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4 Lqwurgxfwlrq

Ryhu wkh odvw wkuhh ghfdghv sruwdelolw| ri hpsor|hu surylghg shqvlrq uljkwv kdv ehhq

d pdwwhu ri sxeolf srolf| frqfhuq lq frxqwulhv zkrvh shqvlrq v|vwhpv uho| khdylo| rq

ixqghg gh�qhg ehqh�w +GE, sulydwh vhfwru vfkhphv1 Dprqj wkhp/ wkh Xqlwhg Nlqj0

grp +XN, kdv ehhq rqh ri wkh prvw dfwlyh lq hqdfwlqj ohjlvodwlrq dlphg dw lpsurylqj

sruwdelolw| ri rffxsdwlrqdo shqvlrq uljkwv1 Wklv kdv ehhq dfklhyhg wkurxjk d vhulhv ri

phdvxuhv wkdw kdyh pdgh rffxsdwlrqdo shqvlrq vfkhphv phpehuvkls yroxqwdu|/ jlyhq

dgglwlrqdo uljkwv wr hduo| ohdyhuv/ uhtxluhg vfkhphv wr surylgh dghtxdwh lqirupdwlrq wr

phpehuv/ dqg lqwurgxfhg shuvrqdo shqvlrq vfkhphv dv dq dowhuqdwlyh wr rffxsdwlrqdo

vfkhphv1 Krzhyhu/ sruwdelolw| orvvhv duh vwloo vxevwdqwldo iru zrunhuv ohdylqj GE sodqv

ehiruh uhwluhphqw1 Uhiruplqj shqvlrq sruwdelolw| srolflhv lqyroyhv h!flhqf| dqg htxlw|

lvvxhv zklfk vkrxog eh fduhixoo| hydoxdwhg lq wkh oljkw ri frxqwu| vshfl�f oderxu dqg

shqvlrq pdunhw vwuxfwxuhv1 Dq lpsruwdqw dvshfw ri vxfk dq hydoxdwlrq surfhvv lv wr

rewdlq hpslulfdo phdvxuhv ri wkh h�hfwv ri frxqwu| vshfl�f sruwdelolw| uhjxodwlrq rq

oderxu prelolw| fkrlfhv1 Lq wklv uhvshfw/ ihz hpslulfdo vwxglhv duh dydlodeoh iru wkh XN1

Pruhryhu/ wkh hylghqfh surylghg lv pl{hg dqg prvwo| edvhg rq furvv0vhfwlrqdo gdwd

iurp wkh 4<;3v1

Lq wkh XN/ wkh pdlq dujxphqw dgydqfhg iru shqvlrq sruwdelolw| uhirup kdv xvxdoo|

ehhq dq h!flhqf| rqh/ lpsolflwo| fodlplqj d fdxvdo uhodwlrqvkls ehwzhhq shqvlrq sruwd0
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elolw| orvvhv dqg oderxu prelolw|41 Wkh 4<;9 Vrfldo Vhfxulw| Dfw doorzhg hpsor|hhv wr

frqwudfw0rxw lqwr prqh| sxufkdvh +FRPSV, gh�qhg frqwulexwlrq +GF, sodqv dqg lqwr

dssuryhg shuvrqdo shqvlrq sodqv +DSS, dqg zdv h{shfwhg wr hqkdqfh oderxu pdunhw

 h{lelolw| zkloh dw wkh vdph wlph h{sdqglqj vxssohphqwdu| shqvlrq fryhudjh1 Wkhvh

h{shfwdwlrqv kdyh qrw |hw ehhq whvwhg1

Lq wklv sdshu zh xvh wkh �uvw hljkw zdyhv ri wkh Eulwlvk Sdqho Krxvhkrogv Vxuyh|

+EKSV, wr hvwlpdwh glvfuhwh wlph vlqjoh dqg frpshwlqj ulvnv prghov ri mre wr mre

wudqvlwlrqv1 Wkh gdwd uhsruw rffxsdwlrqdo shqvlrq fryhudjh dqg sduwlflsdwlrq dv zhoo

dv shuvrqdo shqvlrq sduwlflsdwlrq/ dowkrxjk qrw surylglqj dq| ghwdlo rq rffxsdwlrqdo

shqvlrq sodq fkdudfwhulvwlfv1 Rq wkh edvlv ri wklv lqirupdwlrq zh duh deoh wr fodvvli|

sulydwh vhfwru zrunhuv lq �yh shqvlrq sduwlflsdwlrq fdwhjrulhv dqg wr whvw wkh h�hfw ri

ehorqjlqj wr hdfk ri wkhvh fdwhjrulhv rq gl�huhqw kd}dug udwhv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh vwuxfwxuh ri wkh XN

shqvlrq v|vwhp/ irfxvlqj rq wkh vhfrqg sloodu ri shqvlrq surylvlrq1 Vhfwlrq 6 rxwolqhv

shqvlrq sruwdelolw| lvvxhv lq wkh XN dqg wkh uhodwhg hpslulfdo olwhudwxuh1 Vhfwlrq 7

glvfxvv wkh hpslulfdo prgho1 Vhfwlrq 8 suhvhqwv wkh gdwd dqg vrph ghvfulswlyh vwdwlvwlfv1

Vhfwlrq 9 looxvwudwhv wkh uhvxowv1 Vhfwlrq : frqfoxghv1

4H!flhqf| dujxphqwv kdyh ehhq uhfhqwo| irvwhuhg e| wkh Hxurshdq Xqlrq +HX, uhfrpphqgdwlrqv
wr uhpryh dq| sruwdelolw| lpshghphqw lq rughu wr lpsuryh oderxu prelolw| zlwklq wkh HX duhd1 Vhh
Dqgulhwwl +5334d,1
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5 Rffxsdwlrqdo Shqvlrqv lq wkh Xqlwhg Nlqjgrp

Wkh fxuuhqw XN shqvlrq v|vwhp kdv d wkuhh wlhuhg vwuxfwxuh1 Wkh �uvw wlhu lv surylghg e|

wkh vwdwh/ dqg frqvlvwv ri d edvlf  dw0udwh shqvlrq dv zhoo dv d phdqv0whvwhg ehqh�w1 Wkh

vhfrqg wlhu ri pdqgdwru| shqvlrq surylvlrq lv vsolw ehwzhhq vwdwh surylvlrq/ lq wkh irup

ri wkh Vwdwh Hduqlqjv Uhodwhg Shqvlrq Vfkhph +VHUSV,5/ dqg sulydwh surylvlrq/ lq wkh

irup ri rffxsdwlrqdo dqg shuvrqdo shqvlrqv1 Ilqdoo|/ wkhuh lv d wklug wlhu ri yroxqwdu|

sulydwh uhwluhphqw vdylqj1 Wkh zlgh ydulhw| ri shqvlrq sodqv fxuuhqwo| r�huhg lq wkh XN

lv wkh uhvxow ri d qxpehu ri uhirupv xqghuwdnhq ryhu wkh odvw 58 |hduv/ zkrvh pdlq dlp

zdv wr hqgrz lqglylgxdov zlwk d fkrlfh ri uhwluhphqw shqvlrq yhklfohv surylghg e| wkh

vwdwh/ e| frpsdqlhv/ dqg e| sulydwh vhfwru �qdqfldo lqvwlwxwlrqv1 Fhqwudo wr wklv vwudwhj|

zdv wkh �frqwudfwlqj0rxw� phfkdqlvp/ lqwurgxfhg ruljlqdoo| lq 4<:; wr lqwhjudwh h{lvwlqj

rffxsdwlrqdo shqvlrq vfkhphv lqwr wkh qhz VHUSV/ vhw xs wr vxssohphqw wkh edvlf  dw

udwh sxeolf shqvlrq61 Wkh whupv dqg frqglwlrqv ri frqwudfwlqj0rxw kdyh ehhq prgl�hg

ryhu wkh |hduv1 Zkloh hpsor|hhv zlwk hduqlqjv lq h{fhvv ri d orzhu hduqlqj olplw +OHO,

5VHUSV lv vhw wr eh uhsodfhg e| wkh Vwdwh Vhfrqg Shqvlrq 0 zklfk zloo eh d  dw udwh wrs xs wr wkh
edvlf vwdwh shqvlrq dqg khqfh pruh uhglvwulexwlyh wrzdugv orzhu hduqhuv1 Lq dgglwlrq wkh jryhuqphqw
lv lqwurgxflqj d �vwdnhkroghu shqvlrq� zklfk lv hvvhqwldoo| d shuvrqdo shqvlrq zlwk d khdylo| uhjxodwhg
fkdujlqj vwuxfwxuh/ lqfoxglqj dq ryhudoo fds rq fkdujhv1 Doo hpsor|huv zloo kdyh wr ghvljqdwh d vfkhph
wr wkhlu hpsor|hhv dqg doorz lqglylgxdov wr pdnh frqwulexwlrqv gluhfw iurp wkhlu zdjhv1 Wkh| zloo qrw/
krzhyhu/ kdyh wr pdnh dq| frqwulexwlrq rq wkhlu hpsor|hhv* ehkdoi1

6VHUSV zdv lqwurgxfhg e| wkh 4<:8 Vrfldo Vhfxulw| Dfw1 Ruljlqdoo| VHUSV zdv sd|lqj ehqh�wv
fdofxodwhg dv 58 shufhqw ri hduqlqjv dyhudjhg iurp wkh ehvw wzhqw| zrunlqj |hduv1 Wkh Vrfldo Vhfxulw|
Dfw ri 4<;9 uhgxfhg wkh jhqhurvlw| ri VHUSV ehqh�wv wr 53 shufhqw ri hduqlqjv dyhudjhg ryhu wkh
hqwluh olihwlph1
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zhuh dxwrpdwlfdoo| hquroohg lqwr VHUSV/ wkh| zhuh dovr jlyhq wkh fkrlfh ri frqwudfwlqj0

rxw lqwr dq dssuryhg GE rffxsdwlrqdo shqvlrq vfkhph surylghg e| wkhlu hpsor|hu1 Lq

uhwxuq/ wkh hpsor|hu zrxog kdyh sdlg d orzhu frpelqhg udwh ri hpsor|hh dqg hpsor|hu

Qdwlrqdo Lqvxudqfh frqwulexwlrqv1 Wkh dssurydo vwdwxv ri wkh rffxsdwlrqdo shqvlrq

vfkhph zdv frqglwlrqdo rq surylglqj hpsor|hhv zlwk d Jxdudqwhhg Plqlpxp Shqvlrq

fruuhvsrqglqj wr wkh VHUSV shqvlrq71

D pdmru lqqrydwlrq lq shqvlrq srolf| rffxuuhg lq 4<;;/ dv d uhvxow ri wkh 4<;9 Vrfldo

Vhfxulw| Dfw1 Shuvrqdo shqvlrqv zhuh lqwurgxfhg dv d ixuwkhu lqglylgxdo uhwluhphqw

vdylqjv lqvwuxphqw/ zkloh hpsor|hhv dqg hpsor|huv zhuh jlyhq zlghu frqwudfwlqj0rxw

fkrlfhv1 Dssuryhg GF sodqv zhuh doorzhg wr frqwudfw rxw ri VHUSV/ frqglwlrqdo rq

surylglqj jxdudqwhhg plqlpxp frqwulexwlrqv htxlydohqw wr wkh frqwudfwhg0rxw uhedwh1

Pruhryhu/ dq| frqwudfwxdo uhtxluhphqw iru dq hpsor|hh wr mrlq wkh hpsor|hu*v vfkhph

zdv derolvkhg/ zkloh hpsor|hhv zhuh doorzhg wr �rsw0rxw� iurp dq rffxsdwlrqdo sodq lq

rughu wr mrlq dq dssuryhg shuvrqdo shqvlrq1 Ixuwkhu hohphqwv ri fkrlfh w|slfdo ri wkh

fxuuhqw XN shqvlrq v|vwhp duh wkdw wkhuh lv qr reoljdwlrq rq hpsor|huv wr rshudwh ru

wr frqwudfw rxw wkhlu rzq rffxsdwlrqdo shqvlrq vfkhph81 Rq wkh rwkhu vlgh/ hpsor|hhv

fdq dovr ghflgh wr uhpdlq lq wkh VHUSV ru wr odwhu uhhqwhu lw iurp d frqwudfwhg0rxw

vfkhph/ zkloh wkh| fdq hyhqwxdoo| wrs xs wkhlu rffxsdwlrqdo ru shuvrqdo shqvlrq zlwk

7Wklv uhtxluhphqw zdv derolvkhg e| wkh 4<<8 Shqvlrqv Dfw1

8Frqwudfwhg0lq rffxsdwlrqdo shqvlrq vfkhphv surylgh d shqvlrq zklfk lv dgglwlrqdo wr wkh VHUSV
dqg edvlf vwdwh rqhv1
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dgglwlrqdo yroxqwdu| frqwulexwlrqv ru iuhh0vwdqglqj dgglwlrqdo yroxqwdu| frqwulexwlrqv

+xs wr wkh olplwv shuplwwhg e| wkh Lvodqg Uhyhqxh,91

Fxuuhqwo| prvw rffxsdwlrqdo shqvlrq fryhuhg zrunhuv sduwlflsdwh frqwudfwhg rxw

vdodu| uhodwhg vfkhphv +FRVU,/ zkloh d plqrulw| ri zrunhuv sduwlflsdwh wr frqwudfwhg0

rxw prqh| sxufkdvh +FRPS, vfkhphv1 Wkhuh lv dovr d plqrulw| ri zrunhuv sduwlflsdwlqj

wr frqwudfwhg0lq vdodu| uhodwhg +FLVU, dqg prqh| sxufkdvh +FLPS, vfkhphv1 Ri wkh

sulydwh shqvlrq vfkhphv/ FRPSv dqg DSSv duh GF/ FRVU duh GE/ FRPSv dqg

FRVUv duh hpsor|hu0surylghg/ dqg DSSv duh xvxdoo| surylghg e| �qdqfldo lqvwlwxwlrqv:1

R!fldo vwdwlvwlfv; uhsruwhg lq Wdeoh BB vkrz wkdw 68 shufhqw ri sulydwh vhfwru hpsor|hhv

sduwlflsdwh wr dq rffxsdwlrqdo shqvlrq sodq/ zkloh ;3 shufhqw ri sduwlflsdqwv ehorqj wr

d GE sodq1

9Lqglylgxdov fdq eh phpehuv ri rffxsdwlrqdo vfkhphv dqg kdyh shuvrqdo shqvlrqv rqo| li wkh iro0
orzlqj flufxpvwdqfhv=

� wkh rffxsdwlrqdo vfkhph lv frqwudfwhg0lqwr VHUSV dqg surylghv ehqh�wv lq dgglwlrq wr wkrvh ri
VHUSV exw dq dssuryhg shuvrqdo shqvlrq vfkhph/ edvhg rqo| rq plqlpxp frqwulexwlrqv/ lv xvhg
wr uhsodfh VHUSV ehqh�wv rqo|> ru

� phpehuv ri rffxsdwlrqdo shqvlrq vfkhphv fdq xvh shuvrqdo shqvlrq vfkhphv iru wkh sxusrvh
ri uhfhlylqj wudqvihu sd|phqwv iurp suhylrxv vfkhphv +lq wkh fdvh zkhuh wkh uhfhlylqj vfkhph
zloo qrw frqyhuw wkh wudqvihu sd|phqw lqwr dq htxlydohqw qxpehu ri dgghg |hduv lq wkh uhfhlylqj
vfkhph,>

� lqglylgxdov fdq eh phpehuv ri shuvrqdo shqvlrq vfkhphv zkloh uhwdlqlqj ghihuuhg shqvlrqv lq
iruphu rffxsdwlrqdo vfkhphv1

:Dq hpsor|hu fdq rujdqlvh dv zhoo d jurxs shuvrqdo shqvlrq sodq/ exw wklv lv vlpso| d froohfwlrq ri
lqglylgxdo DSSv sodfhg zlwk rqh surylghu1

;Jryhuqphqw Dfwxdu|*v Ghsduwphqw +5333,1
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6 Shqvlrq Sruwdelolw| Lvvxhv lq wkh XN

Shqvlrq uhjxodwlrq xvxdoo| gh�qhv wkh vwdqgdug sruwdelolw| rswlrqv dydlodeoh wr d zrunhu

ohdylqj dq rffxsdwlrqdo shqvlrq sodq ehiruh uhwluhphqw djh1 Dffruglqj wr wklv jhqhudo

iudphzrun/ shqvlrq sruwdelolw| uxohv lq d shqvlrq sodq gh�qh wkh uljkwv ri hduo| ohdyhuv1

W|slfdoo|/ wkhvh uxohv surylgh wkdw dq lqglylgxdo lv hqwlwohg wr mrlq d shqvlrq sodq rqo|

xsrq vdwlvidfwlrq ri vrph holjlelolw| frqglwlrq +uhodwhg wr vhuylfh/ djh ru hpsor|phqw

vwdwxv,1 Rqfh holjleoh/ zrunhuv mrlqlqj dq rffxsdwlrqdo shqvlrq sodq duh xvxdoo| uh0

txluhg wr frpsohwh d ixuwkhu yhvwlqj shulrg ehiruh ehlqj hqwlwohg wr dq| shqvlrq uljkwv*

dffuxdo1 Holjlelolw| frqglwlrqv dqg yhvwlqj shulrgv dsso| wr rffxsdwlrqdo shqvlrq sodqv

lqghshqghqwo| ri wkhlu GE2GF qdwxuh1 Krzhyhu/ wkh| duh qhlwkhu wkh rqo| qru wkh

prvw lpsruwdqw hohphqw wr frqvlghu lq hydoxdwlqj wkh sruwdelolw| ri rffxsdwlrqdo shq0

vlrqv1 Zkloh prelolw| uhvwulfwlrqv lpsolhg e| yhvwlqj uxohv kdyh ehhq xvxdoo| irxqg wr

eh lqvljql�fdqw lq h{sodlqlqj zrunhuv* prelolw| ehkdylrxu</ pruh uhohydqw prelolw| frq0

vwudlqwv frxog dulvh iurp wkh yhu| qdwxuh ri GE sodqv1 Wkh w|slfdo GE sodq surplvhv

d uhwluhphqw shqvlrq dqqxlw| uhodwhg wr wkh ohqjwk ri vwd| lq wkh sodq dqg wr wkh �qdo

vdodu|1 Lq fdvh d vhsdudwlrq rffxuv ehiruh uhwluhphqw yhvwhg zrunhuv duh hqwlwohg wr d

ghihuuhg shqvlrq edvhg rq wkh odvw vdodu| uhfhlyhg xsrq ohdylqj wkh �up1 Li ghihuuhg

ehqh�wv duh qrw lqgh{hg wr lq dwlrq dqg wr surgxfwlylw| jurzwk d zrunhu prylqj wr d

<Vhh/ iru h{dpsoh/ Doohq/ Fodun dqg PfGhuphhg +4<;;/ 4<<6,1
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gl�huhqw mre zlwk d vlplodu shqvlrq sodq dqg zdjh sur�oh zloo dffxpxodwh d orzhu wrwdo

shqvlrq ehqh�wv wkdq wkh rqh kh2vkh kdg dffxpxodwhg uhpdlqlqj zlwk wkh vdph �up

wkurxjkrxw klv2khu fduhhu1 Vxfk d vkruwidoo ri dfwxdo uhwluhphqw ehqh�wv frqvwlwxwhv d

sruwdelolw| orvv dqg lv frpsxwhg dv dq rssruwxqlw| frvw431

Lq frqwudvw/ zrunhuv fryhuhg e| GF vfkhphv kdyh d ohjdo fodlp rq wkh lqglylgxdo

shqvlrq dffrxqw lq zklfk doo shqvlrq frqwulexwlrqv kdyh ehhq lqyhvwhg1 Li wkh ixqgv

uhpdlq lq wkh dffrxqw diwhu wkh zrunhu ohdyhv wkh �up/ wkh dffrxqw zloo frqwlqxh wr

jurz e| wkh dffxpxodwhg uhwxuqv rq lqyhvwhg dvvhwv1 Dowhuqdwlyho|/ wkh ixqgv fdq eh

wudqvihuuhg wr d gl�huhqw rffxsdwlrqdo ru shuvrqdo shqvlrq sodq1 Lq hlwkhu fdvh/ GF

sodqv fdq eh gh�qhg dv ixoo| sruwdeoh/ jlyhq wkdw d mre pryhu uhwdlqv wkh ixoo ydoxh ri

wkh shqvlrq ixqgv1

Lq wkh XN/ d qxpehu ri ohjlvodwlyh fkdqjhv kdyh frqwulexwhg wr lpsuryh wkh vlwxdwlrq

ri hduo| ohdyhuv ryhu wkh odvw 58 |hduv1 Ehiruh 4<:8/ hduo| ohdyhuv kdg qr ohjdo uljkw wr

wudqvihu wkhlu dffuxhg shqvlrq hqwlwohphqwv wr d qhz vfkhph ru hyhq wr kdyh d ghihuuhg

shqvlrq iurp wkhlu rog vfkhph1 Xqghu wkh fxuuhqw uxohv/ wkh yhvwlqj shulrg lv vhw dw wzr

|hduv ri shqvlrq sodq phpehuvkls1 Lq sduwlfxodu/ yhvwhg hduo| ohdyhuv iurp GE sodqv fdq

kdyh wkhlu dffuxhg uljkwv suhvhuyhg dv ghihuuhg ehqh�wv dqg uhydoxhg xqwlo uhwluhphqw

lq olqh zlwk wkh Uhwdlo Sulfh Lqgh{/ xs wr d pd{lpxp ri 8 shufhqw1 Dowhuqdwlyho| wkh|

fdq wdnh d wd{ iuhh wudqvihu ydoxh wr d gl�huhqw rffxsdwlrqdo shqvlrq vfkhph ru wr dq

43Vhh Dqgulhwwl +5334, iru d ghwdlohg h{srvlwlrq ri wkh shqvlrq orvv frpsxwdwlrq phwkrgrorj|1
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dssuryhg shuvrqdo shqvlrq ru sxufkdvh d uhwluhphqw dqqxlw|1

Wkh srvvleoh frqvhtxhqfhv ri wkh odfn ri sruwdelolw| ri GE sodqv rq lqglylgxdo mre

prelolw| fkrlfhv kdyh ehhq zlgho| lqyhvwljdwhg lq wkh XV shqvlrq olwhudwxuh1 Wkh pdmru

h{sodqdwlrqv dgydqfhg wr h{sodlq wkh xvxdo �qglqj ri d qhjdwlyh uhodwlrqvkls ehwzhhq

GE shqvlrq fryhudjh dqg wxuqryhu lqfoxgh/ lq dgglwlrq wr sruwdelolw| orvvhv/ wkh frp0

shqvdwlrq suhplxpv dffuxlqj wr shqvlrq fryhuhg zrunhuv44 ru wkh �vhoi0vhohfwlrq� ri

lppreloh zrunhuv lqwr shqvlrq fryhuhg mrev451 Dydlodeoh hylghqfh uhodwlyh wr wkh XN

lv hvvhqwldoo| olplwhg wr irxu suhylrxv vwxglhv1 PfFruplfn dqg Kxjkhv +4<;7, xvh wkh

4<:7 Jhqhudo Krxvhkrog Vxuyh| +JKV, wr hvwlpdwh orjlw htxdwlrqv h{suhvvlqj �lqwhq0

wlrqv wr txlw� dqg wxuqryhu1 Wkhlu vshfl�fdwlrq lqfoxghv d shqvlrq fryhudjh gxpp|

dqg lwv lqwhudfwlrq zlwk mre whqxuh wr fdswxuh wkh vkdsh ri shqvlrq sruwdelolw| orvvhv1

Wkh| �qg wkdw shqvlrq fryhuhg zrunhuv duh vljql�fdqwo| ohvv olnho| wr pryh/ zkloh wkh

qhjdwlyh dqg vljql�fdqw vl}h ri wkh lqwhudfwlrq whup pd| vxjjhvw wkdw whqxuh pdwwhuv

rqo| lq shqvlrqdeoh mrev1 Khqoh|/ Glvqh| dqg Fduuxwk +4<<7, xvh 4<;8 JKV gdwd wr

dqdo|}h wkh uroh ri shqvlrq fryhudjh lq d mre gxudwlrq iudphzrun1 Hvwlpdwlqj kd}dug

udwhv ri h{lw iurp mrev zlwkrxw glvwlqjxlvklqj ehwzhhq wkh h{lw urxwh/ wkh| �qg wkdw

rffxsdwlrqdo shqvlrq vfkhph phpehuvkls vljql�fdqwo| ghfuhdvhv wkh kd}dug/ zkloh uh0

sruwhg wudqvihudelolw| ri shqvlrq uljkwv lqfuhdvhv lw +rq wkh edvlv ri revhuyhg frpsohwhg

44Jxvwpdq dqg Vwhlqphlhu +4<<6,1
45Doohq/ Fodun dqg PfGhuphg +4<<6,/ Lssrolwr +4<<:,1
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vshoov, uhodwlyh wr vlpsoh shqvlrq vfkhph phpehuvkls1 Wkh| dovr �qg wkdw wkh h�hfw

rq wkh kd}dug udwh ri phpehuvkls lqwhudfwhg zlwk wlph +gxudwlrq, dqg wlph vtxduhg lv

vxshulru wr d vlpsoh gxpp|/ frq�uplqj wkh PfFruplfn0Kxjkhv sursrvlwlrq wkdw wkh

orvv ixqfwlrq lv wlph ghshqghqw dqg srvvleo| qrq0olqhdu1 Phdool dqg Sxgqh| +4<<9,

xvh wkh 4<;;0;< Uhwluhphqw Vxuyh| wr dqdo|}h wkh uroh ri xqrevhuyhg khwhurjhqhlw| lq

h{sodlqlqj wkh uhodwlrqvkls ehwzhhq shqvlrq fryhudjh vwdwxv dqg oderu irufh wudqvlwlrqv1

Hvwlpdwlqj d udqgrp0h�hfwv frpshwlqj ulvnv prgho iru wudqvlwlrqv ehwzhhq shqvlrqdeoh

mrev/ qrq shqvlrqdeoh mrev dqg rwkhu wkuhh pdunhw vwdwhv/ wkh| �qg d vljql�fdqw srvl0

wlyh dvvrfldwlrq ehwzhhq mre whqxuh ohqjkw dqg shqvlrq fryhudjh vwdwxv exw qr hylghqfh

ri vruwlqj rq xqrevhuydeohv1 Lq dq uhfhqw sdshu46/ zh xvh wkh Hxurshdq Frppxqlw|

Krxvhkrog Sdqho +HFKS, vxuyh| wr dqdo|}h wkh h�hfw ri rffxsdwlrqdo shqvlrqv dqg

shqvlrq sruwdelolw| uxohv rq lqwhu�up mre prelolw| lq d vdpsoh ri hxurshdq frxqwulhv1

Hvwlpdwlqj d vwuxfwxudo surelw htxdwlrq ghulyhg iurp d vzlwfklqj uhjuhvvlrq prgho zh

�qg wkdw lq wkh XN shqvlrq fryhuhg zrunhuv duh vljql�fdqwo| ohvv olnho| wr pryh zkloh

shqvlrq sruwdelolw| orvvhv duh qrw d vljql�fdqw ghwhuplqdqw ri mre prelolw| fkrlfhv1 Wkh

�qglqj ri srvlwlyh zdjh suhplxpv dffuxlqj wr shqvlrq fryhuhg zrunhuv lv udwkhu frq0

vlvwhqw zlwk wkh ylhz wkdw lqglylgxdov duh ohvv olnho| wr ohdyh �jrrg� mrev1 Zkloh wkh

hylghqfh surylghg grhv qrw xvxdoo| ohdg wr d xqlirup lqwhusuhwdwlrq ri wkh shqvlrq0

prelolw| uhodwlrqvkls/ prvw ri wkh vwxglhv uhylhzhg deryh xvh furvv0vhfwlrqdo gdwd iurp

46Dqgulhwwl +5334,1
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wkh 4<;3v1 Lq wklv sdshu zh xvh pruh uhfhqw gdwd dqg glvfuhwh wlph kd}dug udwh prghov

wkdw doorz xv wr h{sorlw wkhlu sdqho vwuxfwxuh1

7 Hvwlpdwlrq Phwkrg

Zh duh lqwhuhvwhg lq prghoolqj wkh ohqjwk ri wkh hpsor|phqw vshoo iru lqglylgxdov zlwk

wkhlu fxuuhqw hpsor|hu1 Gxudwlrq prghov duh w|slfdoo| hvwlpdwhg xvlqj vshoov wkdw vwduw

ryhu vrph shulrg ri wlph/ zklfk fdq eh wkrxjkw ri dv d udqgrp vdpsoh ri vshoov1 Lq d

sdqho gdwd iudphzrun vshoov wkdw ehjlq ehiruh wkh sdqho zlqgrz duh w|slfdoo| glvfdughg

dqg qrw xvhg lq hvwlpdwlrq1 Lq pdq| dssolfdwlrqv wklv lv d qhfhvvlw| vlqfh vshoov duh ohiw

fhqvruhg/ wkdw lv wkh vwduwlqj gdwh ri wkh vshoov lq qrw nqrzq1 Lq wkh EKSV/ uhwurvshfwlyh

gdwd duh froohfwhg rq wkh ohqjwk ri fxuuhqw hpsor|phqw vshoov lq surjuhvv dw wkh vwduw ri

wkh sdqho zlqgrz/ zklfk lv srwhqwldoo| yhu| ydoxdeoh lqirupdwlrq1 Krzhyhu/ zkhq vshoo

gdwd duh jdwkhuhg uhwurvshfwlyho|/ wkh vdpsoh lv qr orqjhu udqgrp1 Wkh sureohp lv wkdw

orqj vshoov duh pruh olnho| wr eh lq surjuhvv dw wkh wlph zkhq zh vdpsohg wkh gdwd/ dqg

vr zloo eh ryhu0vdpsohg uhodwlyh wr wkhlu iuhtxhqf| dprqj qhz vshoov1 Lq rughu wr xvh

uhwurvshfwlyh lqirupdwlrq/ zh qhhg wr frqglwlrq wkh dqdo|vlv rq vxuylydo xqwlo wkh vwduw

ri wkh sdqho zlqgrz1 Zh vhohfw d udqgrp vdpsoh ri ixoo0wlph sulydwh vhfwru hpsor|hhv

lqwhuylhzhg lq zdyh rqh1 Wkh lqglylgxdov lq wkh vdpsoh duh lqgh{hg e| � ' �c �����c ?c

dqg wkh sdvvdjh ri fdohqgdu wlph lv vhw lq lqwhjhu |hduv1 \hdu | ' � lv wkh |hdu lq zklfk

wkh uhvsrqghqw vwduwhg zrunlqj zlwk wkh fxuuhqw hpsor|hu +dqg lv ehiruh wkh vdpsoh
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vhohfwlrq |hdu, zkloh | ' � lqgh{ wkh vdpsoh vhohfwlrq |hdu1 Hdfk ri wkh uhvsrqghqw lv

wkhq lqwhuylhzhg dssur{lpdwlyho| rqh |hdu odwhu1 Li wkh lqglylgxdo vxevhtxhqwo| pryhv

zh ghqrwh wkh ohqjwk ri wkh fxuuhqw vshoo e| r�/ vr | ' � n r� lv wkh fdohqgdu wlph ri

wkh vshoo hqg1 Rwkhuzlvh r� ghqrwhv wkh fhqvrulqj srlqw dw wkh hqg ri wkh revhuydwlrq

shulrg1 Zh kdyh dq xqedodqfhg sdqho lq wkdw zh iroorz lqglylgxdov xqwlo wkh| duh qr

pruh revhuyhg lq wkhlu �fxuuhqw hpsor|hu� vshoo/ hlwkhu ehfdxvh wkh| h{shulhqfh d mre

wr mre wudqvlwlrq ru ehfdxvh wkh| gurs rxw iurp wkh vxuyh|/ ru ehfdxvh wkh| h{shulhqfh

d wudqvlwlrq wr dqrwkhu vwdwh +h1j1 xqhpsor|phqw/ rxw ri wkh oderxu irufh,1 Zkloh

uhvsrqghqwv h{shulhqflqj dq hpsor|hu wudqvlwlrq ehwzhhq wkh vdpsoh vhohfwlrq gdwh

dqg rqh ri wkh iroorzlqj lqwhuylhzv frqwulexwh frpsohwhg gxudwlrq gdwd/ doo wkh rwkhuv

uhvsrqghqwv frqwulexwh fhqvruhg gxudwlrq gdwd/ zlwk fhqvrulqj lpphgldwho| ehiruh wkh

hqg ri wkh lqwhuydo ehwzhhq wzr frqvhfxwlyh zdyhv1 Krzhyhu/ revhuydwlrqv fhqvruhg

rqo| ehfdxvh wkh| uhpdlqhg lq wkh fxuuhqw hpsor|hu duh vwloo dw ulvn ri h{shulqflqj d

wudqvlwlrq gxulqj wkh shulrg ri revhuydwlrq1 Hvwlpdwlrq lv shuiruphg xvlqj d glvfuhwh0

wlph gxudwlrq dssurdfk dv ghvfulehg lq Doolvrq +4<;5, dqg Mhqnlqv +4<<8,1 Iroorzlqj

Mhqnlqv +4<<8,/ zh gh�qh B� ' � iru lqglylgxdov zlwk frpsohwhg vshoov dqg B� ' f iru

fhqvruhg rqhv1 Ohw | ' � nr� lqgh{ wkh |hdu lq zklfk wkh fxuuhqw hpsor|hu vshoo �qlvkhv

+zkhuh r� ' �c2c ���c H� li B� ' � dqg lqgh{ wkh lqwhuylhz |hdu li B� ' f� Hdfk uhvsrqghqw

� frqwulexwhv r� |hduv ri vshoo gdwd iurp wkh lqwhuydo ehwzhhq vdpsoh vhohfwlrq dqg

lqwhuylhz1 Wkh glvfuhwh0wlph kd}dug udwh 0 wkh suredelolw| wkdw wkh fxuuhqw hpsor|phqw
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vshoo hqgv dw | frqglwlrqdo rq odvwlqj xqwlo wkdw srlqw 0 lv ghqrwhg e|=

��| ' RoJKEA� ' |mA� � |(j�|�c +4,

zkhuh A� lv d glvfuhwh udqgrp yduldeoh ghvfulelqj wkh vshoo hqg wlph/ dqg j�| lv d yhfwru

ri fryduldwhv zklfk pd| eh wlph0ydu|lqj1 Wkh xqfrqglwlrqdo suredelolwlhv ri kdylqj d

vshoo gxudwlrq ri | ru vxuylylqj wr | fdq eh gh�qhg uhvshfwlyho| dv iroorzv=

RoJKEA� ' |� ' ��|

|3�\
&'�

E�� ��&� '
��|

E�� ��|�

|\
&'�

E�� ��&�c +5,

RoJKEA� : |� '
|\

&'�

E�� ��&�� +6,

Mhqnlqv +4<<8, vkrzv wkdw wkhvh xqfrqglwlrqdo vxuylyru suredelolw| kdv wr eh prgl�hg

lq rughu wr wdnh lqwr dffrxqw wkdw wkh gdwd kdyh ehhq ghulyhg iurp d vwrfn vdpsoh

udwkhu wkdw iurp d udqgrp srsxodwlrq vdpsoh1 Rq wkh edvlv ri wkh deryh irupxodv/

wkh suredelolw| ri vxuylylqj | shulrgv zlwk wkh fxuuhqw hpsor|hu/ frqglwlrqdo rq wkh

gxudwlrq ri wkh fxuuhqw hpsor|hu vshoo zkhq wkh lqglylgxdo lv vhohfwhg lq wkh vdpsoh/

ghshqgv rqo| rq kd}dug udwhv dqg gdwd iru wkh |hduv dw ulvn ehwzhhq vdpsoh vhohfwlrq

dqg wkh iroorzlqj lqwhuylhzv1 Wkh frqglwlrqdo vxuylydo suredelolw| lv jlyhq e|=

RoJKEA� : |n r�mA� : � � �� '
|nr�\
|'�

E� � ��|�c +7,

zkloh wkh kd}dug udwh lv jlyhq e|=

RoJKEA� ' |n r�mA� : � � �� '
���nr�

E�� ���nr�
�

|nr�\
|'�

E� � ��|�� +8,
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Zh fdq wkhq zulwh wkh olnholkrrg ixqfwlrq=

u '
?\

�'�

%
���nr�

E�� ���nr�
�

|nr�\
|'�

E�� ��|�

&B� %|nr�\
|'�

E�� ��|�

&E�3B��

c +9,

dqg wkh fruuhvsrqglqj orj0olnholkrrg ixqfwlrq=

*L} u '
?[

�'�

B� *L}

�
���nr�

E� � ���nr�
�

�
n

?[
�'�

|nr�[
|'�

*L}E�� ��|�� +:,

Gh�qlqj dq lqglfdwru yduldeoh +�| zklfk dvvxphv ydoxh +�| ' � li | ' � n r� dqg wkh

fxuuhqw vshoo hqgv dqg +�| ' f rwkhuzlvh/ wkh orj olnholkrrg ixqfwlrq fdq eh uhzulwwhq

dv=

*L}u '
?[

�'�

�nr�[
|'�

+�| *L}d��|

�

E�� ��|�
o n

?[
�'�

�nr�[
|'�

*L}E�� ��|�� +;,

Wklv olnholkrrg ixqfwlrq kdv wkh vdph irup dv iru d elqdu| ghshqghqw yduldeoh prgho1

Wkh edvlf lghd lv wr �vwdfn� wkh gdwd/ vr wkdw hdfk revhuydwlrq frqvlvwv ri d shuvrq0

|hdu1 Iru h{dpsoh/ d shuvrq zkr kdv ehhq zlwk wkh fxuuhqw hpsor|hu iru �yh |hduv dw

wkh ehjlqqlqj ri wkh sdqho zlqgrz/ dqg ohdyhv mxvw diwhu �qlvklqj d vhfrqg |hdu zloo

frqwulexwh rqh shuvrq0|hdu wr wkh sdqho1 Khu �yh suh0sdqho |hduv frqwulexwh qrwklqj wr

wkh hvwlpdwlrq/ vlqfh vkh zdv qrw lq wkh ulvn vhw iru wkrvh |hduv1 Wkdw lv/ li vkh kdg ohiw

diwhu wkuhh |hduv/ vkh zrxog kdyh qhyhu ehhq revhuyhg1

Li ��| lv ghwhuplqhg dv d glvfuhwh wlph frxqwhusduw wr dq xqghuo|lqj frqwlqxrxv wlph

sursruwlrqdo kd}dugv prgho=

��|E|� ' �fE|� i TEj
�

�|
��c +<,
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zkhuh �fE|� ghqrwhv wkh edvholqh kd}dugv/ j�| lv d yhfwru ri wlph yduldqw2lqyduldqw

h{sodqdwru| yduldeohv/ dqg � lv d yhfwru ri sdudphwhuv/ wkhq wkh dssursuldwh ixqfwlrqdo

irup lv frpsohphqwdu| orj0orj +h{wuhph ydoxh,47=

��| ' � � i T i� i Td�fE|� n �j
�|
j � +43,

Vr idu zh kdyh dvvxphg wkh kd}dug uhodwhv wr wkh vlqjoh ulvn ri wkh vshoo1 Zh dovr

hvwlpdwh wkh frpshwlqj ulvnv ri ohdylqj wkh fxuuhqw hpsor|hu vshoo vhsdudwho| iru txlwv

dqg od|r�v dqg/ dprqj txlwv/ iru wkh wudqvlwlrqv wr rffxsdwlrqdo shqvlrq fryhuhg2qrw

fryhuhg mrev1 Zkloh hvwlpdwlqj wkh frpshwlqj ulvn prgho wkh h{lw vwdwhv zklfk duh qrw

xqghu vwxg| duh frqvlghuhg dv uljkw fhqvruhg1

8 Gdwd

Wkh gdwd xvhg lq wkh dqdo|vlv duh iurp zdyh 40; ri wkh Eulwlvk Krvhkrog Sdqho Vxu0

yh| +EKSV,1 Wkh �uvw zdyh/ fduulhg rxw lq wkh dxwxpq ri 4<<4/ fryhuhg d qdwlrqdoo|

uhsuhvhqwdwlyh udqgrp vdpsoh ri wkh XN frqvlvwlqj ri derxw 81833 krxvhkrogv dqg

431333 lqglylgxdov1 Wkh ruljlqdo uhvsrqghqwv/ dv zhoo dv dq| dgxow fr0uhvlghqwv/ zhuh

wkhq iroorzhg ryhu wlph wkurxjk dqqxdo lqwhuylhzv xvxdoo| frqgxfwhg iurp Vhswhp0

ehu wr Ghfhpehu ri hdfk |hdu1 Iru wkh dlpv ri rxu dqdo|vlv zh kdyh vhohfwhg d vwrfn

vdpsoh ri sulydwh 0 qrq djulfxowxudo vhfwru ixoo wlph hpsor|hhv dw wkh �uvw lqwhuylhz

47D frpprq qrq0sursruwlrqdo dowhuqdwlyh lv wr dvvxph d orjlvwlf ixqfwlrq iru klw= Wkh frpsohphqwdu|
orj0orj ixqfwlrq zdv dgrswhg ehfdxvh lwv olnholkrrg ydoxhv zhuh kljkhu1
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+4<<4,1 Zh wudfn wkhvh zrunhuv xqwlo wkh| vhsdudwh iurp wkhlu fxuuhqw hpsor|hu= rxu

dqdo|vlv lv wkhuhiruh olplwhg wr vlqjoh vshoo1 Wkh hyhqw ri lqwhuhvw lv d mre wr mre wudq0

vlwlrq= zh uhfrug frpsohwh mre gxudwlrqv iru lqglylgxdov h{shulhqflqj d vlplodu hyhqw1

D wudqvlwlrq lv doorzhg wr eh hlwkhu wr d sulydwh vhfwru mre ru wr d sxeolf vhfwru mre1

Lqglylgxdov h{shulhqflqj d wudqvlwlrq kdyh d frpsohwhg gxudwlrq vshoo/ dqg wkh| h{lw wkh

vwxg|1 Dowhuqdwlyho|/ zrunhuv uhpdlqlqj zlwk wkh vdph hpsor|hu iru wkh zkroh revhuyd0

wlrq shulrg frqwulexwh xqfrpsohwhg mre whqxuhv1 Lqglylgxdov h{lwlqj wkhlu hpsor|phqw

vshoov wrzdugv qrq0hpsor|phqw vwdwxv dv zhoo dv lqglylgxdov qrw lqwhuylhzhg gursslqj

rxw iurp wkh vxuyh| duh uhfrughg dv fhqvruhg dqg frqwulexwh xqfrpsohwhg mre whqxuh

vshoov481 Lq rughu wr revhuyh wkhvh wudqvlwlrqv zh nhhs lqglylgxdov lqwhuylhzhg dw ohdvw

iru wkh �uvw wzr zdyhv1 Wkh EKSV froohfwv ghwdlohg lqirupdwlrq rq lqglylgxdov* hp0

sor|phqw dqg wkhlu vrflr0hfrqrplf fkdudfwhulvwlfv1 Zrunlqj djh lqglylgxdov duh dvnhg

wr frpsohwh dq hpsor|phqw klvwru| hdfk |hdu orrnlqj edfn ryhu wkh suhylrxv |hdu/ dqg

iurp wkhvh klvwrulhv lw lv srvvleoh wr lghqwli| wkh hqg ri hpsor|phqw vshoov dqg wkh

ghvwlqdwlrq dw wkh hqg ri wkh vshoo1 Wkh hpsor|phqw klvwrulhv dovr uhfrug hpsor|hu

48Lw lv dvvxphg khuh wkdw wkh vwrfkdvwlf surfhvv xqghuo|lqj mre wr mre wudqvlwlrqv lv lqghshqghqw
iurp wkrvh jryhuqlqj rwkhu w|shv ri oderxu pdunhw ehkdylrxu ehkdylrxu dqg sduwlflsdwlrq lq wkh sdqho
vxuyh|1 Li wkhvh dvvxpswlrqv duh fruuhfw/ wkhq dwwulwlrq iurp wkh sdqho ehiruh wkh gxudwlrq lv frpsohwhg
ru h{lw wr d qrq0hpsor|hh vwdwh fdq eh wuhdwhg dv uljkw fhqvruhg1 Krzhyhu/ lw fdq dovr eh wuxh wkdw
sdqho vxuyh| sduwlflsdqwv zkr kdyh d uhodwlyho| kljkhu suredelolw| wr �qg d gl�huhqw mre dqg wr h{lw
wr qrq hpsor|phqw vwdwhv dovr kdyh d kljkhu suredelolw| ri gursslqj rxw ri wkh sdqhô1 Lw wkdw lv
wuxh wkhq wkh deryh surfhgxuh xqghuhvwlpdwhv wkh udwh dw zklfk wkh lqglylgxdov fkdqjh mre1 Iru dq
hpslulfdo dqdo|vlv ri wkh frqvhtxhqfhv ri dwwulwlrq lq sdqho gdwd vhh Ydq ghq Ehuj/ Olqgherrp dqg
Ulgghu +4<<7,1
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fkdqjhv dqg doorz wr glvwlqjxlvk wkh prwlydwlrqv xqghuo|lqj d mre vhsdudwlrq1 Iru wkh

sxusrvhv ri rxu dqdo|vlv zh gh�qh d txlw dv d mre vhsdudwlrq prwlydwhg e| wkh wdnh xs

ri d ehwwhu mre zlwk d gl�huhqw hpsor|hu dv zhoo dv e| rwkhu shuvrqdo uhodwhg uhdvrqv/

frqglwlrqdo ri qrw kdylqj h{shulhqfhg d vshoo ri xqhpsor|phqw ehiruh wdnlqj xs d qhz

mre1 Od|r�v duh frqvhtxhqwo| gh�qhg dv d uhvlgxdo fdwhjru|/ frqwdlqlqj lqglylgxdov

glvplvvhg iurp wkhlu mre/ ru frpsohwlqj d whpsrudu| frqwudfw ru h{shulhqflqj d vshoo

ri xqhpsor|phqw ehwzhhq mrev1 Zrunhuv fryhuhg e| dq rffxsdwlrqdo shqvlrq vfkhph

xvxdoo| kdyh wr ohdyh wkhlu fxuuhqw vfkhph zkloh fkdqjlqj hpsor|hu1 Wkh EKSV frq0

wdlqv d qxpehu ri txhvwlrqv derxw hpsor|hhv* shqvlrq duudqjhphqwv1 Wkh vxuyh| dvnv

hpsor|hhv li wkhlu suhvhqw hpsor|hu uxq d shqvlrq vfkhph iru zklfk wkh| duh holjleoh dqg

li wkh| sduwlflsdwh wr lw1 Lq dgglwlrq/ iurp wkh vhfrqg zdyh rqzdugv doo uhvsrqghqwv duh

dvnhg txhvwlrqv derxw wkhlu shuvrqdo shqvlrq duudqjhphqwv dqg wkh vwduw gdwh ri vxfk

duudqjhphqwv1 Wkh odwwhu txhvwlrq doorzv xv wr gh�qh shuvrqdo shqvlrq sduwlflsdwlrq

lq wkh �uvw zdyh dv zhoo iru lqglylgxdov fryhuhg lq wkh vhfrqg zdyh dqg vwduwlqj wkhlu

shuvrqdo shqvlrq ehiruh 4<<51 Pruhryhu/ uhvsrqghqwv duh dovr dvnhg zkhwkhu wkh| kdyh

pdgh dq| dgglwlrqdo frqwulexwlrqv/ ryhu dqg deryh wkh frqwudfwhg rxw uhedwh1

Wdeoh 5 uhsruwv rffxsdwlrqdo dqg shuvrqdo shqvlrq sduwlflsdwlrq udwhv ri rxu dqdo0

|vlv vdpsoh1 Wkh vwrfn vdpsoh ri ixoo wlph sulydwh vhfwru qrq djulfxowxudo hpsor|hhv

gudzq lq 4<<4 kdv d 7418 shufhqw rffxsdwlrqdo shqvlrq fryhudjh1 Wklv �jxuh vhhpv wr

eh frqvlvwhqw zlwk wkh 68 shufhqw sduwlflsdwlrq udwh uhsruwhg lq wkh r!fldo vwdwlvwlfv/

4:



surylghg wkdw wkh odwwhuv lqfoxgh sduw0wlph dqg djulfxowxudo hpsor|hhv/ zklfk kdyh d

vxevwdqwldoo| orzhu sduwlflsdwlrq udwh1 Ri wkh :4 shufhqw hpsor|hhv r�huhg dq rffxsd0

wlrqdo sodq lq 4<<4/ 5</8 shufhqw glg qrw mrlq wkh sodq= 4<17 shufhqw fkrrvh wr rsw0rxw

iru d shuvrqdo shqvlrq sodq/ zkloh wkh rwkhuv uhpdlqhg lqwr VHUSV1 Ri wkh 5< shufhqw

ri sulydwh vhfwru hpsor|hhv qrw r�huhg dq rffxsdwlrqdo sodq/ 4518 shufhqw frqwudfwhg

rxw d shuvrqdo shqvlrq/ zkloh wkh uhpdlqlqj uhpdlqhg lqwr VHUSV1

Wkh udqgrp yduldeoh zkrvh glvwulexwlrq lv xqghu vwxg| lq rxu dqdo|vlv lv wkh gxudwlrq

ri wkh hpsor|phqw uhodwlrqvkls zlwk wkh fxuuhqw hpsor|hu1 Zh phdvxuh mre whqxuh lq

|hduv iurp wkh vwduwlqj ri d mre xqwlo wkh lqwhuylhz gdwh1 Mre whqxuh lq wkh fxuuhqw mre

lv dovr frqvlghuhg wr eh d sur{| ri shqvlrqdeoh vhuylfh xvhg wr fdofxodwh srwhqwldo sruwd0

elolw| orvvhv vx�huhg e|1zrunhuv fryhuhg e| GE sodqv1 D olplwdwlrq ri wkh gdwd lv wkdw

qr ghwdlo lv surylghg rq shqvlrq sodq fkdudfwhulvwlfv/ lqfoxghg wkh GE2GF glvwlqfwlrq1

Wkh fdofxodwlrq ri shqvlrq sruwdelolw| orvvhv lv wkhuhiruh edvhg rq wkh w|slfdo XN sulydwh

vhfwru GE sodq fkdudfwhulvwlfv49 dqg rq d vhw ri dfwxduldo dvvxpswlrqv uhsruwhg lq Wdeoh

61 Wkhvh dvvxpswlrqv vhhp wr eh d uhdvrqdeoh dssur{lpdwlrq/ jlyhq wkh orz sursruwlrq

ri zrunhuv fryhuhg e| GF/ dqg jlyhq wkh idfw wkdw wkh wljkw ohjdo dqg dgplqlvwudwlyh

uhjxodwlrq ri rffxsdwlrqdo shqvlrq sodqv dv zhoo dv wkh frpshwlwlrq ehwzhhq shqvlrq

ixqgv kdv ohg wr d frqvlghudeoh ghjuhh ri vlplodulw| ehwzhhq wkh ihdwxuhv ri prvw GE

sodq lq wkh XN1 EKSV gdwd doorz wr lghqwli| d pd{lpxp ri ; revhuydwlrqv rq shqvlrq

49Vhh Jryhuqphqw Dfwxdu|*v Ghsduwphqw +5333,1
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fryhudjh dqg : revhuydwlrq rq wudqvlwlrqv1 Wdeoh 7 vxppdul}hv mre wr mre wudqvlwlrqv

ehwzhhq zdyhv iru ydulrxv fdwhjrulhv ri shqvlrq fryhudjh/ glvwlqjxlvklqj ehwzhhq od|r�v

dqg txlwv1 Wkh udz gdwd vkrz wkdw zrunhuv hquroohg lq rffxsdwlrqdo shqvlrq sodqv kdyh

orzhu ryhudoo wxuqryhu dqg txlw udwhv 1

9 Uhvxowv

914 Vlqjoh Ulvnv Prghov

Wdeoh 4 uhsruwv uhvxowv/ iru pdohv dqg ihpdohv/ iurp wkh hvwlpdwlrq ri d vlqjoh ulvn

sursruwlrqdo kd}dug prghov iru mre wr mre wudqvlwlrqv1 Wkh kd}dug udwh lv frqglwlrqhg

rq wlph frqvwdqw dqg wlph ydu|lqj fryduldwhv zklfk fdq eh jurxshg lq irxu fdwhjrulhv=

� shuvrqdo dqg krxvhkrog fkdudfwhulvwlfv lqfoxgh pdulwdo vwdwxv/ djh dw wkh �uvw lq0

whuylhz/ qxpehu ri fkloguhq/ krxvhkrog vl}h dqg lqfrph/ khdowk vwdwxv +uhihuhqfh=

khdowk,/ wkuhh hgxfdwlrq gxpplhv +ghjuhh/ d0ohyho/ r0ohyho/ uhihuhqfh= orzhu hgxfd0

wlrq,/ 8 uhjlrq gxpplhv +Orqgrq/ Hdvw/ Zhvw0Qruwk/ Zdohv/ Vfrwodqg/ uhihuhqfh=

Vrxwk,/ 5 krxvh rzqhuvkls gxpplhv +sulydwh uhqwdo/ sxeolf uhqwdo/ uhihuhqfh= krxvh

rzqhuvkls,/ hpsor|phqw vwdwxv ri wkh vsrxvh>

� mre vshfl�f fkdudfwhulvwlfv lqfoxgh h{shulhqfh/ h{shulhqfh vtxduhg/ jurvv krxuo|

zdjh/ whpsrudu| frqwudfw/ 5 rffxsdwlrq gxpplhv +pdqdjhu dqg surihvvlrqdo/ zklwh

froodu zrunhu/ uhihuhqfh= eoxh froodu zrunhu,/ 5 zrunhu*v rffxsdwlrqdo vnloov gxp0

plhv +kljk vnloov/ phglxp vnloov/ uhihuhqfh= orz vnloov,/ d pdqlidfwxulqj lqgxvwu|
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gxpp|/ wudyho wlph wr zrun/ mre vdwlvidfwlrq/ dgglwlrqdo mre/ xqlrq fryhudjh/ �up

vl}h gxpplhv +odujh/ phglxp/ uhihuhqfh= vpdoo,/ 5 vxshuylvru| vwdwxv gxpplhv

+pdqdjhu/ vxshuylvru/ uhihuhqfh= qrw vxshuylvlqj,/ 6 hpsor|hu surylghg wudlqlqj

gxpplhv +jhqhudo dqg vshfl�f wudlqlqj/ jhqhudo wudlqlqj/ �up vshfl�f wudlqlqj/

uhihuhqfh= qr wudlqlqj,>

� shqvlrq yduldeohv lqfoxgh d shqvlrq sruwdelolw| orvv yduldeoh frpsxwhg iru zrunhuv

hquroohg lq dq rffxsdwlrqdo gh�qhg ehqh�w sodq/ dqg 7 gxpplhv lqglfdwlqj wkh

gl�huhqw srvvleoh zrunhuv* shqvlrq fryhudjh vwdwxv +mrlqhg dq rffxsdwlrqdo shqvlrq

sodq/ glg qrw mrlq wkh rffxsdwlrqdo sodq surylghg e| wkh hpsor|hu dqg rswhg rxw

iru d shuvrqdo shqvlrq/ glg qrw mrlq wkh rffxsdwlrqdo sodq surylghg e| wkh hpsor|hu

dqg uhpdlqhg lqwr VHUSV/ zdv qrw r�huhg dq rffxsdwlrqdo sodq dqg frqwudfwhg

rxw iurp VHUSV iru d shuvrqdo shqvlrq/ uhihuhqfh= zdv qrw r�huhg dq rffxsdwlrqdo

sodq dqg uhpdlqhg lqwr VHUSV,>

� orfdo pdunhw yduldeohv/ vxfk dv dqqxdo xqhpsor|phqw udwh dg ydfdqflhv wr xq0

hpsor|phqw udwlrv1 Lq rughu wr rewdlq wkhvh orfdo pdunhw lqirupdwlrqv zh kdyh

pdwfkhg wkh EKSV gdwd zlwk gdwd iurp wkh Qdwlrqdo Rqolqh +QRPLV, e| gdwh ri

lqwhuylhz dqg wudyho wr zrun gdwd4:1

4:L zlvk wr wkdqn Iudqfhvfr Ghylflhqwl iru nlqgo| surylglqj wkh QRPLV gdwd1
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Zh uhsruw rqo| wkh frh!flhqwv iru wkh yduldeoh ri sulpdu| lqwhuhvw lq rxu dqdo|vlv4;1

Zh �qg wkdw ihpdoh zrunhuv lq whpsrudu| frqwudfwv dqg ihpdohv zrunhuv zlwk fkloguhq

duh vljql�fdqwo| pruh olnho| wr h{shulhqfh d mre wr mre wudqvlwlrq1 Frqvlvwhqwo| zlwk

wkh suhglfwlrqv ri suhylrxv olwhudwxuh/ hpsor|hu vl}hv dqg d�hfw qhjdwlyho| wkh kd}dug

udwh/ dowkrxjk qrw dw vwdqgdug vljql�fdqw ohyhov1 Xqlrq phpehuvkls dv zhoo dv oderxu

pdunhw yduldeohv kdyh qrw d vljql�fdqw h{sodqdwru| srzhu1

Lpsruwdqwo|/ zh �qg wkdw pdoh zrunhuv zkr kdyh frqwudfwhg0rxw dq rffxsdwlrqdo

shqvlrq sodq duh vljql�fdqwo| ohvv olnho| wr pryh dqg wkdw shqvlrq sruwdelolw| orvvhv sod|

d vljql�fdqw qhjdwlyh uroh lq h{sodlqlqj mre wr mre wudqvlwlrqv1 Zh dovr �qg wkdw pdoh

zrunhuv rswhg rxw iurp dq rffxsdwlrqdo wr d shuvrqdo shqvlrq sodq dv zhoo dv zrunhuv

qrw r�huhg d sodq exw mrlqlqj d shuvrqdo shqvlrq sodq duh vljql�fdqwo| ohvv olnho| wr

pryh1 Wklv uhvxowv lv vxusulvlqj jlyhq wkdw wshuvrqdo shqvlrq sodqv duh qrw olqnhg wr d

sduwlfxodu hpsor|hu dqg duh wkhuhiruh sruwdeoh1 Krzhyhu lw pd| eh wkh fdvh wkdw zrunhuv

frqwulexwlqj iru wkhlu shqvlrqv duh �vdyhuv� dqg wkdw wklv fkdudfwhulvwlf lv vwulfwo| wlhg

wr wkhlu prelolw| suhihuhqfhv4<1 Shqvlrq yduldeoh gr qrw vhhp wr kdyh dq| vljql�fdqw

h{sodqdwru| srzhu lq h{sodlqlqj mre wr mre wudqvlwlrqv ri ihpdoh zrunmhuv1 Zh kdyh

dvvxphg d  h{leoh �vhplsdudphwulf� slhfh0zlvh irup iru wkh edvholqh kd}dug1 Gxudwlrq

ghshqghqfh lv fdswxuhg wkurxjk |hduo| gxudwlrq wlph lqwhufhswv> gxudwlrqv ryhu 43 |hduv

4;Wkh frpsohwh vhw ri hvwlpdwhg frh!flhqwv duh dydlodeoh xsrq uhtxhvw iurp wkh dxwkru1

4<Vhh Lssrolwr +4<<:,1
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duh jurxshg lq d vlqjoh gxpp|1 Wkh edvholqh kd}dug vkrzv d qrq0prqrwrqlf vkdsh/

dowkrxjk wkh idfw wkdw wkh kd}dug lv vljql�fdqwo| ghfuhdvlqj iru prvw ri wkh mre whqxuh

lqwhuydo lqglfdwh d vljql�fdqw qhjdwlyh gxudwlrq ghshqghqfh1

915 Frpshwlqj Ulvnv Prghov

Wkh txlw0 od|r� glvwlqfwlrq lv sduwlfxoduo| lpsruwdqw wr rxu dqdo|vlv1 Wkh qhjdwlyh olqn

ehwzhhq shqvlrqv dqg yroxqwdu| pryhv lv d zhoo hvwdeolvkhg �qglqj lq wkh hpslulfdo

shqvlrq olwhudwxuh/ dowkrxjk wkh fdxvhv ri vxfk d uhodwlrqvkls/ lqfoxglqj wkh uroh ri

shqvlrq sruwdelolw| orvvhv/ vhoi0vhohfwlrq dqg zdjh suhplxpv/ duh vwloo ghedwhg531 Pruh0

ryhu/ vrph hpslulfdo vwxglhv iru wkh XV54 kdyh dovr grfxphqwhg d qhjdwlyh uhodwlrqvkls

ehwzhhq hpsor|hu surylghg shqvlrqv dqg od|r�v/ prwlydwlqj lw e| wkh idfw wkdw wkh lp0

solflw qdwxuh ri wkh shqvlrq frqwudfw dfwv dv d �ulqj frqvwudlqw iru wkh �up/ lpsrvlqj

uhsxwdwlrqdo frvwv lq fdvh wkh �up euhdnv wkh frqwudfw1

Wdeoh 8 uhsruwv wkh pdlq uhvxowv iurp hvwlpdwlrq ri d frpshwlqj ulvnv prgho zkhuh

mre wr mre wudqvlwlrqv duh glylghg lqwr txlwv dqg od|r�v1 Rxu uhvxowv vkrz wkdw sduwlfl0

sdwlqj wr dq rffxsdwlrqdo shqvlrq sodq dqg shqvlrq sruwdelolw| orvvhv kdyh d vljql�fdqw

qhjdwlyh h�hfw rq erwk txlwv dqg od|r�v iru pdohv1 Rqfh djdlq zh �qg wkdw pdoh zrun0

huv zkr rswhg rxw wr d shuvrqdo shqvlrq ru zhuh qrw r�huhg dq rffxsdwlrqdo sodq exw

frqwulexwhg wr d shuvrqdo shqvlrq sodq duh vljql�fdqwo| ohvv olnho| wr txlw1

53Vhh Gruvh| +4<<8, iru d uhylhz ri wklv olwhudwxuh1

54Doohq/ Fodun dqg PfGhuphg +4<;;/ 4<<6, dqg Gruvh|/ Fruqzhoo dqg Phku}dg +4<<6,1
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Ilqdoo|/ Wdeoh 9 uhsruwv wkh hvwlpdwhv ri d vhfrqg frpshwlqj ulvnv prgho irfxvhg

rq txlwv wkdw glvwlqjxlvkhv ehwzhhq wudqvlwlrqv wr rffxsdwlrqdo shqvlrq yhuvxv qrq

rffxsdwlrqdo shqvlrq mrev1 Lq wklv fdvh pdoh dqg ihpdoh zrunhuv sduwlflsdwlqj wr dq

rffxsdwlrqdo shqvlrq sodq dv zhoo dv pdoh zrunhuv zkr rswhg rxw wr d shuvrqdo shqvlrq

sodq ru zhuh qrw r�huhg d shqvlrq sodq exw mrlqhg d shuvrqdo shqvlrq sodq duh vljql�fdqw

ohvv olnho| wr h{shulhqfh d yroxqwdu| wudqvlwlrq wr d mre qrw fryhuhg e| dq rffxsdwlrqdo

shqvlrq1

: Frqfoxvlrqv

Wklv sdshu dqdo|}hv wkh idfwruv d�hfwlqj wkh mre wr mre wudqvlwlrqv ri sulydwh vhfwru

hpsor|hhv lq wkh XN1 Zh irfxv rq wkh lpsdfw ri ydulrxv irupv ri vhfrqg sloodu shqvlrq

duudqjhphqwv1 Hvwlpdwlqj glvfuhwh wlph kd}dug udwh prghov ri mre wr mre wudqvlwlrq zh

�qg wkdw zrunhuv sduwlflsdwlqj wr dq rffxsdwlrqdo shqvlrq duh vljql�fdqwo| ohvv preloh

frpsduhg wr wkrvh frqwudfwhg lqwr VHUSV dqg qrw r�huhg dq rffxsdwlrqdo sodq1 Zh dovr

�qg wkdw sruwdelolw| orvvhv kdyh d vljql�fdqw qhjdwlyh lpsdfw rq mre wr mre wudqvlwlrqv

ri pdoh zrunhuv sduwlflsdwlqj wr rffxsdwlrqdo shqvlrq sodqv1 Krzhyhu/ xqh{shfwhgo|

zh dovr �qg wkdw zrunhuv zkr duh r�huhg dq rffxsdwlrqdo shqvlrq sodq exw zkr fkrrvh

hlwkhu wr uhpdlq lqwr VHUSV ru wr rsw0rxw iru d shuvrqdo shqvlrq duh vljql�fdqwo| ohvv

olnho| wr pryh1 Wklv uhvxowv lv vxusulvlqj jlyhq wkdw shuvrqdo shqvlrq sodqv duh qrw olqnhg

wr d sduwlfxodu hpsor|hu dqg wkhuhiruh hqmr| ixoo sruwdelolw|1 Hvwlpdwlqj d frpshwlqj
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ulvn prgho ri txlwv dqg od|r� zh �qg wkdw sduwlflsdwlqj wr dq rffxsdwlrqdo shqvlrq ru

kdylqj rswhg rxw wr d shuvrqdo shqvlrq kdyh d vljql�fdqw qhjdwlyh h�hfw rq erwk txlwv

dqg od|r�v iru pdohv dqg iru txlwv rqo| lq wkh zkroh vdpsoh/ zkloh ehlqj qrw vljql�fdqw lq

wkh ihpdoh vdpsoh1 Ilqdoo|/ hvwlpdwlqj d vhfrqg frpshwlqj ulvn prgho zklfk irfxvhv rq

txlwv dqg glvwlqjxlvkhv ehwzhhq dq rffxsdwlrqdo shqvlrq2qrq rffxsdwlrqdo shqvlrq mre

dv ghvwlqdwlrqv/ zh �qg wkdw pdoh dqg ihpdoh zrunhuv sduwlflsdwlqj wr dq rffxsdwlrqdo

shqvlrq sodq dv zhoo dv pdoh zrunhuv zkr rswhg rxw wr d shuvrqdo shqvlrq duh vljql�fdqw

ohvv olnho| wr h{shulhqfh wudqvlwlrq wr d qrq shqvlrq mre1 Wkh h�hfw ri shqvlrq sruwdelolw|

orvvhv lv krzhyhu qr pruh vljql�fdqw dw vwdqgdug ohyhov1 Zkloh wkh shqvlrq orvv dujxphqw

lv zhdnhqhg e| wkh odwwhu uhvxowv/ wkhuh duh wzr dujxphqw zklfk duh frqvlvwhqw zlwk wkh

deryh uhvxowv/ dowkrxjk zh gr qrw gluhfwo| whvw wkhp lq wkh gdwd1 Wkh �uvw dujxphqw

lqglfdwh wkdw mrev r�hulqj dq rffxsdwlrqdo shqvlrq sodq lq wkh XN duh jrrg mrev dqg

sd| dq h!flhqf| zdjh suhplxp1 Wkh vhfrqg dujxphqw/ surylghg e| Lssrolwr +4<<:,

fodlpv wkdw zrunhuv frqwulexwlqj iru d sulydwh2rffxsdwlrqdo shqvlrq duh vdyhuv dqg wkdw

wklv fkdudfwhulvwlf lv vwulfwo| wlhg wr orzhu prelolw| suhihuhqfhv1
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Uhihuhqfhv

Doohq/ V1 J1/ U1 O1 Fodun dqg D1 D1 PfGhuphg +4<;;,1 �Zk| gr shqvlrqv uhgxfh

prelolw|B� QEHU Zrunlqj Sdshu 583<1

Doohq/ V1 J1/ U1 O1 Fodun dqg D1 D1 PfGhuphg +4<<6,1�Shqvlrqv/ erqglqj dqg

olihwlph mrev1� Mrxuqdo ri Kxpdq Uhvrxufhv 5; +6,/ 835084:1

Doolvrq/ S1 G1 +4<;5,1 �Glvfuhwh0wlph phwkrgv iru wkh dqdo|vlv ri hyhqw klvwrulhv1�

Lq V1 Ohlqkdugw +Hg1, Vrflrorjlfdo Phwkrgrorj|/ s1 940<:1

Dqgulhwwl/ Y1 +5334,1 �Rffxsdwlrqdo shqvlrqv dqg lqwhu�up mre prelolw| lq wkh

Hxurshdq Xqlrq1 Hylghqfh iurp wkh HFKS Vxuyh|1�1Z1S1 3805334 Fhqwhu iru Uh0

vhdufk rq Shqvlrqv dqg zhoiduh srolflhv1

Jryhuqphqw Dfwxdu|*v Ghsduwphqw +4<<7,1 Rffxsdwlrqdo Shqvlrqv Vfkhphv 4<<4=

Qlqwk Vxuyh| e| wkh Jryhuqphqw Dfwxdu|1 Orqgrq/ KPVR1

Jryhuqphqw Dfwxdu|*v Ghsduwphqw +5333,1 Rffxsdwlrqdo Shqvlrqv Vfkhphv 4<<8=

Whqwk Vxuyh| e| wkh Jryhuqphqw Dfwxdu|1 Orqgrq/ KPVR1

Jxvwpdq/ D1 O1 dqg W1 O1 Vwhlqphlhu +4<<6,1 �Shqvlrq sruwdelolw| dqg oderu pr0

elolw|1 Hylghqfh iurp wkh Vxuyh| ri Lqfrph dqg Surjudp Sduwlflsdwlrq1� Mrxuqdo

ri Sxeolf Hfrqrplfv 83/ 5<<06561
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Khqoh|/ D1 +4<<;,1 �Uhvlghqwldo prelolw|/ krxvlqj htxlw| dqg wkh oderxu pdunhw1�

Hfrqrplf Mrxuqdo 43;/ 747075:1

Khqoh|/ D1/ Glvqh|/ U1 dqg D1 Fduuxwk +4<<7,1 �Mre whqxuh dqg dvvhw kroglqjv1�

Hfrqrplf Mrxuqdo 437/ 66;067<1

Kxjkhv/ J1 dqg E1 PfFruplfn +4<;8,1 �Dq hpslulfdo dqdo|vlv ri rq0wkh0mre vhdufk

dqg mre prelolw|1� Wkh Pdqfkhvwhu Vfkrro/ :90<81

Mhqnlqv/ V1 S1 +4<<8,1 �Hdv| hvwlpdwlrq phwkrgv iru glvfuhwh0wlph gxudwlrq prg0

hov1� R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 8:/ 45<046;1

Odqfdvwhu/ W1 +4<<3, Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd1 Fdpeulgjh

Xqlyhuvlw| Suhvv

PfFruplfn/ E1 dqg J1 Kxjkhv +4<;7,1 �Wkh lq xhqfh ri shqvlrqv rq mre prelolw|1�

Mrxuqdo ri Sxeolf Hfrqrplfv 56/ 4;605391

Phdool/ I1 dqg V1 Sxgqh| +4<<9,1 �Rffxsdwlrqdo shqvlrqv dqg mre prelolw| lq

Eulwdlq= hvwlpdwlrq ri d udqgrp0h�hfwv frpshwlqj ulvnv prgho1� Mrxuqdo ri Dssolhg

Hfrqrphwulfv 44/ 5<606531

Ph|hu/ E1 G1 +4<<3, �Xqhpsor|phqw lqvxudqfh dqg xqhpsor|phqw vshoov1� Hfrqr0

phwulfd 7:/ 457<045991
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Ydq ghq Ehuj/ J1 M1/ Olqgherrp/ P1 dqg J1 Ulgghu +4<<7, �Dwwulwlrq lq orqjlwx0

glqdo sdqho gdwd dqg wkh hpslulfdo dqdo|vlv ri g|qdplf oderxu pdunhw ehkdylrxu1�

Mrxuqdo ri Dssolhg Hfrqrphwulfv </ 75407681
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Wdeoh 4= Rffxsdwlrqdo Shqvlrq Fryhudjh e| Sodq W|sh 0 4<<8

Rffxsdwlrqdo 4<<8
Shqvlrq Sodqv f0rxw Qxpehu ( Sduwlflsdqwv ( ri sulydwh

f0rxw qr f0rxw vhfwru hpsor|hhv
+1333, +1333, +4:16 ploolrqv,

FRVU 531833 71448 53 561<
FLVU 4:17;3 0 8:8 6165

GE Sodqv 6:1<;3 ;<16 71448 8<8 5:155
FRPS 793 793 :3 6139
FLPS 863 0 863 6139

GF Sodqv <<3 516 793 933 9145
f0rxw 41<;3 588 63 4199
f0lq 41933 0 8 313

K|eulg Sodqv 618;3 ;17 588 68 4199
Wrwdo 751883 433 71;63 41588 68

Edvh= Doo Sulydwh Vhfwru Hpsor|hhv
Vrxufh= Jryhuqphqw Dfwxdu|*v Ghsduwphqw +5333,

Wdeoh 5= Shqvlrq Fryhudjh e| Vxuyh| \hdu

4<<4 4<<5 4<<6 4<<7 4<<8 4<<9 4<<: Srrolqj
R�huhg RS :4 :719 ::1< ::1; :<19 ;516 ;61; :915
R�huhg RS0mrlqhg 7418 7814 7:19 7<18 891; 9514 961; 7;1:
R�huhg RS0qrw mrlqhg 5<18 5<18 6316 5;17 551; 5315 53 5:18
R�huhg RS0qrw mrlqhg0 SS 4<17 4<1: 531< 4<18 4:1< 4916 4:15 4<15
R�huhg RS0qrw mrlqhg0 VHUSV 43 <1< <17 ;1< 71< 61< 51; ;16
Shuvrqdo Shqvlrq +SS, 641< 641; 651: 651: 5<19 5:1: 5;19 6416
Qrw R�huhg RS 5< 5817 5514 5515 5317 4:1: 4915 561;
Qrw R�huhg RS0 SS 4518 4515 441; 4615 441: 4417 4417 4515
Qrw R�huhg RS0 VHUSV 4918 4615 4316 < ;1; 916 71; 4419
Vdpsoh Vl}h 4198; 41689 <98 :6: 8<4 7<4 6<7 914<4

Vdpsoh= ixoo0wlph sulydwh vhfwru hpsor|hhv djhg 53087
Vrxufh= Rxu hoderudwlrq rq EKSV gdwd1
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Wdeoh 6= Dvvxpswlrqv iru Sruwdelolw| Orvv Frpsxwdwlrq

Dqqxdo Dffuxdo Udwh 4293
Shqvlrqdeoh Zdjh Ilqdo Zdjh
Qrupdo Uhwluhphqw Djh 93
H{shfwhg Lq dwlrq Udwh 6(
H{shfwhg Qrplqdo Zdjh Jurzwk Udwh 8(
Srvw0Uhwluhphqw Lqgh{dwlrq 6(
Hduo| Ohdyhuv* Lqgh{dwlrq 6(
Qrplqdo Glvfrxqw Udwh 8(
Lq dwlrq Dgmxvwhg Glvfrxqw Udwh 5(

Wdeoh 7= Mre Prelolw| Udwhv e| Shqvlrq Fryhudjh dqg Vxuyh| \hdu

4<<40<5 4<<50<6 4<<60<7 4<<70<8 4<<80<9 4<<90<: 4<<:0<;
Od|r� Txlw Od|r� Txlw Od|r� Txlw Od|r� Txlw Od|r� Txlw Od|r� Txlw Od|r� Txlw

RRS0mrlqhg 61; 619 71; 518 51: 715 614 516 518 31; 7 614 414 515
RRS0SS 918 815 :15 519 :19 715 51: 41; 416 61; 41: 616 3 61;
RRS0VHUSV 4714 618 :18 418 81; <19 3 :1< 3 3 <14 4;15 3 3
QRRS0SS 43 917 45 519 519 917 419 919 <16 4419 3 <14 616 616
QRRS0VHUSV 4815 45 ;16 431: 4315 4515 4815 <14 ;16 531; 3 ;16 3 53
Vdpsoh Vl}h 4198; 41689 <98 :6: 8<4 7<5 6<7

Vdpsoh= ixoo0wlph sulydwh vhfwru hpsor|hhv djhg 53087

5<



Wdeoh 8= Hvwlpdwhg Kd}dug Udwhv iru Mre wr Mre Wudqvlwlrqv
Pdoh Ihpdoh

Fkloguhq 31333 316<:
+3134, +51<3,--

Whpsrudu| Frqwudfw 31888 31;;;
+41:5, +51:3,--

Xqlrq Phpehu 313:4 3143;
+3187, +3188,

Phglxp Ilup 03149; 0313::
+4159, +3178,

Odujh Ilup 0315<; 03134:
+41:5, +313:,

Sxeolf Uhqwdo 315<9 31538
+4189, +31;6,

Sulydwh Uhqwdo 03138; 31395
+3163, +3159,

RS Phpehu 031:75 031449
+61;5,-- +3179,

RS0Qr mrlqhg0SS 031;54 0314:9
+7193,-- +319;,

RS0Qr mrlqhg0VHUSV 031875 3154:
+5186,- +31<3,

Qrw r�huhg RS 0 SS 031759 31677
+5175,- +417<,

Shqvlrq Sruwdelolw| Orvv 031486 3136;
+5156,- +3159,

Dqqxdo Xqhps1 Udwh 031359 031375
+413:, +4158,

Xqhps10Ydfdqf| Udwlr 31344 031337
+41;6, +3184,

g4 31;:4 415:7
+61;5,-- +6196,--

g5 31:44 4158:
+6147,-- +619;,--

g6 317:8 3173;
+5144,- +4143,

g7 3157: 31799
+4139, +4165,

g8 31539 319:<
+31;<, +5139,-

g9 31498 03136<
+31:3, +3143,

g: 31475 03144<
+318<, +3164,

g; 031364 0313;6
+3144, +3153,

g< 03156: 03135;
+319<, +3139,

g43 . 31338 31384
+3135, +3143,

Orj Olnholkrrg 041488 097<
Vshoov Hqghg Iurp Ulvn 6;3 569
Revhuydwlrqv 71455 5139<
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Wdeoh 9= Hvwlpdwhg Kd}dug Udwhv iru Yroxqwdu| dqg Lqyroxqwdu| Mre wr Mre Wudqvlwlrqv
Pdohv Ihpdohv

Txlw Od|r� Txlw Od|r�
Fkloguhq 3134: 03133; 31544 1:::

+3146, +3139, +4154, +6165,--
Whpsrudu| Frqwudfw 3183< 317<7 31:56 31<97

+31<6, +4156, +41:8, +41:9,
Xqlrq Phpehu 31553 03134; 3137< 315:5

+4146, +3143, +314<, +31<6,
Phglxp Ilup 0316<< 03133; 313:5 031694

+41<:,- +3137, +3167, +4159,
Odujh Ilup 031747 031493 031546 313;5

+418;, +319;, +3198, +3156,
Sxeolf Uhqwdo 31385 31756 03145; 319<6

+314:, +41:7, +3169, +41;;,
Sulydwh Uhqwdo 0313:7 0313<: 0313<< 316:3

+3158, +316;, +3165, +31<:,
RS phpehu 031;53 03196; 0315<8 31873

+51;8,-- +5173,- +31;:, +4163,
RS0qr mrlqhg0SS 0414<7 0317;8 031598 3136:

+7185,-- +41<:,- +31;9, +313;,
RS 0qr mrlqhg 0 VHUSV 031:97 03169; 31383 319;4

+517;,- +4158, +314:, +4186,
Qrw r�huhg RS0SS 031:47 03155; 31588 3158:

+51;3,-- +31<6, +31<:, +3186,
Sruwdelolw| Orvv 0315<7 031384 031637 315:9

+5183,- +318;, +4153, +4174,
Dqqxdo Xqhps1 Udwh 031335 031389 031373 03139:

+3137, +419<, +31<9, +4148,
Xqhps0Ydfdqflhv Udwlr 031349 31358 03134: 31349

+418;, +61;;,-- +418:, +4179,
g4 31:87 31;:; 414;5 4178;

+41<7, +613;,-- +516<,- +51:<,--
g5 31:;7 319:: 41755 4144:

+513:,- +516<,- +51<;,-- +5146,-
g6 41379 03138: 31<<7 0413;8

+6135,-- +314;, +5138,- +4163,
g7 3194< 0313:8 319;: 31574

+41:7, +3156, +4174, +3177,
g8 31674 3144< 41443 031556

+31<6, +316<, +5185,- +316;,
g9 318<4 03166; 31644 031979

+41:6, +31<7, +3196, +31<8,
g: 315;4 031395 315:8 041344

+31::, +314<, +318:, +415;,
g; 318;7 041478 313<< 0315;8

+418<, +41<4, +314;, +3176,
g< 031497 0315<5 31587 0316;4

+3163, +3199, +3175, +317<,
g43 . 31:5; 031;65 03153< 31664

+4198, +416<, +3159, +3183,

Orj O 096:1; 0:6814 079<17 05<3178
Vshoov hqghg iurp ulvn 4:; 535 488 ;4
Revhuydwlrqv 71455 5139<
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Wdeoh := Hvwlpdwhg Kd}dug Udwhv iru Yroxqwdu| Wudqvlwlrqv wr RS2Qrq RS Mrev
Pdohv Ihpdohv

Txlw RS Txlw QRS Txlw RS Txlw QRS
Fkloguhq 031355 31397 31694 3149;

+3143, +3173, +416<, +319;,
Whpsrudu| Frqwudfw 41586 031838 41357 31:38

+4198, +3195, +41:5, +4157,
Xqlrq Phpehu 314;: 31636 03174; 31;74

+31:3, +4136, +4149, +5138,-
Phglxp Ilup 03174< 03168< 31474 0314::

+4187, +414:, +317;, +3187,
Odujh Ilup 03174; 0316:6 031565 0318:9

+415:, +31;5, +3189, +31<;,
Sxeolf Uhqwdo 0413<7 31779 0314:: 031498

+417;, +414:, +3168, +3165,
Sulydwh Uhqwdo 031763 31584 031478 0314:3

+31;<, +3199, +3166, +316<,
RS Phpehu 314<; 041958 31<9: 0515:;

+3178, +6195,-- +513;,- +6148,--
RS0qr mrlqhg0SS 031376 0515:; 3168< 03196;

+3144, +8159,-- +31:;, +4179,
R�huhg RS0qr mrlqhg0VHUSV 314;7 04169< 31:86 0317<3

+316<, +6143,-- +41:7, +4146,
Qrw R�huhg RS0SS 031<38 031:38 316:3 3134;

+41:6, +5164,- +31;7, +3138,
Sruwdelolw| Orvv 03158; 031694 031695 03138;

+41:5, +41:7, +4155, +3144,
Dqqxdo Xqhps1 Udwh 031475 31459 031435 031344

+51:4,-- +5173,- +41:3, +3153,
Xqhps10Ydfdqflhv Udwlr 031335 031355 031337 031353

+3145, +4179, +315<, +415:,
g4 314:4 41697 31;;: 41736

+315<, +516:,- +4167, +41:<,
g5 3183< 4136: 31<58 41;<7

+31<7, +41;5, +4176, +5187,-
g6 414:8 31;:: 41377 31:93

+5187,- +4193, +419:, +31<6,
g7 318;7 31:78 3188; 31;3<

+414;, +416;, +31;;, +4136,
g8 3187: 3154< 03149; 41<79

+4147, +316:, +3157, +51;<,--
g9 03139; 413<; 03168; 31<7:

+3145, +5158,- +317;, +415<,
g: 31635 315:: 314:< 3164:

+3198, +3179, +3163, +316;,
g; 31347 41387 0413:8 31<53

+3136, +5136,- +31<<, +4154,
g< 0316<8 31448 3169< 03134;

+3185, +3147, +3184, +3135,
g43. 4139: 031564 031894 31677

+5148,- +3154, +3185, +315<,

Orj0Olnholkrrg 06;319 066518 05;;15 058616
Vshoov Hqghg Iurp Ulvn ;9 <5 :; ::
Revhuydwlrqv 71455 5139<
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