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Devwudfw

Lq wklv sdshu zh dsso| d elyduldwh surelw prgho wr lqyhvwljdwh wkh lp0
solfdwlrqv ri edqn ohqglqj srolf|1 Lq wkh �uvw htxdwlrq zh prgho wkh edqn*v
ghflvlrq wr judqw d ordq/ lq wkh vhfrqg wkh suredelolw| ri ghidxow1 Zh frq0
�up wkdw edqnv surylgh ordqv lq d zd| wkdw lv qrw frqvlvwhqw zlwk ghidxow
ulvn plqlpl}dwlrq1 Wkh ohqglqj srolf| pxvw wkxv hlwkhu eh lqh!flhqw ru eh
wkh uhvxow ri vrph rwkhu w|sh ri rswlpl}lqj ehkdylru wkdq h{shfwhg sur�w
pd{lpl}dwlrq1 Ydoxh dw Ulvn/ ehlqj d ydoxh zhljkwhg vxp ri lqglylgxdo
ulvnv/ surylghv d pruh dghtxdwh phdvxuh ri prqhwdu| orvvhv rq d sruwir0
olr ri ordqv wkdq ghidxow ulvn1 Zh ghulyh d Ydoxh dw Ulvn phdvxuh iru wkh
vdpsoh sruwirolr ri ordqv dqg vkrz krz dqdo|}lqj wklv fdq hqdeoh �qdqfldo
lqvwlwxwlrqv wr hydoxdwh dowhuqdwlyh ohqglqj srolflhv rq wkh edvlv ri wkhlu lp0
solhg fuhglw ulvn dqg orvv udwh/ dqg pdnh ohqglqj udwhv frqvlvwhqw zlwk wkh
lpsolhg Ydoxh dw Ulvn1

MHO Fodvvl�fdwlrq= F68/ G94/ G;4/ J54/ J66
Nh|zrugv= Edqnv/ ohqglqj srolf|/ fuhglw vfrulqj/ Ydoxh dw Ulvn/ elyduldwh

surelw1

�Zh wkdqn Jhrujlqd Ehupdqq/ Nhqqhwk Fduolqj dqg Dqghuv Yuhglq iru wkhlu khosixo frp0
phqwv dqg Emùuq Nduovvrq dqg \qjyh Nduovvrq dw Xsso|vqlqjvfhqwudohq DE iru surylglqj dqg
glvfxvvlqj wkh gdwd1 Urv}edfk judwhixoo| dfnqrzohgjhv �qdqfldo vxssruw iurp wkh Mdq Zdoodq0
ghuv dqg Wrp Khgholxv Irxqgdwlrq iru Uhvhdufk lq wkh Vrfldo Vflhqfhv1

|Uhvhdufk Ghsduwphqw/ Vyhuljhv Ulnvedqn/ VH 436 6: Vwrfnkrop/ Vzhghq> Hpdlo =
Wru1MdfrevrqCulnvedqn1vh1

}Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ VH 446 ;6/ Vzhghq>
Hpdlo= qhnuCkkv1vh1



41 Lqwurgxfwlrq

Frqvxphu fuhglw kdv frph wr sod| dq lqfuhdvlqjo| lpsruwdqw uroh dv dq lqvwuxphqw
lq wkh �qdqfldo sodqqlqj ri krxvhkrogv1 Zkhq fxuuhqw lqfrph idoov ehorz d krxvh0
krog*v shupdqhqw ohyho dqg dvvhwv duh hlwkhu qrw dydlodeoh ru qrw dfffhvvleoh iru
glvvdylqj/ fuhglw lv d phdqv wr pdlqwdlq frqvxpswlrq dw d ohyho wkdw lv frqvlvwhqw
zlwk shupdqhqw lqfrph1 Shrsoh h{shfwlqj d shupdqhqw lqfuhdvh lq wkhlu lqfrph
exw odfnlqj dq| dvvhwv/ olnh vwxghqwv/ kdyh d ghvluh wr pdlqwdlq frqvxpswlrq dw
d kljkhu ohyho wkdq wkhlu fxuuhqw lqfrph doorzv1 Eruurzlqj fdq dvvlvw wkhp lq
grlqj wkdw1 Wkrvh zkr dffxpxodwh ixqgv lq d shqvlrq vfkhph exw duh xqdeoh wr
jhw dffhvv wr wkhp zkhq wkh| h{shulhqfh d whpsrudu| gurs lq fxuuhqw lqfrph fdq
dovr lqfuhdvh wkhlu zhoiduh e| eulgjlqj wkh whpsrudu| idoo lq lqfrph zlwk d ordq1

Wkh txdqwlwdwlyh lpsruwdqfh ri frqvxphu fuhglw pd| eh looxvwudwhg e| wkh idfw
wkdw wrwdo ohqglqj/ h{foxglqj uhvlghqwldo ordqv/ e| edqnv dqg �qdqfldo frpsdqlhv
wr Vzhglvk krxvhkrogv dprxqwhg wr VHN 53: eq1/ ru VHN 5519<; shu fdslwd/ e| wkh
hqg ri 4<<91 Wkdw lv wkh htxlydohqw ri 45 shufhqw ri Vzhglvk JGS ru 551: shufhqw ri
wrwdo sulydwh frqvxpswlrq1 Ylhzhg iurp wkh shuvshfwlyh ri �qdqfldo lqvwlwxwlrqv/
frqvxphu fuhglw dovr frqvwlwxwhv d vljql�fdqw sduw ri wkhlu dfwlylwlhv/ pdnlqj xs
58 shufhqw ri wrwdo ohqglqj wr wkh sxeolf1 Li rqh lqfoxghv uhvlghqwldo ordqv lq wrwdo
ohqglqj/ wklv �jxuh gursv wr 44 shufhqw1 Zkhq orrnlqj dw wkh ulvn lqyroyhg lq wkhvh
ordqv lqvwhdg ri wkhlu yroxph/ wkhlu lpsruwdqfh lv hyhq juhdwhu/ krzhyhu1 Uxohv e|
wkh Edvoh Frpplwwhh rq Edqnlqj Vxshuylvlrq/ wkdw zrunv xqghu wkh xpeuhood ri
wkh Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/ vwlsxodwh dq ; shufhqw fdslwdo uhtxluhphqw
rq frqvxphu fuhglw frpsduhg wr/ iru h{dpsoh/ 7 shufhqw rq uhvlghqwldo ordqv1 Wkh
deryh qxpehuv pdnh lw fohdu wkdw ohqglqj lqvwlwxwlrqv* ghflvlrq wr judqw d ordq ru
qrw dqg wkhlu fkrlfh iru d vshfl�f ordq vl}h fdq wkxv juhdwo| d�hfw d juhdw pdq|
krxvhkrogv* delolw| wr vprrwk frqvxpswlrq ryhu wlph/ dqg wkhuhe| wkhlu zhoiduh1

Dw d pruh djjuhjdwh ohyho/ frqvxphu fuhglw pdnhv xs d vljql�fdqw sduw ri
�qdqfldo lqvwlwxwlrqv* dvvhwv dqg wkh h�hfwv ri dq| ordq orvvhv rq ohqglqj fdsdflw|
zloo eh sdvvhg wkurxjk wr rwkhu vhfwruv ri wkh hfrqrp| wkdw uho| rq eruurzlqj
iurp wkh �qdqfldo vhfwru1 Frqvhtxhqwo|/ lqyhvwljdwlqj wkh surshuwlhv ri edqnv*
ohqglqj srolflhv lv qrw phuho| ri lqwhuhvw ehfdxvh lw hqdeohv xv wr h{dplqh krz
krxvhkrogv* delolw| wr vprrwk frqvxpswlrq lv d�hfwhg> wkhvh srolflhv dovr kdyh
lqgluhfw lpsolfdwlrqv iru zhoiduh/ wkurxjk �qdqfldo pdunhwv1 Zh zloo uhvwulfwv
rxuvhoyhv wr wkh �uvw fkdqqho/ krzhyhu1

Ghvslwh fuhglw*v lpsruwdqfh/ lw lv frpprq wr vhh krxvhkrogv ehlqj udwlrqhg
lq �qdqfldo pdunhwv1 Vwljolw} dqg Zhlvv ^46` dqg Zlooldpvrq ^47` frqwdlq wzr
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gl�huhqw h{sodqdwlrqv ri wklv skhqrphqrq1 Zkhq udwlrqlqj lv wkh phfkdqlvp wkdw
doorfdwhv uhvrxufhv lq fuhglw pdunhwv/ vrph dssolfdqwv zloo eh h{foxghg iurp fuhglw
ghvslwh ehlqj htxdoo| fuhglwzruwk| dv wkrvh judqwhg d ordq/ pdnlqj wkh htxloleulxp
wkdw uhvxowv lqh!flhqw14 Zkhq d ohqghu fdqqrw revhuyh eruurzhuv* suredelolwlhv ri
ghidxow/ fuhglw vfrulqj prghov 0 e| hqdeolqj d ohqglqj lqvwlwxwlrq wr udqn srwhqwldo
fxvwrphuv dffruglqj wr wkhlu ghidxow ulvn 0 fdq lpsuryh wkh doorfdwlrq ri uhvrxufhv/
iurp d vhfrqg ehvw wrzdugv wkh �uvw ehvw htxloleulxp1 Er|hv hw do1 ^9` lqyhvwljdwh
li wkh surylvlrq ri fuhglw wdnhv sodfh lq dq h!flhqw zd|1 Iru wklv sxusrvh wkh|
hvwlpdwh d elyduldwh surelw prgho zlwk wzr vhtxhqwldo hyhqwv dv wkh ghshqghqw
yduldeohv= wkh ohqghu*v ghflvlrq wr judqw wkh ordq ru qrw/ dqg 0 frqglwlrqdo rq
wkh ordq kdylqj ehhq surylghg 0 wkh eruurzhu*v delolw| wr sd| lw r� ru qrw1 Wkh
sdudphwhuv rq yduldeohv olnh gxudwlrq ri mre whqxuh/ hgxfdwlrq dqg fuhglw fdug
rzqhuvkls duh/ krzhyhu/ irxqg wr fduu| htxdo vljqv lq erwk htxdwlrqv1 Yduldeohv
wkdw lqfuhdvh +ghfuhdvh, wkh suredelolw| ri srvlwlyh judqwlqj ghflvlrq wkxv uhgxfh
+udlvh, wkh olnholkrrg ri d ghidxow1 Lq dgglwlrq/ xqh{sodlqhg whqghqflhv wr h{whqg
fuhglw/ dv phdvxuhg e| wkh uhjuhvvlrq huuru/ zhuh irxqg wr eh srvlwlyho| fruuhodwhg
zlwk ghidxow iuhtxhqflhv1 Erwk wkhvh revhuydwlrqv duh lqfrqvlvwhqw zlwk d srolf|
ri ghidxow ulvn plqlpl}dwlrq1

Lq wklv sdshu/ zh frqvwuxfw dq dowhuqdwlyh ulvn phdvxuh iru ordqv dqg suhvhqw
wzr sureohpv wr zklfk lw fdq eh dssolhg1 Lqvwhdg ri dq xqzhljkwhg vxp/ d ydoxh
zhljkwhg vxp ri doo lqglylgxdo ghidxow ulvnv lv d pruh vxlwdeoh phdvxuh ri wkh ulvn
rq d sruwirolr ri ordqv iru d �qdqfldo lqvwlwxwlrq wr frqvlghu zkhq lw qhhgv wr
edodqfh ulvn dqg uhwxuq1 Ulvn/ diwhu doo/ lv rqo| ri lqwhuhvw ehfdxvh ri wkh h{shfwhg
prqhwdu| orvvhv wkdw duh dvvrfldwhg zlwk lw1 Wkh irfxv ri wklv sdshu zloo wkhuhiruh
eh rq Ydoxh dw Ulvn udwkhu wkdq ghidxow ulvn1

Iluvw/ zh uh0hvwlpdwh wkh prgho ri Er|hv hw do1 rq d eljjhu gdwd vhw wkdw
frqwdlqv erwk pruh uholdeoh dqg pruh h{whqvlyh �qdqfldo dqg shuvrqdo lqirupdwlrq
rq wkh ordq dssolfdqwv1 Wklv doorzv xv wr lqyhvwljdwh wkh urexvwqhvv ri wkh �qglqj
wkdw edqnv* ohqglqj srolflhv duh qrw frqvlvwhqw zlwk ghidxow ulvn plqlpl}dwlrq1 Wkh
uh0hvwlpdwhg prgho zloo ehfrph wkh zrunkruvh iru wkh uhpdlqghu ri wkh sdshu1
Qh{w/ zh wdnh Ydoxh dw Ulvn dv wkh uhohydqw ulvn phdvxuh dqg vwxg| krz pdujlqdo
fkdqjhv lq d ghidxow ulvn edvhg dffhswdqfh uxoh zrxog vkliw wkh vl}h ri wkh edqn*v
ordq sruwirolr/ lwv YdU h{srvxuh dqg dyhudjh fuhglw orvvhv1 Ilqdoo|/ zh frpsduh

4Khuh/ zh kdyh lq plqg wkh xqhtxdo wuhdwphqw ri h{0dqwh htxdo shrsoh gxh wr dq dv|pphwu|
lq lqirupdwlrq vhwv1 Vhyhudo gl�huhqw gh�qlwlrqv ri fuhglw udwlrqlqj h{lvw/ krzhyhu1 Rqh ri wkhp
lv wkh vr fdoohg *uhgolqlqj* zkhuh ohvv fuhglwzruwk| shrsoh duh zloolqj wr sd| d kljkhu lqwhuhvw
udwh exw gr qrw jhw d ordq1
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wkh ulvn rq wkh vdpsoh sruwirolr zlwk wkdw rq dq h!flhqwo| surylghg sruwirolr ri
htxdo vl}h1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 vxuyh|v wkh pruh
uhfhqw uhvhdufk rq vwdwlvwlfdo phwkrgv iru fuhglw vfrulqj1 Wkrvh zkr duh douhdg|
idploldu zlwk fuhglw vfrulqj ru phuho| lqwhuhvwhg lq wkh hpslulfdo uhvxowv ri wkh
sdshu fdq vnls wklv vhfwlrq1 Wkh gdwd vhw dqg lwv vrxufhv duh ghvfulehg lq vhfwlrq
61 Lq vhfwlrq 7/ zh suhvhqw wkh sdudphwhu hvwlpdwhv ri wkh hfrqrphwulf zrunkruvh
prgho1 Lq vhfwlrq 8/ wkhvh hvwlpdwhv duh xvhg lq wkh Ydoxh dw Ulvn h{shulphqwv zh
ghvfulehg hduolhu1 Vhfwlrq 9 vxppdul}hv wkh uhvxowv dqg glvfxvvhv urdgv iru ixwxuh
uhvhdufk1

51 Wudglwlrqdo fuhglw vfrulqj

Wkh vwduwlqj srlqw ri hdfk ordq lv dq dssolfdwlrq1 Zkhq ohqglqj lqvwlwxwlrqv uhfhlyh
dq dssolfdwlrq iru d ordq/ wkh surfhvv e| zklfk lw lv hydoxdwhg dqg lwv ghjuhh ri
vrsklvwlfdwlrq fdq ydu| juhdwo|1 Prvw frqwlqxh wr xvh udwkhu qdòyh/ vxemhfwlyh
hydoxdwlrq surfhgxuhv1 Wklv frxog eh d qrq0irupdol}hg dqdo|vlv ri dq dssolfdqw*v
shuvrqdo fkdudfwhulvwlfv ru *vfrulqj zlwk lqwhjhu qxpehuv* rq wkhvh fkdudfwhulvwlfv1
Vrph edqnv/ krzhyhu/ kdyh vwduwhg wr xvh vwdwlvwlfdo fuhglw vfrulqj prghov1 Wkh
remhfwlyh ri prvw fuhglw vfrulqj prghov lv wr plqlpl}h wkh plvfodvvl�fdwlrq udwh
ru wkh h{shfwhg ghidxow udwh1 Wr dfklhyh wklv/ ydulrxv vwdwlvwlfdo phwkrgv duh xvhg
wr vhsdudwh ordq dssolfdqwv wkdw duh h{shfwhg wr sd| edfn wkhlu ghewv iurp wkrvh
zkr duh olnho| wr idoo lqwr duuhduv ru jr edqnuxsw1 W|slfdoo|/ d ohqglqj lqvwlwxwlrq
zloo dqdo|vh d vdpsoh ri judqwhg ordqv/ wkhlu rxwfrphv dqg wkh gdwd wkdw kdv ehhq
h{wudfwhg iurp wkh dssolfdwlrqv dqg d fuhglw djhqf|*v uhjlvwhu1

Wkh prvw frpprqo| xvhg vwdwlvwlfdo phwkrgv kdyh ehhq vrph irup ri glvfulp0
lqdqw dqdo|vlv +GD, dqg orjlvwlf uhjuhvvlrq +OU,1 Wkh GD prgho dvvxphv wkdw wkh
h{rjhqrxv yduldeohv/ %�/ duh qrupdoo| glvwulexwhg exw zlwk gl�huhqw phdqv +dqg lq
wkh fdvh ri wkh *txdgudwlf glvfulplqdqw prgho* hyhq d gl�huhqw yduldqfh0fryduldqfh
pdwul{, frqglwlrqdo rq wkh jurxs wr zklfk wkh ghshqghqw yduldeoh ehorqjv1 Wkh
remhfwlyh lv wkhq wr hvwlpdwh wkhvh phdqv +dqg/ lq wkh txdgudwlf prgho/ wkh fr0
yduldqfh pdwul{, dqg wkhq suhglfw zklfk ri wkh jurxsv dq revhuydwlrq zlwk fkdu0
dfwhulvwlfv %� lv prvw olnho| wr frph iurp15 GD wkxv gl�huv iurp surelw dqg orjlw

5Ghshqglqj rq wkh jurxs wr zklfk wr zklfk wkh revhuydwlrq +|l>{l, ehorqjv/ wkh yhfwru ri
h{rjhqrxv yduldeohv {l iroorzv hlwkhu i3 ru i4/ zkhuh in duh qrupdo ghqvlwlhv zlwk phdq >n
dqg yduldqfh0fryuldqfh 	n/ n @ 3/ 41 Zh gh�qh |l @ 3 dqg |l @ 4 li {l lv jhqhudwhg e| i3 dqg
i4uhvshfwlyho|1 Wr eh deoh wr fodvvli| |l zh zloo qhhg Su +|l @ 3 m {l, dqg Su +|l @ 4 m {l,1 Gh�qh
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dqdo|vlv lq wkdw wkh h{rjhqrxv yduldeohv h{solflwo| ghwhuplqh jurxs phpehuvkls
lq wkh odwwhu wzr prghov zkhuhdv lw lv wdnhq dv jlyhq lq wkh iruphu1 Lq rwkhu
zrugv/ wkh *fdxvdo* uhodwlrqvkls uxqv iurp wkh ghshqghqw yduldeoh wr wkh h{sodqd0
wru| yduldeohv lq GD/ qrw wkh rwkhu zd| durxqg1 Rqh srwhqwldo zhdnqhvv ri wkh
GD prgho lv wkdw wkh xqghuo|lqj dvvxpswlrqv duh hdv| wr ylrodwh1 Wklv rffxuv/ iru
h{dpsoh/ zkhq wkh %� duh fdwhjrulfdo lqvwhdg ri frqwlqxrxv dqg wkxv qrw qrupdoo|
glvwulexwhg1 Lq dgglwlrq/ glvfulplqdqw dqdo|vlv vx�huv iurp wzr rwkhu zhdnqhvvhv
wkdw lw vkduhv zlwk wkh rwkhu phwkrgv uhylhzhg lq wklv vhfwlrq1 Doo ri wkhp phuho|
plqlpl}h wkh qxpehu ri dffhswhg edg ordqv jlyhq dq h{rjhqrxv dffhswdqfh udwh/
zlwkrxw dq| uxoh iru slfnlqj wklv udwh rswlpdoo|1 Ehvlgh wkdw/ wkh prghov fdq rqo|
eh hvwlpdwhg rq vdpsohv ri judqwhg ordqv/ zklfk fdxvhv d vdpsoh vhohfwlrq eldv lq
wkh sdudphwhuv hvwlpdwhv1

Orjlvwlf uhjuhvvlrq*v dgydqwdjh ryhu GD lv wkdw lw grhv qrw vx�hu iurp wkh vwulfw
glvwulexwlrqdo dvvxpswlrq iru  �16 Dprqj sudfwlwlrqhuv/ GD dsshduv wr kdyh orvw
jurxqg wr orjlvwlf uhjuhvvlrq1 Vwhhqdfnhuv dqg Jrrydhuwv ^45` lv wkh odwhvw lq d
orqj vhulhv ri dssolfdwlrqv ri wkh orjlvwlf uhjuhvvlrq wr d vdpsoh ri shuvrqdo ordqv1
Wkhlu prgho fruuhfwo| fodvvl�hv 9519 shufhqw ri wkh jrrg ordqv dqg :919 shufhqw ri
doo edg ordqv lq d krogrxw vdpsoh1 Lq rwkhu vwxglhv xvlqj GD ru OU vwxglhv/ wkh
iruhfdvwlqj dffxudf| udqjhv iurp 87 wr <3 shufhqw1 Dowpdq/ Dyhu|/ Hlvhqehlv dqg

wkh pdujlqdo suredelolwlhv e| s3 @ Su +|l @ 3, dqg s4 @ Su +|l @ 4,1 Wkhq Ed|hv* uxoh jlyhv
xv wkdw Su +|l @ 3 m {l, @ i3+{l,�s3

i3+{l,�s3.i4+{l,�s4
/ zklfk xqghu wkh qrupdo glvwulexwlrq dvvxpswlrq

htxdov �
�
�3 . q

3

4{l . {
3

lD{l
�
/ zkhuh � +}, @ h}

4.h} lv wkh orjlvwlf fgi dqg �3/ q4 duh orjolqhdu
ixqfwlrqv ri s3/ s4/ >3/ >4/ 	3/ 	41 Li 	3 @ 	4 lv dvvxphg/ dv frpprq/ wkhq d olqhdu orjlw
prgho uhvxowv Wkh olnholkrrg ixqfwlrq qhhghg wr hvwlpdwh wkh 9 +7 0 li rqh xvhv sulruv iru s3 dqg

s4, sdudphwhuv lv c @
QT
l@4

^i3 +{l, � s3`4�|l ^i4 +{l, � s4`|l 1 Zlwk wkh uhvxowlqj sdudphwhu hvwlpdwhv

rqh fdq wkhq frpsxwh Su +|l @ n m {l,/ n @ 3> 41 Dowpdq hw do1 ^4` s173 vkrz wkdw rqh fdq prgli|
wklv olnholkrrg ixqfwlrq wr wdnh wkh shufhlyhg frvw ri wkh wzr srvvleoh w|shv ri plvfodvvl�fdwlrq
lqwr dfrxqw1

6Wkh orjlw prgho kdv lqfrpprq zlwk wkh olqhdu GD prgho wkdw Su +|l @ 3 m {l, @

�
�
�3 . q

3

4{l
�
1 Lqvwhdg ri duulylqj dw wklv srlqw e| xvlqj Ed|hv* uxoh dqg dvvxplqj d

qrupdo glvwulexwlrq iru wkh {l/ lw gursv wkh dvvxpswlrqv ri vwrfkdvwlf {l dqg gl�huhqw
jurxs phdqv dqg yduldqfh0fryduldqfhv dqg wdnhv wkh prgho |�l @ �

�
�3 . q

3

4{l
�

. %l/

|l @

�
3 li |�l � 3
4 li |�l A 3

dv d vwduwlqj srlqw1 Dv d frqvhtxhqfh i3 +{l, @ i4 +{l, dqg

S +|l @ n m {l, @ sn/ fdxvlqj wkh olnholkrrg ixqfwlrq wr wdnh d gl�huhqw irup wkdq lq wkh GD

prgho = c @
QT
l@4
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�
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3
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Vlqnh| ^4` uhylhz wkh olwhudwxuh xs wr 4<;31
Lq d frxsoh ri vwxglhv n0qhduhvw0qhljkerukrrg/ frxqw gdwd ru qhxudo qhwzrun

phwkrgv kdyh ehhq hpsor|hg1 Khqoh| dqg Kdqg ^43` dsso| wkh n0qhduhvw0qhljkeru
phwkrg wr fuhglw vfrulqj1 D n0QQ vfrulqj uxoh fodvvl�hv d qhz fdvh rq wkh edvlv
ri d pdmrulw| yrwh dprqjvw wkh n qhduhvw vdpsoh hohphqwv/ dv phdvxuhg e| vrph
phwulf wkdw lv gh�qhg ryhu wkh vsdfh ri h{sodqdwru| yduldeohv1 Lwv vwurqj vlgh lv
wkdw lw lv d qrq0sdudphwulf phwkrg dqg wkxv qrw oldeoh wr dq| ri wkh vshfl�fdwlrq
eldvhv zh phqwlrqhg ehiruh1 Rqh ri wkh glvdgydqwdjhv lv wkdw wkh vhohfwlrq ri
vrph ri wkh prgho*v sdudphwhuv lqyroyhv txlwh d odujh ghjuhh ri duelwudulqhvv17 Lq
dgglwlrq/ wkh sdudphwhu hvwlpdwhv odfn d fohdu lqwhusuhwdwlrq1

Glrqqh hw do1 ^:` vwxg| wkh frvwv ri ghidxowv e| phdqv ri d frxqw gdwd prgho
zlwk vdpsoh vhohfwlrq h�hfwv1 Wkhlu ghshqghqw yduldeoh lv wkh qxpehu ri qrq0
sd|phqwv xqghu d suhghwhuplqhg uhsd|phqw vfkhph1 Wkhlu vdpsoh/ krzhyhu/
frqvlvwv phuho| ri dssuryhg ordq dssolfdwlrqv1 Ehfdxvh ri wkh vdpsoh vhohfwlrq
eldv lq wkh sdudphwhu hvwlpdwhv wkdw wklv ohdgv wr/ wkh phwkrgrorj| lq wklv vwxg|
lv wkxv ri olplwhg lqwhuhvw iru wkh sxusrvh ri iruhfdvwlqj wkh sur�wdelolw| ri ixwxuh
dssolfdqwv1

Duplqjhu hw do1 ^6` frpsduh d fodvvl�fdwlrq wuhh prgho8 dqg d ihhgiruzdug

7Wkh prvw srsxodu phdvxuh ri glvwdqfh ehzhhq wzr srlqwv { dqg | lv wkh Hxfolghdq phwulf

gH +{>|, @
�
+{� |,3 +{� |,

�4@5
1 E| xvlqj d zhljkwlqj pdwul{ D/ zh fdq dvvljq xqhtxdo

lpsruwdqfh wr glvwdqfhv lq gl�huhqw glphqvlrqv lq wkh yduldeoh vsdfh1 Iru h{dpsoh/ gS +{>|, @�
+{� |,3D +{� |,

�4@5
doorzv iru odujhu zhljkwv iru glvwdqfhv lq wkh gluhfwlrq ri yduldeohv wkdw

duh ri juhdw lpsruwdqfh dqg vpdoohu zhljkwv iru yduldeohv wkdw d�hfw wkh suredelolw| ri ehorqjlqj
wr d fhuwdlq jurxs rqo| pdujlqdoo|1 Lq sudfwlfh/D lv vhw htxdo wr L.zz3/ zkhuhz lv wkh judglhqw
ri wkh lvr0suredelolw| fxuyhv/ zklfk lv hvwlpdwhg e| olqhdu uhjuhvvlrq iurp wkh vdpsoh gdwd1 D
@ L.zz3 lpsolhv d phwulf wkdw zhljkv wkh Hxfolghdq glvwdqfh dqg wkh glvwdqfh ehwzhhq wkh
srlqwv lq wkh gluhfwlrq ruwkrjrqdo wr wkh lvr0suredelolw| fxuyhv1 Rqh fkrrvhv n e| wudglqj r� d
eldv djdlqvw yduldqfh/ ehfdxvh wkh iruphu lqfuhdvhv zlwk n zkhuhdv wkh odwwhu ghfuhdvhv1

8D fodvvl�fdwlrq wuhh vsolwv xs d vdpsoh lqwr wzr vxevdpsohv/ hdfk ri zklfk frqwdlqv rqo|
fdvhv iurp d vshfl�f udqjh ri ydoxhv ri wkh ghshqghqw yduldeoh1 Wkh vsolw vkrxog kdyh wkh orzhvw
ghjuhh ri lpsxulw| dv phdvxuhg e| wkh Jlql frh!flhqw1 Exloglqj xs dq h{wud eudqfk rq wkh
ghflvlrq wuhh lv grqh e| phdqv ri d 50vwhs urxwlqh1 Iluvw/ dw dq douhdg| fuhdwhg qrgh rqh �qgv
+li wkh yduldeoh lv txdolwdwlyh, wkh fdwhjrul}dwlrq +ru wkh fxw0r� srlqw/ li wkh yduldeoh lv phwulfdo,
wkdw plqlpl}hv wkh dgglwlrqdo lpsxulw| iru hdfk h{sodqdwru| yduldeoh1 Wkh lpsxulw| dw wklv
qrgh lv phdvxuhg dv sO � l +wO, . sU � l +wU,/ zkhuh sO lv wkh suredelolw| ri dq lqglylgxdo ehlqj
fodvvl�hg dv d phpehu ri wkh ohiw eudqfk dqg l +wO, lv wkh lpsxulw| rq wkh ohiw vlgh eudqfk xqghu
qrgh w1 Wkh lq wkh vhfrqg vwhs wkh dfwxdo vsolw lv pdgh e| fkrrvlqj wkh h{sodqdwru| yduldeoh
wkdw plqlpl}hv wkh lpsxulw| ryhu doo h{rjhqrxv yduldeohv dw qrgh w1 Krz orqj wkh eudqfklqj
frqwlqxhv ghshqgv rq d plvfodvvl�fdwlrq frvw ixqfwlrq wkdw ghfuhdvhv zlwk wkh qxpehu fruuhfw
suhglfwlrqv exw lqfuhdvhv zlwk wkh wuhh vl}h1 Vhh Duplqjhu hw do1 ^6` s1 5<:06341

9



qhxudo qhwzrun 9 zlwk d orjlvwlf uhjuhvvlrq dqg �qg wkdw doo wkuhh duh dssur{lpdwho|
htxdoo| jrrg dw suhglfwlqj ordq ghidxowv1 D vkruwfrplqj wkdw wkh �uvw wzr prghov
vkduh/ krzhyhu/ lv wkdw rqh fdqqrw txdqwli| wkh lpsruwdqfh ri wkh h{sodqdwru|
yduldeohv> lq wkh wuhh dqdo|vlv ehfdxvh wkhuh duh qr sdudphwhuv/ dqg lq wkh qhxudo
qhwzrun ehfdxvh wkh sdudphwhuv kdyh qr lqwhusuhwdwlrq1 Pruhryhu/ wkh qhxudo
qhwzrun zdv irxqg wr eh pxfk zruvh dw fruuhfwo| suhglfwlqj edg ordqv wkdq jrrg
ordqv frpsduhg wr wkh OU dqg wkh wuhh prgho1

61 Gdwd

Wkh gdwd vhw frqvlvwv ri 46/66; dssolfdwlrqv iru d ordq dw d pdmru Vzhglvk ohqglqj
lqvwlwxwlrq ehwzhhq Vhswhpehu 4<<7 dqg Dxjxvw 4<<81 Doo ordqv zhuh judqwhg lq
vwruhv zkhuh srwhqwldo fxvwrphuv dssolhg iru lqvwdqw fuhglw wr �qdqfh wkh sxufkdvh
ri d frqvxphu jrrg1 Wkh hydoxdwlrq ri hdfk dssolfdwlrq wrrn sodfh lq wkh iroorzlqj
zd|1 Iluvw/ wkh vwruh skrqhg wr wkh ohqglqj lqvwlwxwlrq wr jhw dq dssurydo ru d
uhmhfwlrq1 Wkh ohqglqj lqvwlwxwlrq wkhq dqdo|vhg wkh dssolfdqw zlwk wkh khos ri
d gdwdedvh zlwk shuvrqdo fkdudfwhulvwlfv dqg fuhglw yduldeohv wr zklfk lw kdv rq0
olqh dffhvv1 Wkh gdwdedvh lv pdlqwdlqhg e| Xsso|vqlqjvfhqwudohq DE/ wkh ohdglqj
Vzhglvk fuhglw exuhdx zklfk lv mrlqwo| rzqhg e| doo Vzhglvk edqnv dqg ohqglqj
lqvwlwxwlrqv1 Li dssurydo zdv judqwhg/ wkh vwruh*v vdohvpdq �oohg rxw d ordq frqwudfw
dqg vxeplwwhg lw wr wkh ohqglqj lqvwlwxwlrq1 Wkh ordq lv uhyroylqj dqg dgplqlvwhuhg
e| wkh ohqglqj lqvwlwxwlrq dv dq| rwkhu fuhglw idflolw|1 Lw lv surylghg lq wkh irup
ri d fuhglw fdug wkdw fdq rqo| eh xvhg lq d vshfl�f vwruh1 Vrph �{hg dprxqw
plqlpxp sd|phqw e| wkh eruurzhu lv uhtxluhg gxulqj hdfk prqwk1 Krzhyhu/

9Dq duwl�fldo qhxudo qhwzrun lv d qrq0olqhdu uhjuhvvlrq prgho | @� +{,. 0/ zkhuh wkh frqgl0
wlrqdo h{shfwdwlrq � +{, lv dssur{lpdwhg e| d ixqfwlrq � +{>w,1 Wkh qhwzrun � +{>w, lv frpsrvhg
ri d qxpehu ri lqwhufrqqhfwhg surfhvvlqj xqlwv1 Wkhvh xqlwv 0 fdoohg *shufhswurqv* zkhq wkh|
duh ixqfwlrqv ri olqhdu frpelqdwlrqv ri wkhlu lqsxwv 0 surgxfh dq rxwsxw wkdw lv sdvvhg rq wr
dqrwkhu surfhvvlqj xqlw1 Pdq| DQQ*v duh frpsrvhg ri d qxpehu ri shufhswurq od|huv/ zkhuh
wkh rxwsxw ri hdfk xqlw ri rqh od|hu fdq rqo| eh sdvvhg rq wr xqlwv ri d kljkhu rqh1 Vxfk DQQ*v
duh fdoohg ihhgiruzdug qhwzrunv1
Iru h{dpsoh/ d IiQ zlwk rqh klgghq od|hu +d wzr0od|hu0shufhswurq, zrxog orrn olnh

� +{>q>�, @ !
�
q3#

�
/ # @+�4> =====> �N,3 zkhuh q lv wkh sdudphwhu yhfwru ri wkh rxwsxw xqlw/

�n @ # +�3
n{,/ n @ 4> ======>N/ dqg wkh �n duh wkh sdudphwhu yhfwruv ri wkh N klgghq xqlwv1

Wkh rxwsxwv �n ri wkh klgghq xqlwv duh qrw revhuyhg dqg fdq eh vhhq dv uhdol}dwlrqv ri odwhqw
yduldeohv1 D frpprq sdudphwhul}dwlrq lv wr ohw ! +�, eh d olqhdu prgho dqg * +�, wkh vwdqgdugl}hg
orjlvwlf glvwulexwlrq1 Ilqdoo|/ suhglfwhg ydoxhv e|l duh rewdlqhg e| xvlqj wkh wkuhvkrog uhodwlrqe|l @

�
3 li � +{l>q>�, ? 3
4 li � +{l>q>�, � 3

1
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Wdeoh 4= Gh�qlwlrq ri yduldeohv1

Yduldeoh Gh�qlwlrq

DJH djh ri dssolfdqw
PDOH gxpp|/ wdnhv ydoxh 4 li dssolfdqw lv pdoh
PDUULHG gxpp|/ wdnhv ydoxh 4 li dssolfdqw lv pduulhg
GLYRUFH gxpp|/ wdnhv ydoxh 4 li dssolfdqw lv glyrufhg
KRXVH gxpp|/ wdnhv ydoxh 4 li dssolfdqw rzqv d krxvh
ELJFLW\ gxpp|/ wdnhv ydoxh 4 li dssolfdqw olyhv lq rqh ri wkh wkuhh juhdwhu

phwursrolwdq duhdv durxqg Jùwheruj/ Pdopù dqg Vwrfnkrop1
QUTXHVW qxpehu ri uhtxhvwv iru lqirupdwlrq rq wkh dssolfdqw wkdw wkh fuhglw

djhqf| uhfhlyhg gxulqj wkh odvw 69 prqwkv
HQWUHSU gxpp|/ wdnhv ydoxh 4 li dssolfdqw kdv wd{deoh lqfrph iurp d

uhjlvwhuhg exvlqhvv
LQFRPH dqqxdo lqfrph iurp zdjhv dv uhsruwhg wr Vzhglvk wd{ dxwkrulwlhv

+lq 4333 VHN,
GLILQF fkdqjh lq dqqxdo lqfrph iurp zdjhv/ uhodwlyh wr suhfhglqj |hdu/

dv uhsruwhg wr Vzhglvk wd{ dxwkrulwlhv +lq 4333 VHN,
FDSLQF gxpp|/ wdnhv ydoxh 4 li dssolfdqw kdv wd{deoh lqfrph iurp fdslwdo
EDOLQF: udwlr ri wrwdo froodwhudo iuhh fuhglw idflolwlhv dfwxdoo| xwlol}hg dqg

U����./ h{suhvvhg dv shufhqwdjh1
]HUROLP gxpp|/ wdnhv ydoxh 4 li dssolfdqw kdv qr froodwhudo0iuhh ordqv

rxwvwdqglqj
OLPLW wrwdo dprxqw ri froodwhudo iuhh fuhglw idflolwlhv douhdg| rxwvwdqglqj

+lq 4333 VHN,
QUORDQV qxpehu ri froodwhudo iuhh ordqv douhdg| rxwvwdqglqj
OLPXWLO shufhqwdjh ri uU�UA wkdw lv dfwxdoo| ehlqj xwlol}hg
ORDQVL]H dprxqw ri fuhglw judqwhg +lq 4333 VHN,
FRDSSOLF gxpp|/ wdnhv ydoxh 4 li dssolfdqw kdv d jxdudqwru

:Wklv yduldeoh wdnhv ydoxh }hur zkhq LQFRPH @ 3 dqg lv wkxv dfwxdoo| gh�qhg dv
GXPP\ ilqfrph A 3j - +EDODQFH 2 LQFRPH ,1
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vlqfh wkh ordq lv uhyroylqj/ wkhuh lv qr suhghwhuplqhg pdwxulw| ri wkh ordq1 Hduq0
lqjv rq wkh ordq frph iurp wkuhh vrxufhv= d rqh0wlph ihh sdlg e| wkh fxvwrphu> d
sd|phqw e| wkh vwruh wkdw lv uhodwhg wr wrwdo dprxqw ri ordqv judqwhg wkurxjk lw>
dqg lqwhuhvw rq wkh edodqfh rxwvwdqglqj rq wkh fdug1

Iru wklv vwxg|/ wkh ohqglqj lqvwxwxwlrq surylghg xv zlwk d gdwd �oh zlwk wkh
shuvrqdo qxpehu ri hdfk dssolfdqw/ wkh gdwh rq zklfk wkh dssolfdwlrq zdv vxeplw0
whg/ wkh vl}h ri wkh ordq wkdw zdv judqwhg/ wkh vwdwxv ri hdfk ordq +jrrg ru edg,
rq Rfwrehu </ 4<<9/ dqg wkh gdwh rq zklfk edg ordqv jdlqhg wklv vwdwxv1

Dowkrxjk rqh fdq wklqn ri vhyhudo gl�huhqw gh�qlwlrqv ri d *edg* ordq/ zh
fodvvli| d ordq dv edg rqfh lw lv iruzdughg wr d ghew0froohfwlqj djhqf|1 Zh gr qrw
vwxg| zkdw idfwruv ghwhuplqh wkh gl�huhqfhv lq orvv udwhv/ li dq|/ dprqj edg ordqv1
Dq dowhuqdwlyh gh�qlwlrq ri wkh vhw ri edg ordqv frxog kdyh ehhq *doo fxvwrphuv zkr
kdyh uhfhlyhg rqh/ wzr ru wkuhh uhplqghuv ehfdxvh ri ghod|hg sd|phqw*1 Krzhyhu/
xqolnh *iruzdughg wr ghew0froohfwlqj djhqf|�/ rqh/ wzr ru wkuhh uhplqghuv zhuh
doo wudqvlhqw vwdwhv lq wkh uhjlvwhu ri wkh �qdqfldo lqvwlwlwxwlrq1 Rqfh fxvwrphuv
uhwxuqhg wr wkh djuhhg0xsrq uhsd|phqw vfkhph/ wkh qxpehu ri uhplqghuv zdv
uhvhw wr }hur1 Vxfk d surshuw| lv udwkhu xqghvludeoh li rqh qhhgv wr ghwhuplqh
xqdpeljxrxvo| zklfk ordqv kdyh ghidxowhg dqg zklfk kdyh qrw1

Xsso|vqlqjvfhqwudohq surylghg wkh lqirupdwlrq wkdw zdv dydlodeoh rq hdfk ds0
solfdqw dw wkh wlph ri dssolfdwlrq dqg zklfk wkh �qdqfldo lqvwlwxwlrq dffhvvhg iru
lwv hydoxdwlrq1 E| h{sorlwlqj wkh xqltxh shuvrqdo qxpehu wkdw hdfk uhvlghqw ri
Vzhghq kdv/ wkh fuhglw exuhdx zdv deoh wr phujh wkhvh wzr gdwd vhwv1 Ehiruh kdqg0
lqj ryhu wkh frpelqhg gdwd iru dqdo|vlv/ wkh shuvrqdo qxpehuv zhuh uhpryhg1 Wkh
gdwdedvh lqfoxghg sxeolfo| dydlodeoh/ jryhuqphqwdoo| vxssolhg lqirupdwlrq/ vxfk
dv vh{/ flwl}hqvkls/ pdulwdo vwdwxv/ srvwdo frgh/ wd{deoh lqfrph/ wd{deoh zhdowk/
krxvh rzqhuvkls/ dqg yduldeohv uhsruwhg e| Vzhglvk edqnv olnh wkh wrwdo qxpehu
ri lqtxlulhv pdgh derxw dq lqglylgxdo/ wkh qxpehu ri xqvhfxuhg ordqv dqg wkh
wrwdo dprxqw ri xqvhfxuhg ordqv1 Lq wrwdo wkhuh zh glvsrvhg ri vrph 93 gl�huhqw
yduldeohv1

D qxpehu ri wkh yduldeohv lq wkh gdwdvhw zhuh qrw xvhg lq wkh �qdo hvwlpdwlrq
ri wkh prgho ghvfulehg lq Vhfwlrqv 6 dqg 71 Dprqj wkhvh duh wkh qxpehu ri prqwkv
vlqfh wkh prvw uhfhqw fkdqjh lq pdulwdo vwdwxv/ flwl}hqvkls +Vzhglvk/ qruglf/ qrq0
qruglf,/ qxpehu ri prqwkv vlqfh lppljudwlrq/ qxpehu ri krxvhv d shuvrq rzqv
+sduwldoo|,/ dvvhvvhg ydoxh ri doo uhdo hvwdwh d shuvrq kdv +sduwldo, rzqhuvkls lq/ wkh
frpelqhg ydoxh ri doo uhdo hvwdwh rzqhuvkls vkduhv/ vhyhudo phdvxuhv ri lqfrph/
wd{deoh zhdowk/ d odujh qxpehu ri hqwulhv rq wkh wzr prvw uhfhqwo| vxeplwwhg
lqfrph0wd{ uhwxuq irupv/ olnh wrwdo wd{hv gxh/ edfn wd{ hwf/ dqg d qxpehu ri

<



Wdeoh 5= Ghvfulswlyh vwdwlvwlfv iru doo ordq dssolfdqwv E� ' ����H�

Uhmhfwlrqv E� ' SHbb� Judqwhg ordqv E� ' Se�b�
Yduldeoh phdq vwghy plq pd{ phdq vwghy plq pd{

DJH 6;198 451:9 4; ;7 74135 4513; 53 ;6
PDOH 195 17; 3 4 198 17; 3 4
GLYRUFH 146 167 3 4 147 168 3 4
KRXVH 167 17: 3 4 17: 183 3 4
ELJFLW\ 174 17< 3 4 16: 17; 3 4
QUTXHVW 719< 5193 4 43 71;4 519; 4 4<
HQWUHSU 137 154 3 4 135 149 3 4
LQFRPH 45<1<6 :316; 3 :6:1< 4;<17: :81:3 3 43<613
GLILQF 816: 67139 076;18 58519 <136 67196 0955913 833913
FDSLQF 145 165 3 4 13: 158 3 4
EDOLQF ; <4137 ;<7186 3 74866 64134 6;9148 3 556;:
EDOLQF < 447134 <<<1:6 4 74866 681;8 7641;: 4 556;:
]HUROLP 148 169 3 4 ?134 138 3 4
OLPLW :<1;< <619< 3 4:3613 8317: 8413: 13 <7<15
QUORDQV 51<< 5175 3 4; 6198 5137 3 49
OLPXWLO 97167 6;1;; 3 5:;13 86155 661<7 3 45713
FRDSSOLF 149 169 3 4 147 168 3 4

wudqvirupdwlrqv ri wkhvh yduldeohv1
Prvw ri wkhvh zhuh glvuhjdughg ehfdxvh wkh| odfnhg fruuhodwlrq zlwk wkh ydul0

deohv ri lqwhuhvw 0 wkh ordq judqwlqj ghflvlrq dqg wkh sd|phqw ehkdylru1 H{dpsohv
duh edfn wd{ dqg uhdo hvwdwh ydoxh1 Rwkhuv zhuh glvuhjdughg ehfdxvh wkh| glvsod|hg
h{wuhpho| kljk fruuhodwlrq zlwk yduldeohv wkdw phdvxuhg dssur{lpdwho| wkh vdph
wklqj exw kdg juhdwhu h{sodqdwru| srzhu1 Wkh qxphurxv lqfrph phdvxuhv lq wkh
gdwdvhw dqg EDODQFH zhuh holplqdwhg lq wklv zd|1 D qxpehu ri yduldeohv zdv
vhohfwhg iru wkh vwdwlvwlfdo dqdo|vlv ehfdxvh ri dq dfwxdo ru vxssrvhg fryduldwlrq
zlwk wkh ghshqghqw yduldeohv/ exw rplwwhg iurp wkh �qdo prgho ehfdxvh wkh| glg

;Rqo| frpsxwhg iru wkh 983; uhmhfwhg dqg 96:5 dssuryhg dssolfdwlrqv zlwk LQFRPH A 31
<Rqo| frpsxwhg iru wkh 84<: uhmhfwhg dqg 83;9 dssuryhg dssolfdwlrqv zlwk EDOLQF A 31
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Wdeoh 6= Ghvfulswlyh vwdwlvwlfv iru judqwhg ordqv1

Ghidxowhg ordqv E� ' �HH� Jrrg ordqv E� ' SfD��
Yduldeoh phdq vwghy plq pd{ phdq vwghy plq pd{

DJH 69144 44136 54 :8 74166 4513: 53 ;6
PDOH 19: 17: 3 4 198 17; 3 4
GLYRUFH 153 173 3 4 147 168 3 4
KRXVH 15; 178 3 4 17; 183 3 4
ELJFLW\ 174 17< 3 4 169 17; 3 4
QUTXHVW 9148 51;8 4 47 71:5 5197 4 4<
HQWUHSU 135 146 3 4 136 149 3 4
LQFRPH 498169 ;5168 3 43<613 4<4134 :8133 3 43641:
GLILQF 6185 6<134 046813 76<1: <16; 67163 095519 83319
FDSLQF 137 153 3 4 13: 159 3 4
EDOLQF 43 6<1<5 646184 3 9374 63177 6<3169 3 556;:
EDOLQF 44 79178 66:1;4 4 9374 6;166 76:19; 4 556;:
]HUROLP 137 153 3 4 ?134 135 3 4
OLPLW 74177 8:1<; 3 84418 84138 83187 3 <7<154
QUORDQV 5167 4197 3 44 61:7 5137 3 49
OLPXWLO :819< 6616: 3 45713 841:; 6617: 3 44513
ORDQVL]H :13; 61<8 613 5718 :145 61;6 613 6313
FRDSSOLF 13: 159 3 4 147 168 3 4

qrw jdlq vljql�fdqfh lq dq| ri wkh hvwlpdwlrqv1 Flwl}hqvkls/ lppljudwlrq uhodwhg
yduldeohv dqg uhdo hvwdwh ydoxh zhuh dprqj wkhvh1 Ilqdoo|/ zhdowk frxog qrw eh
xvhg dv dq h{sodqdwru| yduldeoh ehfdxvh qrw d vlqjoh edg ordq frqfhuqhg d shuvrq
zlwk srvlwlyh wd{deoh zhdowk/ wkhuhe| fuhdwlqj d qxphulfdo sureohp lq wkh judglhqw
ri wkh olnholkrrg ixqfwlrq1 Zhdowk xs wr VHN <33/333 lv wd{0h{hpswhg/ pdnlqj
wkh jurxs ri shrsoh zlwk wd{deoh zhdowk h{wuhpho| vpdoo lq Vzhghq1 Lqvwhdg zh

43Rqo| frpsxwhg iru wkh 8<;; jrrg dqg 6;7 edg ordqv zlwk LQFRPH A 31
44Rqo| frpsxwhg iru wkh 7:89 jrrg dqg 663 edg ordqv zlwk EDOLQF A 31
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xvhg wd{deoh lqfrph iurp fdslwdo 0 zklfk lv wd{hg iurp wkh �uvw nurqd 0 wr fuhdwh
d gxpp| h{sodqdwru| yduldeoh1 Wdeohv 4 dqg 5 frqwdlq gh�qlwlrqv dqg ghvfulswlyh
vwdwlvwlfv iru wkh yduldeohv wkdw kdyh ehhq vhohfwhg iru wkh hvwpdwlrq ri wkh �qdo
prgho lq Vhfwlrq 71

Ri doo dssolfdqwv/ 9/;<</ ru 841: shufhqw/ zhuh uhixvhg fuhglw1 Wkh uhpdlqlqj
9/76< rewdlqhg d ordq udqjlqj iurp 6/333 wr 63/333 Vzhglvk nurqru +dssur{lpdwho|
XV' 6:8 0 6:83,1 Wkh ohqglqj lqvwlwxwlrq*v srolf| zdv wkdw qr ordqv h{fhhglqj
63/333 nurqru zhuh vxssolhg1 Dowkrxjk wkhuh lv dq lqglfdwhg dpruwl}dwlrq vfkhph/
wkh ordqv kdyh qr �{hg pdwxulw| 0 wkh| duh uhyroylqj1

Rq < Rfwrehu 4<<9/ wkh shrsoh lq wkh vdpsoh zhuh prqlwruhg e| wkh ohqglqj
lqvwlwxwxwlrq1 Rq wkdw gd| 6;; +913 (, ri wkrvh zkr rewdlqhg d ordq kdg ghidxowhg
dqg ehhq iruzdughg wr d ghew froohfwlrq djhqf|1 Doo rwkhu eruurzhuv vwloo ixo�oohg
wkhlu plqlpxp uhsd|phqw reoljdwlrqv dw wkdw wlph1 Vrph ghvfulswlyh vwdwlvwlfv
duh surylghg lq Wdeohv 5 dqg 61

71 Hfrqrphwulf prgho

Lq wklv vhfwlrq zh suhvhqw wkh hfrqrphwulf prgho/ wkdw zloo eh xvhg dv d zrunkruvh
lq wkh h{shulphqwv ri Vhfwlrq 81 Wkh prgho frqvlvwv ri wzr vlpxowdqhrxv htxdwlrqv/
rqh iru wkh elqdu| ghflvlrq wr surylgh d ordq ru qrw/ +�� / dqg dqrwkhu iru wkh elqdu|
rxwfrph/ *ghidxow* ru *surshu uhsd|phqw*/ ri hdfk ordq/ +2�1 Zh ohw wkh vxshuvfulsw
� lqglfdwh dq xqrevhuyhg yduldeoh dqg dvvxph wkdw +W�� dqg +W2� iroorz

+W�� '  ���k� n 0��c
+W2� '  2��k2 n 02� iru � ' �c 2c �����c �

+714,

zkhuh wkh  ��c � ' �c 2/ duh �� &� yhfwruv ri h{sodqdwru| yduldeohv1
Wkh glvwxuedqfhv duh dvvxphg wr eh elyduldwh qrupdoo| glvwulexwhg1#

0��
02�

$
� �

#
f
f
c
� 4
4 �

$

Wkh elqdu| fkrlfh yduldeoh +�� wdnhv ydoxh 4 li wkh ordq zdv judqwhg dqg 3 li
wkh dssolfdwlrq zdv uhmhfwhg=

+�� '

+
f li ordq qrw judqwhg E+W�� 	 f�
� li ordq judqwhg E+W�� � f�

+715,
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Wkh vhfrqg elqdu| yduldeoh/ +2�c wdnhv wkh ydoxh 3 li wkh ordq ghidxowv dqg 4 li qrw=

+2� '

+
f li ordq ghidxowv E+W2� 	 f�
� li ordq grhv qrw ghidxow E+W2� � f�

+716,

Gxh wr wkh idfw wkdw rqh rqo| revhuyhv li d ordq lv jrrg ru edg li lw zdv judqwhg/
wkhuh lv qrw rqo| d fhqvrulqj uxoh iru E+��c +2�� exw hyhq dq revhuydwlrq uxoh1 Wkh
revhuydwlrq uxoh lv vkrzq lq Iljxuh 41

Iljxuh 4= Revhuydwlrq uxoh iru +�� dqg +2�1 Hqwulhv lq wkh 5�5 wdeoh
vkrz sdluv E+��c +2�� wkdw duh revhuyhg iru doo udqjhv ri +W�� dqg +W2�1

+W2� 	 f +W2� � f
+W�� 	 f Efc �� Efc ��
+W�� � f E�c f� E�c ��

Ehfdxvh zh kdyh wkuhh w|shv ri revhuydwlrqv= qr ordqv/ edg ordqv dqg jrrg
ordqv/ wkh olnholkrrg ixqfwlrq zloo wdnh wkh iroorzlqj irup=

� '
T

?J ,J@?r
su E?J ,J@?� � T

K@_ ,J@?r
su EK@_ ,J@?�

T
}JJ_ ,J@?r

su E}JJ_ ,J@?� +717,

Lq dsshqgl{ D141 lw lv vkrzq wkdw Ee�e� lpsolhv wkh iroorzlqj orjolnholkrrg=

oq� '
S�

�'� E�� +��� � oq d�� xE ��k��o nS�
�'� +�� � E�� +2�� ixE ��k��� x2 E ��k�c  2�k2( 4�jS�
�'� +�� � +2� oqx2 E ��k�c  2�k2( 4�

+718,

zkhuh xE�� dqg x2 E�c �c 4� uhsuhvhqw wkh xqlyduldwh dqg elyduldwh vwdqgdug qrupdo
f1g1i1/ wkh odwwhu zlwk fruuhodwlrq frh!flhqw 41

Wkh hvwlpdwhg sdudphwhuv/ wkhlu vwdqgdug huuruv dqg w0vwdwlvwlfv duh suhvhqwhg
lq Wdeoh 71 Qrwlfh wkdw ORDQVL]H fdqqrw eh xvhg dv dq h{sodqdwru| yduldeoh
lq wkh �uvw htxdwlrq ehfdxvh qr gdwd rq wklv yduldeoh lv dydlodeoh iru uhmhfwhg
dssolfdqwv1 Wkh h�hfw ri pdq| yduldeohv rq wkh suredelolw| ri rewdlqlqj d ordq
vhhpv lq
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Wdeoh 7= Elyduldwh surelw POH ri ek� dqg ek21

� Erewdlq d ordq� � Eordq grhv qrw ghidxow�
Yduldeoh ek� vwg1 huuru w0vwdw1 ek2 vwg1 huuru w0vwdw1

FRQVWDQW 0156:7 139985 0618: 515<33 14796 48198
DJH 01337636 1334499 0619< 1339;<5 1335957 5196
PDOH 015336 135;56 0:143 0135789 138;45 0176
GLYRUFH 01358;; 1369<9 01:3 0156;3 13:458 06167
KRXVH 1396<4 135:8< 5165 013534< 138;63 168
ELJFLW\ 0156;5 13598< 0;1<9 0136:57 1386<: 019<
QUTXHVW 0133;456 1338486 0418; 014333 13434: 0<1;7
HQWUHSU 18556 1395<7 ;163 15398 14946 415;
LQFRPH 133;<5; 13334;49 7<14: 013356<5 13337<9; 071;4
GLILQF 01335669 13336778 091:; 1335566 1333:685 6137
FDSLQF 015::9 138399 0817; 144;< 14565 1<:
EDOLQF 13333987; 133334;44 617; 013333<468 133338<55 04187
]HUROLP 0515773 1437< 054173 0198<3 15;<3 05156
OLPLW 0133;6;4 13334859 0871<7 1338397 13337<5; 4315;
QUORDQV 13;753 1339;;5 45156 159<; 134;:6 47174
OLPXWLO 0133::79 133376:3 04:1:5 01344<: 1333<599 0451<4
FRDSSOLF 14633 1366<8 61;6 176:7 13<:48 7183
ORDQVL]H 0 0 0 0133996: 1339:<7 01<;
4 0 0 0 01<567 138659 04:167

Fulwlfdo ydoxhv duh 41978/ 41<9cdqg 518:8 iru wkh 43/ 8/ dqg 4 shufhqw vljql�fdqfh ohyhov1

dffrugdqfh zlwk wkh ehkdylru edqnv frpprqo| glvsod|1 LQFRPH/ KRXVH/ HQ0
WUHSU/ QUORDQV dqg kdylqj d FRDSSOLFdqw frq�up wkhlu uroh dv lpsru0
wdqw idfwruv wkdw frqwulexwh srvlwlyho| zkloh ]HUROLP/ OLPLW/ dqg OLPXWLO
zhljk qhjdwlyho| lq wkh edqn*v ghflvlrq1 Vrphzkdw vxusulvlqj duh wkh frh!flhqwv
rq PDOH/ ELJFLW\/ GLILQF dqg FDSLQF1 Phq kdyh d vljql�fdqwo| vpdoohu
fkdqfh ri ehlqj judqwhg d ordq dv gr shrsoh olylqj lq rqh ri wkh wkuhh phwursro0
lwdq duhdv1 Wkh vdph krogv iru shrsoh zkr kdyh fdslwdo lqfrph dqg wkrvh zkr
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h{shulhqfhg d ulvh lq lqfrph gxulqj wkh odvw |hdu1 Wkh odwwhu h�hfw ghvhuyhv vrph
ixuwkhu dwwhqwlrq/ wkrxjk1 Dqrwkhu zd| wr lqwhusuhw wkh vljq ri wklv sdudphwhu
zrxog eh wkdw shrsoh zkr h{shulhqfh odujh lqfuhdvhv lq zdjh lqfrph kdg txlwh
d orz lqfrph wkh suhfhhglqj |hdu1 Udwkhu wkdq uhdvrqlqj wkdw d ulvh lq lqfrph
zruvhqv |rxu fkdqfhv ri jhwwlqj d ordq/ rqh frxog dujxh wkdw lqfrph xqfhuwdlqw|
0 hperglhg lq d orz lqfrph lq wkh |hdu ehiruh 0 grhv vr1 Li wklv zhuh wkh fdvh/
wkhq zh vkrxog h{shfw d vlplodu h�hfw wr h{lvw iru shrsoh h{shulhqflqj d idoo lq lq0
frph1 Zh whvwhg iru wkh suhvhqfh ri vxfk dq h�hfw e| wudqviruplqj GLILQF lqwr d
yduldeoh zlwk devroxwh ydoxhv ri lqfrph fkdqjhv1 Zh dovr wulhg zlwk wkh vwdqgdug
ghyldwlrq ri lqfrph1 Qhlwkhu ri wkhvh yduldeohv jdlqhg vljql�fdqfh1 Zh wkhuh0
iruh lqwhusuhw wkh frh!flhqwv lq LQFRPH dqg GLILQF lq wkh iroorzlqj zd|1 Zh
uhzulwh k++| n k_+ 7 +| dv Ek+ n k_+� +| � k_++|3�1 Fxuuhqw dqg sdvw lqfrph wkhq
erwk kdyh srvlwlyh dqg vljql�fdqw frh!flhqwv lq wkh htxdwlrq/ zlwk wkh iruphu
fduu|lqj wkh odujhvw zhljkw 0 dv lq d fdofxodwlrq ri shupdqhqw lqfrph1

Pruh vwulnlqj lv wkh idfw wkdw rqo| irxu yduldeohv kdyh wkh htxdo vljqv lq erwk
htxdwlrqv wkdw rqh zrxog h{shfw zkhq edqnv duh plqlpl}lqj ghidxow ulvn1 H{sorlw0
lqj wkh fuhglw idflolwlhv rqh glvsrvhv ri wr d juhdwhu h{whqw +d kljkhu OLPXWLO, ru
odfnlqj h{shulhqfh zlwk vhuylflqj ghew +]HUROLP , uhgxfhv dq dssolfdqw*v rggv ri
rewdlqlqj d ordq iurp wkh edqn dqg lqfuhdvhv wkh olnholkrrg ri d ghidxow1 Kdylqj
pruh h{shulhqfh lq eruurzlqj prqh| dqg vhuylflqj d ghew/ dv uh hfwhg e| d kljkhu
QUORDQV/ ru dsso|lqj wrjhwkhu zlwk d FRDSSOLFdqw pdnhv lw pruh olnho| wkdw
vrpherg| zloo uhfhlyh d ordq dqg dovr dgg wr wkh fkdqfhv wkdw wkh ordq zloo eh
sdlg edfn1

Irxu yduldeohv kdyh rssrvlwh frh!flhqwv lq wkh ordq judqwlqj dqg ghidxow htxd0
wlrqv1 LQFRPH/ qrwzlwkvwdqglqj d odujh srvlwlyh zhljkw lq wkh ghflvlrq wr judqw
d ordq e| wkh edqn/ dfwxdoo| lqfuhdvhv d ordq*v suredelolw| ri ghidxow1 Dowkrxjk
rqh vkrxog eh fduhixo qrw wr udwlrqdol}h hdfk frxqwhu0lqwxlwlyh �qglqj/ zh fdq orrn
iru d whqwdwlyh h{sodqdwlrq1 Wdeoh 6 fohduo| vkrzv wkdw shrsoh zkr ghidxow rq wkhlu
ordqv kdyh d orzhu dyhudjh lqfrph wkdq wkrvh zkr gr qrw1 Wklv pd| zhoo ohdg
xv wr lqihu 0 li zh glvuhjdug wkh uhmhfwhg dssolfdqwv/ zkr kdyh orzhu lqfrphv wkdq
wkrvh zkr zhuh judqwhg d ordq 0 wkdw kljkhu lqfrph uhgxfhv ghidxow ulvn1 Vxssrvh/
krzhyhu/ wkdw lw lv dfwxdoo| wkh fdvh wkdw rwkhu idfwruv wkdq LQFRPH ghwhuplqh d
ordq*v vxuylydo1 Wkhq wkh vhohfwlrq ri dssolfdqwv pd| eh wdnlqj sodfh rq wkh edvlv
ri d qhjdwlyh elyduldwh fruuhodwlrq ehwzhhq LQFRPH dqg ghidxowv udwkhu wkdq rq
jurxqgv ri d qhjdwlyh sduwldo fruuhodwlrq/ zklfk frqwurov iru erwk wkh vdpsoh vh0
ohfwlrq h�hfw dqg wkh fruuhodwlrq zlwk rwkhu yduldeohv1 Lw pd|/ iru h{dpsoh/ eh wkh
fdvh wkdw shrsoh zlwk kljkhu lqfrph kdyh rwkhu fkdudfwhulvwlfv wkdw duh dvvrfldwhg
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zlwk juhdwhu ghidxow ulvn1 Vlplodu dujxphqwv fdq eh dssolhg wr DJH/ GLILQF dqg
OLPLW/ wkdw kdyh qhjdwlyh zhljkwv lq wkh �uvw htxdwlrq exw srvlwlyh zhljkwv lq
wkh vhfrqg1 Dowkrxjk rqh pljkw/ iru h{dpsoh/ h{shfw OLPLW wr kdyh d qhjdwlyh
lpsdfw rq ghew vhuylfh/ rqh vkrxog nhhs lq plqg wkdw lw lv phuho| wkh fhlolqj ri wkh
fuhglw idflolw| wkdw d shuvrq glvsrvhv ri1 OLPXWLO fdswxuhv wkh h{whqw wr zklfk
kh ru vkh dfwxdoo| xvhv lw/ zkloh OLPLW sur{lhv iru h{shulhqfh zlwk vhuylflqj ghew
lq wkh vdph zd| dv QUORDQV grhv145 Wkh srvlwlyh frh!flhqw rq GLILQF lq
frpelqdwlrq zlwk wkh qhjdwlyh frh!flhqw rq LQFRPH looxvwudwh krz srsxoduo|
dvvxphg uhodwlrqv fdq odfn idfwxdo vxssruw1

Ixuwkhupruh/ lw lv zruwzkloh wr wdnh qrwlfh ri wkh odujh qxpehu ri yduldeohv
wkdw duh vljql�fdqw lq rqo| rqh htxdwlrq dqg wkxv zlwqhvv ri lqh!flhqw xvh ri
lqirupdwlrq lq wkh hydoxdwlrq ri dssolfdqwv1 QUTXHVW lv d sur{| iru shrsoh*v
hdjhuqhvv wr rewdlq dgglwlrqdo fuhglw dqg dv vxfk dggv wr wkh suredelolw| ri d
ghidxow1 Lq wkh ghflvlrq wr judqw d ordq lw kdv qr uroh ri lpsruwdqfh/ krzhyhu1 Eh0
lqj GLYRUFHg/ zklfk fdq eulqj derxw d plvpdwfk ehwzhhq �qdqfldo reoljdwlrqv
dqg lqfrph/ kdv dq h�hfw vlplodu wr wkdw ri QUTXHVW1 Ilyh yduldeohv/ PDOH/
KRXVH/ ELJFLW\/ FDSLQF dqg EDOLQF fduu| hlwkhu srvlwlyh ru qhjdwlyh
zhljkw lq wkh edqn*v ghflvlrq exw gr qrw d�hfw d ordq*v ulvn ri ghidxow1 Ilqdoo|/
zh srlqw rxw wkdw ORDQVL]H kdv qr lq xhqfh zkdwvrhyhu rq ghidxow ulvn1 Rq
wkh pdujlq/ dq h{wud fuhglw zlwk d pd{lpxp ri VHN 63/333 dssduhqwo| grhv qrw
d�hfw ghidxow suredelolw|1 Ehfdxvh wkh dyhudjh OLPLW lv ehwzhhq vl{ dqg vhyhq
wlphv wkh wkh dyhudjh ORDQVL]H/ wkh uhohydqw yduldeoh wr vwxg| lq wklv frqwh{w
lv OLPLW/ wkh wrwdo dprxqw ri fuhglw idflolwlhv1

Wkh rqo| sdudphwhu zh kdyh qrw |hw uhylhzhg lv wkh fruuhodwlrq frh!flhqw1
Wkh ydoxh ri ��b2�e lpsolhv wkdw qrq0v|vwhpdwlf whqghqflhv wr judqw ordqv duh do0
prvw shuihfwo| fruuhodwhg zlwk qrq0v|vwhpdwlf lqfuhdvhv lq ghidxow ulvn146 Lq rwkhu
zrugv= wkh vxemhfwlyh hohphqwv 0 wkdw frq lfw zlwk wkh v|vwhpdwlf srolf| ghvfulehg
e| wkh �uvw htxdwlrq lq Ee��� 0 lq wkh edqn*v ohqglqj srolf| wkdw lqfuhdvh lqglylg0
xdov* rggv ri ehlqj judqwhg d ordq/ duh srvlwlyho| uhodwhg wr lqfuhdvhv lq ghidxow

45Vwurqj fruuhodwlrq ehwzhhq wkh yduldeohv EDODQFH dqg OLPLW whqghg wr fuhdwh qxphu0
lfdo sureohpv zkhq wu|lqj wr xvh erwk dv h{sodqdwru| yduldeohv1 Vrph whvw uhjuhvvlrqv lqglfdwhg
wkdw OLPLW dqg EDODQFH kdyh rssrvlwh h�hfwv rq VXUY LY DO/ wkh iruphu d srvlwlyh dqg
wkh odwwhu d qhjdwlyh1 Wkh frh!flhqw rq OLPLW lq Wdeoh 7 lv dssur{lpdwho| htxdo wr wkh qhw
h�hfw ri OLPLW plqxv EDODQFH1

46Dowkrxjk wkh ydoxh ri �=<5657 iru � lv txlwh forvh wr �4/ dqg pruh wkdq wzlfh dv odujh dv
zkdw Er|hv hw do1 ^9` irxqg lw wr eh/ wklv lv qr v|pswrp ri sureohpv zlwk frqyhujhqfh iru wkh
dojrulwkp1 Wkh fruuhodwlrq frh!flhqw ydulhg ehwzhhq �=84 dqg �=<: ghshqglqj rq wkh qxpehu
dqg wkh w|sh ri yduldeohv wkdw zh ohw {ml frqvlvw ri1
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ulvn wkdw fdqqrw eh xqh{sodlqhg e| d v|vwhpdwlf uhodwlrq zlwk wkh fryduldwhv  2�1
Li zh frpsduh wkh deryh uhvxowv zlwk wkrvh lq Er|hv hw do1 ^9` zh fdq pdnh

wkuhh revhuydwlrqv1 Iluvwo|/ rxu uhvxowv frq�up wkh frqfoxvlrq lq Er|hv hw do1 wkdw
edqnv gr qrw dsshdu wr eh plqlpl}lqj ghidxow ulvn1 Pdq| ri wkh yduldeohv wkdw
pdnh wkh edqn dssuryh ordq dssolfdwlrqv duh qrw dprqj wkrvh wkdw uhgxfh wkh
suredelolw| ri ghidxow1 Vhfrqgo|/ qrq0v|vwhpdwlf whqghqflhv wr judqw ordqv duh
lqghhg dvvrfldwhg zlwk juhdwhu ghidxow ulvn1 Wklugo|/ zh �qg wkdw wkh vl}h ri d
ordq grhv qrw d�hfw ghidxow ulvn1 Wklv frqwudglfwv wkh lqwhusuhwdwlrq ri Er|hv hw
do1 wkdw edqnv slfn rxw ordqv zlwk kljkhu ghidxow ulvn ehfdxvh wkh| kdyh kljkhu
uhwxuqv1 Wkh| vxjjhvw wkdw edqnv dfwxdoo| suhihu eljjhu/ qrw ulvnlhu/ ordqv iru wkh
rqh uhdvrq wkdw wkh| r�hu kljkhu h{shfwhg hduqlqjv1 Ehfdxvh wkh| wklqn ri eljjhu
ordqv dv jhqhudoo| dovr ehlqj ulvnlhu/ pd{lpl}lqj hduqlqjv zrxog lpso| ghyldwlqj
iurp ulvn plqlpl}dwlrq1 Lq wklv sdshu zh frqwuro iru ORDQVL]H e| lqfoxglqj lw
lq wkh vhw ri h{sodqdwru| yduldeohv dqg �qg wkdw lw kdv qr vljql�fdqw lpsdfw rq
ghidxow ulvn1 Eljjhu ordqv duh wkxv qrw ulvnlhu1

Dv d frqvhtxhqfh/ wkh idfw wkdw edqn ehkdylru lv qrw frqvlvwhqw zlwk ulvn
plqlpl}dwlrq fdqqrw eh dvfulehg wr d glvuhjdughg uhodwlrq ehwzhhq ordq vl}h dqg
uhwxuq1 Ehfdxvh doo ordqv lq wklv vdpsoh sd| wkh vdph udwh ri lqwhuhvw/ wkhuh
uhpdlq rqo| wzr vrxufhv ri gl�huhqfhv lq wkh h{shfwhg udwh ri uhwxuq ehwzhhq
ordqv= vxuylydo wlph 0 dqg wkh dpruwl}dwlrqv dqg lqwhuhvw sd|phqwv wkdw uhvxow
iurp lw 0 dqg wkh orvv udwh rq edg ordqv1 Wr jhw d jrrg iruhfdvw ri sur�wdelolw|/
edqnv pd| eh hydoxdwlqj vxuylydo dqg wkh orvv udwh vlpxowdqhrxvo|1 Lq d vwxg| ri
wkh vxuylydo ri edqn ordqv Urv}edfk ^44` �qgv/ krzhyhu/ wkdw ordqv duh qrw surylghg
lq d zd| wkdw lv frqvlvwhqw zlwk vxuylydo wlph pd{lpl}dwlrq1 Dv dq dowhuqdwlyh/
edqnv kdyh ehhq pd{lpl}lqj vrph rwkhu remhfwlyh wkdq wkh udwh ri uhwxuq rq
wkhlu ordq sruwirolr> iru h{dpsoh/ wkh qxpehu ri fxvwrphuv ru ohqglqj yroxph
vxemhfw wr d plqlpxp uhwxuq frqvwudlqw/ ru wrwdo sur�wv iurp d udqjh ri �qdqfldo
surgxfwv1 Wkh fxuuhqw rujdql}dwlrq ri lqirupdwlrq  rzv lq edqnv dqg wkh ghjuhh
ri fr0ruglqdwlrq ehwzhhq gl�huhqw ghsduwphqwv grhv qrw doorz iru wkh sxuvxlw ri
d frpsrvlwh remhfwlyh vxfk dv wkh uhwxuq rq d udqjh ri surgxfwv1 Prvw lpsruwdqw
ri doo/ wkh dowhuqdwlyh remhfwlyhv vxjjhvwhg deryh duh qrw lq djuhhphqw zlwk zkdw
hpsor|hhv iurp wkh ohqglqj lqvwlwxwlrq uhsruwhg wr xv lq d vhulhv ri lqwhuylhzv rq
wkh pdwwhu1 Udwkhu/ wkh uhvxowv ehdu wkh hylghqfh ri d ohqglqj lqvwlwxwlrq wkdw kdv
dwwhpswhg wr plqlpl}h ulvn ru pd{lpl}h d vlpsoh uhwxuq ixqfwlrq zlwkrxw vxffhvv1
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81 Ohqglqj srolflhv dqg Ydoxh dw Ulvn

Ulvn lv ri lpsruwdqfh wr �qdqfldo lqvwlwxwlrqv rqo| wr wkh h{whqw wkdw lw lqyroyhv
h{shfwhg prqhwdu| orvvhv1 Hvwlpdwlqj lqglylgxdo ghidxow ulvnv lv phuho| ri olplwhg
khos/ ehfdxvh wkhlu olqndjh zlwk fuhglw orvvhv lv xqfohdu1 D ehwwhu zd| wr phdvxuh
ulvn lv wr zhljk lqglylgxdo ghidxow ulvnv e| ydoxh/ dv rqh grhv/ iru h{dpsoh/ lq wkh
fdofxodwlrq ri Ydoxh dw Ulvn1 Vwxg|lqj Ydoxh dw Ulvn qrw rqo| hqdeohv wkh �qdqfldo
lqvwlwxwlrq wr jhw d phdvxuh ri wkh fuhglw ulvn suhvhqw lq fxuuhqwo| dgplqlvwhuhg
ordqv1 Lw dovr doorzv dq hydoxdwlrq ri wkh lpsdfw ri gl�huhqw ohqglqj srolflhv rq
+d vshfl�f phdvxuh ri, ulvn h{srvxuh dqg fuhdwhv d ehwwhu edvlv iru dq h{solflw
ghflvlrq rq wkh lpsolhg orvv udwh1 Iru wkhvh uhdvrqv/ zh zloo vkliw rxu dwwhqwlrq lq
wkh uhpdlqghu ri wkh sdshu iurp wkh hvwlpdwlrq ri ghidxow ulvn wr wkh frqvwuxfwlrq
ri d Ydoxh dw Ulvn +YdU , phdvxuh1 Iluvw/ zh ghulyh d YdU phdvxuh xvlqj d
Prqwh0Fduor vlpxodwlrq ri wkh elyduldwh surelw prgho ri Vhfwlrq 71 Diwhu wkdw/ zh
vkrz krz lw fdq eh dssolhg lq d w|slfdo sureohp wkdw d ohqglqj lqvwlwxwlrq pd|
eh frqiurqwhg zlwk zkhq vxsso|lqj ordqv1

Zh gh�qh Ydoxh dw Ulvn dv �wkh orvv wkdw lv h{shfwhg wr eh h{fhhghg zlwk d
suredelolw| ri rqo| % ( gxulqj wkh wrwdo kroglqj shulrg ri wkh ordq sruwirolr�/
zkhuh wkh uhohydqw ulvn phdvxuh % qhhgv wr eh fkrvhq lq dgydqfh1 Li rqh vhwv %
htxdo wr 8(/ iru h{dpsoh/ d Ydoxh dw Ulvn ri VHN 43 pq1 phdqv wkdw wrwdo fuhglw
orvvhv rq wkh ordq sruwirolr zloo eh juhdwhu VHN 43 pq1 zlwk d suredelolw| ri
8(1 Revhuyh wkdw rxu YdU frqfhsw gl�huv iurp pruh frqyhqwlrqdo w|shv lq wzr
uhvshfwv1 Iluvwo|/ wkh frpsxwhg orvvhv frqfhuq fuhglw ulvn udwkhu wkdq pdunhw ulvn1
Vhfrqgo|/ Ydoxh dw Ulvn lv fdofxodwhg iru d vshfl�f wlph krul}rq1 YdU phdvxuhv
ryhu rwkhu wlph krul}rqv uhtxluh uh0hvwlpdwlrq ri wkh elyduldwh surelw prgho1

Rqh ri wkh sxusrvhv ri wklv vhfwlrq lv wr looxvwudwh krz xvlqj Ydoxh dw Ulvn
lqvwhdg ri ghidxow ulvn fdq eh dx{loldu| lq rswlpl}lqj edqn ohqglqj srolf|1 Zh zloo
wkhuhiruh fduu| rxw wzr h{shulphqwv/ lq zklfk wkh elyduldwh surelw prgho iurp
vhfwlrq 7 zloo vhuyh dv d zrunkruvh1 Iluvw/ zh dqdo|vh krz wkh Ydoxh dw Ulvn lv
d�hfwhg e| pdujlqdo fkdqjhv lq wkh edqn*v dffhswdqfh uxoh1 Vhfrqg/ zh frqvwuxfw
d k|srwkhwlfdo sruwirolr ri ordqv wkdw zrxog eh judqwhg li wkh edqn kdg d ghidxow
ulvn edvhg ghflvlrq uxoh lqvwhdg ri lwv fxuuhqw srolf|1 Frpsdulqj wkh glvwulexwlrq ri
fuhglw orvvhv rq wklv k|srwkhwlfdo sruwirolr zlwk wkrvh rq wkh dfwxdo sruwirolr pd|
vxsso| xv zlwk d fuxgh hvwlpdwh ri wkh h!flhqf| orvvhv wkdw wkh edqn*v ohqglqj
jlyhv ulvh wr1

Lq wkh �uvw h{shulphqw zh vwxg| krz wkh edqn fdq d�hfw lwv Ydoxh dw Ulvn
h{srvxuh e| pdnlqj lwv dffhswdqfh fulwhulrq pruh ru ohvv uhvwulfwlyh1 Khuh/ zh
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dedqgrq wkh edqn*v fxuuhqw ohqglqj srolf|/ dv ghvfulehg e| wkh �uvw htxdwlrq lq
Ee��� dqg Ee�2� � Lq vhfwlrq 7 zh vkrzhg wkdw wklv srolf| lv qrw frqvlvwhqw zlwk ulvn
plqlpl}dwlrq1 Lqvwhdg/ zh frqvwuxfw d ghidxow ulvn edvhg dffhswdqfh uxoh ri wkh
irup=

ordq qrw judqwhg
ordq judqwhg
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E| phdqv ri d Prqwh0Fduor vlpxodwlrq vlplodu wr wkh rqh ghvfulehg deryh/ zh
fdq ghulyh wkh suredelolw| glvwulexwlrq ri edqn fuhglw orvvhv dvvrfldwhg zlwk wkh
dffhswdqfh2uhmhfwlrq uxoh ED��� iru dq| ydoxh ri wkh wkuhvkrog sdudphwhu B�1 Wkh
Prqwh0Fduor vlpxodwlrq frqvlvwv ri wkh iroorzlqj 8 vwhsv=
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71 Iru wkh �� dssuryhg dssolfdwlrqv/ frpsxwh wkh wrwdo fuhglw orvvhv b rq wklv
sruwirolr dv
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. d hR�o � ^�
zkhuh ^� lv wkh vl}h ri wkh ordq lqglylgxdo � dssolhg iru1 Ehfdxvh ^� lv qrw

dydlodeoh iru wkh uhmhfwhg dssolfdqwv/ zh lpsxwh ^ ' �
��c |o�e

��c |o�eS
�'�

^� lq

vwhsv 4071 Khuh/ ��c |o�e lv wkh qxpehu ri dffhswhg dssolfdqwv lq wkh ruljlqdo
vdpsoh1

81 Uhshdw vwhsv 407 � wlphv dqg frpsxwh wkh dssur{lpdwh suredelolw| glvwul0
exwlrq ryhu orvvhv iurp wkh� ydoxhv rqh rewdlqv iru b1 � vkrxog eh fkrvhq
vxfk wkdw wkh glvwulexwlrq lv lqyduldeoh iru � � � ��
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Iru rxu sxusrvh zh kdyh slfnhg d vhulhv ri ydoxhv B� lq wkh lqwhuydo d�f�c �2fo �
Wkh uhvxowv iurp wkhvh vlpxodwlrqv duh glvsod|hg lq Wdeoh 81 Wkh vhfrqg froxpq
ri Wdeoh 8 vkrzv krz h{shfwhg ordq orvvhv lqfuhdvh dv wkh edqn uhod{hv lwv ohqglqj
srolf|1 Wkh prvw uhvwulfwlyh srolf|/ B� ' �f�/ uhvxowv lq ohqglqj ehwzhhq 6919
pq1 dqg 6:15 pq1 nurqru/ zkhuhdv wkh prvw jhqhurxv srolf|/ B� ' �2f/ ohdgv
wr dssur{lpdwho| wzr dqg d kdoi wlphv dv pxfk ohqglqj1 Dv wkh ohqglqj yroxph
jurzv/ orvvhv lqfuhdvh dw dq dffhohudwlqj udwh1 Iru wkh prvw ulvn dyhuvh ghflvlrq
uxoh ordq orvvhv udqjh iurp 16 wr 19 pq1 nurqru/ frpsduhg wr VHN 6 pq1 0 xs
wr < wlphv dv pxfk 0 rq wkh ulvnlhvw ordq sruwirolr1 Dv h{shfwhg wkh orvv udwh/
ordq orvvhv glylghg e| wrwdo ohqglqj/ ulvhv iurp 169 shufhqw wr 6168 shufhqw dv wkh
dffhswdqfh fulwhulrq B lv vxffhvvlyho| uhod{hg iurp 134 wr 1531 Wrwdo orvvhv dqg wkh
orvv udwh erwk prqrwrqlfdoo| lqfuhdvh zlwk Bc dw dq hyhu ghfuhdvlqj udwh krzhyhu1

Dsso|lqj d Ydoxh dw Ulvn dqdo|vlv ehiruh vhohfwlqj d ohqglqj srolf| wkxv doorzv
wkh ohqglqj lqvwlwxwlrq wr ghflgh h{solflwo| rq hlwkhu lwv djjuhjdwh fuhglw ulvn h{0
srvxuh ru lwv orvv udwh1 Dowhuqdwlyho|/ lw frxog fkrrvh wr slfn d ghvludeoh orvv udwh
frqglwlrqdo rq wkh Ydoxh dw Ulvn qrw h{fhhglqj vrph pd{lpxp doorzdeoh dprxqw
ri prqh|1 Grlqj vr kdv vhyhudo dgydqwdjhv1 Iluvw/ frpsduhg wr fxuuhqw sudfwlfh/
wkh ulvn lqyroyhg lq ohqglqj ehfrphv pruh wudqvsduhqw1 Lqvwhdg ri uhjlvwhulqj ordqv
wkdw kdyh douhdg| ehfrph qrq0shuiruplqj/ wkh �qdqfldo lqvwlwxwlrq zloo eh deoh wr
fuhdwh surylvlrqv iru h{shfwhg orvvhv1 Wklv r�huv jdlqv iurp erwk d sulydwh dqg d
vrfldo shuvshfwlyh1 Iurp d sulydwh shuvshfwlyh ehfdxvh surylvlrqv iru ordq orvvhv
rq edqnv* edodqfh vkhhwv zloo eh iruzdug0orrnlqj dqg rqo| odj xqh{shfwhg hyhqwv1
Wklv vkrxog idflolwdwh d fruuhfw ydoxdwlrq ri wkh �up1 Dw dq djjuhjdwh ohyho/ wkhuh
zrxog eh ohvv ulvn iru edqnuxswf| ri �qdqfldo lqvwlwxwlrqv dqg wkhuhiruh ohvv ulvn
iru �qdqfldo glvwxuedqfhv wr wkh hfrqrp|1 Vhh iru h{dpsoh Ehuqdqnh dqg Jhuwohu
^8`1 Vhfrqgo|/ xqohvv wkh edqn vhwv lqwhuhvw udwhv lqglylgxdoo|/ wklv phwkrgrorj|
dovr hqdeohv d edqn wr slfn d ulvn0suhplxp rq wrs ri wkh ulvn iuhh udwh ri lqwhuhvw
wkdw lv frqvlvwhqw zlwk dyhudjh fuhglw ulvn ryhu wkh pdwxulw| lq txhvwlrq1 Li wkh orvv
udwh lv 518 shufhqw/ iru h{dpsoh/ dqg wkh dyhudjh gxudwlrq ri d ordq lv 6 |hduv/ wkhq
wkh edqn frxog fkdujh d ulvn0suhplxp ri dssur{lpdwho| 1; shufhqw shu dqqxp1

Lq wkh vhfrqg h{shulphqw rxu dlp lv wr surgxfh dq hvwlpdwh ri wkh prqhwdu|
orvvhv wkdw wkh lqh!flhqf| lq wkh fxuuhqw ohqglqj srolf| jlyhv ulvh wr1 Wdeoh 8 kdv
jlyhq xv dq lpsuhvvlrq ri krz ohqglqj yroxph/ ordq orvvhv dqg wkh orvv udwh frydu|/
dqg fdq khos d edqn fkrrvh rqh vshfl�f h!flhqw ohqglqj srolf| iurp d odujhu vhw1
Krzhyhu/ ehiruh vzlwfklqj wr d qhz srolf|/ d �qdqfldo lqvwlwxwlrq zloo �uvw zdqw
wr txdqwli| wkh srwhqwldo jdlqv iurp grlqj vr1 Iru wklv sxusrvh/ zh frqvwuxfw wkh
*h!flhqw* sruwirolr ri ordqv wkdw zrxog eh judqwhg li wkh edqn xvhg d ghidxow ulvn
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Wdeoh 8= <8 shufhqw frq�ghqfh lqwhuydov iru wrwdo ordq orvvhv/ wrwdo ohqglqj
+erwk lq 4333 VHN, dqg wkh orvv udwh +wrwdo fuhglw orvvhv2wrwdo ohqglqj,/ doo iru
jlyhq uhmhfwlrq wkuhvkrog B�1

B� ordq orvvhv wrwdo ohqglqj orvv udwh
�f� ���� ��. �Sc DH�� �.c 22S ��S� ��.
�f2 ��b� DD� D�c �2e� D�c .S� �SS� �SH
�f� DeH� DSe Dbc .fD� Sfc ��H �b2� �be
�fe .D�� ..� SDc Se�� SSc 2eH ���e� ���.
�fD beH� be. .fc fH�� .fc SH� ���D� ���H
�fS �c �e�� �c �.e .�c S.H� .ec 2.S ��DD� ��DH
�f. �c ��e� �c �.f .Sc S.2� ..c 22D ��.e� ��..
�fH �c D�S� �c DDD .bc ��H� .bc .f� ��b�� ��bD
�fb �c SH.� �c .�f H�c �H�� H�c .�f 2�fH� 2��2
��f �c Heb� �c HbD H2c b�S� H�c eeb 2�2�� 2�2.
��� 2c ff�� 2c fD� Hec e��� Hec b2� 2��.� 2�e2
��2 2c �eb� 2c 2f� HDc Sbb� HSc �bf 2�D�� 2�DD
��� 2c 2HD� 2c ��b HSc H�2� H.c 2.b 2�S�� 2�SH
��e 2c e�e� 2c e.f H.c .HD� HHc 2�f 2�.D� 2�Hf
��D 2c 2HD� 2c ��b HHc Se�� Hbc fSS 2�HD� 2�b�
��S 2c SeH� 2c .fb Hbc �Hb� Hbc .b� 2�bS� ��f2
��. 2c .D2� 2c H�e bfc f�e� bfc e�S ��fS� ����
��H 2c He.� 2c bfb bfc DHS� bfc beD ���e� ��2f
��b 2c b�2� 2c bbD b�c fD.� b�c �bH ��22� ��2H
�2f �c ffb� �c f.� b�c eS.� b�c .Hb ��2b� ���D

edvhg ghflvlrq uxoh/ lqvwhdg ri lwv fxuuhqw srolf|/ exw suhihuuhg d ohqglqj yroxph
+dssur{lpdwho|, htxdo wr wkdw ri wkh dfwxdo sruwirolr1 H{hfxwlqj vwhsv 406 lq wkh
deryh Prqwh0Fduor h{shulphqw dqg slfnlqj B� vxfk wkdw wkh vlpxodwhg ohqglqj
yroxph htxdov dfwxdo ohqglqj jlyhv xv wkh ghvluhg sruwirolr1

E| lqvshfwlqj Wdeoh 8 rqh fdq douhdg| lqihu wkdw wkh lpsolhg ydoxh ri B� zloo
olh ehwzhhq 134 dqg 1351 Zh �qg wkdw B� htxdov 13451 Zh wkhq uhshdw vwhsv 508 ri
wkh Prqwh0Fduor h{shulphqw iru erwk wkh dfwxdo dqg wkh *h!flhqw* sruwirolr 0 exw
gr qrw dsso| ED��� lq vwhs 6 vlqfh zh douhdg| nqrz zklfk lqglylgxdov pdnh xs rxu
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Wdeoh 9= Ydoxh dw Ulvn dw gl�huhqw ulvn ohyhov frpsxwhg iru wkh vdpsoh sruwirolr
dqg dq h!flhqwo| surylghg sruwirolr ri htxdo vl}h +dprxqwv � wkrxvdqg VHN,1

Sruwirolr Ulvn ohyho
�I DI �fI

7@6R,e �c D�� �c DfS �c Df�
.ss�S�e?| 2S� 2S2 2S�

vdpsoh1 Iurp wkh fuhglw orvv glvwulexwlrqv wkdw zh rewdlq dorqj wkhvh olqhv/ zh
h{wudfw wkuhh gl�huhqw Ydoxh dw Ulvn phdvxuhv iru hdfk sruwirolr1 Wkhvh duh glv0
sod|hg lq Wdeoh 91 Fuhglw orvvhv rq wkh wzr sruwirolrv fohduo| gl�hu juhdwo|1 Dw
wkh 43 shufhqw ulvn ohyho/ wkh ydoxh dw ulvn dprxqwv wr VHN 4/836 wkrxvdqg iru
wkh dfwxdo sruwirolr frpsduhg wr 594 wkrxvdqg iru wkh h!flhqw sruwirolr1 Dw wkh
4 shufhqw ulvn ohyho wkhvh dprxqwv duh 4/846 dqg 596 uhvshfwlyho|1 E| vkliwlqj wr
d ghidxow ulvn edvhg ghflvlrq uxoh dqg dedqgrqlqj lwv fxuuhqw ohqglqj srolf|/ wkh
edqn fdq fdq uhgxfh lwv h{shfwhg fuhglw orvvhv vljql�fdqwo|1 Frqwlqxlqj surylglqj
ordqv lq wkh vdph zd| dv kdv ehhq grqh ohdgv wr d YdU h{srvxuh wkdw lv vl{ wlphv
kljkhu wkdq zlwk d srolf| frqvlvwhqw zlwk ghidxow ulvn plqlpl}dwlrq1 Vzlwfklqj
wr rqh ri wkh *h!flhqw* ohqglqj srolflhv glvsod|hg lq Wdeoh 8 wkxv lqyroyhv odujh
srwhqwldo ehqh�wv iru wkh �qdqfldo lqvwlwxwlrq1

91 Glvfxvvlrq

Lq wklv sdshu zh kdyh dssolhg wkh elyduldwh surelw prgho iurp Er|hv hw do1 ^9`
wr lqyhvwljdwh wkh lpsolfdwlrqv ri edqn ohqglqj srolf|1 Zlwk d odujhu dqg pruh
h{whqvlyh gdwd vhw zh frq�up hduolhu hylghqfh wkdw edqnv surylgh ordqv lq d zd|
wkdw lv qrw frqvlvwhqw zlwk ghidxow ulvn plqlpl}dwlrq1 Lw kdg ehhq vxjjhvwhg
wkdw edqnv suhihu eljjhu ordqv ehfdxvh wkh| r�hu kljkhu h{shfwhg hduqlqjv1 Vlqfh
eljjhu ordqv duh jhqhudoo| wkrxjkw wr eh ulvnlhu/ pd{lpl}lqj h{shfwhg hduqlqjv
zrxog wkhq lpso| ghyldwlqj iurp ulvn plqlpl}dwlrq1 Krzhyhu/ zlwk wkh gdwd rq
wkh vl}h ri doo ordqv wkdw zh kdyh dw rxu glvsrvdo/ vl}h kdv ehhq vkrzq qrw wr
d�hfw wkh ghidxow ulvn dvvrfldwhg zlwk d ordq1 Edqnv/ hyhq li wkh| duh ulvn dyhuvh/
duh wkxv qrw idfhg zlwk d wudgh0r� ehwzhhq ulvn dqg uhwxuq1 Wkh lqfrqvlvwhqf|
lq edqnlqj ehkdylru fdq wkxv qrw eh dvfulehg wr vrph uhodwlrq ehwzhhq ordq vl}h
dqg uhwxuq/ wkdw hduolhu prghov kdg qrw dffrxqwhg iru1 Wkh edqnlqj ehkdylru
pxvw wkxv eh hlwkhu d v|pswrp ri dq lqh!flhqw ohqglqj srolf| ru wkh uhvxow ri
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vrph rwkhu w|sh ri rswlpl}lqj ehkdylru1 Edqnv pd|/ iru h{dpsoh/ eh iruhfdvwlqj
vxuylydo wlph/ orvv udwhv ru erwk1 Dqrwkhu dowhuqdwlyh lv wkdw wkh| duh pd{lpl}lqj
dqrwkhu remhfwlyh wkdq wkh udwh ri uhwxuq rq wkhlu ordq sruwirolr/ h1j1 wkh qxpehu
ri fxvwrphuv/ ohqglqj yroxph vxemhfw wr d plqlpxp uhwxuq frqvwudlqw/ ru wrwdo
sur�wv iurp d udqjh ri �qdqfldo surgxfwv1 Fxuuhqw edqnlqj whfkqrorj| grhv qrw
|hw doorz iru wkh sxuvxlw ri d frpsrvlwh remhfwlyh vxfk dv wkh uhwxuq rq d udqjh ri
surgxfwv/ krzhyhu1 Lq dgglwlrq/ wkh deryh vxjjhvwlrqv duh qrw lq djuhhphqw zlwk
wkh sudfwlfhv uhsruwhg wr xv e| wkh ohqglqj lqvwlwxwlrq wkdw surylghg rxu gdwd1
Udwkhu/ wkh uhvxowv ehdu wkh hylghqfh ri d ohqglqj lqvwlwxwlrq wkdw kdv dwwhpswhg
wr plqlpl}h ulvn ru pd{lpl}h d vlpsoh uhwxuq ixqfwlrq zlwkrxw vxffhvv1

Ydoxh dw Ulvn/ ehlqj ghulyhg iurp d ydoxh zhljkwhg vxp ri doo lqglylgxdo ulvnv/
surylghv d pruh dghtxdwh phdvxuh ri prqhwdu| orvvhv rq d sruwirolr ri ordqv wkdq
ghidxow ulvn1 E| phdqv ri Prqwh0Fduor vlpxodwlrq zlwk wkh elyduldwh surelw prgho/
zh kdyh rewdlqhg d Ydoxh dw Ulvn phdvxuh iru wkh vdpsoh sruwirolr ri ordqv1 Zh
kdyh dovr vkrzq krz fdofxodwlqj Ydoxh dw Ulvn fdq hqdeoh �qdqfldo lqvwlwxwlrqv
wr hydoxdwh dowhuqdwlyh ohqglqj srolflhv rq wkh edvlv ri wkhlu lpsolhg fuhglw ulvnv
dqg orvv udwhv1 Dq dqdo|vlv ri wkh YdU lqyroyhg lq ohqglqj srolflhv r�huv erwk
sulydwh dqg vrfldo jdlqv1 Surylvlrqv iru ordq orvvhv rq edqnv* edodqfh vkhhwv zloo
ehfrph pruh iruzdug0orrnlqj1 Wklv vkrxog idflolwdwh d fruuhfw hydoxdwlrq ri wkh
�up1 Dw dq djjuhjdwh ohyho/ wkh ulvn ri edqnuxswf| iru �qdqfldo lqvwlwxwlrqv dqg
wkh olnholkrrg ri �qdqfldo glvwxuedqfhv wr wkh hfrqrp| zrxog eh uhgxfhg1 Edqnv
zrxog dovr eh deoh wr fkrrvh d ulvn0suhplxp rq wrs ri wkh ulvn iuhh udwh ri lqwhuhvw
wkdw lv frqvlvwhqw zlwk dyhudjh fuhglw ulvn ryhu wkh pdwxulw| lq txhvwlrq1
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\run1

^43` Khqoh|/ Z1H1/ dqg G1M1 Kdqg/ +4<<9,/ D n0qhduhvw0qhljkeru fodvvl�hu iru dv0
vhvvlqj frqvxphu fuhglw ulvn/ Wkh Vwdwlvwlfldq 78 +4,/ ::0<81

^44` Urv}edfk/ N1I1/ +4<<;,/ Edqn ohqglqj srolf|/ fuhglw vfrulqj dqg wkh vxuylydo
ri ordqv/ Pdqxvfulsw/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

^45` Vwhhqdfnhu/ D1/ dqg P1M1 Jrrydhuwv/ +4<;<,/ D fuhglw vfrulqj prgho iru shu0
vrqdo ordqv/ Lqvxudqfh= Pdwkhpdwlfv dqg Hfrqrplfv ;/ 640671
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^46` Vwljolw}/ M1H1/ dqg D1 Zhlvv/ +4<;4,/ Fuhglw udwlrqlqj lq pdunhwv zlwk lpshu0
ihfw lqirupdwlrq/ Dphulfdq Hfrqrplf Uhylhz :4/ 6<607431

^47` Zlooldpvrq/ V1/ +4<;:,/ Frvwo| prqlwrulqj/ ordq frqwudfwv dqg htxloleulxp
fuhglw udwlrqlqj/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 435 +4,/ 46804781

D1 Olnholkrrg ixqfwlrq

Frpelqlqj Ee�2� � Ee��� dqg wdeoh 4/ wkh olnholkrrg ixqfwlrq lq htxdwlrq Ee�e�
ehfrphv

� '
�T
�'�

su E+W�� 	 f�E�3+��� � �T
�'�

su E+W�� � fc +W2� � f�+��uu+2� �
�T
�'�

su E+W�� � fc +W2� � f�+��u+2�
+D14,

Vxevwlwxwlqj iru Ee���/ E����lpsolhv wkh iroorzlqj orjolnholkrrg ixqfwlrq=

oq� '
S�

�'� E�� +��� � oq dsu E0�� 	 � ��k��o nS�
�'� +�� � E�� +2�� oq dsu E0�� � � ��k� _ 02� � � 2�k2�o nS�
�'� +�� � +2� oq dsu E0�� � � ��k� _ 02� � � 2�k2�o

+D15,

Ehfdxvh ri wkh v|pphwu| surshuw| ri wkh elyduldwh qrupdo glvwulexwlrq/ wkh
odvw olqh lq E��2� fdq eh uhzulwwhq dv=

su E0�� � � ��k� _ 02� � � 2�q2� / 47

x2 E ��k�c  2�k2( 4�
+D16,

Vlqfh

su E+W�� � fc +W2� � f� ' �� su E+W�� 	 f�� su E+W�� � fc +W2� � f�

;�/ wkh orjolnholkrrg ixqfwlrq fdq eh zulwwhq dv

oq� '
S�

�'� E�� +��� � oq d�� xE ��k��o nS�
�'� +�� � E�� +2�� ixE ��k��� x2 E ��k�c  2�k2( 4�jS�
�'� +�� � +2� oqx2 E ��k�c  2�k2( 4�

+D17,

47Vhh Juhhqh +4<<6, s1994 iru d vxppdu| ri uhvxowv rq wkh elyduldwh qrupdo fgi1
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