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Prqhwdu| Xql�fdwlrq dqg wkh Sulfh ri Ulvn=
Dq Xqfrqglwlrqdo Dqdo|vlv1

Kdqv Ghzdfkwhu@cK/ Nrqvwdqwlmq Pdhv@ dqg Nulvwlhq Vphgwv@W

@ FHV/ Fdwkrolf Xqlyhuvlw| ri Ohxyhq
K ULIP/ Hudvpxv Xqlyhuvlw| Urwwhugdp

Mdqxdu| 63/ 5335

Devwudfw

Lq wklv sdshu zh dvvhvv wkh h�hfwv ri prqhwdu| xql�fdwlrq lq Hxursh rq wkh sulflqj eh0
kdylru lq �qdqfldo pdunhwv dqg pruh lq sduwlfxodu rq h{fhvv uhwxuqv1 Zh xvh wkh vwdqgdug
LDSW iudphzrun wr dqdo|}h wkh uroh ri wkh h{fkdqjh udwh lq vhsdudwlqj h{fhvv uhwxuq
sulflqj dfurvv Hxurshdq frxqwulhv1 Zh �qg wkdw/ douhdg| lq wkh ghfdgh sulru wr HPX/
h{fkdqjh udwh fkdqjhv gr qrw +xqfrqglwlrqdoo|, fruuhodwh vwurqjo| zlwk �qdqfldo pdu0
nhw pryhphqwv dfurvv frxqwulhv1 Frqvhtxhqwo| holplqdwlrq ri h{fkdqjh udwh yduldelolw|
wkurxjk prqhwdu| xql�fdwlrq lv qrw olnho| wr kdyh kdg pdmru lpsolfdwlrqv iru sulflqj
ehkdylru lq HPX pdunhwv1

WFruuhvsrqglqj dxwkru1 Dgguhvv iru fruuhvsrqghqfh= FHV/ Qddpvhvwuddw 9</ E06333 Ohxyhq1 Hpdlo
Nulvwlhq1VphgwvChfrq1nxohxyhq1df1eh/ who= +., 65 +3,49 659;6<1 Erwk Nulvwlhq Vphgwv dqg Nrqvwdqwlmq Pdhv
duh Dvsludqw ri wkh IZR0Yoddqghuhq1
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4 Lqwurgxfwlrq

Dw wkh ehjlqqlqj ri 4<<< wkh Hxur zdv lqwurgxfhg dqg lw uhsodfhg wkh qdwlrqdo fxuuhqflhv
lq wzhoyh Hxurshdq Xqlrq +HX, phpehu vwdwhv1 Ghvslwh wkh idfw wkdw wkh lqwurgxfwlrq ri
wkh Hxur lv rqo| rqh vwhs lq wkh frpsohwh surfhvv ri hfrqrplf dqg prqhwdu| lqwhjudwlrq/ lw
zloo prvw olnho| dfw dv dq lpsruwdqw fdwdo|vw iru ixuwkhu ghyhorsphqw dqg lqwhjudwlrq lq wkh
Hxur duhd1 Xqgrxewhgo|/ wklv lqwhjudwlrq surfhvv douhdg| kdg/ dqg zloo kdyh lq wkh ixwxuh/
zlgh udqjlqj lpsolfdwlrqv iru Hxurshdq �qdqfldo pdunhwv1 Rqh ri wkhvh lpsolfdwlrqv lv wkh
lqwhjudwlrq lq wkh prqh| pdunhwv dqg wkh erqg pdunhwv1 Wklv surfhvv lv udwkhu wudqvsduhqw/
dv prqh| pdunhw udwhv +fi1 Hxuleru udwhv wkdw uhsodfhg qdwlrqdo lqwhuedqn r�huhg udwhv, duh
htxdol}hg dqg erqg pdunhw |lhogv duh frqyhujlqj dfurvv wkh gl�huhqw phpehu vwdwhv1 Dqrwkhu
srvvleoh lpsolfdwlrq lv wkh lqwhjudwlrq ri wkh vwrfn pdunhwv1 Lq wkh sdvw ghfdgh/ ohjlvodwlyh
phdvxuhv kdyh ehhq wdnhq wr kduprql}h wkh uhjxodwru| vwuxfwxuh dqg vwrfn h{fkdqjhv kdyh
vhw xs lqlwldwlyhv 0zlwk pl{hg vxffhvv0 wr fuhdwh d pdunhw zlwk sdq0Hxurshdq glphqvlrqv14

Wkh lqwhjudwlrq surfhvv lv lqghhg kdpshuhg e| ohjdo eduulhuv/ lqirupdwlrqdo dvv|phwulhv dqg
lqyhvwphqw uhvwulfwlrqv1

Lq wkh oljkw ri wklv fkdqjlqj hqylurqphqw wkhuh duh hfrqrplf prwlydwlrqv/ erwk iru lqyhvwruv
dv iru frusrudwh pdqdjhuv/ wr jhw d fohduhu lghd ri wkh vwdqfh ri �qdqfldo lqwhjudwlrq lq wkh
Hxur duhd1 Dq lpsruwdqw prwlydwlrq frqfhuqv wkh lghqwl�fdwlrq dqg lqwhusuhwdwlrq ri wkh
pdunhw sulfhv ri ulvn lq wkh gl�huhqw Hxurshdq Prqhwdu| Xqlrq +HPX, phpehu vwdwhv dqg
wkh srwhqwldo lpsdfw ri wkh lqwhjudwlrq surfhvv rq wkh glyhuvl�fdwlrq vwudwhjlhv1 Glyhuvl�fdwlrq
lv ehqh�fldo lqghshqghqw ri zkhwkhu HPX lv lqwhjudwhg ru qrw/ dv d zlghu udqjh ri dvvhwv zloo
prvw olnho| jlyh rssruwxqlwlhv wr glyhuvli| dzd| vrph grphvwlf ulvn idfwruv1 Krzhyhu/ wkh nlqg
ri glyhuvl�fdwlrq zloo gl�hu ghshqglqj rq zkhwkhu HPX lv lqwhjudwhg ru qrw1 Li wkh qdwlrqdo
vwrfn pdunhwv ehkdyh olnh dq lqwhjudwhg pdunhw/ wkhq frxqwu| ohyho glyhuvl�fdwlrq ehqh�wv zloo
ghfuhdvh dqg HPX0zlgh vhfwru edvhg dvvhw doorfdwlrq vwudwhjlhv zloo srvvleo| glvsod| d vxshulru
ulvn0dgmxvwhg shuirupdqfh1 Lqyhvwruv pd| wkhuhiruh zdqw wr vzlwfk sruwirolr frpsrvlwlrqv1 Iru
frusrudwh pdqdjhuv/ dq lpsruwdqw lvvxh frqfhuqv frusrudwh �qdqfldo ghflvlrqv dqg fdslwdo
exgjhw ghflvlrqv dv wkh frvw ri fdslwdo pd| ru pd| qrw gl�hu dfurvv frxqwulhv1

D nh| sureohp lq wkh vwxglhv ri lqwhjudwlrq yhuvxv vhjphqwdwlrq lv wkh gh�qlwlrq dqg lwv
hpslulfdo frxqwhusduw ri wkh qrwlrq ri �qdqfldo lqwhjudwlrq1 Lq wkh h{lvwlqj olwhudwxuh/ rqh
fdq glvwlqjxlvk wkuhh eurdg dssurdfkhv wr h{dplqh wkh lqwhjudwlrq lvvxh1 Wkh �uvw dssurdfk
dvvxphv wkdw lqwhjudwlrq ehwzhhq �qdqfldo pdunhwv fdq eh h{dplqhg e| orrnlqj dw wkh fruuh0
odwlrq vwuxfwxuh ehwzhhq wkh pdunhw uhwxuqv1 Lq wklv phwkrgrorj|/ fdslwdo pdunhw lqwhjudwlrq
lv lq idfw mxgjhg rq wkh edvlv ri hfrqrplf lqwhjudwlrq1 Krzhyhu/ iroorzlqj Dgohu dqg Gxpdv
+4<;6, wkh fryduldqfh pdwul{ vd|v qrwklqj derxw wkh suhvhqfh ru devhqfh ri vhjphqwdwlrq1
Lw phuho| vd|v vrphwklqj derxw wkh h{lvwlqj olqndjhv 0ri dq| nlqg0 ehwzhhq gl�huhqw frxq0
wulhv1 Riwhq/ kljk fruuhodwlrq dqg lqwhjudwlrq jr kdqg lq kdqg/ exw wklv qhhgv qrw eh wkh
fdvh1 Rxwsxw pl{hv ydu| frqvlghudeo| dfurvv frxqwulhv/ sduwo| ehfdxvh ri wkh vshfldol}dwlrq

4Olfkw +4<<:, jlyhv dq ryhuylhz ri wkh uhjxodwru| dqg ohjlvodwlyh phdvxuhv wdnhq e| wkh Hxurshdq frpplvvlrq
dqg qdwlrqdo jryhuqphqwv/ dqg wkh surmhfwv xqghuwdnhq e| wkh vwrfn h{fkdqjhv wr lqwhjudwh wkhlu pdunhwv1

5



lqgxfhg e| lqwhuqdwlrqdo wudgh15 Udqgrp vkrfnv zklfk d�hfw vshfl�f lqgxvwuldo vhfwruv pd|
wkhuhiruh kdyh d uhodwlyho| odujh lpsdfw rq wkrvh vwrfn pdunhwv zkhuh wkhvh vhfwruv duh odujh/
exw qrw rq rwkhu vwrfn pdunhwv1 Wklv pdnhv fohdu wkdw vpdoo fruuhodwlrqv ehwzhhq gl�huhqw
vwrfn pdunhw lqglfhv fdq eh frqvlvwhqw zlwk shuihfw fdslwdo pdunhw lqwhjudwlrq1 Dowhuqdwlyho|/
d vhfrqg dssurdfk irfxvhv rq lqyhvwphqw uhvwulfwlrqv dv dq lqglfdwru ri lqwhjudwlrq1 Vhjphq0
wdwlrq fdq eh wkh uhvxow ri d qxpehu ri eduulhuv dqg lpshuihfwlrqv/ zklfk fdq eh fodvvl�hg
lqwr ohjdo eduulhuv dqg lqirupdwlrqdo eduulhuv1 Lw lv krzhyhu lqvx!flhqw wr dvvhvv wkh ghjuhh
ri lqwhjudwlrq ru vhjphqwdwlrq vroho| edvhg rq vxfk lpshuihfwlrqv1 D qxpehu ri uhvwulfwlrqv
lv gl!fxow wr lqwhusuhw/ dqg wkh lpsruwdqfh ri wkh eduulhuv lv riwhq gl�huhqw dfurvv gl�huhqw
frxqwulhv1 Pruhryhu/ lqyhvwphqw uhvwulfwlrqv pd| qrw eh elqglqj/ dv lqyhvwruv duh lqqrydwlyh
wr jhw durxqg lqyhvwphqw frqwurov +vhh Ehndhuw dqg Kduyh| +4<<8,/ dqg Mrulrq dqg Vfkzduw}
+4<;9,,1 D odvw fodvv ri lqwhjudwlrq vwxglhv irfxvhv rq wkh uhvwulfwlrqv lpsrvhg e| dq| dvvhw
sulflqj prgho +h1j1 FDSP/ FFDSP/ DSW, rq wkh sulflqj ri dvvhwv1 Lq wklv olwhudwxuh/ lq0
whjudwlrq lv gh�qhg dv wkh vlwxdwlrq zkhuh dvvhwv lq ydulrxv qdwlrqdo pdunhwv duh wudghg dv
wkrxjk wkhlu sulfhv duh ghwhuplqhg lq d xql�hg pdunhw/ vr dv wr |lhog wkh vdph ulvn0dgmxvwhg
h{shfwhg uhwxuqv/ luuhvshfwlyh ri wkh fxuuhqf| ri ghqrplqdwlrq/ dqg jlyhq d sduwlfxodu prgho
iru wkh sulflqj ri ulvn1 Wklv pdnhv fohdu wkdw wkhvh whvwv duh dozd|v mrlqw whvwv ri wkh prgho
ehlqj ydolg/ pdunhwv ehlqj h!flhqw dqg pdunhwv ehlqj lqwhjudwhg1 +vhh Fkr/ Hxq dqg Vhq0
ehw +4<;9,/ Nrudmf}|n dqg Yldoohw +4<;<,/ Ehndhuw dqg Krgulfn +4<<5,/ Mrulrq/ +4<<5,/ Vwxo}
+4<<7,/ Kdugrxyholv/ Pdooldursxorv dqg Sulhvwoh| +4<<<,/ Qdudqmr dqg Surursdsdgdnlv +4<<:,
dprqj rwkhuv,1

Lq wklv sdshu/ zh xvh wkh lqwhuqdwlrqdo dvvhw sulflqj wkhru| +LDSW, phwkrgrorj| wr hp0
slulfdoo| dvvhvv wkh lpsolfdwlrqv ri prqhwdu| xql�fdwlrq rq �qdqfldo pdunhwv iru ydulrxv HPX
phpehu vwdwhv1 Prqhwdu| xql�fdwlrq lv olnho| wr kdyh +kdg, pdfur h�hfwv rq �qdqfldo pdunhwv
ehfdxvh ri wkh uhprydo ri h{fkdqjh udwh yduldelolw|1 Lq idfw/ dffruglqj wr wkh LDSW/ h{fkdqjh
udwh yduldelolw| lv fuxfldo lq frqyhuwlqj iruhljq sulflqj nhuqhov wr wkh grphvwlf fxuuhqf| gh0
qrplqdwhg sulflqj nhuqhov1 Ru pruh lq sduwlfxodu/ h{fkdqjh udwh rshudwlrqv hqvxuh wkdw qr
duelwudjh rssruwxqlwlhv fdq dulvh ehwzhhq grphvwlf dqg iruhljq lqyhvwphqw rssruwxqlwlhv e|
sulflqj iruhljq dvvhwv dw grphvwlf sulfhv ri ulvn dqg grphvwlf lqwhuhvw udwhv1 E| uhprylqj
h{fkdqjh udwh yduldelolw|/ prqhwdu| xql�fdwlrq fdq h{fhuw odujh h�hfwv rq �qdqfldo pdunhwv
e| +l, lpsrvlqj dq lghqwlfdo prqhwdu| srolf| rq wkh phpehu vwdwhv dqg e| +ll, fuhdwlqj rqh
frpprq fxuuhqf| pdunhw zlwk lghqwlfdo sulfh ri ulvn ehkdylru1 Dvvhvvlqj wkh olnho| pdfur hi0
ihfwv ri prqhwdu| xql�fdwlrq wkxv erlov grzq wr dvvhvvlqj wkh uroh ri h{fkdqjh udwh yduldelolw|
iru �qdqfldo lqwhjudwlrq lq HPX1 Lq wklv sdshu/ zh edvlfdoo| dvvhvv wkh uroh ri wkh h{fkdqjh
udwh pdunhwv lq jhqhudwlqj d �qdqfldo lqwhjudwlrq dfurvv Hxurshdq frxqwulhv1 Zh vwxg| wklv
h{fkdqjh udwh uroh iurp ydulrxv fxuuhqf| shuvshfwlyhv rq joredo pdunhw lqglfhv/ lqfoxglqj wkh
prvw lpsruwdqw erqg pdunhw dqg vwrfn pdunhw lqglfhv1

Zh surfhhg dv iroorzv1 Iluvw/ lq vhfwlrq 5 zh vhw rxw wkh vwdqgdug LDSW iudphzrun dqg
pdnh h{solflw wkh fuxfldo frqyhuvlrq uroh ri wkh h{fkdqjh udwh lq �qdqfldoo| lqwhjudwhg pdunhwv1

5Urvh dqg Hqjho +5333, dujxh wkdw phpehuv ri fxuuhq| xqlrqv duh pruh vshfldolvhg/ frpsduhg wr vryhuhljq
frxqwulhv/ dqg wkhuhiruh/ wkh iruphu frxqwulhv duh srwhqwldoo| pruh yxoqhudeoh wr dv|pphwulf lqgxvwu| vkrfnv1
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Lq vhfwlrq 6 zh whvw iru �qdqfldo lqwhjudwlrq rq h{fhvv uhwxuqv1 Pruh lq sduwlfxodu zh whvw
zkhwkhu ru qrw duelwudjh rssruwxqlwlhv h{lvw ehwzhhq grphvwlf dqg iruhljq lqyhvwphqwv lq
whupv ri h{fhvv uhwxuqv1 Zh gr wklv dqdo|vlv iurp ydulrxv grphvwlf fxuuhqf| shuvshfwlyhv1
Dv d uhvxow ri wkhvh whvwv/ zh �qg d qxpehu ri fxuuhqf| ghshqghqw sulfhv ri ulvn +sulflqj
nhuqhov,1 Zh wkhq surfhhg e| whvwlqj iru wkh uroh ri wkh h{fkdqjh udwh yduldelolw| e| whvwlqj
iru vljql�fdqw gl�huhqfhv dfurvv wkhvh fxuuhqf| vshfl�f sulfhv ri ulvn1 Htxdolw| ri wkhvh sulfhv
ri ulvn zrxog lpso| wkdw wkh h{fkdqjh udwh grhv qrw fuxfldoo| d�hfw wkh �qdqfldo pdunhwv
dqg khqfh wkdw prqhwdu| xql�fdwlrq +uhprylqj wklv qrq0hvvhqwldo h{fkdqjh udwh yduldelolw|,
lv xqolnho| wr kdyh pdmru lpsolfdwlrqv rq �qdqfldo pdunhwv1 Wr dqwlflsdwh wkh uhvxowv/ wkh
+xqfrqglwlrqdo, whvwv uhsruwhg lq wklv vhfwlrq dfwxdoo| fdqqrw uhmhfw wkh htxdolw| dqg khqfh
vxjjhvw wkdw wkh prqhwdu| xql�fdwlrq lv +zdv, qrw olnho| wr jhqhudwh lpphgldwh pdfur sulflqj
h�hfwv1 Ilqdoo| vhfwlrq 7 frqfoxghv1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh suhvhqw wkh dvvhw sulflqj iudphzrun lq
zklfk wkh qrwlrq ri �qdqfldo lqwhjudwlrq zloo eh lqyhvwljdwhg1 Vhfwlrq 6 suhvhqwv wkh hvwlpdwlrq
phwkrgrorj| dqg vwxglhv hpslulfdoo| wkh ghjuhh ri �qdqfldo lqwhjudwlrq ehwzhhq vhyhudo HPX
phpehu vwdwhv ylv0ã0ylv Qrq0HPX phpehu vwdwhv1 Ilqdoo| vhfwlrq 7 frqfoxghv1

5 Wkh Duelwudjh Sulflqj Prgho

Lq wklv vhfwlrq zh vhw rxw erwk wkh wkhruhwlfdo dv zhoo dv wkh hpslulfdo iudphzrun wkdw zh
xvh lq wkh hpslulfdo dqdo|vlv1 Wklv vhfwlrq �uvw jlyhv d eulhi frqwlqxrxv wlph wkhru| ri zkdw
rxu gh�qlwlrq ri lqwhjudwlrq lpsolhv lq whupv ri LDSW dqg vxevhtxhqwo| uhfdvwv wklv vhwwlqj
wr wkh pruh sudfwlfdo glvfuhwh wlph dssur{lpdwlrq1 Ilqdoo|/ zh eulh | h{sodlq wkh hvwlpdwlrq
dssurdfk zh xvh lq rughu wr whvw iru �qdqfldo lqwhjudwlrq iurp dq xqfrqglwlrqdo srlqw ri ylhz1

514 LDSW dqg lqwhjudwlrq

Dv qrwhg lq wkh lqwurgxfwlrq/ wkhuh lv d ydulhw| ri zd|v wr phdvxuh �qdqfldo lqwhjudwlrq
dqg hdfk ri wkhvh phwkrgv/ reylrxvo|/ lpsolhv d vrphzkdw gl�huhqw phdqlqj ri �qdqfldo
lqwhjudwlrq1 Lq wklv sdshu zh iroorz Vwxo} +4<;4, e| gh�qlqj �qdqfldo lqwhjudwlrq dv d vlwxdwlrq
lq zklfk pdunhwv edvlfdoo| sulfh ulvn dv li wkh| zrxog eh sulfhg lq rqh dqg wkh vdph pdunhw1
Wkh fuxfldo dvshfw ri wkh gh�qlwlrq lv krz rqh gh�qhv d pdunhw1 Khuh/ wkh prvw vwulqjhqw
gh�qlwlrq ri d pdunhw rqh fdq wdnh lv lq whupv ri fxuuhqf| ghqrplqdwlrq1 Wkdw lv zh gh�qh
d pdunhw dv d sodfh zkhuh wkh fxuuhqf| ghqrplqdwlrq ri dvvhwv lv lghqwlfdo1 Wklv gh�qlwlrq
khqfh eulqjv xv wr wkh frqfhsw ri lqwhjudwlrq vwdwlqj wkdw �qdqfldo lqwhjudwlrq dfurvv pdunhwv
phdqv wkdw dvvhwv ri gl�huhqw orfdo fxuuhqf| ghqrplqdwlrqv/ exw frqyhuwhg wr d vlqjoh frpprq
fxuuhqf|/ duh sulfhg dv li fxuuhqf| ghqrplqdwlrq lv lghqwlfdo dqg wkxv fdq eh frqvlghuhg dv
li sulfhg lq d vlqjoh �qdqfldo pdunhw1 D vhfrqg gh�qlwlrq ri lqwhjudwlrq lv hyhq vwurqjhu/
vwdwlqj wkdw zkdwhyhu wkh fxuuhqf| ghqrplqdwlrq/ pdunhwv sulfh dvvhwv dv li sulfhg lq d vlqjoh
�qdqfldo pdunhw1 Dv lv vkrzq ehorz/ wklv odvw lghd fdq eh pdgh rshudwlrqdo e| lpsrvlqj
}hur fryduldqfh ri h{fkdqjh udwh fkdqjhv zlwk dvvhw kroglqj uhwxuqv lq wkh gl�huhqw �qdqfldo
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pdunhwv1
Wr irupdol}h wkh deryh vwdwhphqwv/ zh iroorz Vroqln +4<;6, h{whqglqj wkh vwdqgdug DSW

prgho ri Urvv +4<:9, wr dq lqwhuqdwlrqdo vhwwlqj zkhuh wkh h{fkdqjh udwh lv vsdqqhg e| wkh
dvvhw pdunhw ulvn dorqh1 Frqvlghu p @ 4> ===>P hfrqrplhv dqg fruuhvsrqglqjo| p @ 4> ===>P

fxuuhqflhv6/ zlwk q @ 4> ===> Q dvvhwv shu frxqwu|1 Ghqrwh S6�

? wkh sulfh ri ulvn| dvvhw q ri
frxqwu| p� h{suhvvhg lq fxuuhqf| p� dqg dq dqdorjrxv uhsuhvhqwdwlrq lq wkh frxqwu| p2

zlwk dvvhw sulfhv S62

? = D vwduwlqj dvvxpswlrq ri wkh LDSW prgho lv wkdw lqyhvwruv ri gl�huhqw
frxqwulhv kdyh krprjhqrxv eholhiv rq wkh g|qdplfv jryhuqlqj dvvhw sulfhv1 Dvvhw sulfhv duh
vxssrvhg wr eh gulyhq e| vrph lqwhuqdwlrqdo idfwruv +ulvnv, dqg vrph lglrv|qfudwlf vkrfnv dv
zhoo1 Lqwhuqdwlrqdo idfwruv duh uhsuhvhqwhg e| N Zlhqhu surfhvvhv Z& +w, > n @ 4> ===> N zkloh
lglrv|qfudwlf frpsrqhqwv duh ghqrwhg e| ]�

6�
? +w, dqg ]�

62
? +w, iru wkh p� dqg p2 frxqwu|

uhvshfwlyho|1 Wkh g|qdplfv ri orfdo fxuuhqf| ghqrplqdwhg sulfhv lv vxssrvhg wr eh jlyhq e|
iroorzlqj htxdwlrqv=

gS6�

?

S6�
?

@ �6�

? +w, gw.
g[
&'�

O6�

?c&gZ& +w, . ��
6�
? g]�

6�
? +w, +4,

gS62

?

S62
?

@ �62

? +w, gw.
g[
&'�

O62

?c&gZ& +w, . ��
62
? g]�

62
? +w, +5,

Lq wklv vhwwlqj/ �6�

? @ H
�
_�

6�
?

�
6�
?

�
ghqrwhv wkh h{shfwhg lqvwdqwdqhrxv kroglqj uhwxuq rq wkh

dvvhw dqg O6�

?c& uhsuhvhqwv wkh ordglqj ri dvvhw q lq frxqwu| p� wr wkh ulvn n1 Vlqfh g]�
6�
? dqg

g]�
62
? ghqrwh lglrv|qfudwlf vkrfnv lq wkh dvvhw sulfhv/ lw zloo qrw eh sulfhg lq d vx!flhqwo|

odujh hfrqrp|1 Khqfh/ iroorzlqj vwdqgdug DSW 7 zh kdyh wkdw=

�6�

? +w,gw @ u6� +w, gw.
g[
&'�

�6�

& O6�

?c&gw +6,

�62

? +w,gw @ u62 +w, gw.
g[
&'�

�62

& O62

?c&gw +7,

zkhuh �6�

& dqg �62

& ghqrwh wkh frxqwu| p� dqg p2 xqlw sulfhv ri ulvn iru ulvn vrxufh n

dqg u6� +w, dqg u62 +w, ghqrwh wkh lqvwdqwdqhrxvo| ulvnohvv lqwhuhvw udwhv1 H{fhvv uhwxuqv
duh wkhuhiruh ixoo| h{sodlqhg e| wkh dprxqw ri ulvn wdnhq lq wkh vshfl�f lqyhvwphqw xqghu
frqvlghudwlrq1

Hyhu| lqyhvwru rqo| fduhv derxw krph fxuuhqf| ghqrplqdwhg uhwxuqv1 Lq dq lqwhuqdwlrqdo
lqyhvwphqw vwudwhj| rqh wkxv wdnhv lqwr dffrxqw wkh h{fkdqjh udwh fkdqjhv1 Lq whupv ri wkh

6 Li zh zdqw wr uhihu h{solflwho| wr wzr gl�huhqw fxuuhqflhv/ zh ghqrwh wkhp dv 6� dqg 62� Li zh zdqw wr
uhihu wr mxvw vrph fxuuhqf| ghqrplqdwlrq/ zh ghqrwh lw dv 61

7 +L,DSW rqo| surylghv dq dssur{lpdwh uhodwlrq iru h{shfwhg dvvhw uhwxuqv1 Rqh qhhgv wr lpsrvh dgglwlrqdo
vwuxfwxuh/ vr wkdw wkh dssur{lpdwlrq ehfrphv h{dfw1 Vhh iru lqvwdqfh Kxehupdq dqg Ndqgho +4<;:,1
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dqdo|vlv deryh/ dq lqyhvwru zlwk orfdo fxuuhqf| p� zloo frqyhuw fxuuhqf| p2 surfhhgv wr
fxuuhqf| p� surfhhgv1 Wkhuhiruh/ zh lqwurgxfh wkh h{fkdqjh udwh g|qdplfv zkhuh zh gh�qh
wkh h{fkdqjh udwh V62

6�
+w, dv wkh xqlw sulfh ri p2 fxuuhqf| lq whupv ri p� fxuuhqf|=

gV62

6�
+w,

V62
6�

+w,
@ �7

62
6� +w, gw.

g[
&'�

O
7
62
6�

& gZ& +w, . �7
62
6� g]7

62
6� +w, +8,

zlwk O
7
62
6�

& lv wkh ordglqj ri wkh h{fkdqjh udwh wr wkh ulvn n dqg �7
62
6� +w, wkh h{shfwhg lqvwdq0

wdqhrxv kroglqj uhwxuq ri wkh h{fkdqjh udwh1 Wklv gh�qlwlrq ri wkh h{fkdqjh udwh lpsolhv wkdw
h{fkdqjh udwh  xfwxdwlrqv iroorz wkh vdph idfwru vwuxfwxuh dv dvvhw uhwxuqv1 Rwkhu h{fkdqjh
ulvn 0wkh lglrv|qfudwlf frpsrqhqw0 fdq eh glyhuvl�hg dzd| dqg zloo wkxv qrw eh sulfhg1 Wklv lv
d fuxfldo dvvxpswlrq iru wkh dqdo|vlv khuh ehorz wr krog1 Xvlqj Lwr*v ohppd lw lv vwdqgdug wr
ghulyh wkh g|qdplfv ri dq lqyhvwphqw lq dq dvvhw ri frxqwu| p2 ghqrplqdwhg lq p� fxuuhqf|1
Iru qrwdwlrqdo hdvh zh gh�qh wkh p� fxuuhqf| ydoxh g|qdplfv ri dq lqyhvwphqw lq wkh dvvhw
S62

? e| Y 6�

? +w, � V62

6�
+w, � S62

? +w, =

gY 6�

? +w,

Y 6�
? +w,

@
gS62

? +w,

S62
? +w,

.
gV62

6�
+w,

V62
6�

+w,
.

gS62

? +w,

S62
? +w,

gV62

6�
+w,

V62
6�

+w,
+9,

Vxevwlwxwlqj lq +9, wkh g|qdplfv iru _�
62
? E|�

�
62
? E|�

dqg
_7

62
6�

E|�

7
62
6�

E|�
jlyhv=

gY 6�

? +w,

Y 6�
? +w,

@ �62

? +w, gw. �7
62
6� +w, gw.

gS62

? +w,

S62
? +w,

gV62

6�
+w,

V62
6�

+w,
. +:,

.
g[
&'�

�
O62

?c& . O
7
62
6�

&

�
gZ& +w, . ��

62
? g]�

62
? +w, . �7

62
6� g]7

62
6� +w,

gY 6�

? +w,

Y 6�
? +w,

@ H

�
gY 6�

? +w,

Y 6�
? +w,

�
.

g[
&'�

�
O62

?c& . O
7
62
6�

&

�
gZ& +w, . �T

6�
? g]T

6�
? +w,

zkhuh

H

�
gY 6�

? +w,

Y 6�
? +w,

�
@ �62

? +w, gw. �7
62
6� +w, gw.

gS62

? +w,

S62
? +w,

gV62

6�
+w,

V62
6�

+w,
+;,

�T
6�
? g]T

6�
? +w, @ ��

62
? g]�

62
? +w, . �7

62
6� g]7

62
6� +w, +<,

Wkh sulflqj uhodwlrq qrz ehfrphv=

H

�
gY 6�

? +w,

Y 6�
? +w,

�
@ u6� +w,gw.

g[
&'�

�6�

&

�
O62

?c& . O
7
62
6�

&

�
gw

Wklv vkrzv wkdw wkh ulvn suhplxp iru dq lqwhuqdwlrqdo lqyhvwphqw vwudwhj| lv lq idfw d wrwdo
ulvn suhplxp/ l1h1 frpprq ulvn lq orfdo fxuuhqf| soxv h{fkdqjh ulvn/ hydoxdwhg dw wkh krph
pdunhw sulfh ri ulvn1 Zkhq wklv odvw uhodwlrqvkls euhdnv grzq/ wkdw lv/ iruhljq fxuuhqf|
uhwxuqv duh qrw hydoxdwhg dw wkh krph fxuuhqf| pdunhw sulfhv ri ulvn/ zh fdq frqfoxgh wkdw
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wkh pdunhwv xqghu frqvlghudwlrq duh qrw �qdfldoo| lqwhjudwhg1 Ilqdoo|/ qrwh wkdw wklv odvw
uhodwlrqvkls ghwhuplqhv wkh guliw ri wkh h{fkdqjh udwh g|qdplfv dv iroorzv=

�7
62
6� +w, gw @ +u6� +w,� u62 +w,, gw.

g[
&'�

�6�

& O
7
62
6�

& gw +43,

Wkxv wkh h{shfwhg h{fkdqjh udwh uhwxuq htxdov wkh lqvwdqwhqrxv lqwhuhvw udwh gl�huhqwldo
dxjphqwhg zlwk wkh ulvn suhplxp rq wkh h{fkdqjh udwh1

Lw lv lpsruwdqw wr qrwh wkdw hdfk lqyhvwru lv dozd|v vwxfn zlwk klv rzq pdunhw sulfhv ri
ulvn1 Lq d �qdqfldoo| lqwhjudwhg pdunhw/ wkhvh pdunhw sulfhv ri ulvn duh krzhyhu olqnhg wr hdfk
rwkhu e| wkh h{fkdqjh udwh g|qdplfv1 Pruh lq sduwlfxodu/ zh zloo vkrz wkdw pdunhw sulfhv
ri ulvn duh frqyhuwhg iurp rqh fxuuhqf| ghqrplqdwlrq wr wkh rwkhu wkurxjk wkh h{fkdqjh
udwh g|qdplfv1 Iroorzlqj wkh odz ri rqh sulfh/ d grphvwlf lqyhvwphqw dqg dq htxlydohqw
0zlwk wkh vdph +wrwdo, idfwru ulvn0 iruhljq lqyhvwphqw vkrxog lq sulqflsoh vhoo dw wkh vdph
sulfh1 Wklv devhqfh ri duelwudjh rssruwxqlwlhv fdq eh jxdudqwhhg rqo| e| uhvwulfwlqj h{fkdqjh
udwh g|qdplfv1 Wr vkrz wklv/ zh frqvwuxfw d vwdqgdug duelwudjh vfkhph1 Pruh vshfl�fdoo|/
frqvlghu ex|lqj wkh iruhljq dvvhw S62

? zlwk idfwru ordglqjv O62

& > n @ 4> ===>N> frqyhuwhg wr

krph fxuuhqf|
�
_T

6�
? E|�

T
6�
? E|�

�
+vhh htxdwlrq +9,,1 Ghqrwh wkh +htxlydohqw, grphvwlf lqyhvwphqw

zlwk wrwdo idfwru ulvnv jlyhq e|
�
O62

& . O7
62
6�

�
e| S6�

? +w, = Grphvwlf qr0duelwudjh frqglwlrqv
lpso| wkdw wkh h{shfwhg uhwxuq ri wklv dvvhw lv jlyhq e|=

H

�
gS6�

? +w,

S6�
? +w,

�
@ u6� +w,gw.

g[
&'�

�6�

&

�
O62

& . O7
62
6�

�
gw= +44,

Lpsrvlqj wkh qr0duelwudjh frqglwlrq ehwzhhq dq htxlydohqw grphvwlf dqg iruhljq lqyhvwphqw
qrz eulqjv iruzdug wkh uroh sod|hg e| wkh h{fkdqjh udwh yduldelolw|1 Pruh vshfl�fdoo|/ wkh
odz ri rqh sulfh lpsrvhv htxdolw| ri h{shfwhg uhwxuqv=

H

�
gS6�

? +w,

S6�
? +w,

�
@ H

�
gY 6�

? +w,

Y 6�
? +w,

�
+45,

Xvlqj htxdwlrqv +44,/ +43, dqg +;,/ wklv fdq eh vlpsol�hg wr=

g[
&'�

�6�

&

�
O62

& . O7
62
6�

�
gw @

g[
&'�

�62

& O62

?c&gw.
gS62

? +w,

S62
? +w,

gV62

6�
+w,

V62
6�

+w,
+46,

Jlyhq wkh lqwhuqdwlrqdo qdwxuh ri wkh duelwudjh vfkhph lw lv reylrxv wkdw duelwudjh rssruwx0
qlwlhv duh holplqdwhg wkurxjk h{fkdqjh udwh dgmxvwphqwv1 Pruh lq sduwlfxodu/ lw lv hdv| wr
vkrz wkdw wkh h{fkdqjh udwh g|qdplfv/ frqvlvwhqw zlwk devhqfh ri duelwudjh/ duh xqltxho|
ghwhuplqhg e| wkh iroorzlqj idfwru vhqvlwlylw| vshfl�fdwlrq=

O
7
62
6�

& @ �6�

& � �62

& > n @ 4> ===>N= +47,

Wkh fryduldwlrq ri h{fkdqjh udwhv zlwk �qdqfldo dvvhwv deurdg kdyh wr vdwlvi| wkh frqglwlrq
wkdw wkh| frqyhuw iruhljq sulfhv ri ulvn lqwr orfdo sulfhv ri ulvn1 Lqwxlwlyho| sxw/ wkh deryh uhvxow
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pdnhv h{solflw wkh fuxfldo uroh ri h{fkdqjh udwh yduldelolw| lq �qdqfldoo| lqwhjudwhg pdunhwv1
Wklv ohdgv wr wkh pdlq lqvljkw ri wklv sdshu= wkdw lq �qdqfldoo| lqwhjudwhg pdunhwv/ lqyhvwphqw
uhwxuqv +phdvxuhg lq grphvwlf fxuuhqf|, vkrxog eh sulfhg e| wkh vdph +grphvwlf, sulfhv ri
ulvn/ lqghshqghqw ri zkhwkhu lw lv d grphvwlf ru iruhljq lqyhvwphqw1 Pruhryhu/ h{fkdqjh udwh
rshudwlrqv lqyroyhg lq lqyhvwlqj deurdg suhyhqw grphvwlf djhqwv wr sur�w iurp +kljkhu, sulfhv
ri ulvn lq wkh iruhljq pdunhw vlqfh wkhvh h{fkdqjh udwh rshudwlrqv zloo frqyhuw iruhljq sulfhv
ri ulvn wr grphvwlf rqhv1

Wkh deryh iudphzrun doorzv xv wr dvvhvv wkh h�hfwv ri prqhwdu| xql�fdwlrq1 Prqhwdu|
xql�fdwlrq uhvwulfwv h{fkdqjh udwh yduldelolw| wr }hur/ zklfk lq lwv wxuq/ e| yluwxh ri wkh qr0
duelwudjh frqglwlrqv/ lpsolhv dq lpphgldwh frqyhujhqfh ri erwk wkh lqvwdqwdqhrxv ulvnohvv
lqwhuhvw udwhv dqg wkh sulfhv ri ulvn=

u6� +w,gw @ u62 +w, gw

�6�

& @ �62

& > n @ 4> ===>N

Dv vxfk/ zh kdyh d qdwxudo zd| ri whvwlqj wkh olnho| vl}h ri wkh �qdqfldo pdunhw sulflqj h�hfwv
iurp d prqhwdu| xql�fdwlrq lq wkh irup ri wkh gl�huhqfh ehwzhhq wkh pdunhw sulfhv ri ulvn
dfurvv frxqwulhv1 Wr wkh h{whqw wkdw wkh pdunhw sulfhv ri ulvn gl�hu dfurvv frxqwulhv ehlqj
sduw ri d prqhwdu| xqlrq/ wkhvh sulfhv pxvw frqyhujh wr qhz/ lghqwlfdo sulfhv ri ulvn ydolg lq
hdfk dqg hyhu| frxqwu|1 Li rq wkh frqwudu|/ wkhuh lv qr vljql�fdqw gl�huhqfh lq wkh sulfhv ri
ulvn ehiruh prqhwdu| xql�fdwlrq/ olwwoh h�hfwv zloo eh revhuyhg rq h{fhvv uhwxuqv lq fdvh ri d
prqhwdu| xql�fdwlrq1 Wr phdvxuh wkh srwhqwldo h�hfwv ri prqhwdu| xql�fdwlrq lw lv wkhuhiruh
fuxfldo wr phdvxuh dqg whvw iru wkh gl�huhqfh lq sulfhv ri ulvn dfurvv frxqwulhv1

Dv qrwhg hduolhu/ wkh dvvxpswlrq ri d idfwru jhqhudwlqj surfhvv iru wkh h{fkdqjh udwh wkdw
lv htxdo wr wkh idfwru jhqhudwlqj surfhvv ri dvvhw uhwxuqv/ lv fuxfldo iru wkh deryh dqdo|vlv
wr krog1 Krzhyhu/ zkhq qrw doo h{fkdqjh udwh vkrfnv/ ruwkrjrqdo wr dvvhw pdunhwv fdq eh
glyhuvl�hg dzd|/ dgglwlrqdo ulvn idfwruv h{lvw dqg wkh DSW prgho fdqqrw eh uhdglo| h{whqghg
wr dq LDSW prgho1 Krzhyhu/ Lnhgd +4<<4, vkrzv wkdw xqghu wklv pruh uhod{lqj dvvxpswlrq
DSW fdq vwloo eh h{whqghg wr dq lqwhuqdwlrqdo vhwwlqj iru khgjhg uhwxuqv1

515 Whvwlqj iru lqwhjudwlrq

Lq rughu wr pdnh wkh whvw iru lqwhjudwlrq rshudwlrqdo zh uhfdvw wkh deryh lghdv lqwr d glv0
fuhwh wlph pxowl0frxqwu| iudphzrun1 Gh�qh wkh +QP � 4, yhfwru u6�

| frqwdlqlqj uhwxuqv
ghqrplqdwhg lq fxuuhqf| p� dw vrph prphqw lq wlph w =

u6�

| @

3
EEC

u6�

6�c|
111
u6�

�c|

4
FFD

zkhuh u6�

62c|
lv wkh +Q � 4, yhfwru frqwdlqlqj uhwxuqv ri frxqwu| p2 ghqrplqdwhg lq fxuuhqf|

p�1 Qrwh wkdw d vxshuvfulsw lqgh{ p� uhihuv wr wkh frpprq fxuuhqf| ghqrplqdwlrq/ zkhuhdv
wkh vxevfulsw lqgh{ p2 uhihuv wr wkh orfdo fxuuhqf| ghqrplqdwlrq1

;



Dvvxph wkh iroorzlqj idfwru vwuxfwxuh iru fxuuhqf| p� ghqrplqdwhg uhwxuqv=

+u6�

| � �6�, @ O6��I| . %6�

| +48,

zkhuh �6� lv wkh phdq uhwxuq/ O6� lv d +N �QP, pdwul{ ri idfwru vhqvlwlylwlhv/ I| lv d
+N � 4, yhfwru ri frpprq ulvn idfwruv/ dqg %6�

| lv dq +QP � 4,yhfwru ri lglrv|qfudwlf frp0
srqhqwv1 Qrwh wkdw wkh vdph idfwru vwuxfwxuh krogv iru wkh +QP � 4, yhfwru u62

| frqwdlqlqj
uhwxuqv ghqrplqdwhg lq fxuuhqf| p2 dw vrph prphqw lq wlph w= Wklv zd| zh lpsrvh wkdw wkh
uhwxuq yhfwru/ lqghshqghqw ri wkh fxuuhqf| ri ghqrplqdwlrq/ ghshqgv rq wkh vdph idfwruv I| =

+u62

| � �62, @ O62�I| . %62

|

Devhqfh ri duelwudjh lpsolhv lq d odujh hfrqrp| wkdw=

�6� � ��6�

f .

3
EEEEEC

O6��

6�
3 � � � � � � 3

3 O6��

62
3 � � � 111

111 3
3 � � � � � � 3 O6��

�

4
FFFFFD �

3
EEEEEEEC

�6�

6�cg

�6�

62cg
111
111
�6�

�cg

4
FFFFFFFD

+49,

zkhuh �6�

f lv wkh }hur0ehwd sdudphwhu/ zklfk lv htxdo wr wkh ulvn0iuhh uhwxuq +zkhq vxfk d
ulvn0iuhh dvvhw h{lvwv,/ O6�

62
lv wkh +N �Q, pdwul{ ri idfwru ordglqjv ri wkh frxqwu| p2 dvvhwv/

ghqrplqdwhg lq fxuuhqf| p� dqg �6�

62cg
lv wkh +N � 4, yhfwru ri idfwru ulvn suhpld ru pdunhw

sulfhv ri ulvn iru fxuuhqf| p� ghqrplqdwhg uhwxuqv ri frxqwu| p21 Iurp wkh glvfxvvlrq lq
wkh suhylrxv vhfwlrq/ zh fdq gh�qh lqwhjudwlrq dv d vlwxdwlrq zkhuh sulfhv ri ulvn zrxog eh
htxdol}hg ghshqghqw ri wkh qdwlrqdolw| ri +fxuuhqf| ghqrplqdwlrq xvhg e|, wkh lqyhvwru1 Pruh
irupdoo| wklv dprxqwv wr lpsrvlqj=

�6�

6�cg
@ �6�

62cg
@ === @ �6�

�cg @ �6�

g

vxfk wkdw wkh prgho uhgxfhv wr=

�6� � u6�

s � O6���6�

g +4:,

zkhuh wkh sulfhv ri ulvn duh vwloo ghshqghqw ri wkh fxuuhqf| ghqrplqdwlrq lqgh{ p�/ exw duh
wkh vdph iru dq lqwhuqdwlrqdo sruwirolr zlwk dvvhwv ghqrplqdwhg lq d vlqjoh frpprq fxuuhqf|1
Wklv prgho edvlfdoo| whvwv zkhwkhu �qdqfldo pdunhwv duh lqwhjudwhg iurp wkh ylhzsrlqw ri d
fhuwdlq lqyhvwru1

Wkh vwurqjhu whvw iru lqwhjudwlrq dprxqwv wr whvwlqj iru lqghshqghqfh ri pdunhw sulfhv ri
ulvn zlwk uhvshfw wr wkh ylhzsrlqw1 Li pdunhw sulfhv ri ulvn duh wkh vdph luuhvshfwlyh ri wkh
fxuuhqf| ri ghqrplqdwlrq/ wkh fryduldqfh ehwzhhq wkh dvvhw pdunhw dqg wkh h{fkdqjh pdunhw
duh }hur1 Irupdoo| wklv lv whvwhg dv=3

EC
�6�

111
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4
FD�

3
EEC

u6�

s
111
u�s

4
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zkhuh zh lpsrvh=
�6�

g @ === @ ��g @ �g

6 Hpslulfdo Uhvxowv

614 Phwkrgrorj|

Lq d �uvw vwhs idfwru dqdo|vlv lv xvhg wr h{wudfw wkh odwhqw ulvn idfwruv dqg wkh fruuhvsrqglqj
ordglqjv rq wkhvh idfwruv81 Ghqrwh wkh QP0glphqvlrqdo yhfwru ri gh0phdqhg fxuuhqf| p

ghqrplqdwhg uhwxuqv e| hu6| iru w @ 4> ===> W= Zkhq dsso|lqj idfwru dqdo|vlv wr wkhvh uhwxuqv
mrlqwo| iru pruh ylhzsrlqwv/ wkh xqghuo|lqj lghd lv wkdw wkh uhwxuqv fdq eh h{suhvvhg dv d
olqhdu ixqfwlrq ri N

�
N ?

�
QP2

��
odwhqw +ulvn0, idfwruv=

3
EC

hu�|
111hu�|

4
FD @ hu| @ O�I| . %| +4<,

zlwk=

H +u|, @ � H
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u|u
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|
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H +I|, @ 3 H
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�
@ L6
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|

�
@ �+gldjrqdo,

Wr hvwlpdwh wklv idfwru prgho/ zh fdqqrw xvh vwdqgdug hvwlpdwlrq whfkqltxhv dv qhlwkhu O

qru I| lv nqrzq1 Lqvshfwlrq ri wkh deryh prgho/ krzhyhu lpsolhv wkh iroorzlqj fryduldqfh
vwuxfwxuh=

	 @ OO� .�

zklfk lv lqghshqghqw ri wkh idfwruv I|/ vxfk wkdw wkh hohphqwv ri O fdq qrz eh ghwhuplqhg1
Wkh hvwlpdwlrq phwkrg lv idfwrulqj e| sulqflsdo frpsrqhqwv1 Sudfwlfdoo|/ wklv lv grqh e|
frpsxwlqj wkh �uvw N sulqflsdo frpsrqhqwv ri wkh hvwlpdwhg fryduldqfh pdwul{ e	 zklfk
gh�qhv wkh xqnqrzq idfwruv dqg idfwru ordglqjv dv9=

O @

� s
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8Mrkqvrq/ U1D1 dqg G1Z1 Zlfkhuq +4<;5,1
9Vhh dsshqgl{ D iru d ghulydwlrq ri wkhvh uhvxowv1
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zkhuh ��c� A === A �gcg duh wkh N odujhvw hljhqydoxhv ri e	/ h�> ===> hg duh wkh qrupdol}hg
fruuhvsrqglqj hljhqyhfwruv: dqg �2 lv wkh uhvlgxdo yduldqfh +l1h1 wkh uhpdlqlqj hljhqydoxhv,=

�2 @

��S
&'&n�
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Wklv idfwru lv d vfdoh idfwru e| zklfk wkh ruglqdu| sulqflsdo frpsrqhqwv kdyh wr pxowlsolhg
gxh wr xszdug eldv1 Qrwh dovr wkdw wkh deryh vroxwlrq lv qrw xqltxh1 Li W lv dq| ruwkrjrqdo
pdwul{/ wkhq OW @ WO dqg I W @ W �I / lv dovr d vroxwlrq wr wkh deryh sureohp1 Wklv urwdwlrqdo
lqghwhuplqdf| doorzv rqh wr lpsrvh hfrqrplf vwuxfwxuh rq wkh idfwruv/ zkloh ohdylqj wkh
yduldqfh xqfkdqjhg1 Li rqh lpsrvhv W @ L/ wkh idfwru vroxwlrq lv xqltxho| ghwhuplqhg/ h{fhsw
iru d vljq fkdqjh1

Iurp wkh deryh ghulydwlrq/ lw fdq eh vhhq wkdw idfwru dqdo|vlv grhv qrw lpsrvh d sulrul
wkh qxpehu ri ulvn vrxufhv dqg wkhlu vwuxfwxuh ru hfrqrplf lqwhusuhwdwlrq1 Idfwru dqdo|vlv lv
d vwdwlvwlfdo ghvfulswlrq ri wkh gdwd/ zkhuh rqh wulhv wr vxppdul}h wkh yduldwlrq lq wkh gdwd dv
frpsdfwo| dv srvvleoh1 Wklv phwkrgrorj| lv h{dfwo| wkh rssrvlwh ri wkh phwkrgrorj| ri irupdo
lqwhuhvw udwh prghov/ zkhuh wkh qxpehu ri vrxufhv dqg wkhlu hfrqrplf vwuxfwxuh lv lpsrvhg
lq dgydqfh1 Wr ghwhuplqh wkh dssursuldwh qxpehu ri idfwruv/ wkhuh h{lvw qxphurxv khxulvwlf
ghylfhv1 Wkh iroorzlqj ghylfh lv riwhq xvhg1 Iru hdfk idfwru n zh fdq fdofxodwh wkh sursruwlrq
ri wkh wrwdo vdpsoh yduldqfh h{sodlqhg gxh wr wkdw idfwru=
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Wkh fxpxodwlyh vdpsoh yduldqfh h{sodlqhg/ lv rewdlqhg e| vxpplqj wklv phdvxuh ryhu wkh
frqvhfxwlyh idfwruv1 Zkhq wkh fxpxodwlyh vdpsoh yduldqfh h{sodlqhg lv udwkhu kljk/ dqg
dgglwlrqdo idfwruv rqo| h{sodlq d qhjoljleoh sduw ri wkh yduldqfh/ wkh idfwru prgho lv vxssrvhg
wr �w wkh gdwd zhoo1 Rqh fdq dgglwlrqdoo| fdofxodwh wkh xqfhqwhuhg U2 shu frxqwu| shu uhwxuq
vhulhv q;=
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Wklv phdvxuh zloo jlyh dq lghd ri wkh �w ri wkh idfwru prgho shu frxqwu| shu uhwxuq vhulhv1

Lq d vhfrqg vwhs/ zh hvwlpdwh wkh furvv0vhfwlrq pdunhw sulfhv ri ulvn yhfwru �6g vhsdudwho|
iru hdfk ylhzsrlqw p @ 4> ===>P dv<=
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:Hyhu| pxowlsoh ri dq hljhqyhfwru lv dovr d ydolg hljhqyhfwru1 Wkhuhiruh zh qrupdol}hg wkh hljhqyhfwruv vxfk
wkdw e&e�

& ' ��
;Zh xvh wkh xqfhqwhuhg U2 dv zh xvh ghphdqhg gdwd1
<Vhh Frfkudqh +5334,1
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Zh xvh wkh �uvw vwhs jhqhudol}hg phwkrg ri prphqwv ri Kdqvhq +4<;5, xvlqj wkh idfwru
ordglqjv rewdlqhg iurp wkh idfwru dqdo|vlv431 Vlqfh wkh +QP � 4, yhfwru ri h{fhvv uhwxuqv�
�6 � u6s

�
lv h{sodlqhg lq whupv ri N pdunhw sulfhv ri ulvn/ zh duh ohiw zlwk +QP �N,

whvwdeoh uhvwulfwlrqv1 Wkh ryhulghqwli|lqj uhvwulfwlrqv whvw lv fdofxodwhg dv=

�6 @ e�6� � ^fry ie�6j`n � e�6 +53,

zkhuh e�6 duh wkh hvwlpdwhg prphqw frqglwlrqv dqg zkhuh . lqglfdwhv d svhxgr0lqyhuvh dv
wklv pdwul{ lv jhqhudoo| qrw lqyhuwleoh1 Wklv whvw vwdwlvwlf lv "2 glvwulexwhg zlwk +QP �N,

ghjuhhv ri iuhhgrp1 D vpdoo JPP M0vwdwlvwlf +zlwk d s0ydoxh odujhu wkdq 3138, lpsolhv wkdw
wkh ryhudoo �w ri wkh prgho lv jrrg +sulflqj huuruv duh }hur, dqg wkxv wkdw ulvn lv htxdoo|
sulfhg dfurvv wkh frxqwulhv frqwdlqhg lq d sruwirolr1 Wklv fdq eh lqwhusuhwhg dv pdunhwv ehlqj
�qdqfldoo| lqwhjudwhg1

Wr whvw wkh vwurqjhu qrwlrq ri lqwhjudwlrq 0pdunhw sulfhv ri ulvn duh lqghshqghqw ri wkh
qxphudluh fkrvhq0 zh uh0hvwlpdwh wkh pdunhw sulfhv ri ulvn/ mrlqwo| iru wkh P ylhzsrlqwv dqg
whvw iru wkh htxdolw| ri wkh ulvn sulfhv1 Wklv uhvxowv lq d "20vwdwlvwlf zlwk

�
QP2 �N

�
ghjuhhv

ri iuhhgrp1 Li wklv uhvwulfwhg prgho �wv wkh gdwd zhoo/ h{fkdqjh udwhv gr qrw fruuhodwh vwurqjo|
zlwk dvvhw pdunhwv/ dqg h{fkdqjh udwh yduldelolw| lv wkxv qrw sulfhg1

615 Gdwd Ghvfulswlrq

Wkh hpslulfdo dqdo|vlv fryhuv gdwd rq ; frxqwulhv/ qdpho| wkh XV +XVG,/ wkh XN +JES,/
Mdsdq +MS\,/ Jhupdq| +GHP,/ Ehojlxp +EHI,/ wkh Qhwkhuodqgv +QOJ,/ Iudqfh +IUI, dqg
Dxvwuld +DWV,144 Uhwxuqv duh fdofxodwhg dv prqwko| uhwxuqv1 Iru hdfk frxqwu| zh fdofxodwhg
5 uhwxuqv +Q @ 5,1 Wkh �uvw uhwxuq lv wkh uhwxuq rq d erqg sruwirolr/ zlwk htxdo zhljkwlqj
ri wkh 5 |hdu/ 6 |hdu/ 8 |hdu/ : |hdu dqg 43 |hdu jryhuqphqw erqgv +ehqfkpdun jryhuqphqw
lqgh{,1 Wkh vhfrqg uhwxuq lv wkh PVFL wrwdo uhwxuq lqgh{ +qhw glylghqgv lqfoxghg,1 H{fhvv
uhwxuqv duh fdofxodwhg xvlqj wkh 4 prqwk OLERU uhwxuq dv wkh ulvn0iuhh udwh1 Frpprq uhwxuqv
duh frpsxwhg zlwk hqg0ri0prqwk h{fkdqjh udwhv1 Wkh shulrg fryhuhg lv Mdqxdu| 4<<3 xqwlo
Ghfhpehu 53331 Doo gdwd duh froohfwhg iurp Gdwdvwuhdp1

Wr jhw d ehwwhu xqghuvwdqglqj ri wkh ghjuhh ri �qdqfldo lqwhjudwlrq lq HPX pdunhwv wkh
dqdo|vlv lv shuiruphg rq gl�huhqw elodwhudo lqyhvwphqw sruwirolrv +lqwhjudwlrq dprqj P @ 5

frxqwulhv,1 Jhupdq| dqg wkh XV duh wkh ehqfkpdun frxqwulhv +sulqflsdo fxuuhqf| ghqrpl0
qdwlrqv,/ lq wkdw wkh| duh dozd|v frpelqhg zlwk rqh ri wkh rwkhu frxqwulhv1 Hdfk dqdo|vlv lv
dozd|v shuiruphg lq erwk fxuuhqf| ghqrplqdwlrqv1 Lq wdeoh 4 zh suhvhqw vxppdu| vwdwlvwlfv
rq wkh frpprq GHP fxuuhqf| uhwxuqv1 Lq wdeoh 5 zh dovr suhvhqw frpprq XVG fxuuhqf|
uhwxuqv1 Dv h{shfwhg phdq uhwxuqv rq wkh erqg sruwirolr duh orzhu frpsduhg wr phdq uh0
wxuqv rq wkh PVFL lqgh{/ h{fhsw iru Dxvwuld lq frpprq GHP fxuuhqf|/ dqg iru Jhupdq|/

43Dv d uxoh ri wkxpe lw lv vwdwhg wkdw rqh vkrxog wdnh xs qr pruh prphqwv wkdq rqh whqwk ri wkh wlph0vhulhv
ohqjwk ri wkh gdwdvhw +vhh iru lqvwdqfh fkdswhu �yh lq Fdpshoo/ Or dqg PdfNlqod| +4<<:,,1 Lq rxu fdvh/ zh
vkrxog wdnh xs qr pruh wkdq wkluwhhq prphqwv/ zklfk lv d uxoh wr zklfk zh delgh1

44Dv lq wkh wkhruhwlfdo sduw/ d vxevfulsw uhihuv wr wkh orfdo fxuuhqf| ghqrplqdwlrq dqg d vxshuvfulsw/ wr wkh
frpprq fxuuhqf| ghqrplqdwlrq lq zklfk wkh uhwxuqv duh frqyhuwhg1
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Mdsdq/ Ehojlxp dqg Dxvwuld lq frpprq XVG fxuuhqf|1 Vwdqgdug ghyldwlrqv duh yhu| odujh
frpsduhg wr phdq uhwxuqv/ dqg wklv lv hvshfldoo| wuxh iru wkh PVFL uhwxuqv1 Pruhryhu/ vwdq0
gdug ghyldwlrqv iru frpprq GHP fxuuhqf| uhwxuqv duh vpdoohu frpsduhg wr frpprq XVG
fxuuhqf| uhwxuqv1 Ilqdoo| wkh nxuwrvlv/ vnhzqhvv dqg qrupdolw| vwdwlvwlfv iru vhyhudo uhwxuqv
vhulhv lqglfdwh wkdw wkh| duh vljql�fdqw1

Wdeoh 4= Ghvfulswlyh Vwdwlvwlfv Frpprq GHP Fxuuhqf| Uhwxuqv

PHDQ VWDQGDUG NXUWRVLV VNHZQHVV QRUPDOLW\
GHYLDWLRQ

ue_e6�r_ 313<4 313<; 51769 31463 51437
ue_e6}KR 31454 31436 81765W 3163; 671698W

ue_e6_e6 313;6 31378 716;8W 031897W 4:1753W

ue_e6�R+ 31437 3144: 71:6;W 318;6W 561<39W

ue_e6Kes 31436 31387 715<5W 31839W 471:3<W

ue_e6? *} 313;9 31378 61;3; 03146: 61<:;
ue_e6sos 313<< 31387 61644 31484 41358
ue_e6@|r 313;9 3136< 61;56 0315;8 817:4
uv_e6�r_ 314;6 314:7 61573 31556 41734
uv_e6}KR 3147; 3149< 61375 31386 313:4
uv_e6_e6 3145; 31534 7156;W 0317;8W 4617<;W

uv_e6�R+ 31374 315:4 7178<W 31656 461;;;W

uv_e6Kes 31457 31495 71453W 031798W 4418:;W

uv_e6? *} 314:8 31493 61887 031764W 81:65
uv_e6sos 31483 314;< 51;:6 03158: 41868
uv_e6@|r 31344 31563 71897W 0316;3 49184;W

Qrwhv = oK ghqrwhv wkh uhwxuq rq wkh erqg0lqgh{ sruwirolr/ dqg or ghqrwhv wkh uhwxuq rq
wkh PVFL0lqgh{/ erwk rq dq dqqxdo edvlv +iroorzlqj htxdwlrq +9,,1 - lqglfdwhv vljql�fdqfh
dw wkh 8( ohyho1

Wdeoh 6 suhvhqwv furvv0frxqwu| frpprq GHP fxuuhqf| fruuhodwlrqv dyhudjhg ryhu wkh
frpsohwh vhw ri uhwxuqv1 Wdeoh 7 suhvhqwv wkh vdph fruuhodwlrqv/ exw edvhg rq frpprq XVG
fxuuhqf| uhwxuqv1 Qrw vxusulvlqjo|/ fruuhodwlrqv duh odujhvw ehwzhhq wkh gl�huhqw HPXphpehu
vwdwhv1 Wklv krzhyhu rqo| lpsolhv wkdw HPX �qdqfldo pdunhwv duh prvw olqnhg zlwk hdfk rwkhu
dqg wkxv sxuh frxqwu| glyhuvl�fdwlrq vwudwhjlhv duh ohvv sur�wdeoh dw wkh HPX ohyho1 Lw grhv
qrw |hw lpso| wkdw wkh HPX pdunhwv duh �qdqfldoo| lqwhjudwhg1

616 Hpslulfdo Uhvxowv LDSW

Zkhwkhu wkh vwurqjhu olqndjh lv wudqvodwhg lqwr d kljkhu ghjuhh ri �qdqfldo lqwhjudwlrq lv
h{dfwo| zkdw zloo eh h{dplqhg e| prghoolqj dq LDSW1 Dv ghvfulehg lq wkh wkhruhwlfdo sduw/
zh �uvw shuirup d idfwru dqdo|vlv/ mrlqwo| iru wzr ylhzsrlqwv dqg �w dq LDSW iru uhwxuqv/
�uvw/ iru wkh ylhzsrlqw ri hdfk frxqwu| vhsdudwho|/ dqg qh{w iru wkh mrlqw ylhzsrlqwv1 Wkh
�uvw phwkrgrorj| doorzv xv wr whvw zkhwkhu LDSW �wv wkh gdwd zhoo1 Wkh vhfrqg phwkrgrorj|
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Wdeoh 5= Ghvfulswlyh Vwdwlvwlfv Frpprq XVG Fxuuhqf| Uhwxuqv

PHDQ VWDQGDUG NXUWRVLV VNHZQHVV QRUPDOLW\
GHYLDWLRQ

ue�r_�r_ 313;7 31387 6169: 3136< 31:9<
ue�r_}KR 313;< 31453 8184:W 0313:8 6719<6W

ue�r__e6 31386 3143: 618:5 316<; 8157<
ue�r_�R+ 313;8 31457 ;1633W 417<8W 5351434W

ue�r_Kes 3139; 3143: 6176: 31737 718<:
ue�r_? *} 31388 31438 617<9 316:6 716:<
ue�r_sos 31397 31438 6168; 31735 71556
ue�r_@|r 31387 31435 61885 31649 61;7:
uv�r_�r_ 3148: 3146; 61<66W 031775W <1344W

uv�r_}KR 313<8 314:7 61963 31585 6188:
uv�r__e6 3137; 31637 71578W 03179<W 461599W

uv�r_�R+ 31337 315:6 91<44W 31;<;W 43413;8W

uv�r_Kes 31395 314;4 7156<W 314<6 <14<6W

uv�r_? *} 313<4 3149: 618;; 031335 41;;:
uv�r_sos 313;3 3153; 6187< 3159< 61554
uv�r_@|r 0313:4 31584 81::7W 313:7 751467W

Qrwhv = oK ghqrwhv wkh uhwxuq rq wkh erqg0lqgh{ sruwirolr/ dqg or ghqrwhv wkh uhwxuq rq
wkh PVFL0lqgh{/ erwk rq dq dqqxdo edvlv +iroorzlqj htxdwlrq +9,,1 - lqglfdwhv vljql�fdqfh
dw wkh 8( ohyho1

Wdeoh 6= Frpprq GHP Fxuuhqf| Uhwxuq Fruuhodwlrqv

u_e6�r_ u_e6}KR u_e6_e6 u_e6�R+ u_e6Kes u_e6? *} u_e6sos u_e6@|r

u_e6�r_ 4
u_e6}KR 318; 4
u_e6_e6 317: 317: 4
u_e6�R+ 3175 3165 3169 4
u_e6Kes 3177 317< 31:3 315< 4
u_e6? *} 3186 3187 31;9 316: 31:9 4
u_e6sos 317< 3184 31:; 3166 31:9 31;3 4
u_e6@|r 3173 3178 31:; 3164 3194 31:9 3198 4

Qrwhv = Hqwulhv duh furvv0frxqwu| frpprq GHP fxuuhqf| uhwxuq fruuhod0
wlrqv/ dyhudjhg ryhu wkh 5 uhwxuqv1
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Wdeoh 7= Frpprq XVG Fxuuhqf| Uhwxuq Fruuhodwlrqv

u�r_�r_ u�r_}KR u�r__e6 u�r_�R+ u�r_Kes u�r_? *} u�r_sos u�r_@|r

u�r_�r_ 4
u�r_}KR 3185 4
u�r__e6 3185 3195 4
u�r_�R+ 316: 3169 317: 4
u�r_Kes 317; 3195 31;4 3175 4
u�r_? *} 3188 319; 31;; 317: 31;: 4
u�r_sos 3183 3198 31;8 3178 31;8 31;; 4
u�r_@|r 3173 3189 31;7 3175 31:6 31;3 31:8 4

Qrwhv = Hqwulhv duh furvv0frxqwu| frpprq XVG fxuuhqf| uhwxuq fruuhod0
wlrqv/ dyhudjhg ryhu wkh 5 uhwxuqv1

doorzv xv wr whvw zkdw wkh lpsdfw lv ri wkh h{fkdqjh udwh yduldelolw| yld wkh fryduldqfh ehwzhhq
h{fkdqjh udwhv dqg wkh dvvhw pdunhw1

Lq d �uvw sduw/ idfwru dqdo|vlv lv xvhg wr h{wudfw wkh odwhqw idfwruv dqg wkh fruuhvsrqglqj
idfwru vhqvlwlylwlhv1 Hdfk wlph zh h{wudfw wkuhh idfwruv +N @ 6,/ dv wklv qxpehu ri idfwruv
dozd|v h{sodlqv wkh pdmru sduw ri wkh yduldqfh ri wkh gdwd1 Wdeoh 8 vkrzv wkh fxpxodwlyh
yduldqfh h{sodlqhg e| wkh wkuhh idfwruv iru wkh wkluwhhq sruwirolrv ri dvvhwv1 Iurp wklv lw lv
fohdu wkdw wkuhh idfwruv vhhp wr fdswxuh wkh pdmru sduw ri wkh yduldqfh lq wkh gdwd/ udqjlqj
iurp ;;184( ri wkh wrwdo yduldqfh h{sodlqhg xs wr d kljk <<1;5(1 Lw fdq eh qrwhg wkdw wkh
kljkhvw yduldqfh lv h{sodlqhg iru HPX frpelqdwlrqv ri dvvhwv1 Wklv lv djdlq dq lqglfdwlrq
wkdw HPX pdunhwv duh prvw fruuhodwhg zlwk hdfk rwkhu1

Wdeoh 8= Fxpxodwlyh Yduldqfh H{sodlqhg e| d 6 Idfwru Prgho +lq (,

SRUWIROLR FXP1 YDU SRUWIROLR FXP1YDU

GHP0XVG <6134 XVG0JES ;;184
GHP0JES <41:5 XVG0MS\ <61<:
GHP0MS\ <71<9 XVG0EHI <5163
GHP0EHI <;199 XVG0QOJ <5137
GHP0QOJ <<1;; XVG0IUI <5193
GHP0IUI <;1:3 XVG0DWV <71:<
GHP0DWV <<1;5

Dsshqgl{ E/ wdeoh ; frqwdlqv wkh xqfhqwhuhg U2 zklfk jlyhv dq lghd ri wkh h{sodqdwru|
srzhu ri wkh wkuhh idfwru prgho iru hdfk ri wkh vhsdudwh wlph0vhulhv ri uhwxuqv1 Lqvshfwlrq
ri wkhvh uhvxowv lqglfdwh wkdw wkh U2 lv jhqhudoo| kljkhu iru HPX sruwirolrv wkdq iru qrq0
HPX sruwirolrv1 Qrwh dovr wkh kljk glvshuvlrq ehwzhhq wkh U2 ri vrph erqg lqglfhv dqg
PVFL lqglfhv lq wkh fdvh ri qrq0HPX frpelqdwlrqv1 Zkhq frqvlghulqj rqo| wzr idfwruv/ wklv
skhqrphqrq lv hyhq pruh surqrxqfhg1 Wklv lv rqh pruh uhdvrq wr irfxv rq wkuhh idfwruv1
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Lq d vhfrqg vwhs/ zh hvwlpdwh wkh furvv0vhfwlrq LDSW0uhodwlrq iru hdfk sruwirolr +iru hdfk
ylhzsrlqw lqfoxghg lq wkh sruwirolr,1 Wklv |lhogv hvwlpdwhv ri wkh pdunhw sulfhv ri ulvn dqg
ri wkh JPP0ryhulghqwli|lqj uhvwulfwlrqv whvw1 Wkh uhvxowv duh suhvhqwhg lq wdeohv 9 dqg : iru
wkh GHP dqg wkh XVG ehqfkpdun sruwirolr uhvshfwlyho|1

Wdeoh 9 vkrzv wkdw wkh LDSW prgho iru wkh srlqw ri ylhz ri d vlqjoh fxuuhqf| ghqrplqdwlrq
lv lq doprvw doo fdvhv dffhswhg1 Wkdw lv/ Jhupdq lqyhvwruv/ lqyhvwlqj deurdg gr hduq h{shfwhg
h{fhvv uhwxuqv edvhg rq wkh Jhupdq sulfhv ri ulvn1 Fkdqjlqj wkh fxuuhqf| ylhzsrlqw/ grhv
qrw dowhu wkhvh frqfoxvlrqv lq jhqhudo/ h1j1 d Ehojldq lqyhvwru/ lqyhvwlqj lq Jhupdq| hduqv
h{fhvv uhwxuqv edvhg rq Ehojldq sulfhv ri ulvn1 Rqo| lq wkh fdvh ri wkh GHP0XVG dqg wkh
GHP0MS\ sruwirolr/ wkh prgho lv uhmhfwhg iru wkh iruhljq ylhzsrlqw1 Wkhvh uhvxowv ohdg xv wr
frqfoxgh wkdw wkh Jhupdq pdunhw lv lqwhjudwhg zlwk wkh rwkhu pdunhwv frqvlghuhg khuh/ dv
uhwxuqv wr ulvn wdnlqj duh ghwhuplqhg e| wkh orfdo sulfhv ri ulvn1 Wkh froxpq �mrlqw� whvwv iru
wkh furvv0vhfwlrqdo uhvwulfwlrqv zkhq lpsrvlqj wkh htxdolw| ri sulfhv ri ulvn dfurvv frxqwulhv1
W|slfdoo|/ wklv k|srwkhvlv lv uhmhfwhg iru doo wkh sruwirolrv frpelqlqj Jhupdq dvvhwv zlwk qrq0
HPX dvvhwv1 Rq wkh rwkhu kdqg/ wkh prgho zlwk sruwirolrv frpelqlqj Jhupdq dvvhwv zlwk
HPX dvvhwv lv qrw uhmhfwhg1 Wklv lpsolhv wkdw dfurvv wkh Hxurshdq frxqwulhv/ h{fkdqjh udwh
yduldelolw| glg qrw doorz wkhvh frxqwulhv wr kdyh kljko| gl�huhqw sulflqj ehkdylru1 Lq idfw
zh fdqqrw uhmhfw wkh k|srwkhvlv lpso|lqj wkdw wkh sulflqj ehkdylru dv idu dv sulfhv ri ulvn lv
frqfhuqhg zdv lghqwlfdo dfurvv frxqwulhv1 Wklv lq lwv wxuq lpsolhv wkdw wkh h{fkdqjh udwh pryh0
phqwv gxulqj wkh HUP shulrg zhuh odujho| xquhodwhg wr Hxurshdq erqg dqg vwrfn pdunhwv
fuhdwlqj exw d qxlvdqfh idfwru lq lqwhuqdwlrqdo lqyhvwphqwv wkdw frxog hdvlo| eh khgjhg dzd|1
Wkh frqvhtxhqfhv iru wkh h�hfwv ri prqhwdu| xql�fdwlrq/ l1h1 wkh holplqdwlrq ri h{fkdqjh udwh
pryhphqw/ kdv wkhuhiruh qrw d�hfwhg wkh ixqfwlrqlqj/ l1h1 sulflqj ri h{fhvv uhwxuqv/ lq dq|
vljql�fdqw zd|451 Iru wkh qrq0HPX frpelqdwlrqv wklv lv reylrxvo| qrw wkh fdvh1 Wkhuh zh
uhmhfw wkh htxdolw| ri sulfhv ri ulvn dfurvv frxqwulhv/ vxjjhvwlqj d fuxfldo uroh iru wkh h{fkdqjh
udwh lq whupv ri frqyhuvlrq ri sulfhv ri ulvn dfurvv frxqwulhv1 Wklv frqyhuvlrq surshuw| vkrzv
xs lq wkh vljql�fdqw fryduldwlrq ri h{fkdqjh udwhv dqg �qdqfldo dvvhw uhwxuqv dfurvv wklv w|sh
ri frxqwulhv1

D judsklfdo uhsuhvhqwdwlrq ri wkhvh uhvxowv fdq eh irxqg lq �jxuh 41 Wkhvh �jxuhv jlyh
d sulflqj huuru uhsuhvhqwdwlrq ri wkh LDSW prgho iru doo ri wkh GHP ehqfkpdun sruwirolrv
iru wkh ylhzsrlqw ri d Jhupdq lqyhvwru1 D judsklfdo uhsuhvhqwdwlrq ri wkh rwkhu ylhzsrlqwv
fdq eh irxqg lq dsshqgl{ F/ lq �jxuh 6 iru wkh iruhljq ylhzsrlqwv dqg �jxuh 7 iru wkh mrlqw
ylhzsrlqwv1 Phdq h{fhvv uhwxuqv duh sorwwhg rq wkh krul}rqwdo d{lv/ zkloh phdq h{fhvv uhwxuqv/
hvwlpdwhg e| wkh LDSW prgho duh sorwwhg rq wkh yhuwlfdo d{lv1 Wkh forvhu wkh hvwlpdwhv wr
wkh 78��olqh/ wkh ehwwhu wkh �w ri wkh prgho1 Wkh �jxuhv fohduo| lqglfdwh wkdw wkh prgho �w
lv ehwwhu iru HPX sruwirolrv/ wkdq iru qrq0HPX frpelqdwlrqv1 Lq wkh qrq0HPX sruwirolrv/
zh vhh rqh rxwolhu zkhq hvwlpdwhg iru d vlqjoh ylhzsrlqw1 Lq doo fdvhv wkh rxwolhu lv wkh krph
fxuuhqf| erqg lqgh{ uhwxuq1

Wkhvh �qglqjv fdq hyhq eh uhlqirufhg zkhq orrnlqj dw d judsklfdo uhsuhvhqwdwlrq ri wkh

45Wkh prgho zdv dovr hvwlpdwhg iru wkh HUP shulrg +Mdqxdu| 4<<3 xqwlo Ghfhpehu 4<<;,/ wr holplqdwh wkh
h�hfwv ri prqhwdu| xql�fdwlrq1 Wklv glg qrw dowhu wkh uhvxowv1 Zh wkhuhiruh rqo| uhsruw wkh ixoo vdpsoh uhvxowv1
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Iljxuh 4= Sulflqj Huuruv GHP Ehqfkpdun Sruwirolr +GHP Ylhzsrlqw,
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Wdeoh 9= "2 +s0ydoxh, ri GHP Ehqfkpdun Sruwirolrv
YLHZSRLQW

SRUWIROLR GHP +KRPH, IRUHLJQ MRLQW
GHP0XVG 51;7 +313<, 71:: +3136, 5315; +3133,
GHP0JES 61:9 +3138, 51<4 +313<, 441:8 +3137,
GHP0MS\ 61<: +3138, 913; +3134, 4<18< +3133,
GHP0EHI 41<; +3149, 417< +3155, <149 +3143,
GHP0QOJ 3149 +319<, 314: +319;, 43173 +3139,
GHP0IUI 31;: +3168, 31<5 +3167, 6145 +319;,
GHP0DWV 5176 +3145, 5185 +3144, 43189 +3139,

Qrwhv = Hqwulhv duh wkh JPP ryhulghqwli|lqj uhvwulfwlrqv vwdwlvwlf
+htxdwlrq +53,, dqg wkh fruuhvsrqglqj s0ydoxh1 Wkh hqwulhv xqghu
wkh khdglqj GHP dqg IRUHLJQ uhodwh wr wkh whvwlqj ri htxdwlrq
+4:,/ zkhuhdv wkh hqwulhv xqghu wkh khdglqj MRLQW uhodwh wr wkh
whvwlqj ri htxdwlrq +4;,1 D s0ydoxh odujhu wkdq 3138 lqglfdwhv wkdw
prgho �w lv jrrg dw wkh 8( vljql�fdqfh ohyho1

vwrfkdvwlf glvfrxqw idfwruv dfurvv wkh gl�huhqw ylhzsrlqwv1 Jlyhq wkh hvwlpdwhg idfwruv dqg
wkh hvwlpdwhg pdunhw sulfhv ri ulvn/ wkh vwrfkdvwlf glvfrxqw idfwru/ edvhg rq fxuuhqf| p

ghqrplqdwlrq p6
| fdq eh frqvwuxfwhg dv=

p6
| @ ��6�I| iru w @ 4> ===> W

E| frqvwuxfwlqj wkhvh vwrfkdvwlf glvfrxqw idfwruv/ zh fdq uhfrqvwuxfw wkh dfwxdo lpsolhg
h{fhvv uhwxuqv dfurvv frxqwulhv iru hyhu| shulrg lq wlph1 Lqvwhdg ri rqo| orrnlqj dw dyhudjh
h{fhvv uhwxuqv zh qrz uhfrqvwuxfw wkh lpsolhg h{fhvv uhwxuqv ryhu wlph1 Wkhvh wlph vhulhv jlyh
xv dgglwlrqdo lqirupdwlrq uhodwhg wr wkh suhflvlrq ri wkh sulflqj uhodwlrq1 Zkhq pdunhw sulfhv
ri ulvn duh lqghshqghqw ri wkh ylhzsrlqw fkrvhq/ wkh vwrfkdvwlf glvfrxqw idfwruv vkrxog eh htxdo
zkhq frqvwuxfwhg rq pdunhw sulfhv ri ulvn ri wkh GHP/ iruhljq dqg mrlqw ylhzsrlqwv1 Dsshqgl{
H vkrzv wkhvh vwrfkdvwlf glvfrxqw idfwruv iru wkh GHP ehqfkpdun sruwirolrv1 Iurp wkhvh/
lw fdq eh vhhq wkdw iru wkh HPX sruwirolrv zh lqghhg �qg ylhzsrlqw lqghshqghqw vwrfkdvwlf
glvfrxqw idfwruv +l1h1 vwrfkdvwlf glvfrxqw idfwruv fohduo| duh vlwxdwhg rq ru forvh wr wkh 78�0
olqh,/ zkhuhdv wklv lv qrw wkh fdvh iru wkh qrq0HPX sruwirolrv1 Wklv lv h{dfwo| zkdw zh frxog
h{shfw rq wkh edvlv ri wkh JPP ryhulghqwli|lqj uhvwulfwlrqv whvw1

Wdeoh : frqwdlqv wkh LDSW hvwlpdwlrq uhvxowv iru wkh XVG ehqfkpdun sruwirolrv1 Wkh
JPP0ryhulghqwli|lqj uhvwulfwlrqv whvw lv lq doprvw doo fdvhv vljql�fdqw dw wkh 8( ohyho1 Wklv
lpsolhv wkdw LDSW grhv qrw �w wkh gdwd zhoo/ zklfk zh lqwhusuhw dv pdunhwv qrw ehlqj lq0
whjudwhg/ dv ulvn lv qrw sulfhg lq wkh vdph zd|1 Rqo| iru wkh XVG0JES/ XVG0MS\ dqg
XVG0IUI sruwirolr/ zh vhh wkdw wkh sulflqj huuruv duh lqghhg vwdwlvwlfdoo| }hur/ zkhuhdv wklv
lv qrw wkh fdvh zkhq wkh dqdo|vlv lv shuiruphg mrlqwo| iru erwk ylhzsrlqwv1

Iru wkh XVG sruwirolrv zh dovr frqvwuxfwhg sulflqj huuru judskv1 Wkhvh fdq eh irxqg lq
�jxuh 5 iru wkh XVG ylhzsrlqw/ zkhuhdv wkh rwkhu ylhzsrlqwv fdq eh irxqg lq dsshqgl{ G lq
�jxuhv 6 dqg 71 Wkhvh �jxuhv vkrz wkdw wkh sulflqj huuruv duh odujh pdlqo| gxh rqh rxwolhu
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Wdeoh := "2 +s0ydoxh, ri XVG Ehqfkpdun Sruwirolrv

YLHZSRLQW

SRUWIROLR XVG +KRPH, IRUHLJQ MRLQW
XVG0JES 51;: +313<, 41:6 +314<, 48134 +3134,
XVG0MS\ 6147 +313;, 61;: +3138, 4:153 +3133,
XVG0EHI 8153 +3135, 9186 +3134, 4;185 +3133,
XVG0QOJ 71:< +3136, 7156 +3137, 57154 +3133,
XVG0IUI 61:< +3138, 6179 +3139, 4;1<4 +3133,
XVG0DWV 81<6 +3134, 8183 +3135, 4;197 +3133,

Qrwhv = Hqwulhv duh wkh JPP ryhulghqwli|lqj uhvwulfwlrqv vwdwlvwlf
+htxdwlrq +53,, dqg wkh fruuhvsrqglqj s0ydoxh1 Wkh hqwulhv xqghu
wkh khdglqj XVG dqg IRUHLJQ uhodwh wr wkh whvwlqj ri htxdwlrq
+4:,/ zkhuhdv wkh hqwulhv xqghu wkh khdglqj MRLQW uhodwh wr wkh
whvwlqj ri htxdwlrq +4;,1 D s0ydoxh odujhu wkdq 3138 lqglfdwhv wkdw
prgho �w lv jrrg dw wkh 8( vljql�fdqfh ohyho1

iru wkh lqglylgxdo ylhzsrlqwv/ zkhuhdv wkh mrlqw hvwlpdwhv duh ryhudoo ohvv dffxudwh1 Ilqdoo|/
zh dovr frpsxwhg wkh vwrfkdvwlf glvfrxqw idfwruv iru wkh gl�huhqw XVG ehqfkpdun sruwirolrv/
edvhg rq wkh XVG/ iruhljq dqg mrlqw ylhzsrlqwv uhvshfwlyho|1 Wkh judsklfdo uhsuhvhqwdwlrq
ri wklv fdq eh irxqg lq dsshqgl{ I1 Wkhvh judskv pdnh fohdu wkdw pdunhw sulfhv ri ulvn duh
ghshqghqw ri wkh ylhzsrlqw fkrvhq1 Wkhuh lv qr frqyhuvlrq ri pdunhw sulfhv ri ulvn dv wkh
fryduldqfh ehwzhhq wkh h{fkdqjh pdunhw dqg wkh dvvhw pdunhw sod|v dq lpsruwdqw uroh1

7 Frqfoxvlrq

Wklv sdshu h{dplqhg wkh lvvxh ri �qdqfldo lqwhjudwlrq lq dq LDSW iudphzrun zkhuh h{fkdqjh
ulvn lv glyhuvl�hg1 Pruh vshfl�fdoo|/ zh surylghg dq hpslulfdo lqyhvwljdwlrq ri wkh ghjuhh
ri lqwhjudwlrq lq +qrz, HPX dqg qrq0HPX sruwirolrv iru wkh shulrg iurp 4<<3 wkurxjk
53331 Wkh dqdo|vlv lqfoxghg wzr eurdg fodvvhv ri lqyhvwphqw iru hdfk frxqwu|/ qdpho| d erqg
sruwirolr dqg wkh PVFL lqgh{1 Wklv doorzhg xv wr lqyhvwljdwh wkh lqwhjudwlrq lvvxh rq d yhu|
eurdg ohyho1

Lq d �uvw vwhs/ zh xvhg idfwrulqj e| sulqflsdo frpsrqhqwv wr h{wudfw wkuhh frpprq odwhqw
ulvn idfwruv1 Wkh vhw0xs zdv vxfk wkdw doo srvvleoh frpprq fxuuhqf| ghqrplqdwlrqv lqfoxghg
lq wkh sruwirolr/ duh ghshqghqw rq wkh vdph frpprq idfwruv1 Lq d vhfrqg vwhs/ zh hvwlpdwhg
wkh furvv0vhfwlrq pdunhw sulfhv ri ulvn vhsdudwho| iru hdfk fxuuhqf| ghqrplqdwlrq/ dqg wkh
mrlqw fxuuhqf| ghqrplqdwlrq dqg zh xvhg wkh JPP ryhulghqwli|lqj uhvwulfwlrqv whvw wr dvvhvv
wkh ryhudoo �w ri wkh prgho1 D whvw vwdwlvwlf zlwk d s0ydoxh odujhu wkdq 3138 lpsolhg wkdw
ulvn zdv htxdoo| sulfhg dfurvv frxqwulhv/ zklfk zdv lqwhusuhwhg dv pdunhwv ehlqj �qdqfldoo|
lqwhjudwhg1 Pruhryhu wkh mrlqw hvwlpdwlrq lqyhvwljdwhg wkh pdunhw sulfhv ri ulvn frqyhuvlrq
ehwzhhq fxuuhqflhv1

Zh irxqg wkdw wkh LDSW lv d jrrg ghvfulswlrq ri wkh sulflqj ri dq HPX sruwirolrv/ zkloh rq
wkh frqwudu| wkh prgho kdg wr eh uhmhfwhg iru wkh qrq0HPX sruwirolrv1 Wklv lv wkxv hylghqfh
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Iljxuh 5= Sulflqj Huuruv XVG Ehqfkpdun Sruwirolr +XVG Ylhzsrlqw,
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lq idyru ri dq lqwhjudwhg HPXpdunhw1 Pruhryhu/ wkh uhvxowv iru wkh HPX sruwirolr vhhp wr eh
lqghshqghqw ri wkh fxuuhqf| ghqrplqdwlrq xvhg/ dv pdunhw sulfhv ri ulvn duh doprvw frpsohwho|
dolnh dfurvv wkh gl�huhqw fxuuhqf| ghqrplqdwlrqv1 Wklv vxjjhvwv wkdw wkh fryduldqfh ehwzhhq
wkh dvvhw pdunhw dqg wkh h{fkdqjh pdunhw lv qhjoljleoh iru wkh +qrz, HPX frxqwulhv1 Iru wkh
qrq0HPX sruwirolrv fxuuhqf| ghqrplqdwlrq grhv pdwwhu/ zklfk lpsolhv d qrq0}hur fryduldqfh
ehwzhhq dvvhw pdunhwv dqg h{fkdqjh pdunhwv1

Wkh uhvxowv doorz xv wr dvvhvv zlwk klqgvljkw wkh h�hfwv ri Hxurshdq prqhwdu| lqwhjudwlrq
rq wkh sulflqj ri h{fhvv uhwxuq dfurvv HPX frxqwulhv1 Lq idfw vlqfh prqhwdu| xql�fdwlrq
holplqdwhv doo h{fkdqjh udwh yduldelolw|/ zh irfxvvhg rq wkh h�hfw ri h{fkdqjh udwh yduldelolw|
rq wkh uhvshfwlyh �qdqfldo pdunhwv1 Rxu frqfoxvlrq lv wkdw +dw ohdvw iurp dq xqfrqglwlrqdo
srlqw ri ylhz, h{fkdqjh udwh yduldelolw| glg qrw uhdoo| vhsdudwh Hxurshdq �qdqfldo pdunhwv/
vlqfh wkh revhuyhg h{fkdqjh udwh fkdqjhv duh odujho| xquhodwhg wr fkdqjhv lq wkh Hxurshdq
�qdqfldo pdunhwv1 Lq rwkhu zrugv/ zh �qg wkdw wkh h{fkdqjh udwh fkdqjhv zlwklq Hxursh zhuh
pdlqo| qxlvdqfh idfwruv wkdw frxog eh khgjhg dzd| zlwkrxw pdmru lpsolfdwlrqv iru wkh h{fhvv
uhwxuqv1 Dv vxfk/ lw lv reylrxv wkdw wkh holplqdwlrq ri h{fkdqjh udwh pryhphqwv glg qrw h{huw
juhdw h�hfwv rq revhuyhg h{fhvv uhwxuqv gxulqj wkh HPX shulrg1

Vhyhudo fdyhdwv vkrxog eh dfnqrzohgjhg1 Zh phqwlrq wzr1 Iluvw/ lw vkrxog eh vwuhvvhg
wkdw wklv vwxg| dqdo|}hg joredo �qdqfldo pdunhwv lq wkh vhqvh wkdw zh rqo| lqfrusrudwhg lq
wkh dqdo|vlv wkh prvw oltxlg dvvhwv/ l1h1 ydulrxv erqg dqg wkh vwrfn pdunhw lqglfhv1 Rxu
frqfoxvlrqv fdq reylrxvo| qrw eh h{whqghg wrzdugv rwkhu lqglfhv ru lqglylgxdo dvvhwv1 Vhfrqg/
rxu dqdo|vlv lv xqfrqglwlrqdo lq wkh vhqvh wkdw zh rqo| orrn dw xqfrqglwlrqdoo| h{shfwhg h{fhvv
uhwxuqv1 Wklv surfhgxuh doorzhg xv wr devwdlq iurp kdylqj wr fkrrvh d vshfl�f sulflqj prgho
+dqg lv wkxv txlwh jhqhudoo| ydolg,1 Krzhyhu/ xqgrxewhgo| lw dovr idlov wr lqfrusrudwh yhu|
suhflvh frqglwlrqdo hyhqwv zkhuh qr0duelwudjh pd| kdyh idlohg1 Wr vxppdul}h wkhvh fdyhdwv
lq rqh vhqwhqfh/ rxu frqfoxvlrqv zloo krog �jhqhudoo| vshdnlqj�/ zkloh fohduo| rqh frxog �qg
vshfl�f hyhqwv ru dvvhwv zkhuh qr0duelwudjh pd| kdyh idlohg yhu| zhoo dovr zlwklq Hxurshdq
�qdqfldo pdunhwv1
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Uhihuhqfhv

^4` Dgohu/ P1 dqg E1 Gxpdv +4<;6,/ Lqwhuqdwlrqdo Sruwirolr Fkrlfh dqg Frusrudwlrq Ilqdqfh=
D V|qwkhvlv/ Mrxuqdo ri Ilqdqfh/ 6;+6,/ ss1<580<;71

^5` Edvlohyvn|/ D1 +4<<7,/ Vwdwlvwlfdo Idfwru Dqdo|vlv dqg Uhodwhg Phwkrgv= Wkhru| dqg
Dssolfdwlrqv/ Mrkq Zloh| ) Vrqv/ :6:s1

^6` Ehndhuw/ J1 dqg U1M1 Krgulfn +4<<5,/ Fkdudfwhul}lqj Suhglfwdeoh Frpsrqhqwv lq H{fhvv
Uhwxuqv rq Htxlw| dqg Iruhljq H{fkdqjh Pdunhwv/ Mrxuqdo ri Ilqdqfh/ 7:+5,/ ss179:0
83<1

^7` Ehndhuw/ J1 dqg F1U1 Kduyh| +4<<8,/ Wlph0Ydu|lqj Zruog Pdunhw Lqwhjudwlrq/ Mrxuqdo
ri Ilqdqfh/ 83+5,/ ss173607771

^8` Eolvv/ U1U1 +4<<:,/ Pryhphqwv lq wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/ Ihghudo Uhvhuyh
Edqn ri Dwodqwd Hfrqrplf Uhylhz/ 7wk txduwhu/ ss1490661

^9` Fdpsehoo/ M1\/ D1Z1 Or/ dqg D1F1 PdfNlqod| +4<<:,/ Wkh Hfrqrphwulfv ri Ilqdqfldo
pdunhwv/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 944s1

^:` Fkr/ G1F1/ F1V1 Hxq/ dqg O1Z1 Vhqehw +4<;9,/ Lqwhuqdwlrqdo Duelwudjh Sulflqj Wkhru|=
Dq Hpslulfdo Lqyhvwljdwlrq/ Mrxuqdo ri Ilqdqfh/ 74+5,/ ss1646065<1

^;` Frfkudqh/ M1 +5334,/ Dvvhw Sulflqj/ Sulqfhwrq Xqlyhuvlw| Suhvv/ 857s1

^<` Kdqvhq/ O1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrgv ri Prphqwv Hvwl0
pdwruv/ Hfrqrphwulfd/ 83/ ss1435<043871

^43` Kdugrxyholv/ J1/ G1 Pdooldursxorv/ dqg U1 Sulhvwoh| +4<<<,/ HPX dqg wkh Hxurshdq
Vwrfn Pdunhw Lqwhjudwlrq/ FHSU Glvfxvvlrq Sdshuv/ qr15457/ 99s1

^44` Kxehupdq/ J1 dqg V1 Ndqgho +4<;:,/ Phdq Yduldqfh Vsdqqlqj/ Mrxuqdo ri Ilqdqfh/
75+5,/ ss1;:60;;;1

^45` Lnhgd/ V1 +4<<4,/ Duelwudjh Dvvhw Sulflqj Xqghu H{fkdqjh Ulvn/ Mrxuqdo ri Ilqdqfh/
79+4,/ ss177:07881

^46` Mrkqvrq/ U1D1 dqg G1Z1 Zlfkhuq +4<;5,/ Dssolhg Pxowlyduldwh Vwdwlvwlfdo Dqdo|vlv/
Suhqwlfh0Kdoo/ Qhz \run/ 8<7s1

^47` Mrulrq/ S1 +4<<5,/ Whup Suhplxpv dqg wkh Lqwhjudwlrq ri wkh Hxurfxuuhqf| Pdunhwv/
Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 44/ ss14:06<1

^48` Mrulrq/ S1 dqg H1 Vfkzduw} +4<;9,/ Lqwhjudwlrq yv1 Vhjphqwdwlrq lq wkh Fdqdgldq Vwrfn
Pdunhw/ Mrxuqdo ri Ilqdqfh/ 74+6,/ ss193609471
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^49` Nrudmf}|n/ U1D1 dqg F1M1 Yldoohw +4<;<,/ Dq Hpslulfdo Lqyhvwljdwlrq ri Lqwhuqdwlrqdo
Dvvhw Sulflqj/ Uhylhz ri Ilqdqfldo Vwxglhv/ 5+7,/ ss188608;81

^4:` Olfkw/ D1Q1 +4<<:,/ Vwrfn Pdunhw Lqwhjudwlrq lq Hxursh/ Kduydug Lqvwlwxwh iru Lqwhuqd0
wlrqdo Ghyhorsphqw/ FDHULL Glvfxvvlrq Sdshu/ qr148/ :4s1

^4;` Qdudqmr/ D1 dqg D1 Surwrsdsdgdnlv +4<<:,/ Ilqdqfldo Pdunhw Lqwhjudwlrq Whvwv= dq Lq0
yhvwljdwlrq Xvlqj XV Htxlw| Pdunhwv/ Mrxuqdo ri Lqwhuqdwlrqdo Ilqdqfldo Pdunhwv/ Lq0
vwlwxwlrqv dqg Prqh|/ :/ ss1<604681

^4<` Urvv/ V1D1 +4<:9,/ Wkh Duelwudjh Wkhru| ri Fdslwdo Dvvhw Sulflqj/ Mrxuqdo ri Hfrqrplf
Wkhru|/ 46/ ss167406931

^53` Urvh/ D1N1 dqg F1 Hqjho +5333,/ Fxuuhqf| Xqlrqv dqg Lqwhuqdwlrqdo Lqwhjudwlrq/ QEHU
Zrunlqj Sdshu/ qr1:;:5/ 6;s1

^54` Vroqln/ E1 +4<;6,/ Lqwhuqdwlrqdo Duelwudjh Sulflqj Wkhru|/ Mrxuqdo ri Ilqdqfh/ yro16;/
qr15/ ss177<078:1

^55` Vwxo}/ U1P1 +4<;4,/ D Prgho ri Lqwhuqdwlrqdo Dvvhw Sulflqj/ Mrxuqdo ri Ilqdqfldo Hfr0
qrplfv/ </ ss16;607391

^56` Vwxo}/ U1P1 +4<<7,/ Lqwhuqdwlrqdo Sruwirolr Fkrlfh dqg Dvvhw Sulflqj= Dq Lqwhjudwlyh
Vxuyh|/ QEHU Zrunlqj Sdshu/ qr17978/ 77s1
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D Idfwru Dqdo|vlv

Dq ruwkrjrqdo idfwru prgho zlwk N frpprq idfwruv lv vxppdul}hg dv iroorzv=
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zkhuh � lv gldjrqdo1 Wklv ruwkrjrqdo prgho lpsolhv wkh iroorzlqj fryduldqfh vwuxfwxuh iru
+u| � �, =

	 @ O�O.�

Wr hvwlpdwh wkh hohphqwv ri O> wkh phwkrg ri sulqflsdo frpsrqhqw dqdo|vlv lv xvhg1 Vshfwudo
ghfrpsrvlwlrq doorzv xv wr h{suhvv wkh fryduldqfh pdwul{ 	 dv=
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zkhuh ��c� A === A ���c�� duh wkh rughuhg hljhqydoxhv dqg h�/ h2/ 111/h�� duh wkh dvvrfldwhg
qrupdol}hg hljhqyhfwruv vxfk wkdw h6h�6 @ 41 Dv zh zdqw wr h{sodlq wkh fryduldqfh vwuxfwxuh
lq whupv ri N ? QP idfwruv zh uhgxfh wkh deryh ghfrpsrvlwlrq wr=
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Qrz wkdw zh kdyh gh�qhg wkh idfwru ordglqjv O dqg wkh yduldqfh ri wkh vshfl�f frpsrqhqwv
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E Xqfhqwhuhg U5 shu Frxqwu| shu Uhwxuq

Wdeoh ;= Ghwuhqghg U2 +lq (,

SRUWIROLR

GHP0XVG GHP0JES GHP0MS\ GHP0EHI GHP0QOJ
ue_e6_e6 41:< ue_e6_e6 9143 ue_e6_e6 4164 ue_e6_e6 ;8166 ue_e6_e6 <:1;3
uv_e6_e6 <8148 uv_e6_e6 <8149 uv_e6_e6 <7163 uv_e6_e6 <<154 uv_e6_e6 <<1<8
ue_e6�r_ 97177 ue_e6}KR 8;196 ue_e6�R+ :;19; ue_e6Kes ::156 ue_e6? *} <:176
uv_e6�r_ <7196 uv_e6}KR <618; uv_e6�R+ <91<5 uv_e6Kes <<137 uv_e6? *} <<1<6

ue�r__e6 :<14< ue}KR_e6 9<15; ue�R+_e6 :9143 ueKes_e6 9;17; ue? *}_e6 <:194

uv�r__e6 <8155 uv}KR_e6 <815: uv�R+_e6 <8148 uvKes_e6 <<15: uv? *}_e6 <<1<8

ue�r_�r_ :155 ue}KR}KR 4184 ue�R+�R+ 4184 ueKesKes ;;174 ue? *}? *} <:196

uv�r_�r_ <416; uv}KR}KR <4193 uv�R+�R+ <8144 uvKesKes <;1<4 uv? *}? *} <<1<6

SRUWIROLR

GHP0IUI GHP0DWV XVG0JES XVG0MS\ XVG0EHI
ue_e6_e6 ;81:< ue_e6_e6 <8163 ue�r_�r_ 41<9 ue�r_�r_ :13: ue�r_�r_ ;13<
uv_e6_e6 <<145 uv_e6_e6 <<1<4 uv�r_�r_ ;;144 uv�r_�r_ <313: uv�r_�r_ <418:
ue_e6sos :917< ue_e6@|r <5186 ue�r_}KR :8154 ue�r_�R+ ;613; ue�r_Kes :;139
uv_e6sos <<133 uv_e6@|r <<1<6 uv�r_}KR <6137 uv�r_�R+ <9169 uv�r_Kes <8139

uesos_e6 9<16: ue@|r_e6 <8195 ue}KR�r_ 8<155 ue�R+�r_ :717< ueKes�r_ 9<183

uvsos_e6 <<145 uv@|r_e6 <<1<4 uv}KR�r_ <41;< uv�R+�r_ <8148 uvKes�r_ <71<;

uesossos ;<157 ue@|r@|r <41<: ue}KR}KR 81<; ue�R+�R+ 915< ueKesKes 6174

uvsossos <;1<7 uv@|r@|r <<1<6 uv}KR}KR <3145 uv�R+�R+ <713: uvKesKes <7147

SRUWIROLR

XVG0QOJ XVG0IUI XVG0DWV
ue�r_�r_ 91<7 ue�r_�r_ :183 ue�r_�r_ 918;
uv�r_�r_ <41:< uv�r_�r_ <31<6 uv�r_�r_ <41:9
ue�r_Kes :<138 ue�r_sos :91;3 ue�r_@|r ;3145
uv�r_Kes <61<; uv�r_sos <8193 uv�r_@|r <:135

ueKes�r_ 991:8 uesos�r_ 941;3 ue@|r�r_ :3148

uvKes�r_ <8136 uvsos�r_ <7175 uv@|r�r_ <71<8

ueKesKes 4138 uesossos 614: ue@|r@|r 613:

uvKesKes <61;7 uvsossos <71<4 uv@|r@|r <918:
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F Sulflqj Huuruv GHP Ehqfkpdun Sruwirolr

F14 Iruhljq Ylhzsrlqwv

Iljxuh 6= Sulflqj Huuruv GHP Ehqfkpdun Sruwirolr +Iruhljq Ylhzsrlqw,

5:



F15 Mrlqw Ylhzsrlqwv

Iljxuh 7= Sulflqj Huuruv GHP Ehqfkpdun Sruwirolr +Mrlqw Ylhzsrlqw,

5;



G Sulflqj Huuruv XVG Ehqfkpdun Sruwirolr

G14 Iruhljq Ylhzsrlqwv

Iljxuh 8= Sulflqj Huuruv XVG Ehqfkpdun Sruwirolr +Iruhljq Ylhzsrlqw,

5<



G15 Mrlqw Ylhzsrlqwv

Iljxuh 9= Sulflqj Huuruv XVG Ehqfkpdun Sruwirolr +Mrlqw Ylhzsrlqw,
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H Vwrfkdvwlf Glvfrxqw Idfwru Frpsdulvrq iru GHP ehqfk0
pdun Sruwirolrv

Iljxuh := VGI Frpsdulvrq Dfurvv Ylhzsrlqwv
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I Vwrfkdvwlf Glvfrxqw Idfwru Frpsdulvrq iru XVG ehqfk0
pdun Sruwirolrv

Iljxuh ;= VGI Frpsdulvrq Dfurvv Ylhzsrlqwv
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