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Gxudwlrq ri frqvxphu ordqv dqg edqn ohqglqj
srolf|= grupdqf| yhuvxv ghidxow ulvn�

Nhqqhwk Fduolqj| Wru Mdfrevrq} Ndvshu Urv}edfk{

63 Mxo| 4<<;

Devwudfw

D edqn wkdw ohqgv prqh| wr d krxvhkrog idfhv wzr w|shv ri ulvn1 Prvw
frpprqo| phqwlrqhg lv wkh ulvn ri d ghidxow1 Kdugo| hyhu uhihuuhg wr lv wkh
ulvn ri dq hduo| uhghpswlrq ri wkh ordq 0 ohdglqj wr grupdqf|1 Zh prgho
frqvxphu ordqv* wudqvlwlrq iurp dq dfwlyh wr d grupdqw vwdwh dqg hvwlpdwh
d vhpl0sdudphwulf gxudwlrq prgho zlwk d gdwd vhw frqvlvwlqj ri 7/:66 lqgl0
ylgxdov zkr zhuh judqwhg fuhglw e| d Vzhglvk ohqglqj lqvwlwxwlrq ehwzhhq
4<<6 dqg 4<<81 Zh dqdo|}h wkh idfwruv wkdw ghwhuplqh wkh wlph wr pdwxulw|
rq d ordq dqg lqyhvwljdwh wkh prgho�v delolw| wr pdwfk wkh pdwxulwlhv re0
vhuyhg lq wkh gdwd1 Wkh prgho lv xvhg wr hydoxdwh ordq dssolfdqwv e| wkhlu
h{shfwhg gxudwlrqv dqg 0 sur�wv/ dqg wr ghulyh wkh glvwulexwlrq ri frqgl0
wlrqdo h{shfwhg gxudwlrqv dqg 0 sur�wv iru wkh ordq sruwirolr1 Wklv hqdeohv
xv wr gudz vrph frqfoxvlrqv derxw wkh h!flhqf| ri edqn ohqglqj srolf|1

MHO Fodvvl�fdwlrq= F47/ F74/ F86/ G94/ G;4/ J541
Nh|zrugv= Edqn ohqglqj srolf|/ gxudwlrq dqdo|vlv/ vhpl0sdudphwulf phwk0

rgv/ grupdqf|/ frvw0ehqh�w dqdo|vlv1

�Wkh dxwkruv wkdqn Oduv Omxqtylvw iru klv khosixo frpphqwv dqg Emùuq Nduovvrq dqg \qjyh
Nduovvrq dw Xsso|vqlqjvfhqwudohq DE iru surylglqj dqg glvfxvvlqj wkh gdwd1 Fduolqj*v uhvhdufk lv
ixqghg e| wkh Vdvdndzd \rxqj Ohdghuv* Irxqgdwlrq1 Urv}edfk judwhixoo| dfnqrzohgjhv �qdqfldo
vxssruw e| wkh Mdq Zdoodqghuv dqg Wrp Khgholxv irxqgdwlrq iru uhvhdufk lq wkh vrfldo vflhqfhv1

|R!fh ri Oderu Pdunhw Srolf| Hydoxdwlrq +LIDX,/ Er{ 846/ VH :84 53 Xssvdod/ Vzhghq>
Hpdlo= nhqqhwk1fduolqjClidx1xx1vh1

}Uhvhdufk Ghsduwphqw/ Vyhuljhv Ulnvedqn/ VH 436 6: Vwrfnkrop/ Vzhghq> Hpdlo=
wru1mdfrevrqCulnvedqn1vh1

{Ghsduwphqw ri Hfrqrplfv/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ dqg Uhvhdufk Ghsduwphqw/ Gh
Qhghuodqgvfkh Edqn/ Er{ <;/ 4333 DE Dpvwhugdp/ Wkh Qhwkhuodqgv> Hpdlo= qhnuCkkv1vh1



41 Lqwurgxfwlrq

Dq|rqh dsso|lqj iru d ordq dw d edqn fdq frxqw rq ehlqj vxemhfwhg wr rqh ri
wkh pdq| surfhgxuhv wkdw h{lvw wr dvvhvv fuhglwzruwklqhvv1 Vrph fuhglw lqvwlwx0
wlrqv frqwlqxh wr dqdo|}h dssolfdqwv* shuvrqdo fkdudfwhulvwlfv lq vxemhfwlyh/ qrq0
irupdol}hg zd|v zkloh rwkhuv xvh vr fdoohg fuhglw vfrulqj prghov1 Wkhlu ydu|lqj
ghjuhhv ri vrsklvwlfdwlrq lq vslwh/ fuhglw vfrulqj prghov vkduh d frpprq remhfwlyh=
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 Dowpdq/ Dyhu|/ Hlvhqehlv dqg
Vlqnh| ^4` r�huv d jrrg uhylhz ri wklv olwhudwxuh14

Xqiruwxqdwho|/ fuhglw vfrulqj prghov ohdyh pxfk urrp iru vxemhfwlyh idfwruv lq
wkh ordq dssurydo surfhvv1 E| udqnlqj fxvwrphuv dffruglqj wr suhglfwhg ghidxow
suredelolwlhv/ edqnv fdq plqlpl}h wkh h{shfwhg ghidxow ru plvfodvvl�fdwlrq udwh
vxemhfw wr vrph h{rjhqrxv dffhswdqfh uxoh1 Krzhyhu/ wklv lv d idu fu| iurp vroylqj
wkh xowlpdwh sureohp ri sur�w ru xwlolw| pd{lpl}dwlrq1 Vfrulqj prghov pdnh lw
srvvleoh iru edqnv wr suhglfw edqnuxswf|/ exw uhtxluh wkhp wr uhvruw wr dg0krf
phwkrgv wr iruhfdvw sur�wdelolw|1 Er|hv/ Kr�pdq dqg Orz ^;` dqg Mdfrevrq
dqg Urv}edfk ^53` surylgh hpslulfdo hylghqfh wkdw frq�upv wkh dxwkhqwlflw| dqg
lpsruwdqfh ri wklv glohppd1 Lq wzr lqghshqghqw vwxglhv ri wkh edqn fuhglw vfrulqj
sureohp/ wkh| �qg wkdw ordq judqwlqj srolflhv duh frqvlvwhqw zlwk qhlwkhu ghidxow
ulvn 0 qru orvv udwh plqlpl}dwlrq1

Wkh txdqwlwdwlyh lpsruwdqfh ri frqvxphu fuhglw iru �qdqfldo lqvwlwxwlrqv lq
Vzhghq pd| eh looxvwudwhg e| wkh idfw wkdw lw pdnhv xs 58 shufhqw ri wrwdo ohqglqj/
h{foxglqj uhvlghqwldo ordqv/ wr wkh sxeolf15 Hyhq iurp wkh krxvhkrog shuvshfwlyh/
frqvxphu fuhglw kdv frph wr sod| dq lqfuhdvlqjo| lpsruwdqw uroh dv d phdqv
wr pdlqwdlq frqvxpswlrq dw d ohyho frqvlvwhqw zlwk shupdqhqw lqfrph1 Wrwdo
ohqglqj/ h{foxglqj uhvlghqwldo ordqv/ e| edqnv dqg �qdqfh frpsdqlhv wr Vzhglvk
krxvhkrogv dprxqwhg wr VHN 53: eq1/ ru VHN 5519<; shu fdslwd/ e| wkh hqg ri
4<<91 Wklv lv wkh htxlydohqw ri 45 shufhqw ri Vzhglvk JGS ru 551: shufhqw ri wrwdo
sulydwh frqvxpswlrq1 Wkhvh qxpehuv ghprqvwudwh wkdw wkh surfhvv e| zklfk d
fuhglw lqvwlwxwlrq ghflghv wr judqw ru uhixvh d ordq fdq juhdwo| d�hfw krxvhkrogv*
delolw| wr vprrwk frqvxpswlrq dqg wkhuhe| wkhlu zhoiduh1 Ohqglqj srolf| lv wkxv
ri lqwhuhvw qrw phuho| ehfdxvh ri lwv lpsolfdwlrqv iru edqn sur�wdelolw|/ exw dovr

4Wkh prvw frpprqo| xvhg phwkrgv duh glvfulplqdqw dqdo|vlv dqg orjlvwlf uhjuhvvlrq1 Uhfhqw
vwxglhv kdyh hyhq dssolhg n0qhduhvw0qhljkerukrrg ^4:` dqg frxqw gdwd prghov ^49`/ fodvvl�fdwlrq
wuhhv dqg qhxudo qhwzrunv ^6`1

5Li rqh lqfoxghv uhvlghqwldo ordqv lq wrwdo ohqglqj/ wklv �jxuh gursv wr 44 shufhqw1

5



ehfdxvh ri lwv lpsolfdwlrqv iru krxvhkrogv* zhoiduh1 Qhyhuwkhohvv/ fuhglw udwlrqlqj
uhpdlqv d frpprq skhqrphqrq lq �qdqfldo pdunhwv1

Wkh h{shfwhg uhwxuq rq d ordq ghshqgv rq vhyhudo idfwruv vxfk dv wkh lqwhuhvw
udwh/ wkh dpruwl}dwlrq vfkhph/ ihhv sdlg e| wkh fxvwrphu/ �{hg dqg yduldeoh frvwv
lqfxuuhg e| wkh ohqghu/ wkh suredelolw| ri d ghidxow/ dqg wkh h{shfwhg orvv rq wkh
sulqflsdo lq fdvh ri d ghidxow1 H{fhsw iru  xfwxdwlrqv lq wkh udwh ri lqwhuhvw/ wkdw
zh devwudfw iurp lq wklv sdshu/ d edqn wkxv idfhv wzr w|shv ri ulvn zkhq ohqglqj
prqh| wr d krxvhkrog1 Prvw frpprqo| phqwlrqhg lv wkh ulvn ri d ghidxow1 Kdugo|
hyhu uhihuuhg wr lv wkh ulvn ri dq hduo| uhghpswlrq ri wkh ordq/ ohdglqj wr grupdqf|1
Vlqfh wkh surylvlrq dqg dgplqlvwudwlrq ri fuhglw lqyroyhv prvwo| �{hg frvwv zkloh
uhyhqxhv duh yduldeoh dqg vsuhdg rxw ryhu wlph/ ordqv zlwk vkruw pdwxulwlhv fdq
uhvxow lq orvvhv iru �qdqfldo lqvwlwxwlrqv/ ghvslwh wkh idfw wkdw wkh| qhyhu ghidxow1
Pruhryhu/ ehfdxvh ghidxowv jhqhudoo| rffxu diwhu d shulrg ri uhjxodu lqvwdoophqwv
dqg lqwhuhvw sd|phqwv/ wkh glvfrxqwhg orvv rq wkh dyhudjh edg ordq h{fhhgv wkh
sur�w rq wkh dyhudjh jrrg ordq e| rqo| olwwoh1 Lq rxu gdwdvhw/ wkh glvfrxqwhg
orvv rq dq dyhudjho| vl}hg edg ordq zlwk wkh dyhudjh gxudwlrq wr ghidxow lv 0691:
shufhqw frpsduhg wr d uhwxuq ri ;14 shufhqw rq d jrrg ordq1 Frpelqlqj wkhvh
�jxuhv zlwk wkh idfw wkdw ghidxowhg ordqv jhqhudoo| pdnh xs rqo| rqh shufhqw ri
wkh sruwirolr iru wklv w|sh ri ordq/ lw dsshduv d pdwwhu ri frxuvh wkdw grupdqf|/
udwkhu wkdq ghidxow ulvn/ lv wkh hfrqrplfdoo| lpsruwdqw skhqrphqrq wr vwxg|1

Wkh vwdwxv ri grupdqf| lv d frqglwlrq wkdw hyhu| fuhglw dffrxqw vrrqhu ru odwhu
zloo dulyh dw1 Lw lv wkhuhiruh qdwxudo wr vwxg| wklv skhqrphqrq xvlqj vxuylydo/ ru
gxudwlrq/ prghov1 Wkh fodvvlfdo dssolfdwlrq ri gxudwlrq prghov lq hfrqrplfv lv wkh
dqdo|vlv ri xqhpsor|phqw vxuylydo1 Nlhihu ^54` surylghv dq dffhvvleoh lqwurgxfwlrq
wr wklv fodvv ri prghov1 Fduolqj/ Hglq/ Kdunpdq dqg Kropoxqg ^43` lv d uhfhqw
frqwulexwlrq lq wkh duhd ri oderu pdunhw hfrqrplfv1 Rwkhu h{dpsohv ri hfrqrplf
dssolfdwlrqv ri gxudwlrq dqdo|vlv duh Glherog dqg Uxghexvfk ^48`/ zkr vwxg|
gxudwlrq ghshqghqfh ri h{sdqvlrqv dqg frqwudfwlrqv lq wkh exvlqhvv f|foh/ dqg
Edhn dqg Edqgrsdgk|d|d ^7`/ zkr dqdo|}h wkh idfwruv wkdw d�hfw wkh ohqjwk ri
frpphufldo edqn ghew uhvfkhgxolqj qhjrwldwlrqv1 Edqgrsdgk|d|d ^8` dqg Odqh hw
do1 ^56` vwxg| edqn idloxuh1

Lq wklv sdshu/ zh prgho frqvxphu ordqv* wudqvlwlrq iurp dq dfwlyh wr d grupdqw
vwdwxv dqg dqdo|}h wkh idfwruv wkdw ghwhuplqh wkh wlph wr pdwxulw|1 Zh dovr gh0
ulyh wkh glvwulexwlrq ri frqglwlrqdo h{shfwhg gxudwlrqv ri ordqv lq rughu wr h{dplqh
edqn ohqglqj srolf|1 Lq Vhfwlrq 5/ zh suhvhqw wkh gdwd vhw dqg lwv vrxufhv1 Wkh
gdwd frqvlvwv ri 7/:66 lqglylgxdov zkr zhuh judqwhg d frqvxphu ordq e| d Vzhglvk
ohqglqj lqvwlwxwlrq ehwzhhq Vhswhpehu 4<<6 dqg Dxjxvw 4<<81 Zkhq prqlwruhg
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lq Rfwrehu 4<<9/ wkh ordqv kdg hlwkhu ehhq dpruwl}hg lq ixoo ru frqwlqxhg wr sd|
uhjxodu lqvwdoophqwv dqg lqwhuhvw1 H{fhsw iru wkh gxudwlrq ri hdfk ordq/ wkh gdwd
vhw frqwdlqv ghwdlohg lqirupdwlrq rq d udqjh ri ghprjudsklf/ �qdqfldo dqg fuhglw
klvwru| yduldeohv iru hdfk eruurzhu1 Wklv lqirupdwlrq kdv ehhq h{wudfwhg iurp d
qxpehu ri uhjlvwhuv e| xvlqj wkh shuvrqdo qxpehu wkdw hyhu| uhvlghqw ri Vzhghq
kdv1 Lq Vhfwlrq 6/ zh vwduw e| dqdo|}lqj wkh gxudwlrq ri ordqv xqwlo idloxuh1 Ghidxow
ulvn kdv wudglwlrqdoo| ehhq prghoohg e| glvfuhwh fkrlfh prghov/ ohwwlqj wkh rxw0
frph yduldeoh eh idloxuh ru qrw1 Wr fuhdwh d xqlirup iudphzrun iru dqdo|}lqj edg
dqg jrrg ordqv dqg wr frqwudvw wkh lpsolfdwlrqv ri wkh grupdqf| prghov/ zh dovr
lqyhvwljdwh wkh ghwhuplqdqwv ri wkh wlph wr idloxuh1 Qh{w/ zh prgho wkh wudqvlwlrq
iurp dfwlylw| wr grupdqf| dqg uhodwh wklv wudqvlwlrq wr wkh fkdudfwhulvwlfv ri wkh
ordq dssolfdqw1 Dw wkh hqg ri wkh vhfwlrq zh dgguhvv d qxpehu ri frqfhswxdo sure0
ohpv wkdw dulvh lq prghoolqj frqvxphu fuhglwv e| hfrqrphwulf gxudwlrq prghov/
dv zhoo dv sudfwlfdo sureohpv lq uhyhdolqj wkh ixqfwlrqdo uhodwlrqvkls ehwzhhq wkh
wudqvlwlrq dqg wkh fryduldwhv1 Ilqdoo|/ xvlqj wkh suhglfwhg wlph wr grupdqf| zh
fdofxodwh wkh h{shfwhg uhwxuq rq hdfk ordq dqg frpsduh lw zlwk wkh uhyhqxh rq d
ehqfkpdun +euhdn0hyhq, ordq1 Vhfwlrq 7 frqfoxghv wkh sdshu zlwk d glvfxvvlrq ri
wkh uhvxowv1

51 Gdwd

Wkh gdwd vhw frqvlvwv ri doo 7/:66 lqglylgxdov zkr zhuh judqwhg d ordq dw d pdmru
Vzhglvk ohqglqj lqvwlwxwlrq ehwzhhq Vhswhpehu 4<<6 dqg Dxjxvw 4<<81 Zkhq
prqlwruhg rq Rfwrehu 9/ 4<<9/ wkh ordqv zhuh hlwkhu vwloo sd|lqj uhjxodu lqvwdoo0
phqwv dqg lqwhuhvw ru kdg ehhq dpruwl}hg frpsohwho|1 Doo ordqv zhuh judqwhg lq
vwruhv zkhuh srwhqwldo fxvwrphuv dssolhg iru lqvwdqw fuhglw wr �qdqfh wkh sxufkdvh
ri d frqvxphu jrrg1 Wkh| udqjh lq ydoxh ehwzhhq 6/333 dqg 63/333 Vzhglvk nur0
qru +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

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|}hg wkh dssolfdqw zlwk wkh khos ri d gdwdedvh
zlwk shuvrqdo fkdudfwhulvwlfv dqg fuhglw klvwru| yduldeohv wr zklfk lw kdv rq0olqh
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 Zkhq dssurydo zdv jlyhq/ wkh vwruh*v vdohvpdq �oohg rxw d ordq
frqwudfw dqg vxeplwwhg lw wr wkh ohqglqj lqvwlwxwlrq1 Wkh ordqv duh uhyroylqj
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dqg dgplqlvwhuhg e| wkh ohqglqj lqvwlwxwlrq dv dq| rwkhu fuhglw idflolw|1 Wkh| duh
surylghg lq wkh irup ri d fuhglw fdug wkdw fdq rqo| eh xvhg lq d vshfl�f vwruh1
Wkh ordq lv iuhh ri lqwhuhvw gxulqj wkh prqwk ri dssolfdwlrq soxv wkh iroorzlqj 5
prqwkv1 Diwhu wkh lqwhuhvw iuhh shulrg/ d sd|phqw ri dw ohdvw 8 shufhqw ri wkh
rxwvwdqglqj ghew lv uhtxluhg hdfk prqwk1 Krzhyhu/ vlqfh wkh ordq lv uhyroylqj/
wkhuh lv qr suhghwhuplqhg pdwxulw| ri wkh ordq1 Hduqlqjv rq wkh ordq frph iurp
irxu vrxufhv= d sd|phqw e| wkh vwruh wkdw lv uhodwhg wr wrwdo dprxqw ri ordqv
judqwhg wr lwv fxvwrphuv gxulqj vrph wlph0shulrg/ d prqwko| lqyrlfh ihh ri 4:
nurqru/ dqg lqwhuhvw rq wkh edodqfh rxwvwdqglqj rq wkh fdug1

Zh fodvvli| d ordq dv *edg* rqfh lw kdv ehhq iruzdughg wr d ghew0froohfwlqj
djhqf|1 Rqh fdq wklqn ri vhyhudo gl�huhqw gh�qlwlrqv1 Rqh dowhuqdwlyh lv/ iru
h{dpsoh/ *doo fxvwrphuv zkr kdyh uhfhlyhg rqh/ wzr ru wkuhh uhplqghuv ehfdxvh ri
ghod|hg sd|phqw*1 Krzhyhu/ xqolnh *ehlqj 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

Grupdqf| lv gh�qhg dv wkh vwdwh lqwr zklfk ordqv pryh zkhq wkh| duh whupl0
qdwhg ru uhdfk d ghew edodqfh ehorz VHN 533 +�XV' 58,1 Wklv gh�qlwlrq pd|
qrw dsshdu frpsohwho| dssursuldwh iru ordqv wkdw duh uhyroylqj1 Gxh wr wkh zd| lq
zklfk wkh ordqv duh dgplqlvwhuhg/ fxvwrphuv kdugo| hyhu uhdfk d }hur edodqfh lq
wkh edqn*v frpsxwhu v|vwhp1 D fxvwrphu wkdw pdnhv klv �qdo sd|phqw rq d ordq/
exw vhqgv dzd| klv prqh| wudqvihu d ihz gd|v wrr odwh lv olnho| wr hqg xs zlwk d
qrq0}hur edodqfh rq klv dffrxqw1 Li wkh vxssrvhgo| uhsdlg ordq lv qhjohfwhg dqg
qrw irupdoo| whuplqdwhg/ dffuxhg lqwhuhvw dqg dxwrpdwlfdoo| dgghg odwh sd|phqw
ihhv fdq txlfno| dgg xs wr 4330533 nurqru1 E| fodvvli|lqj ordqv zlwk d edodqfh
xqghu VHN 533 dv grupdqw/ zh wkxv pdnh vxuh wr dvvljq wkh ordqv wkdw duh qrw
dfwlyh dq|pruh exw zhuh qhyhu irupdoo| whuplqdwhg wr wkhlu fruuhfw jurxs1 Pruh0
ryhu/ ehfdxvh lw lv h{fhswlrqdo iru wkh fxvwrphuv lq wklv vdpsoh wr xwlol}h wkh fuhglw
idflolw| pruh wkdq rqfh/ wkhuh lv rqo| plqlpdo ulvn ri lqfruuhfwo| fodvvli|lqj dfwlyh
ordqv dv grupdqw1 Wklv fdq eh h{sodlqhg e| wkh frqwlqxrxv vxsso| ri ordqv zlwk
dq lqwhuhvw udwh iuhh shulrg xs iurqw1 Lq sduwlfxodu/ ehfdxvh wkh ordqv lq rxu vdp0
soh gr qrw lqyroyh dq| �{hg frvw iru wkh fxvwrphu/ whuplqdwlqj wkh frqwudfw diwhu
dpruwl}dwlrq ri wkh ordq lv reylrxvo| d frvw plqlpl}lqj vwudwhj|1 Qrwh wkdw shrsoh
fdqqrw wdnh d qhz lqwhuhvw iuhh ordq hovhzkhuh diwhu wkuhh prqwkv wr dpruwl}h wkh
rog ordq wkdw lv derxw wr ehfrph lqwhuhvw ehdulqj1 Wr eh holjleoh iru d ordq zlwk
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dq lqwhuhvw iuhh shulrg rqh pxvw sxufkdvh d jrrg dw d vwruh wkdw frrshudwhv zlwk
d edqn1

Ehfdxvh wkh ghidxow udwh rq wklv w|sh ri ordqv lv forvh wr 4 shufhqw +86 rxw ri
7/:;9 revhuydwlrqv,/ wkh dqdo|vlv ri wkh wlph wr ghidxow uhtxluhv d odujhu vdpsoh1
Iru wklv sxusrvh/ zh rewdlqhg d vdpsoh frqwdlqlqj 4/436 ghidxowhg ordqv zlwk
vrphzkdw gl�huhqw sd|phqw frqglwlrqv wkdq wkh *jrrg* ordqv1 Wkhvh ordqv kdyh
xs wr 45 prqwkv ri lqwhuhvw h{hpswlrq/ exw sd| d frqwudfw ihh ri dssur{lpdwho| 583
nurqru1 Lqwxlwlyho|/ wkh prvw qdwxudo wklqj wr gr zrxog eh wr dqdo|}h grupdqf|
zlwk ordqv iurp wkh vdph vdpsoh1 Xqiruwxqdwho|/ ehfdxvh grupdqf| jhqhudoo|
frphv derxw diwhu frpsohwlrq ri wkh lqwhuhvw iuhh shulrg/ d orqj odvwlqj lqwhuhvw
h{hpswlrq pdnhv lw gl!fxow wr vhsdudwh wkh hfrqrplfdoo| lqgxfhg gxudwlrq surfhvv
iru jrrg ordqv iurp wkh frqwudfwxdoo| ghwhuplqhg plqlpxp vxuylydo1 Wkh h�hfw ri
lqwhuhvw h{hpswlrqv rq wkh ehkdylru ri shrsoh wkdw uhqhjh rq wkhlu frpplwwphqwv
lv qhjoljdeoh/ krzhyhu1 Wkh wlph wr ghidxow fdq wkhuhiruh eh vwxglhg zlwk wklv
odujhu vdpsoh1 Xvlqj d gl�huhqw vdpsoh iru wkh hvwlpdwlrq ri d prgho ri wkh wlph0
wr0ghidxow lv qrw lghdo1 Wkh rqo| sxusrvh ri wkh prgho iru wkh wlph wr ghidxow
lv/ krzhyhu/ wr frqwudvw lwv surshuwlhv zlwk wkrvh ri wkh surfhvv wkdw jryhuqv
grupdqf|/ qrw wr iruhfdvw1 Wkh pdlq irfxv ri rxu vwxg| lv rq prghoolqj grupdqf|1

Iru wklv vwxg|/ wkh ohqglqj lqvwlwxwlrq surylghg xv zlwk d gdwd �oh zlwk wkh
shuvrqdo qxpehu ri hdfk dssolfdqw/ wkh gdwh rq zklfk wkh dssolfdwlrq zdv vxe0
plwwhg/ wkh vl}h ri wkh ordq wkdw zdv judqwhg/ wkh vwdwxv ri hdfk ordq +jrrg/ edg
ru dfwlyh, rq Rfwrehu </ 4<<9/ dqg wkh gdwh rq zklfk ghidxowhg dqg grupdqw
ordqv hqghg wkhlu *dfwlyh* vwdwxv1 Xsso|vqlqjvfhqwudohq surylghg wkh lqirupdwlrq
wkdw zdv dydlodeoh rq hdfk dssolfdqw dw wkh wlph ri dssolfdwlrq dqg zklfk wkh �0
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 kdqglqj ryhu wkh frpelqhg gdwd iru dqdo|vlv/ wkh
shuvrqdo qxpehuv zhuh uhpryhg1 Wkh gdwdedvh lqfoxghg sxeolfo| dydlodeoh/ jry0
huqphqwdoo| 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 Wdeoh
4 frqwdlqv gh�qlwlrqv ri doo yduldeohv wkdw duh xvhg lq wkh dqdo|vlv ghvfulehg lq
Vhfwlrqv 61 Wdeoh 5 surylghv vrph ghvfulswlyh vwdwlvwlfv1

D qxpehu ri wkh yduldeohv lq wkh gdwdvhw kdyh qrw ehhq xvhg lq wkh �qdo
hvwlpdwlrq ri wkh prgho ghvfulehg lq Vhfwlrq 61 Dprqj wkhvh duh wkh qxpehu ri
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Wdeoh 4= Gh�qlwlrq ri yduldeohv1

Yduldeoh Gh�qlwlrq

SHUVRQDO
DJH djh ri dssolfdqw +lq |hduv,
PDOH gxpp|/ wdnhv ydoxh 4 li dssolfdqw lv pdoh
PDUULHG gxpp|/ wdnhv ydoxh 4 li dsso1 lv pduulhg exw qrw d vhsdudwhg zrpdq
VHSDUDWH gxpp|/ wdnhv ydoxh 4 li dsso1 lv d zlgrz+hu, ru d vhsdudwhg zrpdq
QRUGLF gxpp|/ wdnhv ydoxh 4 li dsso1 lv Qruglf exw qrw Vzhglvk
IRUHLJQ gxpp|/ wdnhv ydoxh 4 li dsso1 lv qrq0Qruglf

ILQDQFLDO
KRXVH gxpp|/ wdnhv ydoxh 4 li dsso1 rzqv +sduw ri, d krxvh
KRXVHYDO ydoxh ri doo uhdo hvwdwh +�43n VHN,/ zhljkwhg e| dsso1 rzqhg vkduh +orj1,
HQWUHSU gxpp|/ htxdov 4 li dsso1 kdv wd{deoh lqfrph iurp d exvlqhvv
LQFRPH dqqxdo wd{deoh lqfrph iurp zdjhv +�433 VHN/ orjdulwkpl}hg,
GXPP\4;3 gxpp|/ wdnhv ydoxh 4 li dsso1 kdv LQFRPH xqghu 4;3n VHN
LQFRP4;3 GXPP\4;3 - LQFRPH
GLILQF LQFRPH| 0 LQFRPH|3� +�433 VHN/ qrw orjdulwkpl}hg,
FDSLQF gxpp|/ wdnhv ydoxh 4 li dsso1 kdv wd{deoh lqfrph iurp fdslwdo

FUHGLW
QUTXHVW oq +4 . qxpehu ri uhtxhvwv iru lqirupdwlrq rq wkh dsso1 wkdw wkh fuhglw

djhqf| uhfhlyhg gxulqj wkh odvw 69 prqwkv,
OLPLW froodwhudo0iuhh fuhglw idflolwlhv douhdg| rxwvwdqglqj +�433 VHN/ orj1,
]HUROLP gxpp|/ htxdov 4 li dsso1 kdv qr froodwhudo0iuhh ordqv rxwvwdqglqj
QUORDQV oq +4 . qxpehu ri froodwhudo0iuhh ordqv uhjlvwhuhg,
OLPXWLO shufhqwdjh ri olplw wkdw lv dfwxdoo| ehlqj xwlol}hg
EDOLQF gxpp| ~LQFRPH A 3� - oq+433 - EDODQFH 2 LQFRPH,
EDOLQFVT EDOLQF2

EDODQFH wrwdo froodwhudo iuhh fuhglw idflolwlhv dfwxdoo| xwlol}hg
FRDSSOLF gxpp|/ wdnhv ydoxh 4 li dsso1 kdv d jxdudqwru
ORDQVL]H dprxqw ri fuhglw judqwhg +� 4333 VHN,
OLPEDO OLPLW0EDODQFH
GXPP\53 gxpp|/ wdnhv ydoxh 4 li OLPEDO A 53n VHN
OLPEDO53 OLPEDO - GXP53

:



Wdeoh 5= Ghvfulswlyh vwdwlvwlfv iru judqwhg ordqv1

Yduldeoh Phdq Plq T4 Phgldq T6 Pd{

SHUVRQDO
DJH 77133 53 68 77 85 ;4
PDOH 1:3 3 4
PDUULHG 18: 3 4
GLYRUFH 136 3 4
QRUGLF 135 3 4
IRUHLJQ 134 3 4

ILQDQFLDO
KRXVH 178 3 4
KRXVHYDO 617: 3 3 8157 9134 44154
HQWUHSU 137 3 4
LQFRPH :175 3 :168 :189 :1:: <1:;
GXPP\4;3 174 3 4
LQFRP4;3 51;8 3 3 3 :155 :183
GLILQF 195 077194 0164 186 41;4 9;149
FDSLQF 14; 3 4

FUHGLW
QUTXHVW 4184 3 4143 4194 41<8 5197
OLPLW 43133 3 <16< 43146 431;: 46189
]HUROLP 134 3 4
QUORDQV 4165 3 4143 416< 4194 51:4
OLPXWLO 65145 3 3 49 99 448
EDOLQF 416; 3 3 19< 51:4 <148
EDOLQFVT 715: 3 3 17; :167 ;61:3
EDODQFH 913; 3 3 ;154 4315; 46188
FRDSSOLF 13; 3 4
ORDQVL]H 9186 6133 7133 9133 ;133 63133
OLPEDO <15; 3 ;1<5 <188 43138 45154
GXPP\53 15: 3 4
OLPEDO53 51;7 3 3 3 43138 45154

;



prqwkv vlqfh wkh prvw uhfhqw fkdqjh lq pdulwdo vwdwxv/ qxpehu ri prqwkv vlqfh
lppljudwlrq/ qxpehu ri krxvhv d shuvrq +sduwldoo|, rzqv/ vhyhudo phdvxuhv ri
lqfrph/ wd{deoh zhdowk/ d odujh qxpehu ri hqwulhv rq wkh wzr prvw uhfhqwo| vxe0
plwwhg lqfrph0wd{ uhwxuq irupv/ olnh wrwdo wd{hv gxh/ edfn wd{ hwf/ dqg d qxpehu
ri wudqvirupdwlrqv ri wkhvh yduldeohv1 Prvw ri wkhvh zhuh glvuhjdughg ehfdxvh
wkh| odfn d uhodwlrq zlwk wkh ghshqghqw yduldeoh1 H{dpsohv duh edfn wd{ dqg uhdo
hvwdwh ydoxh1 Vhfwlrq 6 frqwdlqv d pruh ghwdlohg dffrxqw ri wkh phwkrgv zh xvhg
lq wklv vhohfwlrq surfhvv1 Rwkhu yduldeohv zhuh glvuhjdughg ehfdxvh wkh| glvsod|hg
h{wuhpho| kljk fruuhodwlrq zlwk fryduldwhv wkdw phdvxuhg dssur{lpdwho| wkh vdph
wklqj exw kdg juhdwhu h{sodqdwru| srzhu1 Wkh qxphurxv lqfrph phdvxuhv lq wkh
gdwdvhw zhuh holplqdwhg lq wklv zd|1 Ilqdoo|/ wd{deoh zhdowk frxog qrw eh xvhg
dv dq h{sodqdwru| yduldeoh1 Zhdowk xs wr VHN <33/333 lv wd{0h{hpswhg/ pdnlqj
wkh jurxs ri shrsoh zlwk wd{deoh zhdowk h{wuhpho| vpdoo1 Lqvwhdg zh xvhg wd{deoh
lqfrph iurp fdslwdo 0 zklfk lv wd{hg iurp wkh �uvw nurqd 0 wr fuhdwh d gxpp|
h{sodqdwru| yduldeoh1

61 Hpslulfdo dqdo|vlv

Lghdoo|/ hydoxdwlqj ordq dssolfdqwv ru vwxg|lqj h!flhqf| lq wkh surylvlrq ri edqn
ordqv zrxog hqwdlo prghoolqj wkh uhyhqxh rq hdfk ordq dv d ixqfwlrq ri d vhw ri
shuvrqdo fkdudfwhulvwlfv dqg pdfur0hfrqrplf lqglfdwruv1 Krzhyhu/ vlqfh ihz edqnv
vwruh frpsohwh wlph vhulhv ri lqwhuhvw sd|phqwv dqg dpruwl}dwlrqv rq ordqv/ wkh
lqirupdwlrq suhvhqwo| dydlodeoh dqg xvhixo iru vxfk d vwxg| lv olplwhg wr wkh fxuuhqw
edodqfh dqg vwdwxv +jrrg ru edg, ri hdfk ordq1 Wkhuhiruh/ zh zloo lqvwhdg prgho
wkh vxuylydo wlph ri hdfk ordq1 Zlwk vrph vlpsoli|lqj dvvxpswlrqv lpsrvhg rq
wkh dpruwl}dwlrq vfkhph/ dqg wkh udwhv ri lqwhuhvw dqg glvfrxqwlqj/ rqh lv wkhq lq
sulqflsoh deoh wr fdofxodwh wkh uhwxuq rq hdfk ordq1

Ehfdxvh zh kdyh erwk fhqvruhg dqg xqfhqvruhg revhuydwlrqv lq rxu vdpsoh
gdwd/ hvwlpdwlqj d prgho ri grupdqf| e| phdqv ri ROV zloo ohdg wr lqfrqvlvwhqf|
lq wkh sdudphwhu hvwlpdwhv1 Gxudwlrq prghov fdq wdnh wkh fhqvrulqj ri gdwd lqwr
dffrxqw dqg zloo surgxfh frqvlvwhqw dqg h!flhqw sdudphwhu hvwlpdwhv1 Wr pdnh
wkh h{srvlwlrq lq wkh uhvw ri wklv vhfwlrq pruh dffhvvleoh iru wkh uhdghu/ zh vwduw
e| eulh | lqwurgxflqj vrph edvlf frqfhswv lq gxudwlrq prghoolqj16

Wkh suredelolw| glvwulexwlrq ixqfwlrq ri gxudwlrq/ ghqrwhg e| 8 E| m %� '
�o EA 	 | m %� dqg wkh fruuhvsrqglqj ghqvlw| ixqfwlrq s E| m %� ' _8 E| m %� *_| duh

6Nlhihu ^54` dqg Odqfdvwhu ^55` glvfxvv gxudwlrq prghov dqg wkh dqdo|vlv ri wudqvlwlrq gdwd
lq juhdwhu ghwdlo1

<



wzr htxlydohqw zd|v ri ghvfulelqj wkh glvwulexwlrq ri vxuylydo wlphv frqglwlrqdo rq
d yhfwru ri fkdudfwhulvwlfv %1 Dqrwkhu htxlydohqw frqfhsw/ exw zlwk juhdwhu lqwx0
lwlyh dwwudfwlrq lq wkh frqwh{w ri gxudwlrq dqdo|vlv lv wkh vxuylyru ixqfwlrq

7 E| m %� � �� 8 E| m %�
' �o EA � | m %�

Gxudwlrq gdwd duh hdvlhvw lqwhusuhwhg/ wkrxjk/ e| phdqv ri wkh kd}dug ixqfwlrq

b E| m %� � s E| m %� * 7 E| m %� �

Urxjko|/ wkh kd}dug udwh lv wkh suredelolw| ri wkh lpphgldwh rffxuhqfh ri dq
hyhqw dw d vshfl�f srlqw lq wlph/ frqglwlrqdo rq wklv hyhqw qrw kdylqj wdnhq sodfh
hduolhu17 Iurp wkh gh�qlwlrq ri b E| m %�/ lw lv hdv| wr ghulyh wkdw b E| m %� ' �_
oq7 E| m %� *_| dqg

7 E| m %� ' e%R d�\ E| m %�o
zkhuh \ E| m %� ' U |

f b E� m %� _�1 Wkh kd}dug ixqfwlrq vshfl�fdwlrq fdq ehhq vhhq
dv d zd| wr ghfrpsrvh dq xqfrqglwlrqdo suredelolw| lqwr d vhulhv ri frqglwlrqdo
suredelolwlhv1 Wkh kd}dug ixqfwlrq dovr r�huv d sudfwlfdo lqwhusuhwdwlrq ri wkh
phdqlqj ri gxudwlrq ghshqghqfh1 Zkhq _ b E| m %� *_| : E	� f / wkhuh h{lvwv
srvlwlyh +qhjdwlyh, gxudwlrq ghshqghqfh dqg wkh suredelolw| wkdw d vshoo zloo hqg
lqvwdqwdqhrxvo| lqfuhdvhv +ghfuhdvhv, zlwk wkh ohqjwk ri wkh vshoo1 Lw pdnhv vhqvh
wr fkrrvh wkh sdudphwul}dwlrq lq vxfk d zd| wkdw lw doorzv wkh kd}dug ixqfwlrq wr
ehkdyh dv suhfrqfhlyhg1 Xvlqj wkh glvwulexwlrq ixqfwlrq lqvwhdg pd| idlo wr uhyhdo
dq| vxfk surshuwlhv wkdw duh xqghvludeoh iru wkh dqdo|vlv ri gxudwlrqv 0 ghvslwh
wkh glvwulexwlrq*v dsshdo lq rwkhu dssolfdwlrqv1 Iru h{dpsoh/ wkh Qrupdo dqg
Orjqrupdo glvwulexwlrqv duh xqdeoh wr frpsulvh wkh frqvwdqw kd}dug dv d vshfldo
fdvh> vrph rwkhu glvwulexwlrqv kdyh prqrwrqlfdoo| lqfuhdvlqj ru ghfuhdvlqj kd}dug
udwhv1

Wkh uhvw ri wklv vhfwlrq lv glylghg lqwr wkuhh vxevhfwlrqv1 Zh vwduw e| dqdo|}0
lqj wkh gxudwlrq ri ordqv xqwlo idloxuh lq Vhfwlrq 6141 Lq Vhfwlrq 615 zh prgho wkh
wudqvlwlrq iurp dfwlyh ordqv wr grupdqf| dqg uhodwh wklv wudqvlwlrq wr wkh fkdudf0
whulvwlfv ri wkh dssolfdqw1 Zh frqfoxgh wkh hpslulfdo dqdo|vlv zlwk d vxevhfwlrq
wkdw dgguhvvhv vrph frqfhswxdo sureohpv wkdw dulvh zkhq prghoolqj frqvxphu
fuhglwv e| hfrqrphwulf gxudwlrq prghov/ dv zhoo dv sudfwlfdo sureohpv lq uhyhdolqj
wkh ixqfwlrqdo uhodwlrqvkls ehwzhhq wkh wudqvlwlrq dqg wkh fryduldwhv1

7D irupdo gh�qlwlrq lv � +w, @ olp
k$3

Su +w � W ? w. k m W � w, @ k1
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6141 Edg ordqv

Wudglwlrqdoo|/ ghidxow ulvn kdv ehhq prghoohg e| phdqv ri glvfuhwh fkrlfh prghov/
ohwwlqj wkh rxwfrph yduldeoh eh idloxuh ru qrw1 Iru dq dghtxdwh dqdo|vlv ri wkh ulvn
lqyroyhg lq edqn ohqglqj rqh qhhgv wr frqvlghu qrw rqo| wkh suredelolwlhv ri ghidxow
exw hyhq wkh gxudwlrqv ri ordqv1 Idloxuhv pd| rffxu diwhu d orqj shulrg ri uhjxodu
lqvwdoophqwv dqg lqwhuhvw sd|phqwv1 Wkhvh uhyhqxhv zloo sduwo| ru frpsohwho|
pdnh xs iru wkh orvvhv rq edg ordqv/ sduwlfxoduo| ehfdxvh wkhvh zloo eh khdylo|
glvfrxqwhg lq dgglwlrq1 E| vwduwlqj zlwk dq lqyhvwljdwlrq ri wkh wlph wr idloxuh zh
fuhdwh d xql�hg iudphzrun iru wkh dqdo|vlv ri erwk ulvn dqg uhwxuq lq edqn ohqglqj
dqg pdnh lw srvvleoh wr frqwudvw wkh ehkdylru ri wkh ghidxowqhvv dqg grupdqf|
prghov odwhu rq1

Zh ghqrwh wkh gxudwlrq ri wkh �=wk edg ordq e| |_c�/ wkh hodsvhg wlph lq zhhnv
iurp wkh dssurydo wr wkh wlph srlqw lw idlov1 Zh dwwhpsw wr �w d uhjuhvvlrq prgho
zklfk fdq eh h{suhvvhg dv/

*? |_c� ' 6 E%�c q� n "�c +614,

zkhuh 6 E�� lv wkh ixqfwlrq zklfk olqnv wkh gxudwlrq yduldeoh wr wkh dssolfdqw
vshfl�f fryduldwh yhfwru %� dqg q lv d sdudphwhu yhfwru dvvxphg frpprq wr doo
ordqv1 Wkh ixqfwlrqdo irup ri 6 E�� lv vhohfwhg rq edvlv ri wkh uhvxowv iurp qrq0
sdudphwulf uhjuhvvlrqv dv rxwolqhg lq Vhfwlrq 6161

Wdeoh 6 vkrzv wkh ohdvw vtxduhv hvwlpdwhv dqg wkh vwdqgdug huuruv ri wkh xq0
nqrzq sdudphwhuv lq wkh yhfwru q1 Wkh sxusrvh ri �wwlqj wkh uhjuhvvlrq prgho lv
sxuho| ghvfulswlyh/ dqg rxu irfxv lv rq wkh vljq/ pdjqlwxgh dqg vwdqgdug huuruv
ri wkh sdudphwhu hvwlpdwhv1 Lq rewdlqlqj wkh hvwlpdwhv/ d frqvlghudeh h�ruw kdv
ehhq ghyrwhg wr wkh holplqdwlrq ri yduldwlrq wkdw dulvhv iurp uhjlrqdo idfwruv dqg
wkh eohqg ri fuhglw surgxfwv wkdw wkh gdwd vhw lv frpsrvhg ri1 Zh kdyh/ krzhyhu/
h{foxghg wkh sdudphwhuv shuwdlqlqj wr wkhvh idfwruv iurp Wdeoh 6 ehfdxvh wkh|
duh ri olplwhg uhohydqfh iru wkh suhvhqw lqyhvwljdwlrq1 H{fhsw iru wkh uhjlrqdo dqg
surgxfw uhodwhg yduldeohv/ kdylqj d FRDSSOLFdqw ru d odujh qxpehu ri uhjlv0
whuhg ordqv duh irxqg wr vljql�fdqwo| lqfuhdvh wkh wlph wr ghidxow1 Kdylqj fdslwdo
lqfrph ru odfnlqj h{shulhqfh lq eruurzlqj prqh| uhgxfh gxudwlrq1

Dv d plqru srlqw ri vxffhv/ zh ixuwkhu qrwh wkdw wkh uhvlgxdov forvho| iroorz wkh
Qrupdo glvwulexwlrq1 Ryhudoo/ krzhyhu/ zh mxgjh wkdw wkh uhjuhvvlrq prgho idlov wr
fdswxuh wkh uhodwlrqvkls ehwzhhq vxuylydo wlph dqg dssolfdqwv fkdudfwhulvwlfv1 Zh
dwwulexwh wklv wr wzr gl�huhqw fdxvhv1 Iluvwo|/ wkh ydulhw| lq ordq w|shv suhvhqw lq
wklv vdpsoh eoxuv pdq| ehkdylrudo uhodwlrqv1 Dowkrxjk doo ordq w|shv kdyh vlplodu
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Wdeoh 6= OV uhjuhvvlrq rq vxuylydo wlph ri edg ordqv1
Dv|pswrwlf vwdqgdug huuruv duh suhvhqwhg zlwklq sduhqwkhvhv1 Sdudphwhuv wkdw duh
vljql�fdqw dw wkh 43 shufhqw ohyho ru kljkhu duh sulqwhg lq erog vw|oh1

Yduldeoh Sdudphwhu Vwdqgdug huuru

FRQVWDQW 2�S�D E��.D�
DJH ��fff E�ff��
PDOH ��feH E�f���
PDUULHG �fe. E�f�S�
GLYRUFH ����H E�fbe�
VFDQG �ffb E�fb��
IRUHLJQ ��fDf E�f.e�
KRXVH �fDf E�f�.�
HQWUHSU �fbb E��f��
LQFRPH ��ffb E�f�S�
]HURLQF ��2e. E�2DS�
GLILQF ��fff E�ff��
FDSLQF ���.2 E�f.H�
QUTXHVW ��f2� E�f�e�
OLPLW ��f�� E�f2f�
]HUROLP ��2SH E��Df�
QUORDQV ���2 E�feb�
OLPXWLO ��fff E�ff��
EDODQFH �f�e E�f���
FRDSSOLF �2�f E�fDe�
ORDQVL]H �f�� E�f���

� ' ��f�c -2 ' ��HDc j2 ' �2�f� Gxpp| yduldeohv shuwdlqlqj wr wkh uhjlrqdo ehorqjlqj ri
dssolfdqwv ru wkh w|sh ri fuhglw duh lqfoxghg lq wkh prgho exw vxssuhvvhg lq wklv wdeoh1
Wkh| frqwulexwh zlwk : shufhqwdjh srlqwv wr wkh -2 phdvxuh ri �w1
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whupv/ vpdoo fkdqjhv lq whupv duh uhjxoduo| dvvrfldwhg zlwk odujh vkliwv lq wkh
folhqwhoh/ ehfdxvh gl�huhqw nlqgv ri ordqv jhqhudoo| duh vrog e| gl�huhqw w|shv ri
vwruhv1 Dq| gl�huhqfhv lq folhqwhoh ehkdylru duh xqolnho| wr eh fdswxuhg e| d vlqjoh
surgxfw uhodwhg gxpp| yduldeoh/ dv zh kdyh dwwhpswhg khuh1 Vhfrqgo|/ dqg pruh
lpsruwdqwo|/ wkh wudqvlwlrq wr ghidxow fdqqrw eh prghoohg dv d xqlyduldwh surfhvv
lq wkh zd| grupdqf| fdq/ ehfdxvh ri wkh odujh vkduh ri lqfrpsohwh revhuydwlrqv
lq wkhvh gdwd +durxqg << shufhqw ri wkh ordqv kdyh qrw frpsohwhg d ghidxow vshoo,1
Lq sulqflsoh/ idloxuh dqg grupdqf| duh frpshwlqj ulvnv dqg vkrxog wkxv eh prg0
hohg vlpxowdqhrxvo|/ xqohvv wkhlu huuru surfhvvhv duh lqghshqghqw1 Ljqrulqj wklv
uhodwlrqvkls zkhq prghoolqj grupdqf| zloo wxuq rxw wr eh d udwkhu kdupohvv dfw/
ehfdxvh wkh ghidxowhg ordqv wkdw duh glvuhjdughg frqvwlwxwh rqo| rqh shufhqw ri
wkh gdwd1 Hyhq li wkh huuru surfhvvhv zrxog eh vwurqjo| fruuhodwhg/ wkh grupdqf|
prgho*v sdudphwhu hvwlpdwhv zloo kdugo| eh d�hfwhg ehfdxvh ri wkh glvuhjdughg
revhuydwlrqv qhjoljleoh zhljkw lq wkh olnholkrrg ixqfwlrq1 Zkhq prghoolqj idloxuh/
krzhyhu/ wkh vdph vwudwhj| zloo lpso| ryhuorrnlqj << shufhqw ri wkh gdwd vhw1 Re0
ylrxvo|/ wklv lv olnho| wr kdyh dq lpsruwdqw lq xhqfh rq wkh sdudphwhuv wkdw duh
hvwlpdwhg1 Dv d frqvhtxhqfh/ wkh uhvxowlqj prgho zloo qrw ohqg lwvhoi iru suhglf0
wlrq ri wkh wlph wr ghidxow1 Lq wkhru|/ wklv sureohp fdq eh vroyhg e| hvwlpdwlqj
d elyduldwh gxudwlrq prgho zlwk wzr frpshwlqj ulvnv= ghidxow dqg grupdqf|18

Ehfdxvh ri wkh h{wuhph lpedodqfh ehwzhhq wkh vkduhv ri grupdqw dqg ghidxowhg
ordqv lq wkh srsxodwlrq wklv wxuqhg rxw wr eh sudfwlfdoo| xqihdvleoh1

6151 Grupdqw ordqv

Wkh dlp ri wklv vhfwlrq lv wr glvforvh wkh wudqvlwlrq surfhvv e| zklfk d ordq pryhv
iurp dq dfwlyh wr d grupdqw vwdwxv dqg wr uhodwh wklv surfhvv wr wkh dssolfdqwv
fkdudfwhulvwlfv1 Xqolnh wkh prgho ri wkh wlph wr ghidxow/ krzhyhu/ wkh sxusrvh
ri wkh prghov lq wklv vhfwlrq lv qrw rqo| ghvfulswlyh exw hyhq wr suhglfw/ l1h1 wr
fdofxodwh wkh h{shfwhg gxudwlrqv iru doo judqwhg ordqv dqg frpsduh wkhvh zlwk wkh
vxuylydo wlph uhtxluhg iru d euhdn0hyhq1

Zh ghqrwh wkh hodsvhg wlph +lq zhhnv, iurp dssurydo ri wkh �=wk ordq wr wkh
wlph srlqw wkh ordq ehfrphv grupdqw e| A�1 Gxh wr wkh vdpsolqj vfkhph/ wkh
dfwxdo gxudwlrq |� fdq eh hlwkhu hqwluho| ru sduwldoo| revhuyhg1 Lq wkh iruphu fdvh
zh uhihu wr wkh revhuydwlrq dv frpsohwh/ lq wkh odwwhu fdvh lw lv fdoohg lqfrpsohwh1

8Vhh Fduolqj dqg Mdfrevrq ^44` iru dq h{sodqdwlrq ri frpshwlqj ulvn prghov1
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Wkh gdwd vhw frqvlvwv ri wkh iroorzlqj frpsohwh dqg lqfrpsohwh revhuydwlrqv=

A� ' |� 	 |� : |�
qr1 .D� �SfD �..
S� �� f �

�

Wkh lqfrpsohwh revhuydwlrqv zlwk wkh frglqj yduldeoh S ' � duh uljkw0kdqg fhq0
vruhg revhuydwlrqv1 Wkh revhuydwlrqv zlwk frglqj S ' f duh ohvv frpprq lq
gxudwlrq dqdo|vlv= wkh| duh d frqvhtxhqfh ri wkh edqn*v sduwldo idloxuh wr uhfrug
grupdqf|91 Wdeoh 5 frqwdlqv ghvfulswlyh vwdwlvwlfv rq wkh ulfk edfnjurxqg lqiru0
pdwlrq rq wkh dssolfdqwv/ %�/ zklfk zloo eh xvhg lq wkh gxudwlrq dqdo|vhv1 Wkh
fryduldwhv duh h{foxvlyho| wlph0lqyduldqw1 Ghwdlohg glvfxvvlrqv rq krz wr lqfoxgh
wlph0ydu|lqj fryduldwhv lq gxudwlrq prghov duh surylghg e| Odqfdvwhu ^55` dqg
Qduhqgudqdwkdq dqg Vwhzduw ^57`1

Dowkrxjk gxudwlrq dqdo|vlv lv ehwwhu vxlwhg wr prgho wkh gxudwlrq ri wkh dfwlyh
ordqv/ zh zloo ehjlq zlwk �wwlqj d uhjuhvvlrq prgho iru wkh frpsohwh revhuydwlrqv/
l1h1 wkrvh iru zklfk S ' ��1 Wdeoh 7 suhvhqwv dv Prgho L wkh uhvxowv iurp d
ohdvw vtxduhv uhjuhvvlrq ri wkh qdwxudo orjdulwkpv ri wkh gxudwlrq rq d vhw ri
fryduldwhv +vhh wkh prgho lq E����,1 Wkhuh duh vhyhudo uhdvrqv iru vwxg|lqj wkh
frpsohwh revhuydwlrqv �uvw1 Iluvwo|/ ohdvw vtxduhv uhjuhvvlrq lv d urexvw hvwlpdwlrq
phwkrg/ wkxv holplqdwlqj wkh qhhg ri jxhvvlqj wkh huuru glvwulexwlrq1 Vhfrqgo|/
dgydqfhg xqlyduldwh dqg pxowlyduldwh vwdwlvwlfdo dqg judsklfdo whfkqltxhv h{lvw iru
lqyhvwljdwlqj wkh ixqfwlrqdo irup ri 6 E�� +vhh Vhfwlrq 616/ zkhuh wkh sulqflsohv
dqg wkh whfkqltxhv iru vhohfwlqj 6 E�� lv glvfxvvhg,1 Ilqdoo|/ hvwlpdwlrq lv idvw dqg
vlpsoh1

Prgho L kdv d uhdvrqdeo| jrrg �w/ wkh -2 lv 5814 shufhqw/ dqg wkh glvwulexwlrq
ri wkh uhvlgxdov iroorzv forvho| wkh Qrupdo glvwulexwlrq1 Krzhyhu/ wkh rplvvlrq ri
wkh lqfrpsohwh revhuydwlrqv lv fohduo| lqdssursuldwh1 Wkh fhqvruhg revhuydwlrqv
zlwk S� ' � duh wkh ordqv zlwk wkh orqjhvw gxudwlrqv dqg h{foxglqj wkhp ohdgv wr
eldvhg sdudphwhu hvwlpdwhv dqg xqghuhvwlpdwlrq ri wkh h{shfwhg gxudwlrq1 Zh
wkhuhiruh wxuq wr frqvlghu gxudwlrq prghov1

Dv zh phqwlrqhg deryh/ wkh kd}dug ixqfwlrq lv wkh prvw qdwxudo hqwlw| wr
prgho gxudwlrq yduldeohv vlqfh rxu dwwhqwlrq lv rq wkh wudqvlwlrq udwh iurp rqh
vwdwh wr dqrwkhu1 Zh frqvlghu prghov ghulyhg iurp wkh wzr prvw frpprq fodv0

9Wkh suhvhqfh ri lqfrpsohwh revhuydwlrqv grhv qrw lqydolgdwh d frqvlvwhqw hvwlpdwlrq ri wkh
xqnqrzq sdudphwhuv1 Wkh gudzedfn lv d uhgxfhg suhflvlrq lq wkh hvwlpdwhv/ pdqlihvwhg e|
odujhu vwdqgdug huuruv1
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Wdeoh 7= Hvwlpdwhg prghov ri gxudwlrq wr grupdqf|1
Prgho L lv dq ROV uhjuhvvlrq ri wkh frpsohwh revhuydwlrqv +f @ 04,1 Wkh sdudphwul}dwlrq
ri prghov LL0LLL frqirupv wr wkdw ri prgho L lq wkdw wkh sdudphwhu hvwlpdwhv fdq eh lqwhu0
suhwhg dv wkh uhodwlyh frqwulexwlrq wr wkh gxudwlrq ri d ordq1 Dv|pswrwlf vwdqgdug huuruv
+zlwklq sduhqwkhvhv, duh rewdlqhg iurp wkh furvv0surgxfw ri wkh judglhqw pdwul{1

ROV Orjqrupdo Orj0orjlvwlf Vhpl0
uhjuhvvlrq gxudwlrq gxudwlrq sdudphwulf
prgho prgho prgho gxu1 prgho

Yduldeoh L LL LLL LY

FRQVWDQW D��Hb
E��DeS�

D�DHe
E2�e�H�

D�eHb
E��DeS�

�
DJH �ff�

E�ff��
�ff�
E�ffD�

�ff2
E�ff2�

�ff�
E�ff2�

PDOH ���f.
E�f.��

��fD�
E��2H�

��fH�
E�fD2�

��f2�
E�feS�

PDUULHG ��fb2
E�fSH�

���He
E��2.�

���2.
E�fDf�

���f�
E�feS�

VHSDUDWH �e22
E�2���

��Hf
E��DH�

�2�e
E��D2�

��ee
E���H�

QRUGLF ��2H
E�2�D�

��e.
E��b��

�fbH
E��De�

�fDe
E��DD�

IRUHLJQ ��De�
E�2be�

��D2H
E�eHH�

��ef.
E�2fS�

���fb
E��S��

KRXVH �fb�
E���.�

�ffe
E�D.S�

��S�
E�2���

�f22
E�2�S�

KRXVHYDO ��ff�
E�fD.�

��f�e
E�fbb�

��f�D
E�fef�

��ffD
E�f�.�

HQWUHSUH ��2�D
E�2fb�

��e�.
E��H��

��2eS
E��Se�

���.b
E��2��

LQFRPH ��e2�
E��b.�

��eeD
E�����

��ef2
E���2�

��2H2
E��fe�

GXPP\4;3 ����S�
E��DHD�

���f22
E2�eb��

�2�H�.
E��fS��

���be2
E�H�D�

LQFRP4;3 �efb
E�2f��

�e�f
E��2S�

��.b
E���b�

�2S2
E��fb�

GLILQF ��f�D
E�ffb�

��f�e
E���.�

��fS�
E�fD.�

��f�D
E�feD�

FDSLQF ��fH2
E�fbe�

��2�.
E��.S�

���2D
E�f.D�

��fbf
E�fDH�

QUTXHVW ���b
E�f.��

�D2�
E��eD�

��b2
E�fD2�

���f
E�fe.�

OLPLW ���S
E�fDD�

��f.D
E��DD�

�f2�
E�fD��

�f..
E�fD��

Frqwlqxhg rq qh{w sdjh1
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Wdeoh 7 0 frqwlqxhg1
Frh!flhqwv vljql�fdqw dw wkh 43 shufhqw ohyho ru kljkhu duh sulqwhg lq erog vw|oh1

ROV Orjqrupdo Orj0orjlvwlf Vhpl0
uhjuhvvlrq gxudwlrq gxudwlrq sdudphwulf
prgho prgho prgho gxu1 prgho

Yduldeoh L LL LLL LY

]HUROLP �SS�
E�eSS�

��fD�
E���DD�

�2fH
E�eDf�

��f�S
E�e�2�

QUORDQV ��2S
E��fS�

�2DD
E�2�e�

��De
E�fHH�

��fe
E�fHS�

OLPXWLO ��ff2
E�ff2�

�ffb
E�ffS�

�ffe
E�ff2�

�ffS
E�ff2�

EDOLQF �2f�
E��f��

��ff.
E�222

���f
E�fH.�

�fe2
E�fH��

EDOLQFVT ��fe�
E�f�.�

�f2f
E�f�b�

��f�2
E�f�D�

��f�.
E�f�D�

EDODQFH ��ffD
E�f�S�

�fe�
E�f�2�

��ff2
E�f���

��ff2
E�f���

FRDSSO �fD�
E�f�f�

�2HD
E��HS�

��He
E�f.f�

��D.
E�f.��

ORDQVL]H ��ffD
E�ffb�

�feS
E�f�b�

�f22
E�ff.�

�f2f
E�ff.�

OLPEDO ��f2�
E�f2��

��fD�
E�fbe�

��f�D
E�f2f�

�f�S
E�f�f�

GXPP\53 �2�.D.
E��H.f�

��DSD
E��b��

�����
E�fH2�

��f..
E�f.f�

OLPEDO53 �2Sf
E��Hf�

��ff
E�f���

��f�f
E�ffb�

��f22
E�f���

UHJLRQ4 �2fD
E�f.��

��f�e
E�ff��

��fee
E�fD2�

��ffH
E�feH�

UHJLRQ5 �feH
E�fD.�

���S2
E��fb�

��f.e
E�fe2�

��fHS
E�fef�

UHJLRQ6 �f.b
E�fbe�

��fD
E��Hf�

�fD2
E�f.��

�f2b
E�fSe�

UHJLRQ7 ��e�
E�fbS�

�e2H
E��HD�

�2H2
E�f.��

�2eb
E�fSH�

j2 �S2f ��H2f �HDf
-2 �2D�
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vhv ri frqglwlrqdo kd}dug prghov1: Wkh �uvw lv wkh orfdwlrq0vfdoh prgho +dovr
nqrzq dv wkh Dffhohudwhg Idloxuh Wlph Prgho, zklfk fdq eh zulwwhq lq uhjuhvvlrq
irup dv

*? |� ' 6 E%�c q� n j"�� +615,

Wdnlqj 6 E%�c q� ' � E%�� � q/ wkh sdudphwhuv fdq eh lqwhusuhwhg dv wkh devroxwh
fkdqjh lq wkh h{shfwhg ydoxh ri wkh orjdulwkp ri wkh gxudwlrq ru/ dssur{lpdwho|/
wkh uhodwlyh fkdqjh lq wkh h{shfwhg gxudwlrq1

Dq h{whqvlrq ri Prgho L |lhogv wkh Orjqrupdo prgho zlwk kd}dug ixqfwlrq/

b E|m%� ' � EE*? |� %�q� *j�

|jxEE*? |� %�q� *j�
+616,

dqg vxuylydo ixqfwlrq
7 E|m%� ' x EE*? |� %�q� *j� � +617,

Zh khuhdiwhu uhihu wr wklv dv Prgho LL1
Wkh Orjqrupdo prgho ehorqjv wr wkh fodvv ri orfdwlrq0vfdoh prghov dqg fdq

wkxv eh vshfl�hg dv uhjuhvvlrq prgho/ zh hvwlpdwh *? |� ' %��q n j"�/ zkhuh wkh
uhvlgxdov duh dvvxphg wr iroorz wkh vwdqgdug Qrupdo glvwulexwlrq1 Wkxv/ wkh pd{l0
pxp olnholkrrg hvwlpdwhv ri Prgho LL lq Wdeoh 7 fdq eh frqwudvwhg wr wkh hvwlpdwhv
ri Prgho L1 Wkh Pd{lpxp Olnholkrrg hvwlpdwhv duh rewdlqhg e| pd{lpl}lqj wkh
orj olnholkrrg ixqfwlrq;/

*?u Eqc j� '
S

S'3� *?
�EE*? |3%�q�*j�

|j
nS

S'f *?
�
��xEE*? |� %�q� *j�

�
n

S
�S�'� *? x EE*? |� %�q� *j� c

e| dq lwhudwlyh judglhqw phwkrg1
Wkh Orj0orjlvwlf prgho/ Prgho LLL/ lv dq dowhuqdwlyh wr wkh Orjqrupdo prgho1

Wkh kd}dug ixqfwlrq lv jlyhq dv

b E|m%� ' i T E%��k|k3�

E� n i T E%�� |k�
� +618,

:Vhh Odqfdvwhu ^55` dqg Nlhihu ^54`1
;Vwduwlqj ydoxhv zhuh rewdlqhg iurp wkh Dssur{lpdwh Pd{lpxp Olnholkrrg phwkrg +Fduolqj

^<`,/ dv zhoo dv iurp Prgho L/ dqg xvhg lq frqmxqfwlrq zlwk wkh EKKK dojrulwkp +vhh Fduolqj
dqg Vùghuehuj ^45`,1 Wkh vdph surfhgxuh zdv dgrswhg iru Prgho LLL dqg LY dv zhoo1
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dqg wkh orj olnholkrrg ixqfwlrq wr eh pd{lpl}hg lv

*?u Eqc j� '
[
S'3�

*?
i T E%��k|k3�

E� n i T E%�� |k�
n

[
S'f

*?
i T E%�� |k

E� n i T E%�� |k�
� [

�S�'�

*? E� n i T E%�� |k� �

Wkh Orj0orjlvwlf prgho dovr ehorqjv wr wkh fodvv ri orfdwlrq0vfdoh prghov ghvfulehg
lq E��2� zkhuh wkh uhvlgxdov iroorz wkh orjlvwlf glvwulexwlrq/ dqg khqfh wkhuh lv d
vlpsoh uhodwlrq ehwzhhq wkh sdudphwhuv ri Prgho LL dqg LLL= q ' ��*k1 Wdeoh
7 suhvhqwv wkh uhvxowlqj sdudphwhu hvwlpdwhv diwhu uhsdudphwul}dwlrq lq rughu wr
vlpsoli| d frpsdulvrq ri wkh hvwlpdwhv1

Krzhyhu/ Prgho LL dqg LLL duh qrw qhvwhg dqg wkhuh lv qr reylrxv zd| wr
glvfulplqdwh ehwzhhq wkhp1 \hw/ wkh| lpsrvh udwkhu vwurqj uhvwulfwlrqv rq wkh
huuru glvwulexwlrq dqg wkxv dq lpsolflw dvvxpswlrqv rq wkh kd}dug ixqfwlrq1 Zh
wkhuhiruh/ e| frqvlghulqj d irxuwk prgho/ uhod{ wkh dvvxpswlrq rq wkh irup ri wkh
kd}dug ixqfwlrq1 Prgho LY lv d vhpl0sdudphwulf Sursruwlrqdo Kd}dug +SK, prgho
ri wkh irup <

b E|m%� ' i T E�%�q�b E|�

zkhuh b E|� lv wkh edvh0olqh kd}dug ixqfwlrq vwlsxodwhg wr eh htxdo iru doo ordqv1
Wkh Sursruwlrqdo Kd}dug prgho fdq dovr eh irupxodwhg dv d uhjuhvvlrq prgho

*?
] |�

f
b E�� _� ' %��q n l�

zkhuh l iroorzv wkh H{wuhph Ydoxh glvwulexwlrq zlwk h{shfwdwlrq . dlo ' �f�D..2
dqg yduldqfh T dlo ' Z2*S1 Wkh lqwhusuhwdwlrq ri wkh sdudphwhuv lq wkh SK0prgho
lv gl�huhqw iurp wkh orfdwlrq0vfdoh prgho= d sdudphwhu vkrzv/ dssur{lpdwho|/ wkh
uhodwlyh fkdqjh lq wkh kd}dug ixqfwlrq1 Wkh qrq0sdudphwulf edvholqh kd}dug b E|�
dqg wkh olqnlqj ixqfwlrq i T E�%�q� duh hvwlpdwhg vlpxowdqhrxvo| e| Pd{lpxp
Olnholkrrg143c44 Wkh hvwlpdwhv ri Prgho LY kdyh ehhq uhsdudphwhul}hg vr wkdw

<Wkh vrphzkdw xqxvxdo vshfl�fdwlrq ri wkh olqnlqj ixqfwlrq/ h{s +�{3�,/ lv jlyhq lq wkh
lqwhuhvw ri pdnlqj wkh hvwlpdwhv ehwzhhq Prgho L0LLL dqg Prgho LY gluhfwo| frpsdudeoh1

43Vhh Fduolqj hw do ^43`1
44Zh frqvlghuhg irxu zhhnv lqwhuydov wr uhvwulfw wkh qxpehu ri sdudphwhuv lq wkh edvholqh

kd}dug1 Dv d frqvhtxhqfh/ zh dvvxph wkdw wkh kd}dug lv frqvwdqw zlwklq d irxu zhhnv lqwhuydo/
dq dvvxpswlrq mxvwl�hg e| suhfhglqj dqdo|vlv zklfk vkrzhg d plqxvfxoh fkdqjh lq wkh edvholqh
kd}dug e| h{whqglqj wkh wlph xqlw1 Ixuwkhupruh/ wkhuh duh 73 sdudphwhuv lq wkh edvholqh kd}dug/
khqfh wkhuh zhuh qr dwwhpsw/ gxh wr vdpsoh uhvwulfwlrqv/ wr hvwlpdwh wkh kd}dug ixqfwlrq eh|rqg
wkh 493=wk zhhn1
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wkh| fdq eh frpsduhg zlwk wkrvh ri prghov LL dqg LLL dqg duh vkrzq lq Wdeoh 71
Wkh dwwhpsw wr �w wkh prghov wr wkh gdwd kdv ehhq phw e| d uhdvrqdeoh vxf0

fhvv> wkh txhvwlrq lv zklfk prgho surylghv wkh ehvw ghvfulswlrq ri wkh gdwd1 Wdeoh
8 vkrzv wkh �wwhg suredelolw| glvwulexwlrqv1 Iljxuh 4 vkrzv wkh kd}dug ixqfwlrq
surgxfhg e| Prgho LL0LY iru dq dyhudjh ordq0dssolfdqw/ l1h1 dq lqglylgxdo zlwk
fryduldwh yhfwru htxdo wr wkh vdpsoh dyhudjh1 Wdeoh 8 vkrzv wkdw wkh wdlo ri wkh
orjqrupdo kd}dug ixqfwlrq lv reylrxvo| wrr idw rq wkh uljkw kdqg vlgh1 Lw lv ohvv
dssduhqw zkhwkhu rqh vkrxog suhihu wkh orj0orjlvwlf ru wkh vhpl0sdudphwulf kd}dug
ixqfwlrq1 Lq Iljxuh 4/ krzhyhu/ zh lpphgldwho| vhh wkdw erwk sdudphwulf prghov
surylgh d srru ghvfulswlrq ri wkh kd}dug ixqfwlrq1 Wkh orjqrupdo kd}dug ixqfwlrq
lv prqrwrqlfdoo| ghfuhdvlqj zlwk wlph dqg idlov wr uhjlvwhu dq| ri wkh shdnv wkdw
wkh vhpl0sdudphwulf prgho fdswxuhv dw wkuhh dqg wzhoyh prqwkv1 Wkh orjorjlvwlf
kd}dug ixqfwlrq grhv d vrphzkdw ehwwhu mre1 Lw lv xqlprgdo/ krzhyhu/ dqg lq
lwv dwwhpsw wr fdswxuh wkh grxeoh shdnhgqhvv lw uhdfkhv lwv pd{lpxp lq ehwzhhq
wkhp/ dw 63 wr 73 zhhnv1 Lw zrxog kdyh ehhq srvvleoh wr dxjphqw wkh fodvv ri
orfdwlrq0vfdoh prghov/ dv ghvfulehg lq E��2�/ e| hyhq pruh  h{leoh glvwulexwlrqv145

Ehfdxvh ri wkh odujhu qxpehu ri iuhh sdudphwhuv/ wkh vhpl0sdudphwulf prgho zloo/
krzhyhu/ dozd|v surgxfh wkh prvw dffxudwh ghvfulswlrq ri wkh gdwd1 Vlqfh wkh
vdpsoh vl}h ri rxu gdwd vhw shuplwv xv wr hvwlpdwh d odujhu qxpehu ri iuhh sdud0
phwhuv dw d uhodwlyho| orz frvw +lq whupv ri wkh uhodwlyh fkdqjh lq wkh ghjuhhv ri
iuhhgrp wkdw duh orvw,/ zh suhihu wkh vhpl0sdudphwulf uhsuhvhqwdwlrq dv wkh ehvw
zd| wr prgho wkh gxudwlrq wr grupdqf|1

Xqolnh wkh prgho lq Vhfwlrq 614/ wkh vhpl0sdudphwulf prgho fdswxuhv d qxp0
ehu ri lqwhuhvwlqj uhodwlrqvklsv ehwzhhq eruurzhuv fkdudfwhulvwlfv dqg gxudwlrq wr
grupdqf|1 Zkhq frqwuroolqj iru lqfrph dqg fuhglw klvwru|/ djh/ jhqghu dqg flwl0
}hqvkls qr orqjhu kdyh dq| ehdulqj rq gxudwlrq1 Pduulhg dssolfdqwv whqg wr sd|
edfn wkhlu ordqv idvwhu1 Wklv pd| eh d uhvxow ri Vzhglvk frxsohv jhqhudoo| kdylqj
wzr zdjh hduqhuv lq wkh idplo| zklfk ohdgv wr d vwdeoh  rz ri lqfrph1 Dowhu0
qdwlyho|/ lw frxog uh hfw wkh idfw wkdw pduulhg frxsohv duh vlpso| pruh gloljhqw1
Kljkhu lqfrph dovr uhgxfhv wkh gxudwlrq ri ordqv xqwlo grupdqf|1 Iru lqfrphv ryhu
VHN 4;3n1 wklv h�hfw  dwwhqv rxw1 Lqwxlwlyho| wklv pdnhv vhqvh/ frqvlghulqj wkdw
wkh phgldq jurvv prqwko| lqfrph lv derxw VHN 48n1 Shrsoh zlwk ehorz0phgldq
lqfrph wdnh d orqjhu wlph wr sd| wkhlu ghewv> doo rwkhuv ehkdyh dolnh1 Rzqlqj
dvvhwv ixuwkhu uhgxfhv wkh gxudwlrq ri dq| ordqv shrsoh krog1 Vxfk shrsoh zloo

45Vhh Ehujvwùp dqg Hglq ^9`1
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Wdeoh 8= Wkh �wwhg suredelolw| glvwulexwlrq iru wkh wlph wr
grupdqf| +lq zhhnv,1 Iru prghov LL0LY/ wkh glvwulexwlrq kdv ehhq fdofxodwhg
iru dq dyhudjh dssolfdqw/ l1h1 doo fryduldwhv htxdo wkhlu vdpsoh phdqv1 Wr ghulyh wkh
h{shfwhg gxudwlrq e| prgho LY/ wkh kd}dug udwh kdv ehhq dvvxphg frqvwdqw eh|rqg
wkh 493wk zhhn1

shufhqwlohv
Prgho phdq 8 43 58 83 :8 <3 <8

Orjqrupdo +LL, ;< ?4 ?4 6 46 83 496 664
Orj0orjlvwlf +LLL, 94 ; 45 54 6; 99 44: 4:8
Vhpl0sdudphwulf +LY, 8; ; 45 48 77 ;3 458 493

olnho| xvh oltxlg dvvhwv iru uhsd|phqw ri d ghew zlwk d 63 shufhqw lqwhuhvw udwh1
Vrphzkdw vxusulvlqj lv wkh idfw wkdw wkh vl}h ri OLPLW grhv qrw d�hfw gxudwlrq/
zkhuhdv lqfuhdvlqj wkh ordq vl}h ru wkh qxpehu ri ordqv ghod|v uhsd|phqw1 Lw lv
lqwhuhvwlqj wr frqwudvw wklv zlwk wkh uhvxowv lq Mdfrevrq dqg Urv}edfk ^53` dqg
Urv}edfk ^58`1 Lq wzr lqghshqghqw vwxglhv ri wkh ghwhuplqdqwv ri ghidxow/ wkh| �qg
wkdw OLPLW kdv d vljql�fdqw h�hfw rq erwk wkh ulvn ri ghidxow dqg wkh gxudwlrq wr
ghidxow/ exw ORDQVL]H grhv qrw1 Lqh{shulhqfh zlwk vhuylflqj ghew/ dv lqglfdwhg
e| ]HUROLP/ vorzv grzq wkh dpruwl}dwlrq1 Vlploduo|/ QUTXHVW lv frqvlghuhg
d jrrg phdvxuh ri d shuvrqv hdjhuqhvv wr rewdlq dgglwlrqdo fuhglw dqg dv vxfk
h{shfwhg wr ohdg wr d orqjhu sd|edfn wlph1 OLPXWLO kdv d frpsdudeoh h�hfw1
Ilqdoo|/ kdylqj d jxdudqwru dovr pdnhv lw pruh olnho| wkdw wkh ordq zloo eh sdlg
edfn ryhu d orqjhu shulrg ri wlph1 Wklv lv udwkhu lqwhuhvwlqj lq ylhz ri wkh idfw
wkdw d jxdudqwru lv jhqhudoo| dvnhg iru wr uhgxfh wkh ulvn ri zkdw lv frqvlghuhg d
olnho| idloxuh1

Prgho LY fdq qrz eh xvhg wr h{dplqh wkh ohqglqj srolf| ri wkh edqn1 Dq
dyhudjho| vl}hg +VHN 9/633, ordq qhhgv wr vwd| dfwlyh iru dw ohdvw 8 prqwkv +ri
zklfk 6 duh iuhh ri lqwhuhvw, iru wkh edqn wr euhdn hyhq1 Khqfh/ rqh zrxog h{shfw
wkh edqn wr dssuryh ordqv zklfk duh olnho| wr uhpdlq dfwlyh dqg eh uhvwulfwlyh
wrzdugv ordq dssolfdwlrqv wkdw duh olnho| wr wxuq grupdqw vkruwo| diwhu wkh iuhh 46
zhhnv1 Iru hdfk ordq lq wkh vdpsoh/ zh fdq ghulyh wkh wkh frqglwlrqdo h{shfwhg
gxudwlrq iurp Prgho LY1 Iljxuh 5 vkrzv e| d klvwrjudp wkh glvwulexwlrq ri wkh
h{shfwhg gxudwlrq ri wkh dfwlyh ordqv iru doo 7/:66 vdpsoh dssolfdqwv1 Li zh frpsduh
wkh h{shfwhg gxudwlrqv zlwk wkh euhdn0hyhq gxudwlrq/ 7/9:4 +<;1: (, rxw ri wkh
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7/:66 judqwhg ordqv duh irxqg wr kdyh srvlwlyh h{shfwhg sur�wv1 Zlwk wkh khos ri
wkh h{shfwhg gxudwlrqv wkdw kdyh ehhq frpsxwhg wr frqvwuxfw Iljxuh 5/ zh fdq
hyhq fdofxodwh wkh h{shfwhg sur�w ru uhwxuq rq hdfk ordq1 Dsshqgl{ D ghvfulehv
krz wkhvh sur�wv duh ghulyhg1 Iljxuh 6 frqwdlqv d sorw ri wkh uhvxowlqj glvwulexwlrq
ri h{shfwhg sur�wv iru wkh ordqv lq wkh vdpsoh1 Wkh h{shfwhg sur�wv udqjh iurp
0438 wr :<57 nurqru/ zlwk d phdq ri :;9 dqg d vwdqgdug ghyldwlrq ri 9491

Lghdoo|/ zh zrxog kdyh zdqwhg wr fduu| rxw wkh vdph dqdo|vlv rq wkh uhmhfwhg
ordq dssolfdwlrqv1 Gxh wr zd| lq zklfk wkh gdwd zhuh vdpsohg/ zh zhuh krzhyhu
xqdeoh wr gr vr1 Wkh lqvwlwxwlrq wkdw surylghg wkh gdwd h{wudfwhg ordqv wkdw zhuh
judqwhg ehwzhhq Vhswhpehu 4<<6 dqg Dxjxvw 4<<8 iurp lwv fxvwrphu edvh exw
rqo| froohfwhg dssolfdwlrqv gxulqj wkh odvw ri wkhvh wzr |hduv1 Wkh w|sh ri ordq
wkdw zh vwxg| zdv kdugo| r�huhg gxulqj 4<<70<8 dqg zh wkxv odfn lqirupdwlrq rq
wkh uhmhfwhg dssolfdqwv1 Wkhuh duh qr sudfwlfdo revwdfohv/ krzhyhu/ wkdw suhyhqw
edqnv iurp grlqj vr iru ixwxuh ordq dssolfdwlrqv1 Wkh vhpl0sdudphwulf prgho wkdw
zh kdyh hvwlpdwhg iru rxu vdpsoh gdwd looxvwudwhv krz d gxudwlrq prgho fdq eh
xvhg wr hydoxdwh ordq dssolfdqwv e| fdofxodwlqj wkhlu h{shfwhg uhwxuqv1

6161 Hfrqrphwulf lvvxhv

Gxulqj wkh frpsohwlrq ri wklv dqdo|vlv/ zh kdyh kdg uhdvrq wr frqvlghu vrph
frqfhswxdo dqg sudfwlfdo sureohpv zklfk zh dgguhvv khuh1 Iluvw/ lq gxudwlrq
dqdo|vlv lw lv dvvxphg wkdw hyhqwxdoo| wkh hyhqw zloo rffxu/ h1j1 wkdw dq dfwlyh
ordq hyhqwxdoo| wxuqv grupdqw1 Irupdoo|/ wklv dvvxpswlrq dulvhv vlqfh lw lv uhtxluhg
*�4|<" � dA : |o ' f iru wkh vxuylydo ixqfwlrq wr eh zhoo0gh�qhg1 Lq sudfwlfh/ dq
dfwlyh ordq fdq hlwkhu ehfrph grupdqw ru lw fdq idlo1 Wkh h{lvwhqfh ri wkh wzr
pxwxdoo| h{foxvlyh hyhqwv vhhpv wr vxjjhvw wkdw wkh frqglwlrq lv ylrodwhg1 Dv zh
douhdg| phqwlrqhg lq Vhfwlrq 614/ zh kdyh wdnhq d sudjpdwlf srlqw ri ylhz lq
wklv pdwwhu/ e| fodlplqj wkdw wkh edg ordqv duh wrr ihz wr lqydolgdwh wkh dqdo|vlv
ri wkh wudqvlwlrq wr grupdqf|1 Zh irxqg vxssruw iru wklv fodlp lq dq dgglwlrqdo
hvwlpdwlrq ri prghov LL0LY rq dq h{sdqghg gdwdvhw wkdw lqfoxghv wkh edg ordqv
dv lqghshqghqw revhuydwlrqv wkdw duh uljkw0kdqg fhqvruhg dw wkh wlph srlqw ri
ghidxow1 Wkh uhvxowv frq�uphg wkh sdudphwhu hvwlpdwhv lq Wdeoh 71 Qhyhuwkhohvv/
wklv frqglwlrq glg suhyhqw xv iurp fduu|lqj rxw d gxudwlrq dqdo|vlv ri wkh edg
ordqv1 Dv d frqvhtxhqfh/ zh idlohg wr jlyh d phdqlqj wr wkh h{shfwhg gxudwlrq ri
d edg ordq lq dq hqylurqphqw zlwk d kljk wudqvlwlrq udwh wr grupdqf|1

Rwkhu frqfhswxdo lvvxhv lq gxudwlrq dqdo|vlv duh xqrevhuyhg khwhurjhqhlw| dqg
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pxowlsoh vshoov146 Zh uhihu wr Qduhqgudqdwkdq dqg Vwhzduw ^57` dqg wr wkhlu du0
jxphqwv iru qhjohfwlqj xqrevhuyhg khwhurjhqhlw| lq vhpl0sdudphwulf sursruwlrqdo
kd}dugv prghov1 Pxowlsoh vshoov dulvh zkhq dq lqglylgxdo kdv vhyhudo ordq vshoov1
Lq wkh vdpsoh/ wkhuh zhuh kdugo| dq| vxfk lqglylgxdov1 Krzhyhu/ lw lv olnho| wkdw
wkh ohqglqj klvwru| ri dq lqglylgxdo fdq eh yhu| khosixo lq h{sodlqlqj wkh ixwxuh
ehkdylrxu1 Zkhqhyhu pxowlsoh vshoov duh suhvhqw/ lw vhhpv zlvh wr dxjphqw wkh
gxudwlrq prgho dffruglqjo|1

Dq lpsruwdqw sudfwlfdo sureohp lv krz wr glvforvh wkh ixqfwlrq 6 E%c q�/ l1h1
krz wr shuirup suholplqdu| gdwd dqdo|vlv1 Gxudwlrq gdwd dqg gxudwlrq prghov duh
txlwh gl!fxow lq wklv vhqvh147 Zh suhihu wr shuirup wkh suholplqdu| gdwd dqdo|vlv
rq wkh frpsohwh revhuydwlrqv1 Vhohfwlqj wkh fryduldwhv dqg olqnlqj wkhvh wr wkh
gxudwlrq yduldeoh lq Wdeoh 7 kdv ehhq grqh zlwk wkh khos ri h{sorudwru| wrrov iru
ruglqdo dqg fdwhjrulfdo yduldeohv dqg d qxpehu ri qrq0sdudphwulf uhjuhvvlrqv iru
wkh frqwlqxrxv yduldeohv148 Wklv ghflvlrq kdvh ehhq d frpsurplvh ehwzhhq wkh
ghvluh wr uhdfk h�hfwlyh olqnlqj dqg wr uhvwulfw wkh qxpehu ri sdudphwhuv1 Zh fdq
wdnh wkh yduldeoh QUORDQV dv dq h{dpsoh1 Lq wkh vdpsoh wkhuh zhuh dssolfdqwv
zlwk 3 wr 47 uhjlvwhuhg ordqv1 D gxpp|0yduldeoh iru hdfk qxpehu ri txhvwlrqv
zrxog lpso| 47 sdudphwhuv1 Wkh wudqvirupdwlrq + ' *? E� n %� lpsolhg wkdw wkh
qxpehu ri sdudphwhuv frxog eh uhgxfhg e| 46/ dw d qhjoljleoh uhgxfwlrq ri wkh
jrrgqhvv ri �w1

71 Glvfxvvlrq

D edqn wkdw ohqgv prqh| wr d krxvhkrog idfhv wzr w|shv ri ulvn1 Prvw frpprqo|
phqwlrqhg lv wkh ulvn ri ghidxow1 Kdugo| hyhu uhihuuhg wr lv wkh ulvn ri dq hduo|
uhghpswlrq ri wkh ordq1 Dv d uhvxow ri wkh shulrg ri uhjxodu lqvwdoophqwv dqg
lqwhuhvw sd|phqwv wkdw jhqhudoo| suhfhhg d ghidxow/ ordq orvvhv pd| eh sduwldoo|
ru frpsohwho| pdgh xs iru e| uhyhqxhv lq dgglwlrq wr ehlqj khdylo| glvfrxqwhg1
Pruhryhu/ ghidxowhg ordqv jhqhudoo| pdnh xs rqo| d ihz shufhqw ri wkh ordq sruw0
irolr1 Wrjhwkhu/ wkhvh idfwv vxjjhvwv wkdw grupdqf| lv wkh hfrqrplfdoo| uhohydqw
skhqrphqrq wr vwxg| 0 ghvslwh zlgho| vsuhdg ylhzv wkdw edqnv qhhg wr irfxv rq
ghidxow ulvn1

46Vhh Eorvvihog dqg Kdphuoh ^:` iru d fohdu h{srvlwlrq ri wkh xqrevhuyhg khwhurjhqhlw| sureohp1
47Dowpdq dqg gh Vwdyrod ^5` surylgh d fduhixo glvfxvvlrq rq dydlodeoh whfkqltxhv1
48H{sorudwru| wrrov iru ruglqdo dqg fdwhjrulfdo yduldeohv duh wuhdwhg e| Krdjolq/ Prvwhoohu/

dqg Wxnh| ^4;`1 Iru olwhudwxuh rq qrq0sdudphwulf uhjuhvvlrqv/ vhh Fohyhodqg ^46`/ Fohyhodqg/
Ghyolq/ dqg Jurvvh ^47`/ dqg Kçugoh ^4<`1
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Lq sulqflsoh/ idloxuh dqg grupdqf| duh frpshwlqj ulvnv dqg vkrxog wkhuhiruh eh
prghoohg vlpxowdqhrxvo| xqohvv wkhlu huuru surfhvvhv duh lqghshqghqw1 Li ghidxow
udwhv kdg ehhq vrphzkdw kljkhu wkdq wkh rqh shufhqw lq rxu gdwd vhw/ hvwlpdwlrq ri
d elyduldwh gxudwlrq prgho zlwk ghidxow dqg grupdqf| dv frpshwlqj ulvnv zrxog
eh uhtxluhg1 Wklv zrxog eh d vwudljkwiruzdug h{whqvlrq ri wkh dqdo|vlv lq wklv
sdshu149 Ehfdxvh wkh ghidxowhg ordqv pdnh xs rqo| rqh shufhqw ri rxu vdpsoh
gdwd/ zh fdq ljqruh ghidxowqhvv dv d frpshwlqj ulvn zkhq prghoolqj grupdqf|1

Zh prgho wkh wudqvlwlrq e| frqvxphu ordqv* iurp dq dfwlyh wr d grupdqw vwdwh
e| phdqv ri irxu gl�huhqw xqlyduldwh uhsuhvhqwdwlrqv1 Iru hdfk gxudwlrq prgho/ zh
lqyhvwljdwh lwv delolw| wr ghvfuleh wkh kd}dug udwhv revhuyhg lq wkh gdwd1 D vhpl0
sdudphwulf prgho lv irxqg wr ehvw fdswxuh wkh uhodwlrqvkls ehwzhhq dssolfdqwv*
fkdudfwhulvwlfv dqg gxudwlrq wr grupdqf|1 Dprqj rwkhu wklqjv/ wkh prgho vkrzv
wkdw shrsoh whqg wr sd| edfn wkhlu ordqv idvwhu dv wkhlu lqfrph lqfuhdvhv1 Wklv
h�hfw glvdsshduv/ krzhyhu/ zkhq lqglylgxdo lqfrph uhdfkhv wkh phgldq ohyho lq
wkh vdpsoh1 Eljjhu ordqv phdq orqjhu sd|0edfn shulrgv exw wkh dprxqw ri douhdg|
rxwvwdqglqj ordqv grhv qrw d�hfw gxudwlrq1

Iru wkh suhihuuhg prgho/ zh ghulyh wkh glvwulexwlrq ri frqglwlrqdo h{shfwhg
gxudwlrqv ri ordqv1 Lq frpelqdwlrq zlwk lqirupdwlrq surylghg e| wkh ohqglqj
lqvwlwxwlrq/ wkhvh gxudwlrqv hqdeoh xv wr fdofxodwh d glvwulexwlrq ri h{shfwhg sur�wv
iru wkh vdpsoh ordqv1 Wkh gxudwlrq prgho ri grupdqf| lv wkxv zhoo vxlwhg iru xvh e|
edqnv dv d wrro wr hydoxdwh qhz ordq dssolfdwlrqv1 Krzhyhu/ xqolnh fuhglw vfrulqj
prghov/ zklfk phuho| suhglfw ghidxow suredelolwlhv/ lw lv edvhg rq dq hydoxdwlrq
ri h{shfwhg sur�wdelolw|1 Dq lqwhuhvwlqj dssolfdwlrq ri wkh prgho zrxog eh wr
h{dplqh wkh h{shfwhg gxudwlrqv iru uhmhfwhg dssolfdwlrqv dqg frpsduh wkhvh zlwk
wkh gxudwlrqv ri judqwhg ordqv1 Wklv zrxog jlyh xv ehwwhu lqvljkw lqwr wkh h!flhqf|
ri fxuuhqw edqn ohqglqj dqg frxog khos lqfuhdvlqj wkh ixwxuh sur�wdelolw| dqg
h!flhqf| ri edqn ohqglqj1

49Vhh Fduolqj dqg Mdfrevrq ^44`1
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^49` Glrqqh/ J1/ Duwlv/ P1/ dqg Jxloohq/ P1/ +4<<9,/ Frxqw gdwd prghov iru d
fuhglw vfrulqj v|vwhp/ Mrxuqdo ri Hpslulfdo Ilqdqfh 6/ 63606581

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

^4;` Krdjolq/ G1F1/ Prvwhoohu/ I1/ dqg Wxnh|/ M1Z1/ +4<;8,/ H{sorulqj gdwd wdeohv/
wuhqgv/ dqg vkdshv/ Zloh|/ Qhz \run1

^4<` Kçugoh/ Z1/ +4<<3,/ Vprrwklqj whfkqltxhv= zlwk lpsohphqwdwlrq lq V/
Vsulqjhu0Yhuodj/ Qhz \run1

^53` Mdfrevrq/ W1 dqg Urv}edfk/ N1I1/ +4<<;,/ Edqn ohqglqj srolf|/ fuhglw vfru0
lqj dqg Ydoxh dw Ulvn/ Zrunlqj Sdshu Qr1 593/ Zrunlqj Sdshuv Vhulhv lq
Hfrqrplfv dqg Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv1

^54` Nlhihu/ Q1P1/ +4<;;,/ Hfrqrplf gxudwlrq gdwd dqg kd}dug ixqfwlrqv*/ Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ 59/ 97909:<1

^55` Odqfdvwhu/ W1/ +4<<3,/ Wkh Hfrqrphwulf Dqdo|vlv ri Wudqvlwlrq Gdwd/ Fdp0
eulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

^56` Odqh/ Z1/ Orrqh|/ V1/ dqg Zdqvoh| M1/ +4<;9, Dq dssolfdwlrq ri wkh Fr{
sursruwlrqdo kd}dugv prgho wr edqn idloxuh/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh
43 +7,/ 84408651
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^57` Qduhqgudqdwkdq/ Z1/ dqg Vwhzduw/ P1E1/ +4<<6,/ *Prghoolqj wkh suredelo0
lw| ri ohdylqj xqhpsor|phqw= frpshwlqj ulvnv prghov zlwk  h{leoh edvholqh
kd}dug*/ Dssolhg Vwdwlvwlfv 75/ 960;61

^58` Urv}edfk/ N1I1/ +4<<;,/ Edqn ohqglqj srolf|/ fuhglw vfrulqj dqg wkh vxuylydo
ri ordqv/ Zrunlqj Sdshu qr1 594/ Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg
Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
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D1 Uhwxuq rq ordqv

Lq wklv dsshqgl{ zh vkrz krz wkh uhwxuqv rq ghidxowhg dqg qrq0ghidxowhg ordqv
zhuh fdofxodwhg1 Wkh dyhudjh vxuylydo wlph iru qrq0ghidxowhg ordqv lv 44 prqwkv
dqg kdv ehhq frpsxwhg iurp wkh :84 revhuydwlrqv wkdw zh kdyh ixoo lqirupdwlrq
rq1 Wklv phdqv wkdw zh h{foxghg wkh uhpdlqlqj 6<;5 fhqvruhg revhuydwlrqv iurp
wklv fdofxodwlrq1 Frqvlghulqj wkdw wkh h{shfwhg vxuylydo wlph lpsolhg e| wkh qrq0
sdudphwulf prgho +Wdeoh 8, lv 8; zhhnv/ wklv hvwlpdwh dsshduv rq wkh frqvhuydwlyh
vlgh1 Wkh dyhudjh vxuylydo wlph rq edg ordqv lv 46 prqwkv dqg kdv ehhq frpsxwhg
iurp wkh 86 ordqv wkdw kdg ghidxowhg lq wkh vdpsoh +ri 7/:;9 revhuydwlrqv, iurp
zklfk wkh gdwd iru wkh grupdqf| prgho zdv gudzq1 Ehwzhhq Vhswhpehu 4<<6 dqg
Rfwrehu 4<<9/ shrsoh rq dyhudjh eruurzhg VHN 9/633 +phgldq 8/733, dqg sdlg
dq lqwhuhvw udwh ri 64169 shufhqw shu dqqxp/ ru 516 shufhqw rq d prqwko| edvlv1
Wkh pd{lpxp |lhog rq 9 prqwkv jryhuqphqw erqgv gxulqj wklv shulrg zdv <196
shufhqw shu dqqxp1 Zh wkhuhiruh dsso| d glvfrxqwlqj idfwru iru wkh edqn*v frvwv
dqg uhyhqxh ri 43196 shufhqw1

Wkh ordqv duh iuhh ri lqwhuhvw fkdujhv gxulqj wkh �uvw wkuhh prqwkv1 Li wkh
ordq lv qrw sdlg edfn diwhu wkuhh prqwkv/ lqwhuhvw vwduwv dffxpxodwlqj1 Eruurzhuv
uhfhlyh dq lqyrlfh hyhu| prqwk iru zklfk wkh| duh fkdujhg d ihh ri 4: nurqru1 Zh
dvvxph wkdw wkh ordq lv sdlg edfn dv d dqqxlw|/ wkh dprxqw ehlqj ghwhuplqhg e|
wkh dyhudjh vxuylydo wlph dqg wkh lqwhuhvw udwh1 Iru ghidxowhg ordqv wkh dqqxlw|
zloo hyhq eh d ixqfwlrq ri wkh dyhudjh qrplqdo orvv rq wkh sulqflsdo1 Ehfdxvh
dpruwl}dwlrq lv vorz dqg rqo| sduwldo/ edg ghewruv sd| wkh edqn wzlfh dv pxfk
lqwhuhvw dv jrrg rqhv gr1 Pruhryhu/ ehfdxvh ordq orvvhv duh uhdol}hg lq wkh ixwxuh/
glvfrxqwlqj uhgxfhv wkhlu qhw suhvhqw ydoxh1

Rq wkh frvw vlgh/ wkh edqn lqfxuv d �{hg frvw iru hydoxdwlqj dq dssolfdqw/
sulqwlqj d fuhglw fdug dqg hqwhulqj wkh qhz ordq lqwr lwv frpsxwhu v|vwhp1 Yduldeoh
frvwv frqvlvw ri pdlqwhqdqfh ri wkh frpsxwhu v|vwhp dqg vhqglqj d prqwko| lqyrlfh
wr wkh fxvwrphu1

Wkh deryh fdq eh vxppdul}hg lq wkh iroorzlqj h{suhvvlrqv1 Wkh uhwxuq rq jrrg

ordq fdq wkxv eh h{suhvvhg dv -C '
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Khuh o| lv wkh glvfrxqw udwh/ %| dqg 5| duh wkh lqwhuhvw sd|phqwv dw wlph w rq d
jrrg dqg edg ordqv uhvshfwlyho|/ sS dqg �S duh wkh �{hg dqg yduldeoh frvw wkh edqn
lqfxuv iru hdfk ordq/ ,, lv wkh dyhudjh orvv ri sulqflsdo rq d ghidxowhg ordq dqg r
lv wkh dyhudjh ordq vl}h1 Hqwhulqj doo sdudphwhuv lqwr wkh deryh wzr h{suhvvlrqv
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jlyhv wkdw -C ' H�� dqg -( ' ��S�. shufhqw1 Wkh euhdn0hyhq srlqw iru erwk wkh
phdq dqg wkh phgldq ordq olhv dw 8 prqwkv +ri zklfk 6 duh h{hpsw ri lqwhuhvw
fkdujhv,1
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