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Devwudfw

Wkh uhodwlyh shuirupdqfh ri vhsdudwh dqg frqfxuuhqw xqlglphqvlrqdo LUW hvwlpdwlrq frxog

eh d�hfwhg e| pxowlglphqvlrqdolw| ri wkh gdwd1 Wklv sdshu uhsruwv wkh uhvxowv ri d vlpx0

odwlrq vwxg| frpsdulqj wkh uhodwlyh shuirupdqfh ri xqlglphqvlrqdo hvwlpdwlrq phwkrgv rq

pxowlglphqvlrqdo gdwd1 Gdwd edvhg rq d wzr0glphqvlrqdo LUW prgho duh vlpxodwhg dffrug0

lqj wr htxlydohqw dqg qrqhtxlydohqw jurxsv ghvljqv1 Wkh uhvxowv ri vhsdudwh dqg frqfxuuhqw

xqlglphqvlrqdo hvwlpdwlrq duh frpsduhg zlwk wkh uhvxowv ri frqfxuuhqw hvwlpdwlrq xqghu wkh

wzr0glphqvlrqdo prgho1 Lq wklv vwxg| lw ehfrphv fohdu wkdw pxowlglphqvlrqdolw| ri wkh gdwd fdq

h�hfw wkh uhodwlyh shuirupdqfh ri vhsdudwh dqg frqfxuuhqw xqlglphqvlrqdo hvwlpdwlrq phwkrgv1

Wkh uhodwlyh shuirupdqfh ri vhsdudwh dqg frqfxuuhqw hvwlpdwlrq zdv gl�huhqw iru wkh htxlyd0

ohqw dqg qrqhtxlydohqw jurxsv frqglwlrqv1 Lq wkh qrqhtxlydohqw jurxs frqglwlrqv/ wkh huuru iru

wkh xqlglphqvlrqdo hvwlpdwlrq phwkrgv zdv yhu| odujh frpsduhg wr wkh huuru rewdlqhg xvlqj

wzr0glphqvlrqdo LUW hvwlpdwlrq1

4 Lqwurgxfwlrq

Wkh odwhqw yduldeoh lq xqlglphqvlrqdo LUW +lwhp uhvsrqvh wkhru|, prghov lv xqlghqwl0

�hg xs wr d olqhdu wudqvirupdwlrq1 Lq hdfk fdoleudwlrq/ uhvwulfwlrqv rq wkh sdudphwhuv

duh lpsrvhg wr gh�qh wkh vfdoh rq zklfk wkh sdudphwhuv duh phdvxuhg1 Lq d frpprq

lwhp qrqhtxlydohqw jurxs ghvljq wzr irupv ri d whvw zlwk vrph lwhpv lq frpprq duh

dgplqlvwhuhg wr vdpsohv iurp wzr srsxodwlrqv1 Li lwhp sdudphwhuv iru wkh wzr irupv

duh hvwlpdwhg lqghshqghqwo|/ wkh sdudphwhu hvwlpdwhv iru wkh gl�huhqw irupv zloo qrw

eh rq wkh vdph vfdoh1 Xvlqj wkhvh hvwlpdwhv/ wkh irupv duh eurxjkw rq d frpprq

vfdoh yld plqlpl}dwlrq ri vrph orvv ixqfwlrq1 Whfkqltxhv iru wklv sxusrvh kdyh ehhq

ghyhorshg e| Kdhedud +4<;3,/ Pdufr +4<::,/ Or|g dqg Krryhu +4<;3, dqg Vwrfnlqj

dqg Orug +4<;6,1 Dq dowhuqdwlyh surfhgxuh wr rewdlq hvwlpdwhv rq d frpprq vfdoh

lv frqfxuuhqw hvwlpdwlrq ri pxowlsoh irupv1 Xvlqj d vr0fdoohg pdujlqdo pd{lpxp

olnholkrrg +PPO, surfhgxuh/ wkh sdudphwhuv ri wkh LUW prgho duh gluhfwo| hvwl0

pdwhg rq d frpprq vfdoh +Erfn ) ]lprzvnl/ 4<<9> Jodv ) Yhukhovw/ 4<;<,1 Nlhihu

dqg Zroirzlw} +4<89, kdyh vkrzq wkdw wkh PPO hvwlpdwru lv vwurqjo| frqvlvwhqw

xqghu idluo| uhdvrqdeoh uhjxodulw| frqglwlrqv1 Wkhuhiruh lq frqfxuuhqw hvwlpdwlrq/
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vwdqgdug dv|pswrwlf wkhru| rq frq�ghqfh lqwhuydov dqg wkh glvwulexwlrq ri vwdwlvwlfv

frpsxwhg xvlqj PPO hvwlpdwhv gluhfwo| dssolhv1

D qxpehu ri vwxglhv kdv ehhq fduulhg rxw wr frpsduh wkh shuirupdqfh ri frq0

fxuuhqw dqg vhsdudwh hvwlpdwlrq +Kdqvrq ) Eìjxlq/ 4<<<> Nlp ) Frkhq/ 4<<;>

Shwhuvhq/ Frrn ) Vwrfnlqj/ 4<;6> Zlqjhuvn|/ Frrn ) Hljqru/ 4<;:,1 Wkhvh vwxglhv

xvhg gdwd wkdw zhuh vlpxodwhg iurp wkh vdph xqlglphqvlrqdo prgho dovr xvhg iru

lwhp sdudphwhu hvwlpdwlrq1 Zlwk uhdo gdwd wkh vlpsoh xqlglphqvlrqdo prgho zrxog

suredeo| eh plvvshfl�hg e| vrph h{whqw1 Wklv plvvshfl�fdwlrq frxog d�hfw wkh uho0

dwlyh shuirupdqfh ri xqlglphqvlrqdo vhsdudwh dqg frqfxuuhqw hvwlpdwlrq1 D vrxufh

ri plvvshfl�fdwlrq lv pxowlglphqvlrqdolw| ri wkh gdwd1 Lq wklv sdshu/ wkh h�hfw rq

shuirupdqfh ri xqlglphqvlrqdo vhsdudwh dqg frqfxuuhqw hvwlpdwlrq zloo eh vwxglhg

iru gdwd wkdw lq idfw iroorzv d pxowlglphqvlrqdo LUW prgho +Orug ) Qrylfn/ 4<9;>

PfGrqdog/ 4<9:> Uhfndvh/ 4<;8 dqg Dfnhupdq/ 4<<9d dqg 4<<9e,1 Lq wklv sdshu wkh

h�hfw ri pxowlglphqvlrqdolw| ri wkh gdwd rq shuirupdqfh ri vhsdudwh dqg frqfxuuhqw

hvwlpdwlrq zloo eh vwxglhg1

Pxowlglphqvlrqdo LUW prghov iru glfkrwrprxvo| vfruhg lwhpv zhuh �uvw suhvhqwhg

e| Orug dqg Qrylfn +4<9;, dqg PfGrqdog +4<9:,1 Wkhvh dxwkruv xvh d qrupdo rjlyh

wr ghvfuleh wkh suredelolw| ri d fruuhfw uhvsrqvh1 PfGrqdog +4<9:/4<<:, ghyhorshg

dq hvwlpdwlrq surfhgxuh edvhg rq dq h{suhvvlrq iru wkh dvvrfldwlrq ehwzhhq sdluv

ri lwhpv ghulyhg iurp d sro|qrpldo h{sdqvlrq ri wkh qrupdo rjlyh1 Wklv surfhgxuh

lv lpsohphqwhg lq QRKDUP +Qrupdo0Rjlyh Kduprqlf Dqdo|vlv Urexvw Phwkrg/

Iudvhu/ 4<;;,1 Dq dowhuqdwlyh xvlqj doo lqirupdwlrq lq wkh gdwd/ dqg wkhuhiruh od0

ehohg �Ixoo Lqirupdwlrq Idfwru Dqdo|vlv�/ zdv ghyhorshg e| Erfn/ Jleerqv/ dqg

Pxudnl/ +4<;;,1 Wklv dssurdfk lv d jhqhudol}dwlrq ri wkh pdujlqdo pd{lpxp olnhol0

krrg +PPO, dqg Ed|hv prgdo hvwlpdwlrq surfhgxuhv iru xqlglphqvlrqdo LUWprghov

+vhh/ Erfn ) Dlwnlq/ 4<;4/ Plvohy|/ 4<;9,/ dqg kdv ehhq lpsohphqwhg lq WHVW0

IDFW +Zlovrq/ Zrrg/ dqg Jleerqv/ 4<<4,1 D frpsdudeoh prgho xvlqj d orjlvwlf

udwkhu wkdq d qrupdo0rjlyh uhsuhvhqwdwlrq kdv ehhq vwxglhg e| Dqghuvhq +4<;8,/

Jodv +4<<5,/ Uhfndvh +4<;8/ 4<<:, dqg Dfnhupdq +4<<9d dqg 4<<9e,1

Frqvlghudeoh dwwhqwlrq kdv ehhq jlyhq wr wkh h�hfw ri pxowlglphqvlrqdolw| rq

sdudphwhu hvwlpdwhv ri xqlglphqvlrqdo LUW prghov1 Dqvoh| dqg Iruv|wk +4<;8, h{0

dplqhg wkh xqlglphqvlrqdo hvwlpdwhv iurp wzr0glphqvlrqdo gdwd jhqhudwhg xvlqj d

qrqfrpshqvdwru| prgho1 Dfnhupdq +4<;:d, frpsduhg shuirupdqfhv ri xqlglphq0

vlrqdo LUW hvwlpdwhv xqghu d wzr0glphqvlrqdo frpshqvdwru|0 dqg qrq0frpshqvdwru|

prgho1 Dfnhupdq +4<;:e, dovr lqyhvwljdwhg wkh h�hfw ri xvlqj pxowlglphqvlrqdo

lwhpv lq d frpsxwhul}hg dgdswlyh whvwlqj surfhgxuh edvhg rq d xqlglphqvlrqdo LUW

prgho1 Kh irxqg wkdw uhvsrqghqwv zlwk gl�huhqw sur�flhqf| frpsrvlwhv whqg wr

uhfhlyh whvwv zlwk d gl�huhqw frqwhqw1 Vwrxw +4<;:/ 4<<3, lqwurgxfhg wkh frqfhsw ri

hvvhqwldo glphqvlrqdolw|1 Dqdorjrxv wr wkh frpprq sudfwlvh lq idfwru dqdo|vlv/ rqo|
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wkh pdmru glphqvlrqv suhvhqw lq wkh gdwd duh xvhg zkloh wkh plqru glphqvlrqv duh

ljqruhg1 Iurp klv uhvhdufk lw zdv frqfoxghg wkdw wkh h{lvwhqfh ri h{dfwo| rqh pdmru

glphqvlrq 0vr fdoohg hvvhqwldo xqlglphqvlrqdolw|0 surylghv d mxvwl�fdwlrq ri wkh xvh

ri LUW prghov wkdw uhtxluh xqlglphqvlrqdolw|1 Ilqdoo|/ Vsud|/ Degho0idwwdk/ Kxdqj

dqg Odx +4<<:, lqyhvwljdwhg wkh h�hfwv ri d pxowlglphqvlrqdo lwhp srro dqg odwhqw

sur�flhqf| vsdfh rq wkh dffxudf| ri wkh ghflvlrqv pdgh lq frpsxwhul}hg fodvvl�fd0

wlrq whvwlqj xvlqj wkh 60SO prgho1 Wkh| irxqg wkdw wkh surfhgxuh zdv idluo| urexvw

djdlqvw ylrodwlrqv ri xqlglphqvlrqdolw|1

Dovr d qxpehu ri pxowlglphqvlrqdo htxdwlqj surfhgxuhv kdyh ehhq sursrvhg1

Kluvfk +4<;<, sursrvhg d surfhgxuh wkdw sodfhv wkh vhsdudwh hvwlpdwhv ri d pxo0

wlglphqvlrqdo wzr0sdudphwhu orjlvwlf prgho iru erwk irupv ri d frpprq0h{dplqhh

ghvljq rq d frpprq vfdoh1 Gdyh|/ Rvklpd dqg Ohh +4<<9, sursrvhg d surfhgxuh wr

sodfh wkh hvwlpdwhv ri d pxowlglphqvlrqdo wkuhh0sdudphwhu prgho iru erwk irupv ri d

frpprq0lwhp0 ru frpprq0h{dplqhh0ghvljq rq wkh vdph vfdoh1 Ol dqg Olvvlw} +4<<;,

xvhg vlpxodwlrq vwxglhv wr frpsduh d qxpehu ri gl�huhqw surfhgxuhv wr sodfh wkh

sdudphwhuv ri pxowlglphqvlrqdo LUW prghov rq wkh vdph vfdoh1 Ilqdoo|/ Erow +4<<<,

xvhg vlpxodwlrq vwxglhv wr lqyhvwljdwh zkhwkhu xqlglphqvlrqdo LUW wuxh0vfruh htxdw0

lqj lv pruh dgyhuvho| d�hfwhg e| wkh suhvhqfh ri pxowlglphqvlrqdolw| wkdq frqyhq0

wlrqdo olqhdu0 dqg htxlshufhqwloh htxdwlqj1 Kh irxqg wkdw iru fruuhodwlrqv ehwzhhq

glphqvlrqv htxdo wr 31: ru odujhu/ LUW wuxh0vfruh htxdwlqj shuiruphg voljkwo| ehwwhu

wkdq wkh frqyhqwlrqdo surfhgxuhv1 Dw orzhu fruuhodwlrqv/ LUW0htxdwlqj shuiruphg

doprvw dv jrrg dv htxlshufhqwloh htxdwlqj1

Lq wklv sdshu/ shuirupdqfh ri vhsdudwh dqg frqfxuuhqw hvwlpdwlrq ri d xqlglphq0

vlrqdo wkuhh0sdudphwhu orjlvwlf +60SO, prgho +Eluqedxp/ 4<9;> Orug/ 4<;3, dssolhg

rq pxowlglphqvlrqdo gdwd duh frpsduhg1 Wr rewdlq ehqfkpdunv wr hydoxdwh wkhvh

xqlglphqvlrqdo hvwlpdwhv/ d 6 sdudphwhu qrupdo rjlyh prgho +6SQR, dqg lwv wzr gl0

phqvlrqdo frxqwhusduw ++5.5,SQR, duh hvwlpdwhg1 Lq wkhvh prghov wkh suredelolw|

ri d fruuhfw uhvsrqvh ri d shuvrq � rq dq lwhp �c ghqrwhg t�� ' �c lv zulwwhq dv

� Et�� ' �( w�c k�c q� c ��� ' �� n E�� ���xE#�� � q�� +4,

zkhuh �� lv wkh jxhvvlqj sdudphwhu/ q� wkh gl!fxow| sdudphwhu ri wkh lwhp �c x

ghqrwhv wkh vwdqgdug qrupdo fxpxodwlyh glvwulexwlrq ixqfwlrq/ dqg #�� lv d zhljkwhg

sur�flhqf|1 Iru wkh 6SQR prgho #�� ' k�w� zlwk w� wkh sur�flhqf| ri shuvrq �

dqg k�/ wkh glvfulplqdwlrq sdudphwhu ri lwhp �� Iru wkh +5.5,SQR prgho #�� '
S

2

^'�
k�^w�^ zlwk k�^ wkh glvfulplqdwlrq sdudphwhu ru idfwru ordglqj ri lwhp � rq

wkh ^|� glphqvlrq/ dqg w�^ wkh sur�flhqf| sdudphwhu ri shuvrq � rq wkh ^|� glphq0

vlrq1 Wkh 6SQR dqg +5.5,SQR prgho duh hvwlpdwhg xvlqj d Pdunry fkdlq Prqwh

Fduor +PFPF, hvwlpdwlrq surfhgxuhv +Eìjxlq/ 5333,1 Wkhvh surfhgxuhv duh jhq0

hudol}dwlrqv wr lqfrpsohwh ghvljqv ri surfhgxuhv wkdw xvh Jleev vdpsolqj +Jhoidqg
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) Vplwk/ 4<<3, zlwk gdwd0dxjphqwdwlrq wr hvwlpdwh prghov lq wkh qrupdo rjlyh

frqwh{w +Doehuw/ 4<<5> Eìjxlq ) Jodv/ 4<<;,1

5 Gdwd

Wr vlpxodwh gdwd zlwk uhdolvwlf surshuwlhv/ wklv vwxg| xvhv lwhp sdudphwhu hvwlpdwhv

ri wkh +5.5,SQRprgho rewdlqhg rq gdwd iurp h{dplqdwlrqv dw wkh hqg ri vhfrqgdu|

hgxfdwlrq lq wkh Qhwkhuodqgv1 Wkhvh gdwd frqvlvw ri 83 glfkrwrprxvo| vfruhg lwhpv

iurp wkh h{dplqdwlrq *odqjxdjh frpsuhkhqvlrq lq Hqjolvk* iru wkh |hduv 4<<5 dqg

4<<81 Wkh ruljlqdo h{dplqdwlrqv kdyh qr lwhpv lq frpprq/ exw dgglwlrqdo gdwd

duh dydlodeoh zkhuh shuvrqv uhvsrqghg wr lwhpv iurp erwk h{dplqdwlrqv1 Wkh gdwd

froohfwlrq ghvljq lv eh|rqg wkh vfrsh ri wklv sdshu1 Iru d ghvfulswlrq ri wkh gdwd0

froohfwlrq ghvljq dssolhg wr h{dplqdwlrqv lq wkh Qhwkhuodqgv wkh uhdghu lv uhihuuhg wr

Jodv dqg Eìjxlq +4<<9, ru Eìjxlq +5333,1 Dv phqwlrqhg deryh/ wkh lwhp sdudphwhuv

duh rewdlqhg xvlqj d wzr glphqvlrqdo +5.5,SQR PFPF hvwlpdwlrq surfhgxuh1 Lq

wklv hvwlpdwlrq surfhgxuh wkh lwhp sdudphwhuv duh hvwlpdwhg dvvxplqj gl�huhqw

sur�flhqf| glvwulexwlrqv iru wkh jurxsv lq wkh ghvljq1 Vr wklv surfhgxuh lv d pxowlsoh0

jurxs frqfxuuhqw hvwlpdwlrq surfhgxuh1

Wr vlpxodwh gdwd dffruglqj wr d frpprq0lwhp qrqhtxlydohqw jurxs ghvljq/ 43

lwhpv zhuh udqgrpo| vhohfwhg iurp hdfk ri wkh wzr h{dplqdwlrqv1 Wkhvh 53 lwhpv

zhuh xvhg dv lwhpv frpprq wr wzr whvw irupv/ D dqg E1 Irup D zdv fuhdwhg xvlqj

wkh 53 vhohfwhg lwhpv dqg wkh 73 uhpdlqlqj lwhpv iurp rqh ri wkh h{dplqdwlrqv1

Irup E frqwdlqhg wkh 53 vhohfwhg lwhpv dqg wkh 73 uhpdlqlqj lwhpv iurp wkh rwkhu

h{dplqdwlrq1 Vr/ Irup D frqwdlqhg doo 83 lwhpv iurp wkh 4<<5 h{dplqdwlrq dqg 43

lwhpv iurp wkh 4<<8 h{dplqdwlrq/ dqg Irup E frqwdlqhg 43 lwhpv iurp wkh 4<<5

h{dplqdwlrq dqg doo 83 lwhpv iurp wkh 4<<8 h{dplqdwlrq1 Wr jlyh dq lpsuhvvlrq

ri wkh lwhp sdudphwhuv xvhg lq hvwlpdwlqj wkh gdwd/ lq Iljxuh 814/ wkh ydoxhv ri

wkh idfwru ordglqj rq wkh vhfrqg glphqvlrq/ k2c wkh gl!fxow| sdudphwhu qc dqg wkh

jxhvvlqj sdudphwhu � duh sorwwhg djdlqvw wkh ydoxh ri wkh idfwru ordglqj rq wkh �uvw

glphqvlrq k��

6 Phwkrg

Vdpsohv ri lwhp uhvsrqvhv iru irupv D dqg E duh rewdlqhg iru 9 gl�huhqw frqglwlrqv1

Wkhvh frqglwlrqv gl�hu lq wkh fryduldqfh ri wkh sur�flhqf| glvwulexwlrq dqg lq gli0

ihuhqfh lq phdq sur�flhqf| ehwzhhq wkh wzr srsxodwlrqv1 Wkuhh ohyhov ri fryduldqfh

ehwzhhq glphqvlrqv dqg wzr ohyhov ri phdq sur�flhqf| gl�huhqfh ehwzhhq wkh wzr

srsxodwlrqv/ duh dvvxphg1 Wkh wkuhh ohyhov ri fryduldqfh kdyh d xqlw yduldqfh rq
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Wdeoh 41 Ryhuylhz ri wkh frqglwlrqv

Frqglwlrq Phdq Sur�flhqf| Fryduldqfh

Irup D Irup E Erwk Irupv

4 +3/3, +3/3,

#
4

318 4158

$

5 +3/3, +3/3,

#
4

31: 417<

$

6 +3/3, +3/3,

#
4

31< 41;4

$

7 +3/3, +4/3,

#
4

318 4158

$

8 +3/3, +4/3,

#
4

31: 417<

$

9 +3/3, +4/3,

#
4

31< 41;4

$

wkh �uvw glphqvlrq dqg gl�hu lq wkh fryduldqfh dqg wkh yduldqfh rq wkh vhfrqg gl0

phqvlrq1 Wkh wkuhh frqglwlrqv kdyh d fryduldqfh ri 18/ 1: dqg 1< zlwk d yduldqfh rq

wkh vhfrqg glphqvlrq ri 4158/ 417< dqg 41;4/ uhvshfwlyho|1 Wkh phdq sur�flhqf| rq

wkh �uvw glphqvlrq iru wkh Irup D uhvsrqghqwv lv 3 lq doo frqglwlrqv zkloh wkh phdq

sur�flhqf| iru wkh Irup E uhvsrqghqwv lv hlwkhu 3 ru 41 Wkh phdq sur�flhqf| iru

wkh vhfrqg glphqvlrq lv 3 lq doo frqglwlrqv1 Iru d vxppdu| ri wkh fkdudfwhulvwlfv ri

wkh frqglwlrqv vhh Wdeoh 41 Wkh �uvw wkuhh frqglwlrqv fdq eh frqvlghuhg htxlydohqw

jurxsv frqglwlrqv/ vlqfh wkh sur�flhqf| glvwulexwlrqv ri wkh srsxodwlrqv dgplqlvwhuhg

Irup D dqg E duh htxdo1 Wkh htxlydohqw jurxsv ghvljq gl�huv lq wkh fryduldqfh dqg

yduldqfh rq wkh vhfrqg glphqvlrq1 Wkh odvw wkuhh frqglwlrqv duh qrqhtxlydohqw jurxs

frqglwlrqv zlwk wkh vdph fryduldqfhv dv lq wkh �uvw wkuhh frqglwlrqv1 Wkh frqglwlrqv

zloo eh uhihuuhg wr xvlqj wkh fryduldqfh ehwzhhq glphqvlrqv dqg dq lqglfdwlrq ri

zkhwkhu wkh jurxsv duh htxlydohqw ru qrqhtxlydohqw1 Iru h{dpsoh/ frqglwlrq 8 lq

Wdeoh 4 zloo eh uhihuuhg wr dv= qrqhtxlydohqw 1: fryduldqfh frqglwlrq1
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614 Hvwlpdwlrq ri wkh sdudphwhuv

Iru hdfk frqglwlrq 53 vdpsohv ri erwk irupv duh jhqhudwhg zlwk 5333 shuvrqv shu

irup1 Lq hdfk vdpsoh dqg hdfk frqglwlrq wkuhh vhwv ri sdudphwhu hvwlpdwhv xvlqj

ELORJ0PJ +]lprzvnl/ Pxudnl/ Plvohy| ) Erfn/ 4<<9, duh rewdlqhg/ wzr vhwv iru

hdfk vhsdudwh irup +vhsdudwh hvwlpdwlrq, dqg rqh iru erwk irupv vlpxowdqhrxvo|

+frqfxuuhqw hvwlpdwlrq,1 Dovr iru hdfk vdpsoh 5 PFPF uxqv duh shuiruphg/ d

6SQR uxq dqg d +5.5,SQR uxq1

Lq ELORJ0PJ/ lw zdv vshfl�hg wkdw qrupdo srsxodwlrq glvwulexwlrqv zhuh dv0

vxphg1 Ixuwkhu/ wkh ghidxow sulruv zhuh xvhg rq wkh @cdqg S sdudphwhuv1 Wr vxssruw

frqyhujhqfh dq dgglwlrqdo �Efc 2� sulru glvwulexwlrq zdv xvhg rq wkh K sdudphwhu1

Dsshqgl{ D jlyhv wkh ELORJ0PJ frqwuro �ohv xvhg wr rewdlq sdudphwhu hvwlpdwhv

iru hdfk vlpxodwhg vdpsoh1 Wkh PFPF surfhgxuh frqvlvwhg ri 6333 lwhudwlrqv zlwk

d exuq0lq shulrg ri 4333 lwhudwlrqv1 Dv vwduwlqj ydoxhv iru wkh 60SQR prgho k ' �c

q ' f dqg � ' �
|o�e

c iru doo lwhpv/ dqg sur�flhqf|/ w ' fc iru hdfk uhvsrqghqw

zhuh xvhg 1 Wkh sulruv rq wkh lwhp sdudphwhuv zhuh ZEk� � �E��c f�2D�c ZEq� �

�Efc f�D� dqg ZE�� � Ehwd+Sc �S�c zklfk lv htxlydohqw wr 53 sulru revhuydwlrqv zlwk

suredelolw| 3158� Wkh sulru rq � lv wkh vdph dv wkh ghidxow sulru xvhg lq ELORJ0PJ1

Dv vwduwlqj ydoxhv iru wkh +5.5,SQR prgho wkh wuxh sdudphwhuv zhuh xvhg iru wkh

lwhp sdudphwhuv/ dqg � ' f zdv xvhg iru wkh sur�flhqf| ri hdfk uhvsrqghqw1 Wkh

sulruv rq wkh lwhp sdudphwhuv zhuh ZEk� � �Ef�c f�2D�c ZEq� � �Efcf�D� dqg ZE�� �

Ehwd+Df � �
|o�e

c Df � E� � �
|o�e

��� Lq wkh +5.5,SQR prgho/ pruh sdudphwhuv kdg wr

eh hvwlpdwhg/ dqg wr vxssruw wkh vwdelolw| ri wkh hvwlpdwhv d pruh lqirupdwlyh sulru

zdv xvhg rq �1 Ixuwkhupruh/ wkh phdq ri wkh sulru rq k zdv vhw htxdo wr fc ehfdxvh

lq wkh +5.5,SQR prgho wkh k sdudphwhuv duh qrw uhvwulfwhg wr eh srvlwlyh1

Lq wkh vhsdudwh hvwlpdwlrq frqglwlrqv/ wkh sdudphwhuv ri Irup D dqg Irup E

pxvw eh eurxjkw rq d frpprq vfdoh1 Wklv vfdolqj lv shuiruphg zlwk wkh Vwrfnlqj

dqg Orug +4<;6, phwkrg +vhh dovr Nrohq ) Euhqqdq/ 4<<8, zklfk zdv dprqj wkh

ehvw shuiruplqj phwkrgv lq wkh frpsdulvrq e| Kdqvrq ) Eìjxlq +4<<<,1 Wkh wkuhh

frqglwlrqv zkhuh wkh srsxodwlrqv dgplqlvwhuhg Irup D dqg E kdyh htxdo sur�flhqf|

glvwulexwlrqv +vhh Wdeoh 4,/ fdq eh frqvlghuhg htxlydohqw jurxsv frqglwlrqv1 Lq dq

htxlydohqw jurxsv ghvljq lw lv qrw qhfhvvdu| wr dvvxph gl�huhqw srsxodwlrqv iru wkh

jurxsv wdnlqj Irup D dqg Irup E1 Frqvhtxhqwo|/ lq vhsdudwh hvwlpdwlrq ri wkh

irupv/ qr olqnlqj lv qhfhvvdu| wr eulqj wkh irupv rq d frpprq vfdoh1 E| wkh vdph

wrnhq/ rqh fdq dvvxph d vlqjoh srsxodwlrq iru erwk vdpsohv li frqfxuuhqw hvwlpdwlrq

lv dssolhg1 Lq wklv vwxg|/ d vlqjoh srsxodwlrq lv dvvxphg lq wkh hvwlpdwlrq ri wkh

xqlglphqvlrqdo prghov lq wkh frqglwlrqv zkhuh wkh srsxodwlrqv dgplqlvwhuhg Irup

D dqg E kdyh htxdo sur�flhqf| glvwulexwlrqv1 Frqvhtxhqwo|/ lq vhsdudwh hvwlpdwlrq

qr vfdolqj lv shuiruphg dqg lq ELORJ0PJ frqfxuuhqw hvwlpdwlrq d vlqjoh jurxs

lv vshfl�hg1 Lq wkh +5.5,SQR prgho gl�huhqw srsxodwlrq glvwulexwlrqv duh hvwl0

:



pdwhg gxh wr wkh fxuuhqw olplwdwlrqv ri wkh dydlodeoh vriwzduh1 Ehfdxvh Kdqvrq dqg

Eìjxlq +4<<<, irxqg lqglfdwlrqv wkdw vhsdudwh hvwlpdwlrq zlwk vfdolqj lpsuryhg shu0

irupdqfh lq htxlydohqw jurxs frqglwlrqv/ vhsdudwh hvwlpdwlrq zlwk vfdolqj zdv dovr

shuiruphg lq frqglwlrqv zkhuh wkh srsxodwlrqv dgplqlvwhuhg Irup D dqg E kdyh

htxdo sur�flhqf| glvwulexwlrqv1

Lq wkh vhsdudwh hvwlpdwlrq frqglwlrqv wkhuh zloo eh wzr vhwv ri lwhp sdudphwhu

hvwlpdwhv iru wkh frpprq lwhpv1 Lq wklv vwxg|/ wkh Irup D lwhp sdudphwhu hvwl0

pdwhv zhuh xvhg dv wkh sdudphwhu hvwlpdwhv ri wkh frpprq lwhpv iru wkh sxusrvh

ri frpsxwlqj wkh fulwhuld xvhg wr hydoxdwh wkh txdolw| ri wkh lwhp sdudphwhu vfdolqj1

Dq dowhuqdwlyh zrxog eh xvlqj wkh dyhudjh ri wkh lwhp sdudphwhu hvwlpdwhv iru wkh

wzr irupv +Nlp ) Frkhq/ 4<<;,1

615 Hydoxdwlrq ri vfdolqj

Wr hydoxdwh wkh txdolw| ri wkh lwhp sdudphwhu vfdolqj/ gl�huhqfhv lq uhvxowv ri htxdw0

lqj vfruhv rq Irup E wr vfruhv rq Irup D duh dvvhvvhg1 Wzr fulwhuld duh xvhg wkdw

duh edvhg rq wkh LUW revhuyhg0vfruh +RV, htxdwlqj ri qxpehu0fruuhfw +QF, vfruhv

+]hqj ) Nrohq/ 4<<8, rq Irup E wr vfruhv rq Irup D1 Lq wklv whfkqltxh/ htxlshu0

fhqwloh htxdwlqj +Nrohq ) Euhqqdq/ 4<<8, lv shuiruphg rq wkh vfruh glvwulexwlrqv ri

erwk irupv frpsxwhg iru rqh srsxodwlrq1 Khuh/ wkh vfruh glvwulexwlrqv ri Irup D

dqg E zhuh hvwlpdwhg iru wkh srsxodwlrq dgplqlvwhuhg Irup D1

Hvwlpdwlqj vfruh glvwulexwlrqv1

Xvlqj wkh hvwlpdwhg lwhp dqg srsxodwlrq sdudphwhuv/ wkh frpsrxqg elqrpldo glv0

wulexwlrq zdv xvhg wr jhqhudwh wkh vfruh glvwulexwlrq ri uhvsrqghqwv ri d jlyhq sur0

�flhqf|/ �1 Wkh vfruh glvwulexwlrq iru srsxodwlrq @ fdq eh frpsxwhg e| lqwhjudwlqj

ryhu wkh srsxodwlrq glvwulexwlrq ri �c wkdw lv/
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zkhuh i% moj vwdqgv iru wkh vhw ri doo srvvleoh uhvsrqvh sdwwhuqv uhvxowlqj lq d vfruh

o� Lq wkh fdvh ri qrupdo glvwulexwhg srsxodwlrqv/ wkh lqwhjudo fdq eh frpsxwhg

xvlqj Jdxvv0Khuplwh txdgudwxuh +Deudprzlw} ) Vwhjxq/ 4<:5,1 Dw hdfk ri wkh

txdgudwxuh srlqwv/ d uhfxuvlrq irupxod e| Orug dqg Zlqjhuvn| +4<;7, zdv xvhg

wr rewdlq soE% m� �c wkh vfruh glvwulexwlrq ri uhvsrqghqwv ri d jlyhq sur�flhqf|/ �1

Wr rewdlq dffxudwh uhvxowv lw lv qhfhvvdu| wr dsso| d odujh qxpehu ri txdgudwxuh

srlqwv1 Wkhuhiruh/ 4;3 txdgudwxuh srlqwv duh xvhg lq wkh xqlglphqvlrqdo fdvh dqg

433 txdgudwxuh srlqwv duh xvhg iru hdfk glphqvlrq lq wkh pxowlglphqvlrqdo fdvh1

Lq wkh frqglwlrqv zkhuh dq PFPF hvwlpdwlrq surfhgxuh zdv xvhg/ wkh vfruh glv0

wulexwlrq zdv hvwlpdwhg dv iroorzv1 Diwhu wkh exuq0lq shulrg iru wkh Jleev0vdpsohu/

;



hyhu| 53 lwhudwlrqv wkh surfhgxuh e| Orug dqg Zlqjhuvn| zdv dssolhg zlwk fxuuhqw

ydoxhv ri wkh shuvrq dqg lwhp sdudphwhuv ri wkh Jleev0vdpsohu1 Wkh hvwlpdwhg

vfruh glvwulexwlrq zdv wkh phdq ryhu 433 wkxv rewdlqhg vfruh glvwulexwlrqv1 D qlfh

surshuw| ri wklv surfhgxuh zdv wkdw wkh xqfhuwdlqw| ri wkh sdudphwhu hvwlpdwhv zdv

wdnhq lqwr dffrxqw lq wkh hvwlpdwlrq ri wkh vfruh glvwulexwlrq1

Fulwhuld

Hydoxdwlrq ri shuirupdqfh ri htxdwlqj lq wkh 9 frqglwlrqv zdv edvhg rq wzr gl�huhqw

fulwhuld1 Iluvw/ wkh gl�huhqfhv ehwzhhq wkh Irup E vfruh glvwulexwlrqv hvwlpdwhg xq0

ghu ydulrxv prghov dqg wkh srsxodwlrq Irup E vfruh glvwulexwlrq frpsxwhg zlwk wkh

prgho xvhg wr jhqhudwh wkh gdwd zhuh frpsduhg1 Vhfrqg/ htxlydohqw vfruh srlqwv

iurp wkh revhuyhg vfruh htxdwlqj ixqfwlrq xqghu gl�huhqw prghov zhuh frpsduhg

zlwk wkh htxlydohqw vfruh srlqwv rewdlqhg zlwk wkh prgho xvhg wr jhqhudwh wkh gdwd1

Wkh hydoxdwlrq ri wkh vfruh glvwulexwlrqv vhuyhg wzr sxusrvhv1 Rq rqh kdqg/ frpsdu0

lvrq ri vfruh glvwulexwlrqv surylghg dq hydoxdwlrq ri prgho �w1 Rq wkh rwkhu kdqg/ lw

surylghg lqvljkw lq wkh txdolw| ri wkh htxdwlqj surfhvv/ vlqfh wkh vfruh glvwulexwlrqv

sod| d fuxfldo uroh lq LUW qxpehu0fruuhfw htxdwlqj1

Ohw s|o�eco eh wkh iuhtxhqf| ri vfruh srlqw o edvhg rq wkh sdudphwhuv ri +5.5,SQR

wkdw zhuh xvhg lq jhqhudwlqj wkh gdwd1 Ohw s�o eh wkh iuhtxhqf| ri vfruh srlqw o

hvwlpdwhg iurp vdpsoh �� Wr frpsduh wkhvh vfruh glvwulexwlrqv/ wkh phdq ryhu vfruh

srlqwv ri wkh phdq vtxduhg huuru +PVH, zdv fdofxodwhg e| vxpplqj ryhu wkh 53

vdpsohv dqg wkh & n � vfruh srlqwv/ wkdw lv/
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Wkh PVH fdq eh ghfrpsrvhg lqwr d whup uhsuhvhqwlqj wkh phdq ryhu vfruh srlqwv

ri wkh vtxduhg eldv +phdq eldv, dqg d whup uhsuhvhqwlqj wkh phdq ryhu vfruh srlqwv

ri wkh yduldqfh +phdq yduldqfh,=
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zkhuh so lv wkh phdq ryhu vdpsohv/
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D phdvxuh ri prgho �w fdq eh rewdlqhg li wkh whupv ri +6, duh glylghg e| wkh wuxh

iuhtxhqf|/ uhvxowlqj lq wkh whvw0vwdwlvwlf/
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Dowkrxjk/ wkh glvwulexwlrq ri wklv vwdwlvwlf lv xqnqrzq +Jodv ) Yhukhovw/ 4<;<,/ wkh

ydoxhv surylgh dq �dgplwwhgo| idooleoh� edvlv iru frpsdulvrq1

Lq wkh vhfrqg fulwhulxp/ htxlydohqw vfruh srlqwv iurp LUW revhuyhg vfruh htxdw0

lqj rewdlqhg xvlqj ydulrxv prghov zhuh frpsduhg zlwk wkh htxlydohqw vfruh srlqwv

rewdlqhg zlwk wkh prgho xvhg wr jhqhudwh wkh gdwd1 Ohw r|o�eco eh wkh vfruh srlqw

rq wkh qhz h{dplqdwlrq wkdw lv htxlydohqw zlwk wkh vfruh srlqw o rq wkh uhihuhqfh

h{dplqdwlrq/ edvhg rq wkh wuxh sdudphwhu ydoxhv1 Ohw r�o eh wkh vfruh srlqw rq

wkh qhz h{dplqdwlrq wkdw lv htxlydohqw zlwk d vfruh srlqw oc dqg ohw htxlydohqfh

eh edvhg rq wkh sdudphwhuv hvwlpdwhv ri vdpsoh �� Ixuwkhupruh/ ohw Roc|o�e eh wkh

suredelolw| ri rewdlqlqj d vfruh o edvhg rq wkh wuxh sdudphwhuv ydoxhv1 Wr frpsduh

wkh htxlydohqw vfruh srlqwv/ d zhljkwhg phdq vtxduhg huuru +ZPVH, zdv fdofxodwhg

e| vxpplqj ryhu vdpsohv dqg wkh & n � vfruh srlqwv ri wkh uhihuhqfh h{dplqdwlrq1

Wkh vfruh srlqwv zhuh pxowlsolhg e| R�c|o�e/ zklfk uhvxowhg lq
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Wkh zhljkwhg phdq vtxduhg huuru fdq eh ghfrpsrvhg lqwr whupv uhsuhvhqwlqj wkh

zhljkwhg vxp ri wkh vtxduhg eldv +zhljkwhg eldv, ri htxdwhg vfruh srlqwv dqg

zhljkwhg vxp ri wkh yduldqfh +zhljkwhg yduldqfh, ri wkh htxdwhg vfruh srlqwv/
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zkhuh ro lv wkh phdq htxlydohqw vfruh ri vfruh srlqw � ryhu wkh vdpsohv/ wkdw lv/
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Wkh zhljkwhg phdq devroxwh huuru +ZPDH, lv rewdlqhg li wkh vtxduhg huuru lq

+:, lv uhsodfhg e| wkh devroxwh ydoxh ri wkh huuru/ vr
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7 Uhvxowv

Wzr idfwruv duh lqyhvwljdwhg lq wklv vwxg|= 4, wkh shuirupdqfh ri htxdwlqj xvlqj

frqfxuuhqw yhuvxv vhsdudwh hvwlpdwlrq1 5, wkh shuirupdqfh ri htxdwlqj xvlqj PFPF

+5.5,SQR yhuvxv ELORJ0PJ ru 6SQR frqfxuuhqw hvwlpdwlrq1 H{fhsw iru wzr ri

wkh gdwd vhwv lq wkh vhsdudwh hvwlpdwlrq frqglwlrq doo ELORJ0PJ dqg PFPF uxqv

43



frqyhujhg1 Wkh wzr uxqv wkdw glg qrw frqyhujh zhuh vhsdudwh hvwlpdwlrq uxqv rq

jurxs D vdpsohv iurp qrqhtxlydohqw jurxsv frqglwlrqv1 Rqh zdv d 318 fryduldqfh

vdpsohv dqg wkh rwkhu zdv d 31< fryduldqfh vdpsoh1 Dowkrxjk wkh frqyhujhqfh

fulwhulxp zdv qrw phw diwhu 73 HP dqg 53 Qhzwrq lwhudwlrqv/ wkh lwhp sdudphwhu

hvwlpdwhv ri wkhvh vdpsohv zkhuh zlwklq uhdvrqdeoh erxqgv1

Lq jhqhudo/ wkh uhvxowv rewdlqhg xvlqj ELORJ0PJ frqfxuuhqw hvwlpdwlrq zhuh

vlplodu wr wkh uhvxowv rewdlqhg xvlqj PFPF hvwlpdwlrq ri wkh 6SQR prgho1 Ixu0

wkhupruh/ wkh uhvxowv rewdlqhg xvlqj ELORJ0PJ iru erwk frqfxuuhqw dqg vhsdudwh

hvwlpdwlrq zhuh dovr vlplodu wr uhvxowv rewdlqhg xvlqj d suholplqdu| yhuvlrq ri dq

rshq0vrxufh LUW hvwlpdwlrq wrronlw +Kdqvrq/ 5333,1

Iluvw/ wkh wuxh dqg hvwlpdwhg iuhtxhqf| glvwulexwlrq ri Irup E zhuh frpsduhg1

Wr looxvwudwh wkh uhvxowv/ wkh iuhtxhqf| glvwulexwlrqv iru wkh qrqhtxlydohqw jurxsv

zlwk fryduldqfh 31< frqglwlrq duh sorwwhg lq Iljxuh 51 Wkh iuhtxhqf| glvwulexwlrq

rewdlqhg xvlqj wkh wuxh sdudphwhuv lv sorwwhg wrjhwkhu zlwk wkh hvwlpdwhg iuhtxhqf|

glvwulexwlrqv ri wkh 53 gl�huhqw vdpsohv1

Iurp Iljxuh 5 lw ehfrphv fohdu wkdw wkh hvwlpdwhg iuhtxhqf| glvwulexwlrqv edvhg

rq wkh xqlglphqvlrqdo ELORJ0PJ hvwlpdwhv ghyldwhg iurp wkh iuhtxhqf| glvwulex0

wlrq edvhg rq wkh wuxh sdudphwhuv1 Iru erwk wkh vhsdudwh dqg frqfxuuhqw hvwlpdwhv/

wkh hvwlpdwhg iuhtxhqflhv duh wrr vpdoo lq wkh wrs ri wkh glvwulexwlrq dqg wr odujh

lq wkh xsshu wdlo1 Dv pljkw eh h{shfwhg/ wkh iuhtxhqf| glvwulexwlrqv edvhg rq wkh

hvwlpdwhv iurp wkh +5.5,SQR prgho vkrzhg rqo| plqru ghyldwlrqv iurp wkh iuh0

txhqf| glvwulexwlrq edvhg rq wkh wuxh sdudphwhuv1 Iljxuh 6 suhvhqwv wkh hvwlpdwhg

iuhtxhqf| glvwulexwlrqv iru wkh 18 dqg 1: fryduldqfh qrqhtxlydohqw jurxsv frqglwlrq

dqg edvhg rq wkh ELORJ0PJ frqfxuuhqw hvwlpdwlrq1 Lw ehfrphv fohdu wkdw wkh gh0

yldwlrq revhuyhg lq wkh 1< fryduldqfh frqglwlrq +Iljxuh 5e, lv vpdoohu iru wkh 1: dqg

18 frqglwlrqv1

Lq Wdeoh 5/ wkh phdq vtxduhg huuru/ eldv dqg yduldqfh duh jlyhq iru wkh gl�huhqw

frqglwlrqv dqg hvwlpdwlrq phwkrgv/ wrjhwkhu zlwk wkh ydoxh ri wkh f20vwdwlvwlf1

Wkh shuirupdqfh ri wkh xqlglphqvlrqdo prgho uhodwlyh wr wkh pxowlglphqvlrqdo

prgho gl�huv lq wkh htxlydohqw yhuvxv qrqhtxlydohqw jurxsv frqglwlrqv1 Lq wkh htxlyd0

ohqw jurxsv frqglwlrqv wkh PVH edvhg rq wkh xqlglphqvlrqdo prgho lv ri wkh vdph ru0

ghu ri pdjqlwxgh dv wkh PVH rewdlqhg xvlqj wkh +5.5,SQRprgho1 Lq wkh qrqhtxly0

dohqw jurxsv frqglwlrqv wkh PVH edvhg rq wkh xqlglphqvlrqdo prgho zdv idu odujhu

wkdq wkh PVH edvhg rq wkh +5.5,SQR prgho1 Wkh eldv lq wkh xqlglphqvlrqdo hvwl0

pdwlrq phwkrg lqfuhdvhg zlwk wkh lqfuhdvh lq fryduldqfh dqg yduldqfh lq wkh vhfrqg

sur�flhqf| glphqvlrq1

Lq wkh htxlydohqw jurxsv frqglwlrqv wkh PVH/ eldv dqg yduldqfh zhuh vpdoohu
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+d, Vhsdudwh hvwlpdwlrq +e, Frqfxuuhqw hvwlpdwlrq
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+f, +5.5,SQR PFPF hvwlpdwlrq
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Iljxuh 51 Vfruh glvwulexwlrqv iru Irup E lq wkh qrqhtxlydohqw jurxsv fryduldqfh 1<

frqglwlrq/ ghwhuplqhg xvlqj wkh wuxh sur�flhqf| glvwulexwlrq ri wkh srsxodwlrq

dgplqlvwhuhg Irup D1
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+d, Fryduldqfh 1: zlwk frqfxuuhqw +e, Fryduldqfh 18 zlwk frqfxuuhqw

hvwlpdwlrq ELORJ0PJ hvwlpdwlrq ELORJ0PJ
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Iljxuh 61 Vfruh glvwulexwlrqv iru Irup E ghwhuplqhg xvlqj wkh wuxh sur�flhqf|

glvwulexwlrq ri wkh srsxodwlrq dgplqlvwhuhg Irup D1

iru wkh frqfxuuhqw hvwlpdwlrq frqglwlrq wkdq iru wkh vhsdudwh hvwlpdwlrq frqglwlrq1

Iurp frpsdulvrq ri wkh vhsdudwh hvwlpdwlrq phwkrg zlwk dqg zlwkrxw vfdolqj/ lw lv

revhuyhg wkdw wkh *qr vfdolqj* frqglwlrq uhvxowhg lq d orzhu PVH/ yduldqfh/ dqg eldv1

Lq wkh qrqhtxlydohqw jurxsv frqglwlrqv/ wkh PVH dqg eldv zhuh odujhu iru wkh frq0

fxuuhqw hvwlpdwlrq phwkrg lq wkh fryduldqfh 1: dqg 1< frqglwlrq1 Lq wkh fryduldqfh

18 frqglwlrq wkh PVH dqg eldv zhuh odujhu iru wkh vhsdudwh hvwlpdwlrq phwkrg1 Dv

phqwlrqhg ehiruh/ iru erwk frqfxuuhqw dqg vhsdudwh hvwlpdwlrq phwkrgv wkh PVH

dqg eldv duh yhu| odujh frpsduhg wr wkh PVH dqg eldv edvhg rq wkh +5.5,SQR

hvwlpdwhv1 Vlplodu wr wkh uhvxowv irxqg lq wkh htxlydohqw jurxsv frqglwlrqv/ wkh

PVH dqg eldv lqfuhdvhg zlwk wkh lqfuhdvh lq fryduldqfh dqg yduldqfh lq wkh vhfrqg

sur�flhqf| glphqvlrq1

Frpsdulqj wkh f2 iru wkh gl�huhqw frqglwlrqv dqg hvwlpdwlrq phwkrgv/ wkh iro0

orzlqj uhvxowv zhuh irxqg1 Wkh ydoxhv ri f2 iru wkh +5.5,SQR hvwlpdwlrq phwkrg

zhuh voljkwo| kljkhu lq wkh qrqhtxlydohqw jurxsv frqglwlrq wkdq lq wkh htxlydohqw

jurxsv frqglwlrq1 Iru wkh xqlglphqvlrqdo hvwlpdwlrq phwkrgv wkh ydoxhv ri f2

zhuh idu kljkhu lq wkh qrqhtxlydohqw jurxsv frqglwlrq wkdq lq wkh htxlydohqw jurxsv

frqglwlrq1 Ixuwkhu/ wkh ydoxhv ri f2 zhuh vpdoohu iru wkh frqfxuuhqw hvwlpdwlrq

phwkrg wkdq iru wkh vhsdudwh hvwlpdwlrq phwkrg h{fhsw iru wkh 1: dqg 1< fryduldqfh

qrqhtxlydohqw jurxsv frqglwlrqv1 Qrwh wkdw lw lv xqfohdu krz wkhvh uhvxowv vkrxog

eh lqwhusuhwhg/ vlqfh wkh glvwulexwlrq ri wkh f2 vwdwlvwlf lv xqnqrzq dqg fdq gl�hu
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Wdeoh 51 Phdq vtxduhg huuru ri hvwlpdwhg iuhtxhqf|

Ghvljq Fry1 Hvwlpdwlrq PVH Eldv Yduldqfh f
2

Htxlydohqw jurxsv 318 frq 519 419 31< <<1

vhs 61: 513 41: 4761

vhsQV 51; 41< 31< 4381

5.5SQR 61: 516 417 4481

31: frq 518 41: 31; 4391

vhs 716 517 41< 48;1

vhsQV 51: 41< 31; 4441

5.5SQR 514 415 31< ;81

31< frq 61; 51< 31; 4<:1

vhs 717 615 416 5341

vhsQV 713 614 31< 5331

5.5SQR 518 41: 31; 4351

Qrqhtxlydohqw jurxsv 318 frq 4517 4318 41< 8:81

vhs 4813 4615 41; 9<91

5.5SQR 614 515 31< 4791

31: frq 491; 4813 41: ;771

vhs 481: 4619 514 :981

5.5SQR 914 716 41< 55<1

31< frq 541; 5317 418 43<61

vhs 531: 4<15 418 <9:1

5.5SQR 617 516 414 48;1

frq= ELORJ0PJ frqfxuuhqw hvwlpdwlrq

vhs= ELORJ0PJ vhsdudwh hvwlpdwlrq zlwk vfdolqj

vhsQV= ELORJ0PJ vhsdudwh hvwlpdwlrq zlwkrxw vfdolqj

5.5SQR= PFPF frqfxuuhqw hvwlpdwlrq ri wkh +5.5,SQR prgho
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ryhu frqglwlrqv1 Wkh f2 lv fdofxodwhg e| vxppdwlrq ryhu 4/533 fhoov1 Krzhyhu wkh

ghjuhhv ri iuhhgrp ri hdfk f2 ydoxh lv xqnqrzq1

Wdeoh 61 Zhljkwhg huuru ri htxdwhg vfruhv

Ghvljq Fry1 Hvwlpdwlrq ZPVH Eldv Yduldqfh ZPDH

Htxlydohqw jurxsv 318 frq 3168 3149 314< 3168

vhs 3168 3148 314< 3168

vhsQV 3169 314; 314< 3169

5.5SQR 3169 3148 3153 3169

31: frq 315: 3143 314: 315:

vhs 3166 3146 3153 3166

vhsQV 315: 313; 314; 315:

5.5SQR 315: 3144 3149 315:

3< frq 3159 3145 3148 3159

vhs 315; 3146 3148 315;

vhsQV 3166 3148 314; 3166

5.5SQR 3159 313< 314: 3159

Qrqhtxlydohqw jurxsv 318 frq 3186 3176 3143 317:

vhs 319; 3189 3145 3187

5.5SQR 3169 314: 314< 3169

31: frq 4179 415; 314; 31<7

vhs 31<8 31;9 313< 3199

5.5SQR 316< 315: 3145 316<

31< frq 41:< 419; 3144 4145

vhs 4146 4137 313< 31:8

5.5SQR 3166 314: 3149 3166

frq= ELORJ0PJ frqfxuuhqw hvwlpdwlrq

vhs= ELORJ0PJ vhsdudwh hvwlpdwlrq zlwk vfdolqj

vhsQV= ELORJ0PJ vhsdudwh hvwlpdwlrq zlwkrxw vfdolqj

5.5SQR= PFPF frqfxuuhqw hvwlpdwlrq ri wkh +5.5,SQR prgho

Lq Wdeoh 6/ wkhZPVH/ zhljkwhg eldv/ zhljkwhg yduldqfh dqgZPDH duh jlyhq iru

wkh htxdwhg vfruh srlqwv ghwhuplqhg iru gl�huhqw frqglwlrqv dqg hvwlpdwlrq phwkrgv1

Lq wkh wkuhh htxlydohqw jurxs frqglwlrqv/ wkhuh zhuh qrw odujh gl�huhqfhv dprqj wkh

hvwlpdwlrq phwkrgv lq whupv ri ZPVH/ eldv/ yduldqfh/ dqg ZPDH1 Wkh vhsdudwh

hvwlpdwlrq phwkrgv uhvxowhg lq vrphzkdw kljkhu ydoxhv ri wkh ZPVH dqg ZPDH1

Wkh qr vfdolqj frqglwlrq uhvxowhg lq d orzhu ZPVH lq wkh fryduldqfh 1: frqglwlrq

dqg lq d kljkhu ZPVH lq wkh fryduldqfh 1< frqglwlrq1 Lq wkh wkuhh qrqhtxlydohqw
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jurxsv frqglwlrqv/ wkh gl�huhqfhv ehwzhhq wkh xqlglphqvlrqdo hvwlpdwlrq phwkrgv

dqg wkh +5.5,SQR hvwlpdwlrq phwkrg zhuh uhodwlyho| odujh1 Wklv gl�huhqfh zdv

odujhu lq wkh kljkhu fryduldqfh frqglwlrqv1 Lq wkh qrqhtxlydohqw jurxsv frqglwlrqv/

iru wkh xqlglphqvlrqdo hvwlpdwlrq phwkrgv/ wkh ZPVH/ eldv dqg ZPDH lqfuhdvhg

zlwk lqfuhdvlqj fryduldqfh1 Wklv h�hfw zdv odujhu iru wkh frqfxuuhqw hvwlpdwlrq

frqglwlrq1 Frpsdulqj wkh vhsdudwh dqg frqfxuuhqw ELORJ0PJ hvwlpdwlrq phwkrgv

lq wkh qrqhtxlydohqw jurxs frqglwlrqv/ wkh vhsdudwh hvwlpdwlrq phwkrg uhvxowhg lq

orzhu ZPVH/ eldv/ yduldqfh dqg ZPDH iru wkh fryduldqfh 1: dqg 1< frqglwlrq/

zkloh wkh frqfxuuhqw hvwlpdwlrq phwkrg uhvxowhg lq orzhu ZPVH/ eldv/ yduldqfh

dqg ZPDH lq wkh 18 fryduldqfh frqglwlrq1

8 Frqfoxvlrqv

Lq wklv vwxg|/ wkh h�hfw ri wkh hvwlpdwlrq phwkrg rq htxdwlqj uhvxowv zhuh frpsduhg

zkhq xqlglphqvlrqdo prghov zhuh dssolhg rq pxowlglphqvlrqdo gdwd1 Dv zlwk dq|

vlpxodwlrq vwxg| frqvlghudeoh fdxwlrq qhhgv wr eh h{huflvhg lq gudzlqj frqfoxvlrqv

gxh wr wkh vpdoo qxpehu ri frqglwlrqv lqyhvwljdwhg1 Lq wklv fdvh/ wkh uhvxowv shu0

wdlq wr rqo| wkh wzr vshfl�f irupv dqg vl{ gl�huhqw frqglwlrqv xvhg lq wklv vwxg|1

Wkh rqo| dvshfw ydulhg lq wkh frqglwlrqv zdv wkh gl�huhqfh ehwzhhq wkh sur�flhqf|

glvwulexwlrqv ri wkh srsxodwlrqv dgplqlvwhuhg wkh irupv1 Wkhuh zdv qr yduldwlrq lq

gdwd froohfwlrq ghvljqv ru wkh qxpehu ri uhvsrqghqwv lq wkh ghvljq1

Lq wkh htxlydohqw jurxsv frqglwlrqv/ wkh gl�huhqw xqlglphqvlrqdo hvwlpdwlrqphwk0

rgv uhvxowhg lq fulwhuld wkdw zhuh txlwh vlplodu wr wkh fulwhuld rewdlqhg xvlqj wkh pxo0

wlglphqvlrqdo +5.5,SQRprgho1 Lq wkhvh frqglwlrqv wkh vhsdudwh hvwlpdwlrq phwkrg

zkhuh vfdolqj lv dssolhg xvlqj wkh Vwrfnlqj0Orug phwkrg uhvxowhg lq jhqhudoo| kljkhu

fulwhulxp ydoxhv wkdq wkh xqlglphqvlrqdo frqfxuuhqw hvwlpdwlrq phwkrg1 Ixuwkhu/

hvwlpdwlrq zlwkrxw vfdolqj uhvxowhg lq vlplodu ru ehwwhu shuirupdqfh wkdq wkh vhsd0

udwh hvwlpdwlrq phwkrg zlwk vfdolqj1 Wkhvh uhvxowv duh rssrvlwh wr wkrvh irxqg lq

wkh vlpxodwlrq vwxg| e| Kdqvrq dqg Eìjxlq +4<<<,1 Wkh| uhsruwhg wkdw frqfxuuhqw

hvwlpdwlrq jhqhudoo| uhvxowhg lq ehwwhu shuirupdqfh wkdq vhsdudwh hvwlpdwlrq/ dqg

ehwwhu shuirupdqfh li vfdolqj zdv dssolhg lq d htxlydohqw jurxsv ghvljq1

Lq wkh qrqhtxlydohqw jurxs frqglwlrqv/ wkh huuru iru wkh xqlglphqvlrqdo phwkrgv

zdv yhu| odujh frpsduhg wr wkh huuru rewdlqhg xvlqj wkh +5.5,SQR prgho1 Iurp

wklv uhvxow lw pxvw eh frqfoxghg wkdw shuirupdqfh ri erwk vhsdudwh dqg frqfxuuhqw

hvwlpdwlrq phwkrgv duh xqvdwlvidfwru| lq wkhvh frqglwlrqv1 Wkh huuru lqfuhdvhg zlwk

dq lqfuhdvh lq wkh fryduldqfh dqg yduldqfh ri wkh vhfrqg sur�flhqf| glphqvlrq1 Wklv

h�hfw zdv vwurqjhu iru wkh frqfxuuhqw hvwlpdwlrq phwkrg wkdq iru wkh vhsdudwh hvwl0

pdwlrq phwkrg1 Frqvhtxhqwo| wkh vhsdudwh hvwlpdwlrq phwkrg shuiruphg ehwwhu lq

wkh 1: dqg 1< fryduldqfh qrqhtxlydohqw jurxsv frqglwlrqv1 Iurp wkh fxuuhqw dqdo|vhv
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qr zhoo gh�qhg h{sodqdwlrq iru wklv h�hfw frxog eh irxqg1 Lq Iljxuh 5 lw lv vkrzq

wkdw wkh hvwlpdwhg iuhtxhqf| iru wkh qrqhtxlydohqw jurxs dqg 1< fryduldqfh frqgl0

wlrq ghyldwhv iurp wkh wuxh glvwulexwlrq erwk lq wkh wrs dqg wkh xsshu wdlo ri wkh

glvwulexwlrq1 Lq Iljxuh 6/ wkh vfruh glvwulexwlrqv edvhg rq ELORJ0PJ frqfxuuhqw

hvwlpdwhv duh sorwwhg iru wkh qrqhtxlydohqw 18 dqg 1: fryduldqfh frqglwlrq1 Iurp

Iljxuh 6 lw ehfrphv fohdu wkdw wkh plv�w lqfuhdvhv zlwk lqfuhdvlqj fryduldqfh1 Lw lv

qrw fohdu li wklv plv�w lv wkh vrxufh ri wkh lqfuhdvh ri wkh huuru1 Dovr qr h{sodqd0

wlrq lv dssduhqw iru wkh rffxuuhqfh ri wklv plv�w1 Ixuwkhu uhvhdufk dqg dgglwlrqdo

vlpxodwlrq vwxglhv duh qhhghg wr foduli| wklv uhvxow1

Lq wkh fxuuhqw vwxg| lw uhpdlqv xqfohdu zkdw h�hfw ri pxowlglphqvlrqdolw| rqh

fdq h{shfw lq sudfwlvh1 Dowkrxjk wkh lwhp sdudphwhu ydoxhv xvhg lq wklv vwxg| zhuh

hvwlpdwhv iurp dq hpslulfdo gdwdvhw/ lw lv xqnqrzq wr zkdw h{whqw wkh gl�huhqw

pxowlglphqvlrqdo frqglwlrqv duh uhdolvwlf1 Wkh lwhp sdudphwhu ydoxhv duh rewdlqhg

wrjhwkhu zlwk sur�flhqf| glvwulexwlrq hvwlpdwhv iurp d frqfxuuhqw pxowlglphqvlrqdo

PPO hvwlpdwlrq dvvxplqj pxowlyduldwh qrupdo sur�flhqf| glvwulexwlrqv1 Wrjhwkhu/

wkhvh lwhp dqg srsxodwlrq sdudphwhu hvwlpdwhv duh uhdolvwlf sdudphwhu ydoxhv/ exw

lw lv xqfohdu li wkh lwhp sdudphwhu ydoxhv duh dovr uhdolvwlf li gl�huhqw srsxodwlrq

glvwulexwlrqv duh dvvxphg1 Wr vwxg| wkh uhodwlyh h�hfwv ri gl�huhqw ghjuhhv ri pxowl0

glphqvlrqdolw| xqghu uhdolvwlf frqglwlrqv wkh sdudphwhu ydoxhv ri wkh ydulrxv frqgl0

wlrqv pxvw eh rewdlqhg iurp gdwdvhwv wkdw srvvhvv wkh ghjuhh ri pxowlglphqvlrqdolw|

rqh lv lqwhuhvwhg lq1

Lq jhqhudo/ wkh xqlglphqvlrqdo LUW prghov uhvxowhg lq uhdvrqdeoh hvwlpdwhg vfruh

glvwulexwlrqv zkhq dssolhg rq pxowlglphqvlrqdo gdwd iurp dq htxlydohqw jurxsv gh0

vljq1 Lq wklv vwxg| wkh qrqhtxlydohqw jurxsv frqglwlrqv/ ohg wr odujh ghyldwlrqv eh0

wzhhq wkh wuxh dqg hvwlpdwhg vfruh glvwulexwlrqv1 Wklv h�hfw lqfuhdvhg zlwk odujhu

fryduldqfh dqg vhfrqg glphqvlrq yduldqfh dqg wklv lqfuhdvh lv odujhu iru wkh frq0

fxuuhqw hvwlpdwlrq phwkrg1 Wkh gl�huhqfhv lq uhvxowv ehwzhhq wklv vwxg| dqg wkh

vwxg| e| Kdqvrq dqg Eìjxlq +4<<<, looxvwudwhv wkh vhqvlwlylw| ri wkh uhvxowv ri vlp0

xodwlrq vwxglhv wr wkh prgho xvhg wr vlpxodwh wkh gdwd1 Wkh uhvxowv ri wklv vwxg|

pdnh lw fohdu wkdw pxowlglphqvlrqdolw| ri wkh gdwd d�hfwv wkh uhodwlyh shuirupdqfh

ri vhsdudwh dqg frqfxuuhqw xqlglphqvlrqdo hvwlpdwlrq phwkrgv1
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Dsshqgl{ D

Vhsdudwh Hvwlpdwlrq

:JOREDO GIQDPH@*QFPH38D14*/QSDUP@6/QWHVW@4/ VDYH>

:VDYH SDU@*VHS38D341SDU*>

:OHQJWK QLWHPV@93>

:LQSXW QWRW@93/VDPSOH@5333/QDOW@7/QLG@7>

:LWHPV LQXP@+4+4,93,>

:WHVW WQDPH@HQ>

+7D4/W9/93D4,

:FDOLE QTSW@73/F\FOH@73/WSULRU/QHZWRQ@48>

Frqfxuuhqw Hvwlpdwlrq 0 Htxlydohqw Jurxsv

:JOREDO GIQDPH@*QFPH38F14*/QSDUP@6/QWHVW@4/ VDYH>

:VDYH SDU@*FRQ38D341SDU*>

:OHQJWK QLWHPV@433>

:LQSXW QWRW@433/VDPSOH@7333/QDOW@7/QLG@5/QIRUP@5>

:LWHPV LQXP@+4+4,433,>

:WHVW WQDPH@HQ>

:IRUP4 OHQ@93/ LQXPEHUV@+4+4,93,>

:IRUP5 OHQ@93/ LQXPEHUV@+74+4,433,>

+5D4/4[/L4/4[/93D4,

:FDOLE QTSW@73/F\FOH@73/WSULRU/QHZWRQ@8>

Frqfxuuhqw Hvwlpdwlrq 0 Qrqhtxlydohqw Jurxsv

:JOREDO GIQDPH@*QFPH48F14*/QSDUP@6/QWHVW@4/ VDYH>

:VDYH SDU@*FRQ48Q341SDU*>

:OHQJWK QLWHPV@433>

:LQSXW QWRW@433/VDPSOH@7333/QDOW@7/QLG@5/QJURXS@5/QIRUP@5>

:LWHPV LQXP@+4+4,433,>

:WHVW WQDPH@HQ>

:IRUP4 OHQ@93/ LQXPEHUV@+4+4,93,>

:IRUP5 OHQ@93/ LQXPEHUV@+74+4,433,>

:JURXS4 JQDPH@*D*/OHQ@93/LQXPEHUV@+4+4,93,>

:JURXS5 JQDPH@*E*/OHQ@93/LQXPEHUV@+74+4,433,>

+5D4/4[/L4/W7/L4/4[/93D4,

:FDOLEQTSW@73/F\FOH@73/WSULRU/QRUPDO/UHIHUHQFH@4/QHZWRQ@53>
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Uhihuhqfhv

Deudprzlw}/ P1/ ) Vwhjxq/ L1 D1 +4<:5,1 Kdqgerrn ri Pdwkhpdwlfdo Ixqfwlrqv1 Qhz

\run= Gryhu Sxeolfdwlrqv1

Dfnhupdq/ W1D1 +4<;:d, D frpsdulvrq vwxg| ri wkh xqlglphqvlrqdo LUW hvwlpd0

wlrq ri frpshqvdwru| dqg qrqfrpshqvdwru| pxowlglphqvlrqdo lwhp uhvsrqvh gdwd

+DFW uhvhdufk uhsruw vhulhv ;:045,1 Lrzd0Flw|/ LD= DFW lqf1

Dfnhupdq/ W1D1 +4<;:e, Wkh xvh ri xqlglphqvlrqdo lwhp sdudphwhu hvwlpdwhv ri

pxowlglphqvlrqdo lwhpv lq dgdswlyh whvwlqj +DFW uhvhdufk uhsruw vhulhv ;:046,1

Lrzd0Flw|/ LD= DFW lqf1

Dfnhupdq/ W1 D1 +4<<9d,1 Ghyhorsphqwv lq pxowlglphqvlrqdo lwhp uhvsrqvh wkhru|1

Dssolhg Sv|fkrorjlfdo Phdvxuhphqw 53/ 63<06431

Dfnhupdq/ W1 D1 +4<<9e,1 Judsklfdo uhsuhvhqwdwlrq ri pxowlglphqvlrqdo lwhp uh0

vsrqvh wkhru| dqdo|vhv1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw 53/ 644065<1

Doehuw/ M1 K1 +4<<5,1 Ed|hvldq hvwlpdwlrq ri qrupdo rjlyh lwhp uhvsrqvh ixqfwlrqv

xvlqj Jleev vdpsolqj1 Mrxuqdo ri Hgxfdwlrqdo Vwdwlvwlfv/ 4:/ 584059<1

Dqghuvhq/ H1 E1 +4<;8,1 Hvwlpdwlqj odwhqw fruuhodwlrqv ehwzhhq uhshdwhg whvwlqjv1

Sv|fkrphwulnd/ 83/ 60491

Dqvoh|/ U1 D1/ ) Iruv|wk/ W1 Q1 +4<;8,1 Dq h{dplqdwlrq ri wkh fkdudfwhulvwlfv ri

xqlglphqvlrqdo LUW sdudphwhu hvwlpdwhv ghulyhg iurp wzr0glphqvlrqdo gdwd1

Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ </ 6:07;1

Eìjxlq/ D1 D1 ) Jodv/ F1 D1 Z1 +4<<;,1 PFPF hvwlpdwlrq ri pxowlglphqvlrqdo LUW

prghov +Uhvhdufk uhsruw <;047,1 Hqvfkhgh= Xqlyhuvlw| ri Wzhqwh1

Eìjxlq/ D1 D1 +5333,1 Urexvwqhvv ri Htxdwlqj Kljk0Vwdnhv Whvwv/ Grfwrudo wkhvlv/

Hqvfkhgh= Xqlyhuvlw| ri Wzhqwh1

Eluqedxp/ D1 +4<9;,1 Vrph odwhqw wudlw prghov1 Lq= I1P1 Orug/ ) P1U1 Qrylfn

+Hgv1,/ Vwdwlvwlfdo wkhrulhv ri phqwdo whvw vfruhv1 Uhdglqj +Pdvv1,= Dgglvrq0

Zhvoh|

Erfn/ U1 G1/ ) Dlwnlq/ P1 +4<;4,1 Pdujlqdo pd{lpxp olnholkrrg hvwlpdwlrq ri lwhp

sdudphwhuv= dq dssolfdwlrq ri dq HP0dojrulwkp1 Sv|fkrphwulnd/ 79/ 776078<1

Erfn/ U1 G1/ Jleerqv/ U1 G1/ ) Pxudnl/ H1 +4<;;,1 Ixoo0lqirupdwlrq idfwru dqdo|vlv1

Dssolhg Sv|fkrorjlfdo Phdvxuhphqw 45/ 59405;31
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Erfn/ U1 G1/ ) ]lprzvnl/ P1 I1 +4<<9,1 Pxowlsoh jurxs LUW1 lq Z1 M1 ydq ghu Olqghq

dqg U1 N1 Kdpeohwrq +Hgv1,/ Kdqgerrn ri prghuq lwhp uhvsrqvh wkhru|1 Qhz

\run= Vsulqjhu0Yhuodj1

Erow/ G1 P1 +4<<<,1 Hydoxdwlqj wkh h�hfwv ri pxowlglphqvlrqdolw| rq LUW wuxh0vfruh

htxdwlqj1 Dssolhg Phdvxuhphqw lq hgxfdwlrq/ 45/ 6;6073:1

Gdyh|/ W1/ Rvklpd/ W1 F1/ ) Ohh/ N1 +4<<9,1 Olqnlqj Pxowlglphqvlrqdo Lwhp Fdol0

eudwlrqv1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ 53/ 73807491

Iudvhu/ F1 +4<;;,1 QRKDUP=D Frpsxwhu Surjudp iru Ilwwlqj Erwk Xqlglphqvlrqdo

dqg Pxowlglphqvlrqdo Qrupdo Rjlyh Prghov ri Odwhqw Wudlw Wkhru|1 QVZ= Xql0

yhuvlw|1 ri Qhz Hqjodqg1

Jhoidqg/ D1 H1/ ) Vplwk/ D1 I1 P1 +4<<3,1 Vdpsolqj0edvhg dssurdfkhv wr fdofxodwlqj

pdujlqdo ghqvlwlhv1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq ;8/ 6<;073<1

Jodv/ F1 D1 Z1 +4<<5,1 D Udvfk prgho zlwk d pxowlyduldwh glvwulexwlrq ri delolw|1 Lq

P1 Zlovrq/ +Hg1,/ Remhfwlyh phdvxuhphqw= wkhru| lqwr sudfwlfh/ Yro1 4/ +ss15690

58;,/ Qhz Mhuvh|= Deoh{ Sxeolvklqj Frusrudwlrq1

Jodv/ F1 D1 Z1/ ) Eìjxlq/ D1D1 +4<<9,1 Dssursuldwhqhvv ri LUW revhuyhg vfruh

htxdwlqj +Uhvhdufk Uhsruw <9037,1 Hqvfkhgh= Xqlyhuvlw| ri Wzhqwh1

Jodv/ F1 D1 Z1 / dqg Yhukhovw/ Q1 G1 +4<;<,1 H{whqvlrqv ri wkh sduwldo fuhglw prgho1

Sv|fkrphwulnd/ 87/ 968098<1

Kdhehud/ W1 +4<;3,1 Htxdwlqj orjlvwlf delolw| vfdohv e| d zhljkwhg ohdvw vtxduhv

phwkrg1 Mdsdqhvh Sv|fkrorjlfdo Uhvhdufk/ 55/ 477047<1

Kdqvrq/ E1 D1 +5333,1 Hvwlpdwlrq Wrronlw iru Lwhp Uhvsrqvh Prghov +HWLUP,1

+Dydlodeoh dw kwws=22zzz1e0d0k1frp2vriwzduh2fss2hwlup1kwpo,1

Kdqvrq/ E1 D1/ ) Eìjxlq/ D1 D1 +4<<<,1 Vhsdudwh yhuvxv frqfxuuhqw hvwlpdwlrq ri

LUW lwhp sdudphwhuv lq wkh frpprq lwhp htxdwlqj ghvljq1 DFW Uhvhdufk Uhsruw

<<0;1 Lrzd Flw|/ LD= DFW lqf1

Kluvfk/ W1 P1 +4<;<,1 Pxowlglphqvlrqdo htxdwlqj1 Mrxuqdo ri Hgxfdwlrqdo Phdvxuh0

phqw/ 59 / 66:067<1

Nlhihu/ M1/ ) Zroirzlw}/ M1 +4<89,1 Frqvlvwhqf| ri wkh pd{lpxp olnholkrrg hvwlpdwru

lq wkh suhvhqfh ri lq�qlwho| pdq| lqflghqwdo sdudphwhuv1 Dqqdov ri Pdwkhpdwlfdo

Vwdwlvwlfv/ 5:/ ;;:0<361

Nlp/ V1/ ) Frkhq/ D1 V1 +4<<;,1 D frpsdulvrq ri olqnlqj dqg frqfxuuhqw fdoleudwlrq

xqghu lwhp uhvsrqvh wkhru|1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ 55/ 46404761
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Nrohq/ P1 M1/ ) Euhqqdq/ U1 O1 +4<<8,1 Whvw Htxdwlqj1 Qhz \run= Vsulqjhu1

Ol/ \1 K1/ ) Olvvlw}/ U1 Z1 +4<<;,1 Dq hydoxdwlrq ri pxowlglphqvlrqdo LUW htxdw0

lqj phwkrgv e| dvvhvvlqj wkh dffxudf| ri wudqviruplqj sdudphwhuv rqwr d wdujhw

whvw phwulf1 Sdshu suhvhqwhg dw wkh dqqxdo phhwlqj ri wkh Qdwlrqdo Frxqflo ri

Phdvxuhphqw lq hgxfdwlrq/ Vdq Glhjr/ FD1

Orug/ I1 P1 +4<;3,1 Dssolfdwlrqv ri lwhp uhvsrqvh wkhru| wr sudfwlfdo whvwlqj sure0

ohpv1 Kloovgdoh/ QM= Huoedxp1

Orug/ I1 P1 dqg Qrylfn/ P1 U1 +4<9;,1 Vwdwlvwlfdo wkhrulhv ri phqwdo whvw vfruhv1

Uhdglqj= Dgglvrq0Zhvoh|1

Orug/ I1 P1/ ) Zlqjhuvn|/ P1 V1 +4<;7,1 Frpsdulvrq ri LUW wuxh0vfruh dqg htxlshu0

fhqwloh revhuyhg0vfruh �htxdwlqjv�1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ ;/ 7860

7941

Or|g/ E1 K1/ ) Krryhu/ K1 G1 +4<;3,1 Yhuwlfdo htxdwlqj xvlqj wkh Udvfk prgho1

Mrxuqdo ri Hgxfdwlrqdo Phdvxuhphqw/ 7/ 440551

Pdufr/ J1 O1/ +4<::,1 Lwhp fkdudfwhulvwlf fxuyh vroxwlrqv wr wkuhh lqwudfwdeoh whvwlqj

sureohpv1 Mrxuqdo ri hgxfdwlrqdo Phdvxuhphqw/ 47/ 46<04931

PfGrqdog/ U1 S1 +4<9:,1 Qrqolqhdu idfwru dqdo|vlv1 Sv|fkrphwulf prqrjudskv/

Qr1481

PfGrqdog/ U1 S1 +4<<:,1 Qrupdo0rjlyh pxowlglphqvlrqdo prgho1 Lq= Z1 M1ydq ghu

Olqghq dqg U1 N1 Kdpeohwrq +hgv1,1Kdqgerrn ri Prghuq Lwhp Uhvsrqvh Wkhru|1

+ss158:059<,1 Qhz \run= Vsulqjhu1

Shwhuvhq/ Q1 V1/1Frrn/ O1 O1/ ) Vwrfnlqj/ P1 O1 +4<;6,1 LUW yhuvxv frqyhqwlrqdo

htxdwlqj phwkrgv= D frpsdudwlyh vwxg| ri vfdoh vwdelolw|1 Mrxuqdo ri Hgxfdwlrqdo

Vwdwlvwlfv/ ;/ 46:04891

Uhfndvh/ P1 G1 +4<;8,1 Wkh gl!fxow| ri whvw lwhpv wkdw phdvxuh pruh wkdq rqh

delolw|1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ </ 73407451

Uhfndvh/ P1 G1 +4<<:,1 D olqhdu orjlvwlf pxowlglphqvlrqdo prgho iru glfkrwrprxv

lwhp uhvsrqvh gdwd1 Lq= Z1 M1ydq ghu Olqghq dqg U1 N1Kdpeohwrq +hgv1,1 Kdqg0

errn ri Prghuq Lwhp Uhvsrqvh Wkhru|1 +ss15:405;9,1 Qhz \run= Vsulqjhu1

Vsud|/ M1D1/ Degho0idwwdk D1D1/ Kxdqj/ F1/ ) Odx/ F1D1 +4<<:, Xqlglphqvlrqdo

dssur{lpdwlrqv iru d frpsxwhul}hg whvw zkhq wkh lwhp srro dqg odwhqw vsdfh duh

pxowlglphqvlrqdo +DFW uhvhdufk uhsruw vhulhv <:08,1 Lrzd0Flw|/ LD= DFW lqf1
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Vwrfnlqj/ P1 O1/ ) Orug/ I1 P1 +4<;6,1 Ghyhorslqj d frpprqphwulf lq lwhp uhvsrqvh

wkhru|1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ :/ 53405431

Vwrxw/ Z1 I1 +4<;:,1 D qrqsdudphwulf dssurdfk iru dvvhvvlqj odwhqw wudlw glphqvlrq0

dolw|1 Sv|fkrphwulnd/ 85/ 8;<094:1

Vwrxw/ Z1 I1 +4<<3,1 D qhz lwhp uhvsrqvh wkhru| prgholqj dssurdfk zlwk dssolfd0

wlrqv wr xqlglphqvlrqdo dvvhvvphqw dqg delolw| hvwlpdwlrq1 Sv|fkrphwulnd/ 88/

5<606591

Zlqjhuvn|/ P1 V1/ Frrn/ O1 O1/ ) Hljqru/ G1 U1 +4<;:, Vshfli|lqj wkh fkdudfwhulvwlfv

ri olqnlqj lwhpv xvhg iru lwhp uhvsrqvh wkhru| lwhp fdoleudwlrq +HWV Uhvhdufk

Uhsruw ;:057,1 Sulqfhwrq QM= Hgxfdwlrqdo Whvwlqj Vhuylfh1

]hqj/ O1/ ) Nrohq/ P1 M1 +4<<8,1 Dq dowhuqdwlyh dssurdfk iru LUW revhuyhg0 vfruh

htxdwlqj ri qxpehu0fruuhfw vfruhv1 Dssolhg Sv|fkrorjlfdo Phdvxuhphqw/ 4</ 5640

5731

]lprzvnl/ P1 I1/ Pxudnl/ H1/ Plvohy|/ U1 M1/ ) Erfn/ U1 G1 +4<<9,1 Elorj PJ=

Pxowlsoh0Jurxs LUW Dqdo|vlv dqg Whvw Pdlqwhqdqfh iru Elqdu| Lwhpv1 Fklfdjr=

Vflhqwl�f Vriwzduh Lqwhuqdwlrqdo/ Lqf1
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