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Nh|zrugv dqg Skudvhv= qrqolqhdu ghshqghqfh/ qrqsdudphwulf/ fruuhodwlrq/ errwvwuds1

MHO fodvvl�fdwlrq qxpehuv= F45 dqg F851

DEVWUDFW

Wklv sdshu frqvlghuv whvwlqj wkdw dq hfrqrplf wlph vhulhv iroorzv d pduwlqjdoh gli0

ihuhqfh surfhvv1 Wkh pduwlqjdoh gl�huhqfh k|srwkhvlv kdv ehhq w|slfdoo| whvwhg xvlqj lqiru0

pdwlrq frqwdlqhg lq wkh vhfrqg prphqwv ri d surfhvv/ wkdw lv/ xvlqj whvw vwdwlvwlfv edvhg

rq wkh vdpsoh dxwrfryduldqfhv ru lq wkh shulrgrjudpv1 Whvwv edvhg rq wkhvh vwdwlvwlfv duh

lqfrqvlvwhqw vlqfh wkh| mxvw whvw qhfhvvdu| frqglwlrqv ri wkh qxoo k|srwkhvlv1 Lq wklv sdshu zh

frqvlghu whvwv wkdw duh frqvlvwhqw djdlqvw doo �{hg dowhuqdwlyhv dqg djdlqvw Slwpdq�v orfdo

dowhuqdwlyhv1 Vlqfh wkh dv|pswrwlf glvwulexwlrqv ri wkh whvwv vwdwlvwlfv ghshqg rq wkh gdwd

jhqhudwlqj surfhvv/ wkh whvwv duh lpsohphqwhg xvlqj d prgl�fdwlrq ri wkh zlog errwvwuds sur0

fhgxuh1 Wkh sdshu mxvwl�hv wkhruhwlfdoo| wkh sursrvhg whvwv dqg h{dplqhv wkhlu �qlwh vdpsoh

ehkdylru e| phdqv ri Prqwh Fduor h{shulphqwv1 Lq dgglwlrq zh lqfoxgh dq dssolfdwlrq wr

h{fkdqjh udwh gdwd1

4 Lqwurgxfwlrq

Lq Hfrqrplfv lw lv iuhtxhqwo| dvvxphg wkdw dq hfrqrplf wlph vhulhv iroorzv d pduwlqjdoh

gl�huhqfh vhtxhqfh +PGV, jlyhq vrph lqirupdwlrq vhw1 Iru lqvwdqfh/ lw lv d frpprq lpsol0

fdwlrq lq Udwlrqdo H{shfwdwlrqv prghov +vhh/ iru lqvwdqfh/ Kdoo +4<:;,,1 D PGV surfhvv lv
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gh�qhg dv d surfhvv wkdw kdv frqvwdqw phdq +xvxdoo| }hur, jlyhq vrph lqirupdwlrq vhw +wkdw

w|slfdoo| lqfoxghv mxvw lwv sdvw ydoxhv,1 Whvwlqj wkh PGV dvvxpswlrq lv udwkhu fkdoohqjlqj1

Lq Hfrqrphwulfv wkh frpprq zd| ri whvwlqj wklv surshuw| kdv ehhq whvwlqj wkdw wkh surfhvv

lv xqfruuhodwhg1 Khqfh/ lq wkh wlph grpdlq wkh whvw vwdwlvwlfv w|slfdoo| hpsor|hg kdyh ehhq

edvhg rq wkh vdpsoh dxwrfruuhodwlrqv zkloh lq wkh iuhtxhqf| grpdlq wkh| kdyh ehhq edvhg

rq wkh shulrgrjudpv1 Wkh whvw vwdwlvwlf prvw frpprqo| hpsor|hg kdv ehhq wkh Er{ dqg

Slhufh +4<:3, T vwdwlvwlf iru whvwlqj wkdw d surfhvv lv xqfruuhodwhg ri d jlyhq rughu R +wkdw lv/

wkh �uvw R dxwrfruuhodwlrqv duh htxdo wr }hur,1 Iru wkh jhqhudo fdvh ri whvwlqj wkdw d surfhvv

lv xqfruuhodwhg ri dq| rughu/ dowhuqdwlyh vwdwlvwlfv kdyh ehhq sursrvhg e| Gxuodxi +4<<4,/

Dqghuvrq +4<<6, ru Krqj +4<<9,1

Qrwlfh wkdw doo wkhvh surfhgxuhv gr qrw whvw wkdw wkh frqvlghuhg surfhvv lv d PGV exw

wkdw lw lv xqfruuhodwhg1 Wklv glvwlqfwlrq lv fuxfldo zkhq qrqolqhdu ghshqghqfh lv suhvhqw/ dv

lw frpprqo| kdsshqv zlwk �qdqfldo gdwd1 Iru surfhvvhv zlwk erxqghg vhfrqg prphqw/ d

PGV lv dq xqfruuhodwhg vhtxhqfh/ exw dq xqfruuhodwhg vhtxhqfh lv qrw qhfhvvdulo| d PGV1

Dq xqfruuhodwhg surfhvv fdqqrw eh iruhfdvwhg xvlqj olqhdu ixqfwlrqv ri odjjhg ydoxhv/ zkloh

d PGV fdqqrw eh iruhfdvwhg xvlqj hlwkhu olqhdu ru qrqolqhdu ixqfwlrqv ri sdvw ydoxhv1 Khqfh/

iru xqfruuhodwhg qrq0PGV surfhvvhv wkh suhylrxv whvwv kdyh qr dv|pswrwlf srzhu +vhh/ iru

lqvwdqfh/ h{dpsohv lq Vhfwlrq 7,1 Wkh idfw wkdw wkhvh whvwv duh lqfrqvlvwhqw fdq eh xqghu0

vwrrg vlqfh wkh| rqo| hpsor| lqirupdwlrq frqwdlqhg lq wkh vhfrqg prphqwv ri wkh surfhvv1

Frqwudu| wr wkhvh frpprqo| hpsor|hg whvwv/ wklv sdshu surylghv frqvlvwhqw whvwv iru wkh qxoo

k|srwkhvlv wkdw wkh surfhvv kdv frqvwdqw frqglwlrqdo h{shfwdwlrq jlyhq wkh lqirupdwlrq vhw

frpsrvhg e| wkh fxuuhqw ydoxh ri vrph h{rjhqrxv yduldeohv dqg vrph �qlwh qxpehuv ri odjv

ri erwk wkh rzq surfhvv dqg vrph h{rjhqrxv yduldeohv1

Frqvlvwhqw whvwv iru wkh PGV dvvxpswlrq fdq eh hvwdeolvkhg xvlqj uhfhqwo| ghyhorshg vwd0

wlvwlfdo wkhru| rq vshfl�fdwlrq whvwlqj1 Wkhuh duh edvlfdoo| wzr dssurdfkhv wr frqvwuxfwlqj

frqvlvwhqw whvwv1 Iluvw/ wr hpsor| whvwv edvhg rq fkhfnlqj dq lq�qlwh qxpehu ri ruwkrj0

rqdolw| frqglwlrqv +vhh/ iru lqvwdqfh/ Elhuhqv +4<;7/ 4<<3,/ Vwxwh +4<<:,/ Dqguhzv +4<<:,/

Elhuhqv dqg Sorehujhu +4<<:, dqg Nrxo dqg Vwxwh +4<<<,,1 Vhfrqg/ wr hpsor| whvwv edvhg rq

vprrwkhg qrqsdudphwulf hvwlpdwhv ri wkh frqglwlrqdo h{shfwdwlrq ixqfwlrq +vhh/ iru lqvwdqfh/

Kçugoh dqg Pdpphq +4<<6,/ Krqj dqg Zklwh +4<<8,/ ]khqj +4<<9, dqg Ol +4<<<,,1

Whvw vwdwlvwlfv edvhg rq wkh �uvw dssurdfk gr qrw ghpdqg wkh vhohfwlrq ri xvhu0fkrvhq

wxqlqj sdudphwhuv1 Krzhyhu/ wkh| kdyh wkh glvdgydqwdjh ri +w|slfdoo|, kdylqj qrq0vwdqgdug

dv|pswrwlf qxoo glvwulexwlrqv1 Wklv lv qrw d vhulrxv gudzedfn/ wkrxjk/ vlqfh fulwlfdo ydoxhv

fdq eh hvwlpdwhg e| wkh errwvwuds1 Lq dgglwlrq/ wkhvh whvwv duh frqvlvwhqw djdlqvw Slwpdq�v
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orfdo dowhuqdwlyhv exw lqfrqvlvwhqw djdlqvw fhuwdlq orfdo dowhuqdwlyhv wr wkh qxoo/ vhh Urvhqeodww

+4<:8, ru Krurzlw} dqg Vsrnrlq| +4<<<,1

Whvwv edvhg rq wkh vhfrqg dssurdfk kdyh wkh dgydqwdjhv ri kdylqj vwdqgdug dv|ps0

wrwlf qxoo glvwulexwlrqv dqg ehlqj frqvlvwhqw djdlqvw Urvhqeodww*v +4<:8, orfdo dowhuqdwlyhv/

exw wkuhh lqfrqyhqlhqfhv1 Iluvw/ wkh| uhtxluh vwurqjhu vprrwkqhvv dvvxpswlrqv rq wkh gdwd

jhqhudwlqj surfhvv +GJS,1 Vhfrqg/ wkh| kdyh dv|pswrwlfdoo| qr srzhu djdlqvw Slwpdq�v

dowhuqdwlyh k|srwkhvhv whqglqj wr wkh qxoo dw wkh sdudphwulf udwh1 Wklug/ wkhlu pdlq glvdg0

ydqwdjh lv wkdw wkh| uhtxluh d xvhu0fkrvhq vprrwklqj sdudphwhu dqg/ lq sudfwlfh/ vwdwlvwlfdo

lqihuhqfh lv txlwh vhqvlwlyh wr wkh vhohfwlrq ri wklv qxpehu1

Iru wkhvh uhdvrqv/ lq wklv sdshu zh hpsor| d whvw edvhg rq wkh �uvw dssurdfk1 Vlqfh

wkh dv|pswrwlf glvwulexwlrq ri wkh frqvlghuhg whvw vwdwlvwlf ghshqgv rq wkh vshfl�f GJS/

vwdqgdug dv|pswrwlf lqihuhqfh surfhgxuhv duh qrw ihdvleoh1 Lq wklv sdshu zh sursrvh dqg

mxvwli| uljrurxvo| wr hvwlpdwh wkh glvwulexwlrq ri wkh whvw vwdwlvwlf e| xvlqj d prgl�fdwlrq ri

wkh zlog errwvwuds1

Wkh rujdql}dwlrq ri wkh sdshu lv wkh iroorzlqj1 Lq Vhfwlrq 5 zh uhylhz wkh gl�huhqw

dssurdfkhv wr frqvwuxfw frqvlvwhqw whvwv/ dqg prwlydwh wkh vhohfwlrq ri rxu whvw vwdwlvwlfv

zklfk duh lqwurgxfhg lq Vhfwlrq 61 Vhfwlrq 7 dqdo|}hv wkh errwvwuds whvwv dqg lq Vhfwlrq

8 zh suhvhqw d Prqwh Fduor vwxg| ri wkhlu �qlwh vdpsoh shuirupdqfh1 Vhfwlrq 9 uhsruwv

dq hpslulfdo dssolfdwlrq wr h{fkdqjh udwhv dqg Vhfwlrq : frqfoxghv dqg hvwdeolvkhv vrph

gluhfwlrqv ri ixuwkhu uhvhdufk1 Surriv duh lq wkh Dsshqgl{1

5 Frqvlvwhqw K|srwkhvlv Whvwlqj

Ohw E+|c h%|� eh dq hujrglf dqg vwulfwo| vwdwlrqdu| surfhvv/ zkhuh h%| ' E%�c|/111/ %gc|�* lv dg��

udqgrp yhfwru surfhvv ri frqglwlrqlqj yduldeohv1 Zh hpsor| wkh vxshuvfulsw wr ghqrwh yhf0

wruv1 Qrwlfh wkdw qr dvvxpswlrqv duh pdgh derxw wkh prphqw vwuxfwxuh ri h%| dqg/ lq sduwlfx0

odu/ doo wkhlu prphqwv frxog eh xqerxqghg1 Zh dvvxph wkdw ?nR revhuydwlrqv iurp i+|j dqg
? n R� revhuydwlrqv iurp hdfk yduldeoh i%�c|j/ � ' �c ���g/ duh dydlodeoh1 Ghqrwh wkh zkroh

revhuyhg vdpsoh e| [? ' E+
3Rn�c ���c +fc +�c ���c +?c %�c3R�n�c ���c %�c?c 111/ %gc3Rgn�c ���c %gc?,1

Wkh qxoo k|srwkhvlv ri lqwhuhvw wkdw zh frqvlghu lq wklv sdshu lv whvwlqj phdq lqghshq0

ghqfh zlwk uhvshfw wr wkh lqirupdwlrq vhw h5
|c h�

' i+|3�c ���c +|3Rc %�c|c %�c|3�c ���c %�c|3R�c ���c %gc|c

%gc|3�c ���c %gc|3Rgj zkhuh h� ' ERc R�c ���c Rg�
� dqg Rc R�c ���c Rg duh dq| qdwxudo qxpehuv1 Qr0

wlfh wkdw wkh frqglwlrqlqj lqirupdwlrq vhw lqfoxghv wkh sdvw R ydoxhv ri wkh frqvlghuhg surfhvv

dqg fxuuhqw dqg sdvw ydoxhv ri wkh rwkhu frqglwlrqlqj surfhvvhv1

6



Wkxv/ wkh frqvlghuhg qxoo k|srwkhvlv lv

Mf G .E+|*h5|c h� � ' > @�r� +4,

iru vrph xqnqrzq > 5 U/ dqg wkh dowhuqdwlyh lv wkh frpsohphqw ri Mf/ wkdw lv/

M� G .E+|*h5|c h� � ' >
�h5

|c h�

�
@�r�c +5,

zkhuh > E�� lv vrph xqnqrzqphdvxudeoh ixqfwlrq iurpU
� lqwrU/ zkhuh � ' Rngn

S
g

�'� R�/

vxfk wkdw �hE>
�h5

|c h�

�
' >� 	 �� D surfhvv wkdw yhul�hv +4, lv vdlg wr eh d pduwlqjdoh

gl�huhqfh vhtxhqfh ri rughu R zlwk uhvshfw wr lwv sdvw dqg ri rughuv R� zlwk uhvshfw wr %�c

iru � ' �c ���cg/ +pruh eulh |/ zh vd| wkdw +| lv d PGV ri rughuv h� ,1 Lq Vhfwlrqv 8 dqg 9 zh

frqvlghu wkh vshfldo fdvh ri whvwlqj wkdw d surfhvv lv mxvw d pduwlqjdoh gl�huhqfh vhtxhqfh ri

rughu R zlwk uhvshfw wr lwv rzq sdvw1 Zh hvwdeolvk wkh wkhruhwlfdo uhvxowv iru wkh jhqhudo fdvh

vlqfh hfrqrplf wkhru| hvwdeolvkhv wkh ruwkrjrqdolw| zlwk uhvshfw wr wkh djhqw lqirupdwlrq

vhw wkdw w|slfdoo| lqfoxghv d vhw ri dgglwlrqdo h{sodqdwru| yduldeohv1

Lq rughu wr rewdlq frqvlvwhqw whvwv ri wkh qxoo k|srwkhvlv +4, wkhuh duh wzr dssurdfkhv=

wkh xvh ri whvwv edvhg rq hpslulfdo surfhvvhv lqgh{hg e| fodvvhv ri ixqfwlrqv dqg wkh xvh ri

whvwv edvhg rq qrqsdudphwulf hvwlpdwhv1 Erwk dssurdfkhv duh qrqsdudphwulf lq vslulw1 Iru

vlpsolflw|/ zh fdoo wkh lqwhjudwhg dssurdfk wr wkh �uvw +vlqfh wkh fruuhvsrqglqj whvwv uhtxluh

wkh vhohfwlrq ri dq lqwhjudwlqj phdvxuh, dqg wkh vprrwklqj dssurdfk wr wkh vhfrqg +vlqfh

wkh fruuhvsrqglqj whvwv uhtxluh wkh vhohfwlrq ri d vprrwklqj qxpehu,1 Erwk duh edvhg rq

wkh iroorzlqj htxlydohqfh zklfk lv edvhg rq wkh gh�qlwlrq ri frqglwlrqdo h{shfwdwlrq

Mf / .EE+| � >�` Eh5
|c h�

�� ' f @�r�

iru dq| erxqghg phdvxudeoh zhljkwlqj ixqfwlrq ` E�� zlwk uhvshfw wr h5
|c h�
1 Wkh whvwv duh

edvhg rq hydoxdwlqj wkh glvfuhsdqf| ri wkh vdpsoh dqdorj ri .EE+| � >�` Eh5
|c h�

�� wr }hur1

Qrwlfh wkdw dq| vxfk whvw lqyroyhv whvwlqj dq lq�qlwh qxpehu ri ruwkrjrqdolw| frqglwlrqv1

Wkh vprrwklqj dssurdfk uhgxfhv wkh sureohp ri whvwlqjMf wr whvwlqj d xqltxh/ dssursuldwho|

fkrvhq/ ruwkrjrqdolw| uhvwulfwlrq1 Qdpho|/ lw hpsor|v `7Eh5|c h� � ' .EE+| � >�*h5
|c h�

�1 Khqfh/

wklv phwkrgrorj| lv edvhg rq wkh iroorzlqj htxlydohqfh

Mf / .EE+| � >�`7Eh5
|c h�
�� ' f�

Qrwlfh wkdw wklv dssurdfk/ dowkrxjk lpsolflwo|/ lqyroyhv whvwlqj dq lq�qlwh qxpehu ri ruwkrj0

rqdolw| uhvwulfwlrqv dv zhoo/ dv zh vkrz qrz1 Iluvw/ h{suhvv `7Eh5
|c h�

� dv d olqhdu frpelqdwlrq
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ri d edvlv i��j ' i��Eh5|c h�
�j ri wkh vsdfh ri ixqfwlrqv zlwk �qlwh vhfrqg prphqw

`7Eh5
|c h�

� '
[

�

k���c

zkhuh k� ' .d`7Eh5|c h� ���o� Vhfrqg/ dsso| wkh odz ri lwhudwhg h{shfwdwlrqv wr rewdlq k� '

.d.EE+|�>�*h5
|c h�

���o ' .dE+|�>���o1 Ilqdoo|/ whvwlqj .EE+|�>�`7Eh5
|c h�

�� ' f lv htxlydohqw

wr whvwlqj .EE+| � >�
S

�
k���� '

S
�
k�.EE+| � >���� '

S
�
k2

�
' f/ wkdw lv/ whvwlqj wkdw

k� ' f iru doo ��

Vlqfh wkh ixqfwlrq`7Eh5
|c h�
� lv xqnqrzq/ hydoxdwlqj lwv vdpsoh dqdorj zloo uhtxluh wkh xvh

ri qrqsdudphwulf hvwlpdwlrq whfkqltxhv/ wkdw lv/ wkh lqwurgxfwlrq ri d xvhu0fkrvhq vprrwklqj

qxpehu1 Wklv dssurdfk suhvhqwv wkuhh gudzedfnv1 Iluvw/ lwv pdlq sureohp lv wkdw vwdwlvwlfdo

lqihuhqfh lv vhqvlwlyh wr wkh vhohfwlrq ri wkh vprrwklqj sdudphwhu1 Wkhuh kdv ehhq frqvlghu0

deoh uhvhdufk rq krz wr vhohfw wklv sdudphwhu dxwrpdwlfdoo| iurp wkh vdpsoh iru hvwlpdwlrq

sureohpv +vhh Pduurq +4<;;, iru d vxuyh|,1 Xqiruwxqdwho|/ wkhuh lv qrw dq| frpsohwho|

vdwlvidfwru| dqvzhu |hw dqg ixuwkhupruh/ prvw ri wklv uhvhdufk kdv irfxvhg rq hvwlpdwlrq

udwkhu wkdw k|srwkhvlv whvwlqj1 Krzhyhu/ qrwlfh wkdw lq wkh whvwlqj iudphzrun/ Krurzlw} dqg

Vsrnrlq| +4<<<, dqg Jxhuuh dqg Odyhujqh +4<<<, kdyh uhfhqwo| frqvlghuhg wkh vhohfwlrq ri

wkh vprrwklqj sdudphwhu dqg ghyhorshg whvwv zlwk plqlpd{ surshuwlhv1 Vhfrqg/ whvwv edvhg

rq wkh qrqsdudphwulf dssurdfk kdyh qr srzhu djdlqvw dowhuqdwlyh k|srwkhvhv whqglqj wr wkh

qxoo k|srwkhvlv dw wkh ?3�*2 udwh1 Wklug/ wklv olwhudwxuh qhhgv wr lpsrvh vwurqj vprrwkqhvv

frqglwlrqv rq wkh ixqfwlrq >
�h5

|c h�

�
/ vhh/ iru lqvwdqfh/ ]khqj +4<<9, ru Ol +4<<<,1

Wkh lqwhjudwhg dssurdfk whvwv Mf e| vhohfwlqj d idplo| ri ixqfwlrqv Z vr wkdw Mf krogv

li dqg rqo| li ++| � >, lv ruwkrjrqdo wr hyhu| phpehu ri Z doprvw vxuho|1 Ghshqglqj rq wkh

fkrlfh ri Z wkh fruuhvsrqglqj whvw uhvhpeohv fhuwdlq fodvvlfdo jrrgqhvv ri �w whvwv hpsor|hg

lq wkh vwdwlvwlfdo olwhudwxuh dv zh vhh qrz1 Wkhuh duh wzr w|shv ri lqwhjudwhg whvwv= rqh lv

edvhg rq vprrwk fodvvhv ri ixqfwlrqv dqg wkh rwkhu lv edvhg rq lqglfdwru ixqfwlrqv1 Wkh �uvw

w|sh kdv ehhq hpsor|hg e| Elhuhqv +4<;7/ 4<<3,/ Gh Mrqj +4<<9,/ Elhuhqv dqg Sorehujhu

+4<<:, dqg Vwlqfkfrpeh dqg Zklwh +4<<;,1 Wkh| sursrvhg whvwlqj surfhgxuhv edvhg rq

idplolhv ri dqdo|wlf ixqfwlrqv Z ' i` E+ch��c h� 5 C/ h+ 5 U
�j dqg suryh wkdw

Mf / -` Eh�� ' .EE+| � >�` Eh5
|c h�

ch��� ' fc iru dq| h� 5 C/

zkhuh/ lq jhqhudo/ C lv dq lq�qlwh vhw/ iru lqvwdqfh/ dq| qhljkerukrrg ri f 5 U
� 1 Lq

sduwlfxodu/ Elhuhqv +4<<3, frqvlghuv Z ' ii TE�h� �h+�c h� 5 Cc h+ 5 U
�j� Khqfh/ iru wklv fkrlfh

wkhvh whvwv uhvhpeoh jrrgqhvv ri �w whvwv edvhg rq wkh fkdudfwhulvwlf ixqfwlrq1 Qrwh wkdw
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xqghu erwk wkh qxoo dqg wkh dowhuqdwlyh k|srwkhvhv/ -` Eh�� 5 �dCo/ wkh vsdfh ri frqwlqxrxv

ixqfwlrqv rq C� Zh kdyh fdoohg d�o wkh forvxuh ri � dqg/ lq fdvh wkh ixqfwlrq lv qrw gh�qhg

iru hyhu| h@ lq wkh iurqwlhu ri �/ zh h{whqg wkh surfhvv e| frqvlghulqj wkdw -` Eh@� ' *�4
h@?<h@

-` Eh@?� � Wkh ghshqghqfh ri wkh qxlvdqfh sdudphwhu yhfwru h� lv dyrlghg e| dsso|lqj d qrup
ri wkh vsdfh �dCo rqwr wkh ixqfwlrq -` Eh�� � D pdlq sureohp zlwk wklv dssurdfk lv wkdw/

wkh dssolfdwlrq ri wkh qrup uhtxluhv wkh vhohfwlrq ri dq duelwudu| phdvxuh rq C�

Wkh vhfrqg w|sh ri lqwhjudwhg whvwv kdv ehhq hpsor|hg e| Euxqn +4<:3,/ Vx dqg Zhl

+4<<4,/ Dq dqg Elqj +4<<4,/ Ghojdgr +4<<6,/ Dqguhzv +4<<:,/ Vwxwh +4<<:,/ Ghojdgr/

Grplqjxh} dqg Odyhujqh +4<<;,/ Nrxo dqg Vwxwh +4<<<, dqg Zkdqj +5333,1 Wkh| kdyh

frqvlghuhg wkh idplo| Z�'iUEh5
|c h�

� h��ch� 5 U
�j zkhuh U E�� lv wkh lqglfdwru ixqfwlrq ri

wkh hyhqw � dqg h@ � hK ghqrwhv wkdw hdfk hohphqw ri h@ lv ohvv ru htxdo wkdw wkh fruuhvsrqglqj
ri hK iru dq| h@chK 5 U

� � Qrwlfh wkdw wklv idplo| ri ixqfwlrqv lv qrw dqdo|wlf1 Iru wklv idplo|/

wkh qxlvdqfh sdudphwhuv duh hydoxdwhg lq wkh vxssruw ri wkh frqglwlrqlqj yhfwru/ h5
|c h�
/ dqg

khqfh/ wkh qdwxudo lqwhjudwlqj phdvxuh lv wkh mrlqw hpslulfdo glvwulexwlrq ixqfwlrq ri wkh

yhfwru h5
|c h�
1 Wkhuhiruh/ wkh fruuhvsrqglqj whvwv uhvhpeoh jrrgqhvv ri �w whvwv edvhg rq wkh

glvwulexwlrq ixqfwlrq/ vxfk dv/ wkh Fudphu0yrq Plvhv whvw dqg wkh Nroprjrury0Vpluqry whvw1

Khqfh/ wkh dgydqwdjh ri xvlqj wklv idplo| lqvwhdg ri idplolhv ri dqdo|wlf ixqfwlrqv uhvlghv lq

wkh holplqdwlrq ri wkh duelwudulqhvv lqyroyhg lq wkh vhohfwlrq ri dq lqwhjudwlqj phdvxuh1

Vlqfh erwk wkh vprrwklqj dssurdfk dqg wkh �uvw w|sh ri lqwhjudwhg whvwv suhvhqw wkh

sureohp ri duelwudulo| vhohfwlqj wkh vprrwklqj qxpehu dqg wkh lqwhjudwlqj phdvxuh/ uhvshf0

wlyho|/ wkh whvw surfhgxuh sursrvhg lq wklv sdshu ehorqjv wr wkh vhfrqg w|sh ri lqwhjudwhg

whvwv1

Zh hqg wklv Vhfwlrq frpphqwlqj rq wkuhh sdshuv uhodwhg wr wkh fxuuhqw rqh1 Iluvw/ Sdun

dqg Zkdqj +4<<<, frqvlghu whvwlqj iru wkh pduwlqjdoh k|srwkhvlv lq d vslulw vlplodu wr xv1

Qrwlfh wkdw wkhlu iudphzrun lv gl�huhqw wr rxuv/ wkrxjk1 Wkhlu vwdwhg qxoo k|srwkhvlv lv wkdw

wkh surfhvv lv d pduwlqjdoh/ exw lq idfw/ wkhlu whvw vwdwlvwlf whvwv wkdw wkh �uvw gl�huhqfh ri

wkh surfhvv frqglwlrqdoo| rq wkh odvw ydoxh kdv }hur phdq/ wkdw lv/

.E+| � +|3�*+|3�� ' f�

Khqfh/ rq wkh rqh kdqg wkhlu qxoo k|srwkhvlv lv pruh uhvwulfwlyh wkdq rxuv lq wkh vhqvh wkdw

wkh| frqvlghu wkh fdvh R ' �c g ' f dqg > ' f +wkxv/ > lv nqrzq,1 Exw/ rq wkh rwkhu kdqg

wkh| doorz iru wkh frqglwlrqlqj yduldeoh wr eh qrqvwdwlrqdu|� Ixuwkhupruh/ vlqfh wkh| lpsrvh

wkdw > ' f wkhlu whvwv vwdwlvwlfv duh dv|pswrwlfdoo| glvwulexwlrq iuhh/ dqg khqfh wkh| gr qrw

qhhg wr xvh errwvwuds surfhgxuhv wr rewdlq wkh fulwlfdo ydoxhv1 Vhfrqg/ iru lqghshqghqw gdwd/

9



Zkdqj +5333, jhqhudol}hv Vwxwh +4<<:, wr wkh pxowlyduldwh fdvh dqg frqvlghuv zlog errwvwuds

vshfl�fdwlrq whvwlqj dv lq Vwxwh/ Pdqwhljd dqg Suhvhgr +4<<;,1 Wklug/ Nrxo dqg Vwxwh +4<<<,

frqvlghu d jhqhudol}hg �uvw0rughu dxwruhjuhvvlyh surfhvv zlwk R ' � dqg g ' f� Lqvwhdg ri

hpsor|lqj wkh errwvwuds wr hvwlpdwh wkh dv|pswrwlf glvwulexwlrq ri wkh whvw vwdwlvwlfv wkh|

sursrvh wr dsso| d wudqvirupdwlrq wr dfklhyh dq dv|pswrwlf glvwulexwlrq iuhh whvw lq wkh

frqglwlrqdo krprvnhgdvwlf fdvh1 Krzhyhu/ wkh jhqhudol}dwlrq wr rxu frqwh{w ghpdqgv wkh

xvh ri vprrwklqj whfkqltxhv lq rughu wr hvwlpdwh wkh frqglwlrqdo yduldqfh ixqfwlrq/ vhh Vwxwh/

Wkhlv dqg ]kx +4<<;,1

6 D Frqvlvwhqw Whvw iru wkh Pduwlqjdoh Gl�huhqfh K|0

srwkhvlv ri rughuv h�
Zh dvvxph wkdw .+enB

| 	 4/ iru vrph B : f/ dqg wkdw +| jlyhq h5
|c h�

kdv d frqwlqxrxv erxqghg

ghqvlw| ixqfwlrq1 Wkh sursrvhg whvw lv edvhg rq wkh iroorzlqj htxlydohqfh

Mf / - Eh�� ' f iru doprvw doo h� 5 U
� c

zkhuh

- Eh�� ' .EE+| � >�UEh5
|c h�

� h��� ' ]
Er� >�UEh| � h��_8 Erch|� 5 �dUo� c +6,

zkhuh 8 Erch|� lv wkh mrlqw glvwulexwlrq ixqfwlrq ri wkh yhfwru E+|c h5|c h� �1 Lq rughu wr hydoxdwh

wkh glvwdqfh ri - Eh�� wr }hur/ d qrup kdv wr eh fkrvhq1 Ghqrwh wkh jhqhudo qrup e|

A
h�
' �E- Eh���� +7,

Wkh wzr qrupv frqvlghuhg lq wklv sdshu duh wkh Fudphu0yrq Plvhv qrup/ wkdw lv/

�
2
E- Eh��� ' �]

d- Eh��o2 _8 E4ch����*2

+8,

zkhuh 8 E4ch�� ' *�4r<" 8 Erch�� lv wkh pdujlqdo glvwulexwlrq ri wkh frqglwlrqlqj yduldeohv/

dqg wkh Nroprjrury0Vpluqry qrup/ wkdw lv/

�
"
E- Eh��� 't�T

h�

m- Eh��m � +9,

D jhqhudo frqvlvwhqw whvw zrxog eh edvhg rq wkh vdpsoh dqdorj ri +7,1 Lq sduwlfxodu/ wkh

whvwv frqvlghuhg lq wklv sdshu duh edvhg rq wkh hpslulfdo yhuvlrqv ri +8, dqg +9,1 Qh{w/ zh

surylgh h{solflw irupxodh iru wkhvh wzr whvw vwdwlvwlfv1

:



Ghqrwh e| 8? wkh hpslulfdo glvwulexwlrq ixqfwlrq ri
�
+|c h5|c h���

dqg e| + wkh vdpsoh

phdq + ' ?3�
S

?

|'�
+|� Qrwlfh wkdw + ' +� n JRE?

3�*2� zkhuh +� lv wkh xvxdo gh�qlwlrq

iru wkh vdpsoh phdq wkdw wdnhv lqwr dffrxqw doo wkh dydlodeoh revhuydwlrqv ++� ' E? n

R�3�
S

?

|'3Rn�
+|,1 Zh hvwlpdwh wkh ixqfwlrq - Eh�� jlyhq lq +6, e| lwv vdpsoh dqdorj

-? Eh�� ' ]
Er� +�UEh| � h��_8?Erch|� ' �

?

?[
|'�

E+| � +�UEh5
|c h�

� h��� +:,

Qrwlfh wkdw -? Eh�� lv d udqgrp hohphqw lq (dUo� / zkhuh (dUo� lv wkh qdwxudo h{whqvlrq ri

wkh Vnrurkrg vsdfh (dUo frqvlghuhg e| Nrxo dqg Vwxwh +4<<<,1 Dovr/ iru d �{hg h� c xqghu
wkh qxoo k|srwkhvlv/ -? Eh�� ' �RE?

3�*2�c exw xqghu wkh dowhuqdwlyh
s
?-? Eh�� glyhujhv wr

lq�qlw| iru hyhu| h� lq vrph qrq qxoo vhw +dv zh zloo vkrz lq Wkhruhpv 4 dqg 5,1 Khqfh/ whvw

surfhgxuhv duh edvhg rq
s
?-? Eh��1 Wkh jhqhudo whvw vwdwlvwlf frqvlghuhg lv wkh hpslulfdo

dqdorj ri +7, dqg zh ghqrwh lw e| A
h� c?

' �E
s
?-? Eh���1 Wkh wzr sduwlfxodu whvw vwdwlvwlfv

frqvlghuhg khuh duh wkh Fudphu0yrq Plvhv whvw vwdwlvwlf

�
h� c?

'

] �s
?-? Eh���2 _8?E4ch�� ' �

?2

?[
�'�

%
?[

|'�

E+| � +�UEh5
|c h�

� h5
�c h�

�

&2

zkhuh 8?E4ch�� ' *�4r<" 8?Erch��c dqg wkh Nroprjrury0Vpluqry vwdwlvwlf

g
h� c?

' 4@ 
�'�c���?

���s?-?Eh5�c h� ���� ' 4@ 
�'�c���?

����� �s
?

?[
�'�

E+� � +�UEh5
�c h�

� h5
�c h�
�

����� �
Qrwlfh wkdw frqwudu| wr Dqguhzv +4<<:, lq rxu fdvh wkh Nroprjrury0Vpluqry whvw fdq eh

frpsxwhg h{dfwo| e| hydoxdwlqj wkh surfhvv dw wkh ? revhuydwlrqv1

Lq rughu wr frqvlghu wkh dv|pswrwlf glvwulexwlrq ri wkh whvw vwdwlvwlf A
h� c?
/ zh qhhg �uvw

wr frqvlghu wkh dv|pswrwlf suredelolw| odz ri wkh surfhvv
s
?-? Eh��1 Lw wxuqv rxw wr eh

Jdxvvldq zlwk wkh dv|pswrwlf fryduldqfh pdwul{ ghshqglqj rq wkh GJS dv wkh iroorzlqj

Wkhruhp vkrzv1

Wkhruhp 41 Xqghu wkh qxoo k|srwkhvlv +4,

s
?-? Eh�� , � Eh�� c +;,

zkhuh , ghqrwhv zhdn frqyhujhqfh lq (dUo� dqg � Eh�� ghqrwhv d fhqwhuhg frqwlqxrxv Jdxv0

vldq surfhvv lq (dUo� zlwk fryduldqfh jlyhq e|

PEh� chv� ' .dj2Eh5
|c h�

�U|Eh� a hv�o� 8 E4ch��.dj2Eh5
|c h�

�U|Ehv�o +<,

�8 E4chv�.dj2Eh5
|c h�

�U|Eh��o n j28 E4chv�8 E4ch��c
;



zkhuh j2Eh5
|c h�

� lv wkh xqnqrzq yduldqfh ri +| frqglwlrqdo rq h5
|c h�

/ zklfk lv nqrzq wr eh �qlwh

d1v1/ U|Eh�� ' UEh5
|c h�

� h�� dqg h� ahv ghqrwhv wkh yhfwru zkrvh ��wk frpsrqhqw lv wkh plqlpxp

ri wkh �0wk frpsrqhqwv ri wkh yhfwruv h� dqg hv�
Qrwlfh wkdw wkh dv|pswrwlf glvwulexwlrq lv d wlhg0grzq Jdxvvldq surfhvv dqg wkdw wkh

fryduldqfh vwuxfwxuh ghshqgv rq wkh GJS1 Wkhruhp 4 lv d qdwxudo h{whqvlrq ri Wkhruhp

515 lq Nrxo dqg Vwxwh +4<<<,/ vhh wkhlu Uhpdun 5171 Qh{w zh surylgh wzr uhpdunv derxw

Wkhruhp 41

Uhpdun 41 Qrwlfh wkdw xqghu wkh dvvxpswlrq ri frqglwlrqdo krprvnhgdvwlflw|/ wkdw lv

j2Eh5
|c h�

� ' j2/ wkh dv|pswrwlf fryduldqfh pdwul{ +<, uhgxfhv wr

PEh� chv� ' j2d8 E4ch� a hv�� 8 E4c hv�8 E4ch��o� +43,

Li/ lq dgglwlrq/ wkh frqglwlrqlqj vhw h5
|c h�

lqfoxghv rqo| rqh yduldeoh +hlwkhu rqh rzq odjjhg

ydoxh ru rqh frqwhpsrudqhrxv ru odjjhg ydoxh ri d frqglwlrqlqj yduldeoh,/ xvlqj wkh fodvvlfdo

txdqwloh wudqvirupdwlrq/ htxdwlrq +43, vlpsol�hv wr PE�c v� ' j2dE� a v�� Ev��o/ dqg vr/ wkh

surfhvv �Eh�� iroorzv d vwdqgdug Eurzqldq Eulgjh1 Khqfh/ iru wklv uhvwulfwlyh fdvh/ lqihuhqfh

lv vwudljkwiruzdug vlqfh wkh fulwlfdo ydoxhv duh douhdg| wdexodwhg/ vhh Vkrudfn dqg Zhooqhu

+4<;9/ ss1 476047:,1

Uhpdun 51 Wkh ixqfwlrqdo fhqwudo olplw wkhruhp +;, fdq eh rewdlqhg xqghu dowhuqdwlyh

vhwv ri dvvxpswlrqv1 Khuh zh kdyh iroorzhg Nrxo dqg Vwxwh +4<<<, dqg dvvxphg hujrglflw|

dqg vwulfw vwdwlrqdulw| zlwk �qlwh irxuwk prphqw1 Vrph ri wkhvh dvvxpswlrqv frxog eh

zhdnhqhg dw wkh frvw ri vwuhqjkwhqlqj rwkhuv1 Iru lqvwdqfh/ wkh vwulfw vwdwlrqdulw| dvvxpswlrq

frxog kdyh ehhq uhpryhg dw wkh frvw ri vwuhqjwkhqlqj wr vwurqj pl{lqj wkh frqglwlrq rq wkh

ghshqghqfh ri wkh surfhvv +vhh/ iru lqvwdqfh/ Dqguhzv dqg Sroodug +4<<7, dqg uhihuhqfhv

wkhuhlq,1 Frqwlqxlw| ri wkh ghqvlw| ri +| jlyhq h5
|c h�

frxog dovr eh zhdnhqhg e| dvvxplqj

wkdw wkh frqglwlrqdo vhfrqg prphqw .E+2
|
*h5

|c h�
� lv d frqwlqxrxv ixqfwlrq/ vhh Nrxo dqg Vwxwh

+4<<</ s154<,1

Qh{w/ zh surylgh wzr Wkhruhpv derxw wkh ehkdylru ri wkh surfhvv
s
?-? Eh�� xqghu wkh

dowhuqdwlyh k|srwkhvlv1

Wkhruhp 51 Xqghu wkh dowhuqdwlyh k|srwkhvlv +5,/ wkhuh h{lvwv d W � U
� vxfk wkdw

�h
�h5

|c h�
5 W

�
: f dqg iru doo h� 5 W c -? Eh�� , - Eh�� 9' f� Khqfh/ xqghu wkh dowhuqdwlyh

k|srwkhvlv +5,/
s
?-? Eh�� glyhujhv1

Wkh qh{w Wkhruhp vkrzv wkh ehkdylru ri wkh surfhvv
s
?-? Eh�� xqghu d vhtxhqfh ri

dowhuqdwlyh k|srwkhvhv whqglqj wr wkh qxoo dw wkh udwh ?3�*21 Frqvlghu wkh iroorzlqj vhtxhqfh

<



ri dowhuqdwlyh k|srwkhvhv

M�c? G .E+|*h5|c h� � ' >n
}Eh5

|c h�
�s

?
@�r� +44,

iru dq| ixqfwlrq }E�� vxfk wkdw �hE}Eh5
|c h�

� ' frqvwdqw� 	 ��

Wkhruhp 61 Xqghu wkh vhtxhqfh ri dowhuqdwlyh k|srwkhvhv +44,

s
?-? Eh�� , � Eh�� nCEh��c

zkhuh CEh�� ' .E}Eh5
|c h�

��|Eh��� 9' f/ zkhuh �|Eh�� ' U|Eh�� � 8 E4ch�� dqg wkh fryduldqfh lv

jlyhq lq +<,1

Xvlqj wkh suhylrxv wkuhh wkhruhpv dqg wkh Frqwlqxrxv Pdsslqj Wkhruhp wkh iroorzlqj

fruroodu| hvwdeolvkhv wkh dv|pswrwlf ehkdylru ri wkh jhqhudo whvw vwdwlvwlf A
h� c?

�

Fruroodu| 51 Xqghu wkh qxoo k|srwkhvlv +4,/ A
h� c?

, �E� Eh���( xqghu wkh dowhuqdwlyh

k|srwkhvlv +5,/ A
h� c?

glyhujhv( dqg xqghu wkh vhtxhqfh ri dowhuqdwlyh k|srwkhvhv +44,/ A
h� c?

,
�E� Eh�� nCEh����

Qrwlfh wkdw wkh dv|pswrwlf qxoo glvwulexwlrq ri A
h� c?

lv jlyhq e| �E� Eh��� wkdw ghshqgv
rq wkh vshfl�f GJS1 Khqfh/ vwdqgdug dv|pswrwlf lqihuhqfh surfhgxuhv fdqqrw eh dssolhg1

7 Wkh Errwvwuds Whvw

Vlqfh wkh dv|pswrwlf glvwulexwlrq ri
s
?-? Eh�� ghshqgv/ lq jhqhudo/ rq wkh GJS/ wkh rqh

fruuhvsrqglqj wr A
h� c?

dovr ghshqgv rq wkh GJS1 Khqfh/ wkh wkhru| lq wkh suhylrxv vhfwlrq

fdqqrw eh dxwrpdwlfdoo| dssolhg iru vwdwlvwlfdo lqihuhqfh� Lq wklv vhfwlrq zh hvwlpdwh wklv

xqnqrzq glvwulexwlrq xvlqj d prgl�fdwlrq ri wkh zlog errwvwuds1 Qrwlfh wkdw rxu vroxwlrq

lv ydolg iru wkh jhqhudo fdvh/ wkdw lv/ zkhq dgglwlrqdo frqglwlrqlqj yduldeohv ru pruh wkdq

rqh odjjhg ydoxh ri wkh surfhvv duh lqfoxghg lq wkh frqglwlrqlqj vhw/ dqg frqglwlrqdo khw0

hurvnhgdvwlflw| lv suhvhqw1 Wkhvh jhqhudol}dwlrqv duh lpsruwdqw ehfdxvh hfrqrplf wkhru|

w|slfdoo| lqfoxghv dgglwlrqdo h{sodqdwru| yduldeohv dqg frqglwlrqdo khwhurvnhgdvwlflw| lv d

zhoo0nqrzq ihdwxuh ri �qdqfldo gdwd1

Qh{w/ zh h{sodlq dqg mxvwli| wkhruhwlfdoo| wkh sursrvhg errwvwuds0edvhg whvw surfhgxuh1

Ohw 0| ' E+| � >� dqg qrwlfh wkdw xqlirupo| lq h�
s
?-? Eh�� '

�s
?

?[
|'�

0|U|Eh��� �s
?

?[
r'�

�

?

?[
|'�

0|UrEh��
'

�s
?

?[
|'�

0| dU|Eh��� 8?E4ch���o
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'
�s
?

?[
|'�

0| dU|Eh��� 8 E4ch���o n JE�� d1v1

'
�s
?

?[
|'�

0|�|Eh�� n JE�� d1v1c

zkhuh lq wkh wklug htxdolw| zh kdyh xvhg d Jolyhqnr0Fdqwhool w|sh Vwurqj Odz ri Odujh

Qxpehuv iru vwdwlrqdu| hujrglf surfhvvhv1 Wkh pdlq lghd lv wr hvwlpdwh wkh glvwulexwlrq ri
s
?-? Eh�� e| wkh glvwulexwlrq ri

s
?-W

?
Eh�� ' �s

?

?[
|'�

e0| e�|Eh��`|c

zkhuh e0| ' E+| � +�c e�|Eh�� ' U|Eh��� 8?E4ch�� dqg `| lv d vhtxhqfh ri lqghshqghqw udqgrp

yduldeohv zlwk }hur phdq/ xqlw yduldqfh dqg erxqghg vxssruw1 Wklv surfhgxuh kdv ehhq

fdoohg d zlog errwvwuds +vhh Zx +4<;9, ru Pdpphq +4<<6,,1

Qh{w/ zh mxvwli| wkh errwvwuds whvw surfhgxuh e| surylglqj d Wkhruhp wkdw hvwdeolvkhv

wkh frqvlvwhqf| ri wkh errwvwudsshg surfhvv
s
?-W

?
Eh��1 Wklv phdqv wkdw dv|pswrwlfdoo|

wkh suredelolw| odz ri
s
?-W

?
Eh�� jlyhq wkh gdwd [? lv wkh qxoo dv|pswrwlf glvwulexwlrq ri

s
?-? Eh�� �
Wkhruhp 71 Xqghu hlwkhu wkh qxoo k|srwkhvlv +4, ru xqghu wkh dowhuqdwlyh k|srwkhvlv

+5, ru xqghu wkh vhtxhqfh ri dowhuqdwlyh k|srwkhvhv +44,/

s
?-W

?
Eh�� ,

W
� Eh�� @�r�/

zkhuh ,
W
@�r� ghqrwhv zhdn frqyhujhqfh doprvw vxuho| xqghu wkh errwvwuds odz/ wkdw lv/

� E
s
?-W

?
Eh�� � r m [?� $@�r� � E� Eh�� � r� dv ? $ 4

soxv wljkwqhvv d1v1 +vhh Vwxwh/ Pdqwhljd dqg Suhvhgr +4<<;,,1 Wkhuhiruh/ wkh dv|pswrwlf

glvwulexwlrq ri
s
?-? Eh�� fdq eh hvwlpdwhg zlwk wkdw ri

s
?-W

?
Eh��1 Khqfh/ gh�qlqj A W

h� c?
'

�E
s
?-W

?
Eh���c wkh dv|pswrwlf glvwulexwlrq ri A

h� c?
fdq eh hvwlpdwhg zlwk wkdw ri A W

h� c?
wkdw

lv jlyhq e| �E� Eh��� dv wkh iroorzlqj fruroodu| +wkdw lv d vwudljkwiruzdug dssolfdwlrq ri wkh

Frqwlqxrxv Pdsslqj Wkhruhp, vkrzv1

Fruroodu| 61 Xqghu +4, ru +5, ru +44,/ A W

h� c?
,W �E� Eh��� @�r��

Fruroodulhv 5 dqg 6 mxvwli| wkdw wkh dv|pswrwlf fulwlfdo ydoxhv ri A
h� c?

fdq eh hvwlpdwhg

zlwk wkrvh ri A W

h� c?
� Lq sudfwlfh/ wkh fulwlfdo ydoxhv ri A W

h� c?
duh dssur{lpdwhg e| vlpxodwlrqv1

Khqfh/ wkh sursrvhg jhqhudo errwvwuds whvw frqvlvwv lq wkh iroorzlqj vwhsv=

d, Fdofxodwh wkh whvw vwdwlvwlf A
h� c?

�

44



e, Jhqhudwh i`|j d vhtxhqfh ri ? erxqghg lqghshqghqw udqgrp yduldeohv zlwk }hur

phdq dqg xqlw yduldqfh1 Wklv vhtxhqfh lv vhuldoo| lqghshqghqw dqg lv dovr lqghshqghqw ri

wkh ruljlqdo vdpsoh [?�

f, Frpsxwh
s
?-W

?
Eh�� ' �I

?

S
?

|'�
e0| e�|Eh��`|� Wkhq frpsxwh A W

h� c?
' �E

s
?-W

?
Eh���1

g, Uhshdw vwhsv e, dqg f, � wlphv zkhuh lq vwhs e, hdfk vhtxhqfh i`|j lv lqghshqghqw

ri hdfk rwkhu1 Wklv surgxfhv d vhw ri � lqghshqghqw +frqglwlrqdoo| lq wkh vdpsoh, ydoxhv ri

A W

h� c?
wkdw vkduh wkh dv|pswrwlf glvwulexwlrq ri A

h� c?
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h, Ohw A W

h� dko
eh wkh k�txdqwloh ri wkh hpslulfdo glvwulexwlrq ri wkh � ydoxhv ri A W

h� c?
1 Wkh

sursrvhg whvw uhmhfwv wkh qxoo k|srwkhvlv li A
h� c?

: A W

h� dko
�

Fruroodulhv 5 dqg 6 hvwdeolvk wkdw xqghu wkh qxoo k|srwkhvlv +4, A
h� c?

dqg A W

h� c?
vkduh wkh

vdph dv|pswrwlf glvwulexwlrq iru doprvw doo vdpsohv1 Khqfh/ wkh uhmhfwlrq suredelolw| +US, ri

wkh errwvwuds whvw frqyhujhv wr k +wkh wkhruhwlfdo ohyho,1 Ehvlghv/ vlqfh xqghu wkh dowhuqdwlyh

k|srwkhvlv +5, A
h� c?

glyhujhv zkloh A W

h� c?
uhpdlqv erxqghg/ wkh US xqghu +5, frqyhujhv wr 41

Irupdoo|/

� EA
h� c?

: A W

h� dko
� $

;AA?AA=
k xqghu E��c

� xqghu E2�c

� xqghu E���

zkhuh k 	 � 	 �1 Khqfh/ wkh sursrvhg errwvwuds whvw kdv dq k dv|pswrwlf ohyho/ lw lv

frqvlvwhqw dqg lw lv deoh wr ghwhfw dowhuqdwlyhv whqglqj wr wkh qxoo do wkh ?3�*2 udwh1

8 Ilqlwh Vdpsoh Shuirupdqfh

Lq wklv vhfwlrq zh h{dplqh wkh �qlwh vdpsoh shuirupdqfh ri wkh Fudphu0yrq Plvhv dqg wkh

Nroprjrury0Vpluqry whvw +iru vlpsolflw|/ �R dqg gR/ uhvshfwlyho|, iru wkh fdvh lq zklfk qr

rwkhu h{sodqdwru| yduldeohv duh frqvlghuhg1 Zh hpsor| wzr Gdwd Jhqhudwlqj Surfhvvhv xqghu

wkh qxoo k|srwkhvlv dqg vhyhudo xqfruuhodwhg dqg fruuhodwhg surfhvvhv xqghu wkh dowhuqdwlyh1

Wkh wzr PGV xqfruuhodwhg surfhvvhv duh d vhtxhqfh ri lqghshqghqw dqg lghqwlfdoo|

glvwulexwhg +l1l1g1, Q+3/4, yduldwhv dqg d JDUFK+4/4, surfhvv/ wkdw lv/ +| ' l
|
j| zkhuh

j2

|
' � n k+2

|3�
n qj2

|3�
/ dqg ~l

|
� lv d vhtxhqfh ri l1l1g1 Q+3/ 4, udqgrp yduldeohv1 Zh

kdyh fkrvhq wkuhh vshfl�fdwlrqv1 Zh hpsor| � ' f�ff� dqg wkh iroorzlqj frpelqdwlrqv

iru Ekc q� G Ef�f�c f�b.�c Ef�fbc f�Hb�c dqg Ef�fbc f�bf�1 Wkhvh fdvhv zhuh hpsor|hg lq Oredwr/

Qdqnhuylv dqg Vdylq +4<<<, wr frpsduh wkh �qlwh vdpsoh surshuwlhv ri wkh Er{0Slhufh '

vwdwlvwlf dqg 'W/ d prgl�hg ' vwdwlvwlf1 Qrwlfh wkdw wkh vhfrqg dqg wklug JDUFK prghov

kdyh xqerxqghg hljkw dqg vl{wk prphqw/ uhvshfwlyho|1
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Wkh qrq0PGV surfhvvhv duh d qrqolqhdu prylqj dyhudjh +QOPD, surfhvv/ d fkdrwlf

surfhvv dqg d elolqhdu surfhvv1 Wkh QOPD surfhvv lv jlyhq e| +| ' l
|3�

l
|32

El
|32

n l
|
n ��

zkhuh ~l
|
� lv dv deryh1 Wkh fkdrwlf surfhvv lv jlyhq e| +| ' e+|3�E��+|3�� zlwk +f glvwulexwhg

dv d ehwd +425/ 425,1 Wkh elolqhdu surfhvv lv jlyhq e| +| ' l
|
n K�l|3�

+|3� n K2l|3�
+|32

zkhuh ~l
|
� lv dv deryh1 Wzr frpelqdwlrqv iru EK�c K2� zhuh fkrvhq/ EK�c K2� ' Ef��Dc f�fD�

dqg Ef�2Dc f��D�1 Qrwlfh wkdw xvxdo whvw surfhgxuhv iru xqfruuhodwhgqhvv/ vxfk dv Er{ dqg

Slhufh*v '/ ru 'W ru wkh vwdwlvwlfv sursrvhg e| Urelqvrq +4<<4,/ Gxuodxi +4<<4,/ Dqghuvrq

+4<<6, ru Krqj +4<<9, kdyh dv|pswrwlf qr srzhu djdlqvw wkh QOPD prgho ru wkh fkdrwlf

surfhvv1

Wdeoh 4

Shufhqwdjh ri uhmhfwlrqv dw qrplqdo 43(/ 8( dqg 4( ohyhov1 Wkh �uvw GJS lv dq l1l1g Q+3/4, vh0

txhqfh1 Wkh rwkhuv duh JDUFK+4/4, surfhvvhv1 Wkh vdpsoh vl}h lv 4331 Wkh qxpehu ri uhsolfdwlrqv

lv 63331 Wkh qxpehu ri errwvwuds uhsolfdwlrqv lv Dff�

LLG JDUFK4 JDUFK5 JDUFK6

s �R gR �R gR �R gR �R gR

43( <18; <1<; 4317 4315 4317 4317 4319 4317

4 8( 71:7 813; 71;3 81:3 814: 81;6 813; 8183

4( 4133 4159 4146 4136 4156 415: 4155 4169

43( 4314 4316 4415 4513 4415 4416 4414 4417

5 8( 719; 814; 914: 81<6 81<: 81<3 81:9 9149

4( 4167 4145 416: 4166 416: 4193 4153 4165

43( <163 4316 4415 4416 431: 431< 4317 4319

6 8( 7195 8155 8193 9143 8166 81;6 8137 8159

4( 31;; 4135 4133 415: 31<3 415: 31:9 4135

Zh frqvlghu wkuhh ydoxhv iru R ' �c 2 dqg �c rqh vdpsoh vl}h ? ' �ff iru wkh h{shu0

lphqwv xqghu wkh qxoo k|srwkhvlv dqg wkuhh vdpsoh vl}hv ? ' �ffc Dff dqg �fff iru wkh

h{shulphqwv xqghu wkh dowhuqdwlyh1 Qrwlfh wkdw gl�huhqw ydoxhv iru R fruuhvsrqg wr gl�hu0

hqw qxoo k|srwkhvhv/ dqg khqfh/ wkh qxpehu R fdqqrw eh vhhq dv d vprrwklqj qxpehu1 Lq

doo uhsolfdwlrqv 533 suh0vdpsoh gdwd ydoxhv zhuh jhqhudwhg dqg glvfdughg1 Wkh qxpehu ri

Prqwh Fduor h{shulphqwv lv �fff dqg wkh qxpehu ri errwvwuds uhsolfdwlrqv lv � ' Dff1

Udqgrp qxpehuv zhuh jhqhudwhg xvlqj wkh LPVO jjqpo vxeurxwlqh1 Frpsxwdwlrqv kdyh

ehhq fduulhg rxw lq Iruwudq <31 Wkh frgh lv dydlodeoh iurp wkh dxwkruv1 Lq wkhvh �qlwh
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vdpsoh h{huflvhv/ dv zhoo dv lq wkh hpslulfdo dssolfdwlrq lq wkh qh{w vhfwlrq/ zh iroorz Pdp0

phq +4<<6, dqg Vwxwh/ Pdqwhljd dqg Suhvhgr +4<<;, dqg wkh hpsor|hg vhtxhqfh i`|j lv

dq l1l1g vhtxhqfh ri Ehuqrxool yduldwhv ` zkhuh � E` ' f�DE��s
D�� ' E� n

s
D�*2

s
D dqg

� E` ' f�DE�n
s
D�� ' �� E�n

s
D�*2

s
D1 Qrwlfh wkdw wkh wklug prphqw ri ` lv htxdo wr �/

dqg khqfh/ wklv vhohfwlrq ri i`|j jxdudqwhhv wkdw wkh �uvw wkuhh prphqwv ri wkh errwvwuds

vhulhv frlqflgh zlwk wkh �uvw wkuhh prphqwv ri wkh ruljlqdo vhulhv1 Lq wkh suhylrxv uhihuhqfhv

lw zdv vkrzq wkdw wklv sduwlfxodu fkrlfh ri ` ohdgv wr yhu| dffxudwh �qlwh vdpsoh ehkdylru1

Lq Wdeohv 4 dqg 5 zh uhsruw wkh hpslulfdo uhmhfwlrq suredelolwlhv +US*v, dvvrfldwhg zlwk

wkuhh qrplqdo ohyhov 43(/ 8( dqg 4(/ iru h{shulphqwv xqghu wkh qxoo dqg wkh dowhuqdwlyh/

uhvshfwlyho|1 Wdeoh 4 vkrzv wkdw iru d vdpsoh vl}h dv vpdoo dv 433 wkh hpslulfdo US*v xqghu

wkh qxoo duh yhu| forvh wr wkh qrplqdo ohyhov iru doo GJS*v frqvlghuhg1 Qrwlfh wkdw wkh

�qlwh vdpsoh ehkdylru lv yhu| vlplodu lq doo JDUFK fdvhv vxjjhvwlqj wkdw wkh sursrvhg whvw

surfhgxuhv duh txlwh lqvhqvlwlyh wr wklfn wdlov1 Qrwlfh dovr wkdw/ lq prvw ri wkh fdvhv +5; rxw

ri 69,/ wkh gR whvw uhmhfwv pruh riwhq wkdq wkh �R whvw1

Wdeoh 5

Shufhqwdjh ri uhmhfwlrqv dw qrplqdo 43(/ 8( dqg 4( ohyhov1 Wkh �uvw GJS lv d qrq0olqhdu

prylqj dyhudjh prgho/ +| ' l
|3�

l
|32

El
|32

n l
|
n �� zkhuh ~l

|
� lv dq l1l1g Q+3/4, vhtxhqfh1 Wkh

vhfrqg GJS lv d fkdrwlf surfhvv jlyhq e| +| ' e+|3�E� � +|3�� zlwk +f glvwulexwhg dv d ehwd

+425/425,1 Wkh vdpsoh vl}hv duh 433/ 833 dqg 43331 Wkh qxpehu ri uhsolfdwlrqv lv 63331 Wkh

qxpehu ri errwvwuds uhsolfdwlrqv lv Dff�

QOPD Fkdrwlf

s2q 433 833 4333 433 833 4333

�R gR �R gR �R gR �R gR �R gR �R gR

43( 5:1; 5:1< 9;16 :618 <418 <614 433 433 433 433 433 433

4 8( 491; 491: 8618 9313 ;61< ;91: 433 433 433 433 433 433

4( 7193 7183 5;1; 681< 8614 971: 433 433 433 433 433 433

43( 5313 4<1: 8613 941< :914 ;:16 <918 <315 433 433 433 433

5 8( 4319 4319 6918 7;13 951; ::1< ;719 :816 433 433 433 433

4( 51:3 51<3 481: 5814 6313 8518 7915 7515 433 433 433 433

43( 461< 4:1; 6<19 8814 9719 ;61< 8716 7313 433 433 433 433

6 8( 9163 <19: 5717 731: 7914 :716 681; 571; 433 <<1< 433 433

4( 4156 5143 :176 4<19 4818 791; 4614 ;19: <914 ;<17 433 433
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Wdeoh 5 vkrzv wkdw w|slfdoo| zh qhhg dw ohdvw vdpsoh vl}hv ri derxw 833 lq rughu wr kdyh

uhdvrqdeoh srzhu djdlqvw d zlgh udqjh ri dowhuqdwlyhv1 Qrwlfh/ krzhyhu/ wkdq lq vrph fdvhv/

vxfk dv wkh �uvw elolqhdu surfhvv iru wkh R ' � fdvh/ q@833 lv qrw elj hqrxjk1 Dovr qrwh

wkdw wkh hpslulfdo srzhu dozd|v lqfuhdvhv zlwk ? exw ghfuhdvhv zlwk R� Lq jhqhudo/ lw fdq eh

h{shfwhg wkdw qr whvw zloo grplqdwh rwkhuv lq wkh vhqvh ri kdylqj pruh hpslulfdo srzhu iru

doo fdvhv1 Lq rxu h{shulphqwv wkh gR whvw kdv w|slfdoo| pruh hpslulfdo srzhu wkdq wkh �R

whvw iru wkh QOPD dqg wkh elolqhdu fdvhv/ zkloh wkh �R whvw kdv pruh hpslulfdo srzhu wkdq

wkh gR whvw iru wkh fkdrwlf surfhvv1 Qrwlfh dovr wkdw lq wkh elolqhdu h{dpsohv erwk whvwv duh

frpsdudeoh iru wkh R ' � fdvh/ exw dv R lqfuhdvhv wkh gR whvw kdv pruh hpslulfdo srzhu wkdq

wkh �R whvw1

Wdeoh 5 +frqwlqxhg,

Shufhqwdjh ri uhmhfwlrqv dw qrplqdo 43(/ 8( dqg 4( ohyhov1 Wkh �uvw GJS lv d elolqhdu prgho/

+| ' l
|
n f��Dl

|3�
+|3� n f�fDl

|3�
+|32/ zkhuh ~l

|
� lv dv deryh1 Wkh vhfrqg GJS lv d elolqhdu

prgho/ +| ' l
|
n f�2Dl

|3�
+|3� n f��Dl

|3�
+|32/ zkhuh ~l

|
� lv dv deryh1 Wkh vdpsoh vl}hv duh 433/

833 dqg 43331 Wkh qxpehu ri uhsolfdwlrqv lv 63331 Wkh qxpehu ri errwvwuds uhsolfdwlrqv lv Dff�

Elolqhdu 4 Elolqhdu 5

s2q 433 833 4333 433 833 4333

�R gR �R gR �R gR �R gR �R gR �R gR

43( 4;13 4;1: :515 9915 <:17 <71: 731< 7517 <<18 <<14 433 433

4 8( ;1:6 431; 8319 7:1; <51< ;916 561; 5:1: <;14 <917 433 433

4( 41<: 5195 4;13 531; 8913 851< :144 4318 ;517 ;513 <<18 <<19

43( 4615 4616 6;1< 7418 :913 ::14 5319 5816 ;;19 <31; 433 433

5 8( 91<6 91;: 531; 5917 8:16 9518 431: 4816 :31: ;41< <<16 <<1<

4( 4193 41;3 7196 <1<: 471< 5<15 51:: 71<5 5918 891< :;14 <818

43( 4413 4613 591< 6514 8819 9814 4:16 5414 :613 ;514 <;1: <<16

6 8( 8156 :133 461; 5414 6813 8314 ;1:5 4518 8315 :31; <618 <;18

4( 4156 41;6 6166 ;153 :15: 5413 5136 61:9 4913 7:19 8718 <315

9 Hpslulfdo Dssolfdwlrq

Lq wklv Vhfwlrq zh h{dplqh zkhwkhu wkh gdlo| orj sulfh fkdqjhv ri wkh Eulwlvk srxqg lq whupv

ri wkh X1V1 groodu +ES2XVG, iroorzv d pduwlqjdoh gl�huhqfh vhtxhqfh xs wr rughu R zlwk
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uhvshfw wr lwv rzq sdvw1 Zh frqvlghu wkuhh ydoxhv iru R ' �c 2c dqg �� Wklv vhulhv kdv ehhq

vwxglhg ehiruh lq Kvlhk +4<;<,/ Jdoodqw/ Kvlhk dqg Wdxfkhq +4<<4, dqg Ehud dqg Kljjlqv

+4<<:, dprqj rwkhuv1 Iru wkh vdpsoh shulrg 4<:704<;6/ Kvlhk +4<;<, dqg Jdoodqw/ Kvlhk dqg

Wdxfkhq +4<<4, irxqg wkdw JDUFK prghov zhuh qrw vdwlvidfwru|1 Rq wkh frqwudu|/ Ehud

dqg Kljjlqv suhihuuhg d JDUFK prgho udwkhu wkdq d elolqhdu prgho iru wkh shulrg 4<;80

4<<41 Uhfhqwo|/ Eurrnv dqg Klqlfk +4<<<, kdyh uhsruwhg hylghqfh +edvhg rq elfruuhodwlrqv,

djdlqvw wkh PGV surshuw| ri h{fkdqjh udwh uhwxuqv1

Uhvxowv iru wkh Fudphu0yrq Plvhv dqg wkh Nroprjrury0Vpluqry whvwv duh uhsruwhg lq

Wdeoh 6 iru erwk shulrgv1 Qrwlfh wkdw/ lq rughu wr idflolwdwh lqwhusuhwdwlrq/ R0ydoxhv duh

uhsruwhg1 Wkh qxpehu ri errwvwuds uhsolfdwlrqv/ �/ lv Dff1

Wdeoh 6

s0ydoxhv iru wkh Fudphu0yrq Plvhv +�R, dqg wkh Nroprjrury0Vpluqry +gR, whvwv iru gdlo|

uhwxuqv ri wkh h{fkdqjh udwh ri wkh Eulwlvk srxqg yv1 wkh X1V1 groodu1 Wkh �uvw vdpsoh shulrg lv

iurp Mdqxdu| 5qg/ 4<:7 wr Ghfhpehu 64vw/ 4<;61 Wkh vhfrqg vdpsoh shulrg fryhuv iurp Ghfhpehu

45wk/ 4<;8 wr Iheuxdu| 5;wk/ 4<<41 Wkh qxpehu ri errwvwuds uhsolfdwlrqv lv Dff�

:70;6 ;80<4

q 588: 4644

�� 31347 31655

g� 31339 31535

�2 3154; 31:;;

g2 31357 3183;

�� 318<7 31;75

g� 315;5 31769

Lq wkh �uvw froxpq ri Wdeoh 6 zh uhsruw wkh uhvxowv iru wkh shulrg Mdqxdu| 5qg/ 4<:7

wr Ghfhpehu 64vw/ 4<<61 Iru R ' �c wkhuh lv vwurqj hylghqfh djdlqvw wkh PGV k|srwkhvlv

zkdw djuhhv zlwk wkh uhvxowv irxqg e| Kvlhk +4<;<, dqg Jdoodqw/ Kvlhk dqg Wdxfkhq +4<<4,1

Qrwlfh/ krzhyhu/ wkdw iru R ' 2 wkh Fudphu0yrq Plvhv whvw grhv qrw uhmhfw wkh PGV k|srwk0

hvlv +dowkrxjk wkh Nroprjrury0Vpluqry uhmhfwv,/ zkloh erwk whvw gr qrw uhmhfw iru R ' �/

lqglfdwlqj wkdw d vhqvleoh prgho iru wklv gdwd vkrxog eh d PGV surfhvv ri rughu � +dw ohdvw,

zlwk uhvshfw wr lwv sdvw dqg qrw qhfhvvdulo| d PGV surfhvv ri rughu � zlwk uhvshfw wr lwv

sdvw1
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Lq wkh vhfrqg froxpq ri Wdeoh 6 zh frqvlghu wkh gdwd iurp Ghfhpehu 45wk/ 4<;8 wr

Iheuxdu| 5;wk/ 4<<41 Iru wklv vdpsoh/ Ehud dqg Kljjlqv frqvlghuhg wzr dowhuqdwlyh prghov=

d JDUFK+4/4, prgho +dq h{dpsoh ri d PGV, dqg d elolqhdu prgho +dq h{dpsoh ri d qrq0

PGV,1 Ehud dqg Kljjlqv frpsxwhg irupdo whvwv wr glvfulplqdwh ehwzhhq erwk prghov vxfk dv

Fr{ +4<94, dqg Yxrqj +4<;<, whvwv dqg dovr frpsduhg wkh wzr prghov xvlqj vrph phdvxuhv ri

rxw0ri0vdpsoh suhglfwlyh delolw|1 Wkh| irxqg wkdw wkh jhqhudo hylghqfh idyruhg wkh JDUFK

+4/4, prgho lq ghwulphqw ri wkh elolqhdu prgho1 Wkh uhvxowv lq wkh vhfrqg froxpq ri Wdeoh 6

djuhh zlwk wklv uhvxow= iru wkh vdpsoh shulrg 4<;804<<4/ wkh qxoo k|srwkhvhv wkdw wkh surfhvv

lv d PGV ri rughu R fdqqrw eh uhmhfwhg iru dq| ri wkh frqvlghuhg ydoxhv ri R1

: Frqfoxvlrqv dqg Ixuwkhu Uhvhdufk

Lq wklv sdshu zh kdyh dqdo|}hg frqvlvwhqw whvwv iru wkh PGV dvvxpswlrq1 Frqwudu| wr wkh

frpprqo| hpsor|hg surfhgxuhv/ wkh sursrvhg whvwv duh deoh wr ghwhfw idloxuhv ri wkh PGV

dvvxpswlrq iru xqfruuhodwhg surfhvvhv1 Lq idfw/ rxu phwkrgv ohdg wr frqvlvwhqw whvwv/ wkdw

lv/ zkhqhyhu wkh GJS grhv qrw iroorz d pduwlqjdoh gl�huhqfh ri rughuv h� / wkh whvwv zloo

kdyh dv|pswrwlf xqlw srzhu1 Vlqfh wkh dv|pswrwlf glvwulexwlrq ri wkh whvw vwdwlvwlfv duh qrw

vwdqgdug dqg/ lq idfw/ wkh| ghshqg rq wkh vshfl�f gdwd jhqhudwlqj surfhvv/ zh frxog hlwkhu

wudqvirup wkh whvw vwdwlvwlfv wr �qg rqhv zkrvh dv|pswrwlf glvwulexwlrqv zhuh slyrwdo ru

xvh wkh errwvwuds wr hvwlpdwh wkh dv|pswrwlf glvwulexwlrqv1 Wkh wudqvirupdwlrq sursrvhg

e| Nrxo dqg Vwxwh +4<<<, lv qrw ydolg iru rxu fdvh> dowhuqdwlyh wudqvirupdwlrqv/ vxfk dv

wkh rqh sursrvhg e| Plqj +4<<<, suhvhqw vhyhudo sureohpv vxfk dv uhtxlulqj frqglwlrqdo

krprvnhgdvwlflw| ru ghpdqglqj wkh vhohfwlrq ri d xvhu0fkrvhq vprrwklqj qxpehu1 Khqfh/

zh kdyh sursrvhg +dqg mxvwl�hg wkhruhwlfdoo|, wr lpsohphqw wkh whvw xvlqj d prgl�fdwlrq

ri wkh zlog errwvwuds surfhgxuh1 Zh kdyh dovr vkrzq wkdw wkh sursrvhg whvw lv yhu| vlpsoh

wr xvh lq sudfwlfh dqg shuirupv uhpdundeo| zhoo lq �qlwh vdpsohv1 Ilqdoo|/ zh kdyh dssolhg

wkh sursrvhg whvwv wr wkh Eulwlvk srxqg yv1 wkh X1V1 groodu h{fkdqjh udwh iru wzr gl�huhqw

shulrgv dqg irxqg/ lq jhqhudo/ hylghqfh lq idyru ri wkh PGV k|srwkhvhv1 Ri frxuvh/ pruh

h{kdxvwlyh vwxglhv iru wklv dqg iru rwkhu fxuuhqflhv duh qhhghg1

Zh �qlvk wklv vhfwlrq zlwk vrph vxjjhvwlrqv rq ixuwkhu uhvhdufk1 Iluvw/ lq wklv sdshu

zh kdyh frqvlghuhg wkh fdvh ri whvwlqj wkdw d surfhvv lv d pduwlqjdoh gl�huhqfh vhtxhqfh

ri rughuv h�� Krzhyhu/ wkh pduwlqjdoh k|srwkhvlv lv w|slfdoo| vwdwhg lqyroylqj dq lq�qlwh

qxpehu ri odjv1 Dqdo|}lqj wklv fdvh lv d fkdoohqjlqj sureohp1 Gh Mrqj +4<<9, suhvhqwv d

frqvlvwhqw whvw +wkdw ehorqjv wr wkh �uvw w|sh ri lqwhjudwhg whvwv ghvfulehg lq Vhfwlrq 5, iru
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wklv k|srwkhvlv1 Klv Prqwh Fduor uhvxowv lqglfdwh wkdw klv whvw kdv yhu| orz srzhu h{fhsw

iru h{wuhph fdvhv1 Lq idfw/ zh kdyh dssolhg klv whvw wr wkh h{dpsohv lq Vhfwlrq 8 dqg zh
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DQ/ K10]1 dqg ELQJ/ F1 +4<<4,/ �D Nroprjrury0Vpluqry w|sh vwdwlvwlf zlwk dssolfdwlrq

wr whvw iru qrqolqhdulw| lq wlph vhulhv�/ Lqwhuqdwlrqdo Vwdwlvwlfdo Uhylhz/ 8</ 5;:063:1

DQGHUVRQ/ W1Z1 +4<<6,/ �Jrrgqhvv ri �w whvwv iru vshfwudo glvwulexwlrqv�/ Dqqdov ri

Vwdwlvwlfv/ 54/ ;630;7:1

DQGUHZV/ G1Z1N1+4<<:,/ �D frqglwlrqdo Nroprjrury whvw�/ Hfrqrphwulfd/ 98/ 43<:0

445;1

DQGUHZV/ G1Z1N1 dqg SROODUG/ G1 +4<<7,/ �Dq lqwurgxfwlrq wr ixqfwlrqdo fhqwudo

olplw wkhruhpv iru ghshqghqw vwrfkdvwlf surfhvvhv�/ Lqwhuqdwlrqdo Vwdwlvwlfdo Uhylhz/ 95/

44<04651

EHUD/ D1N1 dqg KLJJLQV/ P1O1 +4<<:, �DUFK dqg elolqhdulw| dv frpshwlqj prghov

iru qrqolqhdu ghshqghqfh�/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 48/ 760841

ELHUHQV/ K1 +4<;7,/ �Prgho vshfl�fdwlrq whvwlqj ri wlph vhulhv uhjuhvvlrqv�/ Mrxuqdo ri

Hfrqrphwulfv/ 59/ 65606861

ELHUHQV/ K1 +4<<3,/ �D frqvlvwhqw frqglwlrqdo prphqw whvw ri ixqfwlrqdo irup�/ Hfrqr0

phwulfd/ 8;/ 47760478;1

ELHUHQV/ K1 dqg SOREHUJHU/ Z1 +4<<:,/ �Dv|pswrwlf wkhru| ri lqwhjudwhg frqgl0

wlrqdo prphqw whvw�/ Hfrqrphwulfd/ 98/ 445<044841

ELOOLQJVOH\/ S1 +4<9;,/ Frqyhujhqfh ri Suredelolw| Phdvxuhv/ Zloh|/ Qhz \run1

ER[/ J1H1S1 dqg SLHUFH/ G1 D +4<:3,/ �Glvwulexwlrq ri Uhvlgxdo Dxwrfruuhodwlrqv lq

Dxwruhjuhvvlyh Lqwhjudwhg Prylqj Dyhudjh Wlph Vhulhv Prghov�/ Mrxuqdo ri wkh Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq/ 98/ 483<048591

EURRNV/ F1 dqg KLQLFK/ P1M1 +4<<<,/ �Furvv0fruuhodwlrqv dqg furvv0elfruuhodwlrqv lq

Vwhuolqj h{fkdqjh udwhv�/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 9/ 6;807371

EUXQN/ K1 G1 +4<:3,/ �Hvwlpdwlrq iru lvrwrqlf uhjuhvvlrq/� lqQrqsdudphwulf Whfkqltxhv

lq Vwdwlvwlfdo Lqihuhqfh/ Hg1 P1O1 Sxul/ ss1 4::04<:/ Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|

Suhvv1

FR[/ G1U1 +4<94,/ �Whvwv ri vhsdudwh idplolhv ri k|srwkhvhv�/ lq Surfhhglqjv ri wkh 7wk

Ehunhoh| V|psrvlxp/ Ehunhoh|= Xqlyhuvlw| ri Fdoliruqld Suhvv/ 43804561

GH MRQJ/ U1 P1 +4<<9,/ �Wkh Elhuhqv whvw xqghu gdwd ghshqghqfh�/ Mrxuqdo ri Hfrqr0

phwulfv/ :5/ 40651

GHOJDGR/ P1 +4<<6,/ �Whvwlqj wkh htxdolw| ri qrqsdudphwulf uhjuhvvlrq fxuyhv�/ Vwdwlv0

wlfv ) Suredelolw| Ohwwhuv/ 4:/ 4<<05371
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GHOJDGR/ P1/ GRPLQJXH]/ P1 dqg ODYHUJQH/ S1 +4<<;,/ �Dv|pswrwlf dqg errw0

vwuds vshfl�fdwlrq whvw ri qrqolqhdu lq yduldeohv hfrqrphwulf prghov�/ suhsulqw/ Xqlyhuvlgdg

Fduorv LLL1

GXUODXI/ V1 Q1 +4<<4,/ �Vshfwudo edvhg whvwlqj ri wkh pduwlqjdoh k|srwkhvlv�/ Mrxuqdo

ri Hfrqrphwulfv/ 83/ 68806:91

JDOODQW/ D1U1/ KVLHK/ G1D1/ dqg WDXFKHQ/ J1 +4<<4,/ �Rq �wwlqj d uhfdoflwudqw

vhulhv= wkh srxqg2groodu h{fkdqjh udwh/ 4<:704<;6�/ lq Qrqsdudphwulf dqg vhplsdudphwulf

phwkrgv lq hfrqrphwulfv dqg vwdwlvwlfv/ hgv Z1D1 Eduqhww/ M1 Srzhoo/ dqg J1 Wdxfkhq/ X1N=

Fdpeulgjh Xqlyhuvlw| Suhvv/ 4<<05731

JXHUUH/ H1 dqg ODYHUJQH/ S1 +4<<<,/ �Plqlpd{ udwhv iru qrqsdudphwulf vshfl�fd0

wlrq whvwlqj lq uhjuhvvlrq prghov�/ suhsulqw/ LQUD0HVU1

KDOO/ S1 dqg KH\GH/ F1F1 +4<;3,/ Pduwlqjdoh Olplw Wkhru| dqg lwv Dssolfdwlrq/ Dfd0

ghplf Suhvv/ Qhz \run1

KDOO/ U1H1 +4<:;,/ �Vwrfkdvwlf xpsolfdwlrqv ri wkh olih f|foh 0 shupdqhqw lqfrph k|0

srwkhvlv= wkhru| dqg hylghqfh�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;9/ <:40<;:1

KÇUGOH/ Z1 dqg PDPPHQ/ H1 +4<<6,/ �Frpsdulqj qrqsdudphwulf yhuvxv sdudphwulf

uhjuhvvlrq �wv�/ Dqqdov ri Vwdwlvwlfv/ 54/ 4<5904<7:1

KRQJ/ \1 dqg ZKLWH/ K1 +4<<8,/ �Frqvlvwhqw vshfl�fdwlrq whvwlqj yld qrqsdudphwulf

vhulhv uhjuhvvlrqv�/ Hfrqrphwulfd/ 96/ 4466044931

KRQJ/ \1+4<<9,/ �Frqvlvwhqw whvwlqj iru vhuldo fruuhodwlrq ri xqnqrzq irup�/ Hfrqr0

phwulfd/ 97/ ;6:0;971

KRURZLW]/ M1 dqg VSRNRLQ\/ Y1 J1+4<<<,/ �Dq dgdswlyh/ udwh0rswlpdo whvw ri d

sdudphwulf prgho djdlqvw d qrqsdudphwulf dowhuqdwlyh�/ pdqxvfulsw/ Xqlyhuvlw| ri Lrzd1

KVLHK/ G1D1 +4<;<,/ �Whvwlqj iru qrqolqhdu ghshqghqfh lq gdlo| iruhljq h{fkdqjh udwhv�/

Mrxuqdo ri Exvlqhvv/ 95/ 66<069;1

NRXO/ K1 O1 dqg VWXWH/ Z1 +4<<<,/ �Qrqsdudphwulf prgho fkhfnv iru wlph vhulhv�/

Dqqdov ri Vwdwlvwlfv/ 5:/ 53705691

OL/ T1 +4<<<,/ �Frqvlvwhqw prgho vshfl�fdwlrq whvwv iru wlph vhulhv hfrqrphwulf prghov�/

Mrxuqdo ri Hfrqrphwulfv/ <5/ 434047:

OREDWR/ L1/ QDQNHUYLV/ M1/ dqg VDYLQ/ Q1H1 +4<<<,/ �Whvwlqj iru dxwrfruuhodwlrq

xvlqj d prgl�hg Er{0Slhufh T whvw�/ iruwkfrplqj/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz1

PDPPHQ/ H1 +4<<6,/ �Errwvwuds dqg Zlog Errwvwuds iru Kljk Glphqvlrqdo Olqhdu

Prghov�/ Dqqdov ri Vwdwlvwlfv/ 54/ 58805;81
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PDUURQ/ V1M1 +4<;;,/ �Dxwrpdwlf Vprrwklqj Sdudphwhu Vhohfwlrq= D Vxuyh|�/ Hp0

slulfdo Hfrqrplfv/ 46/ 4;:053;1

PLQJ/ [1 +4<<<,/ �Rqh0Rqh Wudqvirupdwlrq ri Pxowlglphqvlrqdo Jhqhudo Glvwulexwlrq

wr Pxowlglphqvlrqdo Xqlirup Glvwulexwlrq�/ Hfrqrphwulf Wkhru|/ 48/ 75<07631

SDUN/ M1 dqg ZKDQJ/ \10M1 +4<<<,/ �Whvwlqj iru wkh pduwlqjdoh k|srwkhvlv�/ suhsulqw/

Hzkd Xqlyhuvlw|1

URELQVRQ/ S1 P1 +4<<4,/ �Whvwlqj iru Vwurqj Vhuldo Fruuhodwlrq dqg G|qdplf Frqgl0

wlrqdo Khwhurvnhgdvwlflw| lq Pxowlsoh Uhjuhvvlrq�/ Mrxuqdo ri Hfrqrphwulfv/ 7:/ 9:0;71

URVHQEODWW/ P1 +4<:8,/ �D Txdgudwlf Phdvxuh ri Ghyldwlrq ri Wzr0Glphqvlrqdo

Ghqvlw| Hvwlpdwhv dqg D Whvw ri Lqghshqghqfh�/ Dqqdov ri Vwdwlvwlfv/ 6/ 40471

VKRUDFN/ J1U1 dqg ZHOOQHU/ M1D1 +4<;9,/ Hpslulfdo surfhvvhv zlwk dssolfdwlrqv wr

vwdwlvwlfv/ Zloh|/ Qhz \run1

VWLQFKFRPEH/ P1 dqg ZKLWH/ K1 +4<<;,/ �Frqvlvwhqw vshfl�fdwlrq whvwlqj zlwk

qxlvdqfh sdudphwhuv suhvhqw rqo| xqghu wkh dowhuqdwlyh�/ Hfrqrphwulf Wkhru|/ 47/ 5<806581

VWXWH/ Z1 +4<<:,/ �Qrqsdudphwulf prgho fkhfnv iru uhjuhvvlrq�/ Dqqdov ri Vwdwlvwlfv/

58/ 94609741

VWXWH/Z1/ PDQWHLJD/Z1J1 dqg SUHVHGR/ P1 +4<<;,/ �Errwvwuds dssur{lpdwlrqv

lq prgho fkhfnv iru uhjuhvvlrq�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ 474047<1

VWXWH/ Z1/ WKLHV/ V1 dqg ]KX/ O1 [1 +4<<;,/ �Prgho fkhfnv iru uhjuhvvlrq= dq lqqr0

ydwlrq surfhvv dssurdfk�/ Dqqdov ri Vwdwlvwlfv/ 59/ 4<4904<671

VX/ M1T1 dqg ZHL/ O1M1 +4<<4,/ �D odfn ri �w whvw iru wkh phdq ixqfwlrq lq d jhqhudol}hg

olqhdu prgho�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;9/ 75307591

YXRQJ/ T1 K1 +4<;<,/ �Olnholkrrg udwlr whvwv iru prgho vhohfwlrq dqg qrq0qhvwhg k|0

srwkhvlv�/ Hfrqrphwulfd/ 8:/ 63:06661

ZX/ F1 I1 M1 +4<;9,= �Mdfnqlih/ errwvwuds dqg rwkhu uhvdpsolqj phwkrgv lq uhjuhvvlrq

dqdo|vlv +zlwk glvfxvvlrq,�/ Dqqdov ri Vwdwlvwlfv/ Yro1 47 ss1 4594046831

ZKDQJ/ \10M1 +5333,/ �Frqvlvwhqw errwvwuds whvwv ri sdudphwulf uhjuhvvlrq ixqfwlrqv�/

Mrxuqdo ri Hfrqrphwulfv/ <;/ 5:0791

]KHQJ/ [1 +4<<9,/ �D frqvlvwhqw whvw ri ixqfwlrqdo irup yld qrqsdudphwulf hvwlpdwlrq

whfkqltxh�/ Mrxuqdo ri Hfrqrphwulfv/ :8/ 59605;<1
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