| ^5333`1
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716 Phdvxulqj xvlqj JDUFK0DUFK prghov

Hpslulfdo dssolfdwlrqv xvlqj JDUFK prghov duh Hgzdugv dqg Vxvpho ^5333`

717 Phdvxulqj xvlqj Sulqflsdo Frpsrqhqwv

Dv zdv lqglfdwhg lq wkh suhylrxv vhfwlrq/ whvwv iru fkdqjhv lq wkh sdudphwhuv edvhg rq Sulqflsdo

Frpsrqhqwv duh eldvhg lq wkh suhvhqfh ri khwhurvnhgdvwlflw|1 Lq wklv vhfwlrq/ L dujxh wkdw wkh

hvwlpdwhv duh dovr lqfrqvlvwhqw1

Li htxdwlrq +BB, zhuh d olqhdu ixqfwlrq ri �|/ wkhq wkh hvwlpdwh ri wkh zhljkw lv frqvlvwhqw lq

wkh suhvhqfh ri khwhurvnhgdvwlflw|1 Krzhyhu/ e| lqvshfwlrq/ lw vkrxog eh fohdu wkdw wkh hljhqyhfwru

lv qrw d olqhdu ixqfwlrq ri �|1 Wkhuhiruh/ zkhq wkhuh lv khwhurvnhgdvwlflw|/ wkh zhljkw lv ghwhuplqhg

e| vxevwlwxwlqj H�| lqvwhdg ri wkh vhulhv ri �| lq htxdwlrq +BB,1

Wkh ordglqj +htxdwlrq +BB,, lv d frqyh{ ixqfwlrq ri �| li � lv srvlwlyh1 Lq rwkhu zrugv/ wkdw

wkh wzr frxqwulhv duh srvlwlyho| fruuhodwhg +zklfk lv doprvw dozd|v wkh fdvh irxqg lq wkh gdwd,1 Lq

wklv fdvh/ wkrvh frxqwulhv lq zklfk lwv lglrv|qfudwlf yduldqfh fkdqjhv pruh +pruh yrodwloh �|, kdyh

kljkhu ordglqjv +doo wklqjv htxdo,1 Lw lv srvvleoh/ wkhuhiruh/ wkdw vwurqj olqndjhv duh irxqg ehfdxvh

wkh khwhurvnhgdvwlflw| lv kljk1 Qrwh wkdw wklv lv d vwdwhphqw dvvxplqj wkh vdph dyhudjh yrodwlolw|

exw d odujhu fkdqjh lq wkh yduldqfh1

718 Zkdw duh wkh dowhuqdwlyhvB

Lq wklv vhfwlrq/ L glvfxvv dgmxvwphqwv wkdw fdq eh lpsohphqwhg lq wkh surfhgxuhv ghvfulehg wr vroyh

wkh sureohpv1

71814 Olqhdu uhjuhvvlrqv

Ilqglqj ydolg lqvwuxphqwv lv h{wuhpho| gl!fxow1

71815 Orjlw0Surelw

Iru wkh sureohp ri lghqwl�fdwlrq rq wkh qrq0olqhdu htxdwlrqv xqghu khwhurvnhgdvwlflw| vhh +Fkhq dqg

Nkdq/ 4<<<,/ +Vhqwdqd dqg Ilruhqwlql/ 4<<<,/ +Nohlq dqg Yhood/ 5333d,/ +Nohlq dqg Yhood/ 5333e,1

Iru vroxwlrq ri wkh hvwlpdwlrq sureohp vhh dovr +Orpdnlq dqg Sdl}/ 4<<<,1

71816 Sulqflsdo frpsrqhqwv

Wkh sureohp L kdyh mxvw kljkoljkwhg fdqqrw eh vroyhg e| qrupdol}lqj wkh gdwd wr kdyh xqlw yduldqfh

dfurvv wkh vdpsoh/ exw lw kdv wr eh vroyhg e| lpsrvlqj d xqlwdu| yduldqfh lq hdfk ri wkh shulrgv1

44



71817 DUFK

71818 Qhz surfhgxuh

Vhh Uljrerq ^5333` iru vlpxowdqhrxv htxdwlrqv phdvxuhphqw1

8 Dq dssolfdwlrq wr Odwlq Dphulfdq Frxqwulhv1

Lq wklv vhfwlrq/ L dsso| wr Odwlq Dphulfdq frxqwulhv vrph ri wkh surfhgxuhv kljkoljkwhg ehiruh wr

dqvzhu erwk txhvwlrqv= grhv wkh sursdjdwlrq ri vkrfnv dfurvv OD frxqwulhv lv vwdeohB dqg li lw lv/

wkhq krz lpsruwdqw duh wkrvh olqndjhvB

814 Vwrfn pdunhwv

815 Erqg sulfhv

816 H{fkdqjh udwh

817 Lqgh{ uhjuhvvlrqv

9 Ixwxuh Uhvhdufk

914 Sulfhv yv1 Yroxphv

D orw ri uhvhdufk rq sulfhv/ yhu| olwwoh rq yroxphv1

Wkh uhihuhqfhv L nqrz= Hlfkhqjuhhq dqg Prg| ^5333`/ Iurrw/ R*Frqqhoo dqg Vhdvkrohv ^5333`/

Nduro|l dqg Vwxo} ^4<<9`/ dqg Vwxo} ^4<<<`1

915 Lv wkh sursdjdwlrq wkurxjk wkh phdqv ru wkh yduldqfhvB

Dq lpsruwdqw txhvwlrq lv zkhwkhu wkh vkrfnv duh wudqvplwwhg e| uhgxflqj fxuuhqw sulfhv/ ru wkh

fulvhv phdq kljkhu yrodwlolwlhv/ wkdw lq wkh hqg uhtxluh d kljkhu uhwxuq1 Pruhryhu/ +Prgho 4, dqg

+Prgho 5, fdq eh d uhgxfh irup ri erwk prghov1 Wkhuhiruh/ vr idu/ wkh surfhgxuhv khuh kljkoljkwhg

duh xqdeoh wr glvhqwdqjohg wkh h{dfw fkdqqho1

Iurp wkh wkhruhwlfdo srlqw ri ylhz/ wklv lv dq lpsruwdqw txhvwlrq lqghhg1 Vhyhudo ri wkh prghov

wkdw kdyh ehhq ghyhorshg orrn dw wkh wudqvplvvlrq ri wkh vkrfnv wkurxjk sulfhv/ dqg qrw qhfhvvdulo|

e| wkh vhfrqg prphqwv1

: Frqfoxvlrqv
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Uhihuhqfhv

Edlj/ W1 dqg Jrogidmq/ L1 +4<<;,1 Ilqdqfldo pdunhwv frqwdjlrq lq wkh dvldq fulvhv1 LPI Plphr1

Edlj/ W1 dqg Jrogidmq/ L1 +5333,1 Wkh uxvvldq ghidxow dqg wkh frqwdjlrq wr eud}lo1 Xqlyhuvlgdgh

Fdwrolfd/ Plphr1

Fdoyr/ V1 dqg Uhlqkduw/ F1 +4<<8,1 Fdslwdo lq rzv wr odwlq dphulfd= Lv wkhuh hylghqfh ri frqwdjlrq

h�hfwv1 Plphr1 Zruog Edqn dqg Lqwhuqdwlrqdo Prqhwdu| Ixqg1

Fdvklq/ S1/ Nxpdu/ P1/ dqg PfGhuprww/ F1 M1 +4<<8,1 Lqwhuqdwlrqdo lqwhjudwlrq ri htxlw| pdunhwv

dqg frqwdjlrq h�hfwv1 LPI Zrunlqj Sdshu ZS2<824431

Fkhq/ V1 dqg Nkdq/ V1 +4<<<,1
s
q0frqvlvwhqw hvwlpdwlrq ri khwhurvnhgdvwlf vdpsoh vhohfwlrq prghov1

Xqlyhuvlw| ri Urfkhvwhu/ Plphr1

Hgzdugv/ V1 dqg Vxvpho/ U1 +5333,1 Lqwhuhvw udwh yrodwlolw| dqg frqwdjlrq lq hphujlqj pdunhwv=

Hylghqfh iurp wkh 4<<3*v1 XFOD/ Plphr1

Hlfkhqjuhhq/ E1 dqg Prg|/ D1 +5333,1 Frqwdjlrq iurp wkh uxvvldq fulvlv= Zkr zdv lqihfwhg dqg

zk|B XF Ehunhoh|/ Plphr1

Hlfkhqjuhhq/ E1/ Urvh/ D1/ dqg Z|sorv}/ F1 +4<<9,1 Frqwdjlrxv fxuuhqf| fulvhv1 QEHU Zrunlqj

Sdshu 89;41

Idyhur/ F1 dqg Jldyd}}l/ I1 +5333,1 Orrnlqj iru frqwdjlrq= Hylghqfh iurp wkh 4<<5 HUP fulvlv1

Erffrql Xqlyhuvlw|/ Plphr1

Ilvkhu/ I1 P1 +4<:9,1 Wkh Lghqwl�fdwlrq Sureohp lq Hfrqrphwulfv1 Urehuw H1 Nulhjhu Sxeolvklqj

Fr1/ Qhz \run/ vhfrqg hglwlrq1

Iruehv/ N1 dqg Uljrerq/ U1 +4<<;,1 Qrw frqwdjlrq/ rqo| lqwhughshqghqfh= Phdvxulqj vwrfn pdunhw

fr0pryhphqwv1 PLW Plphr1

Iurrw/ N1/ R*Frqqhoo/ S1/ dqg Vhdvkrohv/ P1 +5333,1 Wkh sruwirolr  rzv ri lqwhuqdwlrqdo lqyhvwruv1

Kduydug Xqlyhuvlw|/ Plphr1

Jhorv/ J1 dqg Vdkd|/ U1 +5333,1 Ilqdqfldo pdunhwv vslooryhuv lq wudqvlwlrq hfrqrplhv1 LPI/ Plphr1

Jolfn/ U1 dqg Urvh/ D1 +4<<;,1 Frqwdjlrq dqg wudgh= Zk| duh fxuuhqf| fulvhv uhjlrqdoB Plphr1

Juhjrulr/ M1 G1 dqg Ydogìv/ U1 +5333,1 Fulvlv wudqvplvvlrq= Hylghqfh iurp wkh ghew/ whtxlod dqg

dvldq  x fulvhv1 Xqlyhuvlgdg Fdwrolfd gh Fkloh/ Plphr1
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Krurzlw}/ M1 +4<<5,1 D vprrwkhg pd{lpxp vfruh hvwlpdwru iru wkh elqdu| uhvsrqvh prgho1 Hfrqr0

phwulfd/ 93=838�8641

Krurzlw}/ M1 +4<<6,1 Vhplsdudphwulf hvwlpdwlrq ri d zrun0wuls prgh fkrlfh prgho1 Mrxuqdo ri

Hfrqrphwulfv/ 8;=7<�:31

Nduro|l/ J1 D1 dqg Vwxo}/ U1 P1 +4<<9,1 Zk| gr pdunhwv pryh wrjhwkhuB dq lqyhvwljdwlrq ri x1v1 0

mdsdq vwrfn uhwxuq frpryhphqwv1 Wkh Mrxuqdo ri Ilqdqfh/ 84+6,=<84=<;91

Nlqj/ P1 dqg Zdgkzdql/ V1 +4<<3,1 Wudqvplvvlrq ri yrodwlolw| ehwzhhq vwrfn pdunhwv1 Uhylhz ri

Ilqdqfldo Vwxglhv/ 6+4,=8�661

Nohlq/ U1 dqg Yhood/ I1 +5333d,1 Hpsor|lqj khwhurvnhgdvwlflw| wr lghqwli| dqg hvwlpdwh wuldqjxodu

vhplsdudphwulf prghov1 Uxwjhuv plphr1

Nohlq/ U1 dqg Yhood/ I1 +5333e,1 Lghqwl�fdwlrq dqg hvwlpdwlrq ri wkh elqdu| wuhdwphqw prgho xqghu

khwhurvnhgdvwlflw|1 Uxwjhuv plphr1

Orpdnlq/ D1 dqg Sdl}/ V1 +4<<<,1 Phdvxulqj frqwdjlrq lq wkh idfh ri  xfwxdwlqj yrodwlolw|1 PLW

Vordq surmhfw/ 4813691

Orqjxlq/ I1 dqg Vorqln/ E1 +4<<8,1 Lv wkh fruuhodwlrq lq lqwhuqdwlrqdo htxlw| uhwxuqv frqvwdqw=

4<9304<<31 Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 47+4,=6�591

Pdqvnl/ F1 +4<;8,1 Vhplsdudphwulf dqdo|vlv ri glvfuhwh uhvsrqvh= Dv|pswrwlf surshuwlhv ri wkh

pd{lpxp vfruh hvwlpdwru1 Mrxuqdo ri Hfrqrphwulfv/ 5:=646�6671

Pdvvrq/ S1 +4<<:,1 Prqvrrqdo h�hfwv/ vslooryhuv/ dqg frqwdjlrq1 LPI Plphr1

Uljrerq/ U1 +4<<<,1 Rq wkh phdvxuhphqw ri wkh lqwhuqdwlrqdo sursdjdwlrq ri vkrfnv1 PLW Plphr1

Uljrerq/ U1 +5333,1 Lghqwl�fdwlrq wkurxjk khwhurvnhgdvwlflw|1 PLW Plphr1

Ulmfnhjkhp/ F1 Y1 dqg Zhghu/ E1 +5333,1 Ilqdqfldo frqwdjlrq= Vslooryhu h�hfwv wkurxjk edqnlqj

fhqwhuv1 Xqlyhuvlw| ri Edvho/ Plphr1

Vhqwdqd/ H1 dqg Ilruhqwlql/ J1 +4<<<,1 Lghqwl�fdwlrq/ hvwlpdwlrq dqg whvwlqj ri frqglwlrqdo khw0

hurvnhgdvwlf idfwru prghov1 FHPIL plphr1

Vwxo}/ U1 +4<<<,1 Lqwhuqdwlrqdo sruwirolr  rzv dqg vhfxulw| pdunhwv1 Wkh Fkduohv D1 Glfh Fhqwhu

iru Uhvhdfk lq Ilqdqfldo Hfrqrplfv/ ZS <<061

Wkhlo/ K1 +4<:4,1 Sulqflsohv ri Hfrqrphwulfv1 Qhz \run/ Zloh|1
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