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Devwudfw

Wklv sdshu h{dplqhv wkh h�hfw ri xvlqj Eodfn dqg Vfkrohv irupxod iru sulflqj dqg khgjlqj rswlrqv

lq d glvfuhwh wlph khwhurvnhgdvwlf hqylurqphqw1 Wklv lv grqh e| d vlpxodwlrq surfhgxuh zkhuh dvvhw

uhwxuqv duh jhqhudwhg iurp d JDUFK+4/4,0w prgho1 Lq wkh vlpxodwlrq d k|srwkhwlfdo wudghu zulwhv

dq rswlrq dqg wkhq ghowd0khgjhv klv srvlwlrq xqwlo wkh rswlrq h{sluhv1 Lw lv vkrzq wkdw wkh yduldqfh

ri wkh uhwxuqv rq wkh khgjhg srvlwlrq lv frqvlghudeo| kljkhu lq d JDUFK+4/4, hqylurqphqw wkdq lq d

krprvnhgdvwlf hqylurqphqw1 Wkh yduldqfh ri uhwxuqv ghshqgv juhdwo| rq wkh ohyho ri nxuwrvlv lq wkh

uhwxuqv surfhvv dqg rq wkh �uvw0rughu dxwrfruuhodwlrq lq fhqwhuhg dqg vtxduhg uhwxuqv1

W
Ilqdqfldo vxssruw iurp Edqniruvnqlqjvlqvwlwxwhw lv juhdwo| dfnqrzohgjhg1 L dp ghhso| lqghewhg wr Wlpr Whuçvyluwd iru

ydoxdeoh frpphqwv1 Vxqh Nduovvrq kdv jlyhq ph jrrg vxjjhvwlrq rq wkh vlpxodwlrq surfhgxuh1 L zrxog dovr olnh wr wkdqn

Pdjqxv Gdkotxlvw/ Iudqn Gh Mrqj/ Mrkdq Prolq/ Oduv Qrugìq/ dqg Mhqv Q|vwhgw iru khosixo vxjjhvwlrqv1 Wkh dxwkru lv vroho|

uhvsrqvleoh iru huuruv1 Fruuhvsrqghqfh wr Jxvwdi H1 Kdjhuxg/ Ghsduwphqw ri Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1

Er{ 9834/ V0446 ;6 Vwrfnkrop/ Vzhghq1 H0pdlo= �qjkCkkv1vh1
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4 Lqwurgxfwlrq

Lw lv zhoo nqrzq wkdw wkh sulfh ri dq rswlrq ghshqgv rq wkh h{shfwhg yrodwlolw| ri wkh xqghuo|lqj dvvhw

gxulqj wkh olih ri wkh rswlrq1 Iru sduwlflsdqwv lq wkh rswlrq pdunhwv/ lw lv wkhuhiruh hvvhqwldo wr kdyh uholdeoh

yrodwlolw| suhglfwlrqv/ dqg d juhdw ghdo ri h�ruw lv sxw lqwr iruhfdvwlqj1 Pdq| hpslulfdo lqyhvwljdwlrqv

kdyh vkrzq wkdw wkh yduldqfh ri uhwxuqv fdq eh prghohg zlwk JDUFK surfhvvhv14 Ixuwkhupruh/ yrodwlolw|

iruhfdvwv shuiruphg zlwk JDUFK kdyh suryhq wr eh vxshulru wr rwkhu iruhfdvwlqj phwkrgv lq d qxpehu

ri vwxglhv15 JDUFK prghov duh wkhuhiruh ehfrplqj srsxodu dprqj sudfwlwlrqhuv lq wkh rswlrq pdunhwv1

Zkhq sudfwlwlrqhuv fdofxodwh sulfhv ri Hxurshdq rswlrqv wklv/ wkh| riwhq xvh irupxodv zkhuh wkh

yduldqfh lv dvvxphg wr eh frqvwdqw gxulqj wkh olih ri wkh rswlrq/ h1j1 wkh Eodfn dqg Vfkrohv ^4<:6` irupxod1

Wklv sudfwlfh lv iroorzhg hyhq wkrxjk wkh djhqwv eholhyh wkdw wkh uhwxuq surfhvv lv khwhurvnhgdvwlf1 Wklv

lv sulpdulo| grqh ehfdxvh ri fdofxodwlrqdo frqyhqlhqfh1 Wkh sudfwlwlrqhuv nqrz wkdw wkh| duh xvlqj wkh

zurqj prgho/ exw gr vr ehfdxvh wkh| eholhyh wkdw wkh Eodfn dqg Vfkrohv irupxod jlyhv wkhp d jrrg

dssur{lpdwlrq wr wkh rswlrq ydoxh fdofxodwhg xqghu dq dvvxpswlrq ri qrq0frqvwdqw yrodwlolw|1

Wklv sdshu h{dplqhv wkh h�hfw ri xvlqj wkh Eodfn dqg Vfkrohv irupxod iru ydoxlqj rswlrqv zkhq wkh

yrodwlolw| soxjjhg lqwr wkh irupxod lv iruhfdvwhg zlwk d JDUFK+4/4, prgho dqg zkhq wkh yduldqfh ri wkh

dvvhw uhwxuq lq idfw iroorzv d JDUFK surfhvv1 Lw lv dvvxphg wkdw wkhuh gr qrw h{lvw dq| rwkhu rswlrqv zlwk

wkh vdph xqghuo|lqj vhfxulw|/ ru dq| rwkhu dvvhwv fruuhodwhg zlwk wkh yrodwlolw| ri wkh xqghuo|lqj vhfxulw|1

Wklv lpsolhv wkdw lw lv lpsrvvleoh wr yhjd0khgjh wkh rswlrq/ dqg wkdw wkh ulvn0qhxwudo ydoxdwlrq whfkqltxh

ri Kduulvrq dqg Nuhsv ^4<:<` fdqqrw eh xvhg1 Wkh sureohp frqvlghuhg fdq wkhuhiruh eh frpsduhg wr wkh

vlwxdwlrq d �qdqfldo lqwhuphgldu| idfhv zkhq lw kdv zulwwhq dq RWF rswlrq rq d frpsdq|*v vwrfn iru

zklfk qr h{fkdqjh wudghg rswlrqv h{lvw/ dqg zkhq lw zlvkhv wr nhhs wkh rswlrq srvlwlrq xqh{srvhg wr

dq| vwrfn sulfh pryhphqwv1 Wkh lqwhuphgldu| lv irufhg wr frqwlqxrxvo| khgjh lwv srvlwlrq dqg wkh rqo|

vhfxulw| lw wkdw fdq xvh iru wklv sxusrvh lv wkh xqghuo|lqj vhfxulw|16

Wkh Eodfn dqg Vfkrohv irupxod lv ghulyhg xqghu wkh dvvxpswlrq wkdw vhfxulwlhv sulfhv pryh frqwlq0

xrxvo| lq wlph/ dqg wkdw khgjlqj fdq eh shuiruphg dw hdfk lqvwdqw1 Wkh JDUFK prgho/ krzhyhu/ lv

gh�qhg lq glvfuhwh wlph1 Wkh lqyhvwljdwlrq shuirup khuh fdq wkhuhiruh eh uhjdughg dv d vwxg| rq krz zhoo

4
D lqwurgxfwlrq wr wkh JDUFK olwhudwxuh dqg d vxppdu| ri hpslulfdo lqyhvwljdwlrqv fdq eh irxqg lq Eroohuvohy/ Fkrx

dqg Nurqhu ^4<<5`1

5
Wkh h�hfwlyhqhvv ri yrodwlolw| iruhfdvwv shuiruphg zlwk JDUFK prghov kdv ehhq whvwhg ehiruh e| h1j1 Hqjoh/ Krqj/

Ndqh dqg Qrk ^4<<6`/ Hqjoh/ Ndqh dqg Qrk ^4<<6`/ dqg Qrk/ Hqjoh dqg Ndqh ^4<<7`1 Hqjoh/ Krqj/ Ndqh dqg Qrk ^4<<6`

frpsduhg wkh sur�wdelolw| ri xvlqj JDUFK+4/4, iruhfdvwv uhodwlyh wr vrph rwkhu iruhfdvwlqj phwkrgv1 Wkh| �qg wkh

JDUFK+4/4, iruhfdvwv zhuh vljql�fdqwo| vxshulru iru ydoxlqj rqh0gd| rswlrqv rq wkh Q\VH lqgh{ gxulqj wkh shulrg 4<95

wr4<;<1 Hqjoh/ Ndqh dqg Qrk ^4<<6` shuirup d vlplodu vwxg|/ zlwk wkh gl�huhqfh wkdw wkh rswlrqv sulfhg duh doorzhg wr

kdyh orqjhu pdwxulwlhv wkdq rqh gd|1 Lq wkh whvw/ Q\VH0lqgh{ gdwd iurp 4<9; wr 4<<4 lv xvhg1 Wkh| frqfoxgh wkdw sulflqj

ri Q\VH lqgh{ rswlrqv ri xs wr <3 gd|v pdwxulw| lv pruh dffxudwh zkhq d JDUFK prgho lv xvhg1 Qrk/ Hqjoh dqg Ndqh

^4<<7` uhsruw vlplodu uhvxowv zkhq d JDUFK iruhfdvw lv frpsduhg wr d iruhfdvw pdgh iurp lpsolhg yrodwlolwlhv1 Wkh gdwd

xvhg lv V)S 833 lqgh{ iurp 4<;9 wr 4<<41 Wkh hylghqfh lq idyrxu ri JDUFK/ krzhyhu/ lv qrw xqdqlprxv1 Kh|qhq dqg Ndw

^4<<7` vkrz wkdw iru d qxpehu ri vwrfn lqgh{ vhulhv/ d vwrfkdvwlf yrodwlolw| prgho rxwshuirupv wzr JDUFK vshfl�fdwlrqv lq

yrodwlolw| suhglfwlrq1 Wkh shulrg lqyhvwljdwhg lv 4<;3 wr 4<<51 D vxuyh| ri wkh vwrfkdvwlf yrodwlolw| fodvv ri prghov lv irxqg

lq Jk|vhov/ Kduyh|/ dqg Uhqdxow ^4<<9`1

6
Wkh lqwhuhvw udwh lv dvvxphg wr eh frqvwdqw/ l1h1 qr lqwhuhvw ulvn lv frqvlghuhg1
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d frqwlqxrxv wlph sulflqj irupxod zrunv lq d glvfuhwh wlph hqylurqphqw1 Wklv sureohp kdv suhylrxvo|

ehhq lqyhvwljdwhg e| h1j1 Ervvdhuwv dqg Kloolrq ^4<<8`1 Krzhyhu/ wkhlu dssurdfk lv txlwh gl�huhqw wr wkh

rqh hpsor|hg khuh1

Wklv sdshu grhv qrw irfxv rq wkh lvvxh ri wkh uhodwlyh h�hfwlyhqhvv ri JDUFK yrodwlolw| suhglfwlrqv

frpsduhg wr rwkhu iruhfdvwlqj phwkrgv1 Lqvwhdg/ wkh lqyhvwljdwlrq lv rq krz zhoo wkh frpelqdwlrq ri wkh

Eodfn dqg Vfkrohv irupxod dqg JDUFK yrodwlolw| iruhfdvwv shuirupv frpsduhg wr xvlqj wkh Eodfn dqg

Vfkrohv irupxod zkhq wkh yrodwlolw| lv frqvwdqw1 D vlpxodwlrq surfhgxuh lv iroorzhg zkhuh wkh yduldqfh

surfhvv/ dqg wkhuhiruh dovr wkh uhwxuq surfhvv lv fuhdwhg zlwk d udqgrp qxpehu jhqhudwru1 Wkh gdwd lv

jhqhudwhg xqghu wkh dvvxpswlrq wkdw wkh yduldqfh iroorzv d JDUFK+4/4, surfhvv1 Wr whvw wkh h�hfwlyhqhvv

ri wkh frpelqdwlrq ri wkh Eodfn dqg Vfkrohv irupxod dqg JDUFK yrodwlolw| iruhfdvwv/ wkh uhwxuq rq d

frpsohwh rswlrq zulwlqj vwudwhj| lv fdofxodwhg/ frpsohwh lq wkh vhqvh wkdw erwk wkh lqlwldo sulflqj ri

wkh rswlrq dqg wkh ghowd0khgjlqj vwudwhj| xqwlo pdwxulw| lv lqfoxghg1 Wkh ghowd0khgjlqj lv shuiruphg rq

htxdoo| vsdfhg wlph lqwhuydov/ gxulqj wkh hqwluh olih ri wkh rswlrq1 Ghowdv duh fdofxodwhg zlwk wkh Eodfn dqg

Vfkrohv irupxod xvlqj d JDUFK yrodwlolw| iruhfdvw1 Hyhu| gd| d qhz yrodwlolw| iruhfdvw lv pdgh1 Jlyhq

wklv yrodwlolw| iruhfdvw/ d qhz ghowd lv fdofxodwhg dqg d qhz ghowd0khgjlqj ghflvlrq lv pdgh1 Wudqvdfwlrq

frvwv duh dvvxphg wr eh }hur1 Wkh vlpxodwlrq lv uhshdwhg pdq| wlphv wr jlyh dq hvwlpdwh ri h{shfwhg

uhwxuq iurp wkh whvwhg vwudwhj|1

Wkh vlpxodwlrqv vkrz wkdw wkh yduldqfh ri sur�wv lq wkh khwhurvnhgdvwlf hqylurqphqw lv odujhu wkdq

zkhq wkh yrodwlolw| lv frqvwdqw1 Wkh glvshuvlrq lqfuhdvhv zlwk wkh pdwxulw| ri wkh rswlrq1 Wkh dyhudjh

sur�w lv doprvw wkh vdph lq erwk wkh krpr0 dqg khwhurvnhgdvwlf fdvh1 Wkh h�hfwlyhqhvv ri wkh khgjlqj lv

odujho| d�hfwhg e|/ +4, wkh ohyho ri nxuwrvlv lq wkh uhwxuq surfhvv/ dqg +5, wkh �uvw0rughu dxwrfruuhodwlrq

lq fhqwhuhg dqg vtxduhg uhwxuqv1

Wkh JDUFK+4/4, prgho lv suhvhqwhg lq Vhfwlrq 5 zklfk dovr ghvfulehv krz yrodwlolw| iruhfdvwv duh

shuiruphg1 Vhfwlrq 6 glvfxvvhv wkh sureohpv frqfhuqlqj wkh sulflqj ri rswlrqv lq d glvfuhwh wlph khw0

hurvnhgdvwlf zruog1 Khgjlqj whfkqltxhv lq glvfuhwh wlph xqghu qrq0frqvwdqw yrodwlolw| duh ghvfulehg lq

Vhfwlrq 71 Lq Vhfwlrq 8 wkh vlpxodwlrq surfhgxuh lv suhvhqwhg1 Wkh uhvxowv duh jlyhq lq Vhfwlrq 9 dqg

frqfoxvlrqv lq Vhfwlrq :1

5 Wkh JDUFK+4/4,0w Prgho dqg Yrodwlolw| Iruhfdvwlqj

Wkh DUFK idplo| ri prghov zdv �uvw lqwurgxfhg e| Hqjoh ^4<;5` dqg ixuwkhu ghyhorshg lqwr Jhqhudol}hg

DUFK/ JDUFK/ e| Eroohuvohy ^4<;9`1 Dv phqwlrqhg e| Eroohuvohy/ Fkrx dqg Nurqhu ^4<<5`/ rqh ri

wkh prvw frpprqo| xvhg JDUFK prghov lv wkh JDUFK+4/4, prgho1 Lq wkh JDUFK+4/4, prgho wkh

frqglwlrqdo yduldqfh ri dvvhw uhwxuq dw wlph w/ kw / reh|v wkh surfhvv

kw @ � . �%5
w�4

. �kw�4> +4,
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zkhuh %w lv wkh huuru whup lq wkh uhwxuq surfhvv wkdw zloo eh dvvxphg wr eh7

uw @ *. %w=

Wkh huuru whup lv dvvxphg wr kdyh wkh irup

%w @ }wk
4@5

w
> +5,

zkhuh }w lv l1l1g1 zlwk h{shfwhg ydoxh }hur dqg yduldqfh/ �
5
/ htxdo wr xqlw|1 Prvw riwhq lq wkh olwhudwxuh

}w lv dvvxphg wr eh qrupdoo| glvwulexwhg1

Iru wkh yduldqfh surfhvv wr eh vwdwlrqdu| lw lv uhtxluhg wkdw � . � ? 41 Ixuwkhupruh/ lw lv uhtxluhg

wkdw � A 3/ � A 3 dqg � � 3/ iru wkh yduldqfh surfhvv wr eh srvlwlyh dqg wkh JDUFK+4/4, surfhvv

wr eh gh�qhg18 Whuçvyluwd ^4<<9` vkrzv wkdw iru dq| }w � l1l1g1+3> �
5
, iru zklfk �

7
� H

�
}7
w

�
? 4 dqg

�
5
� H

k�
� . �}5

w

�5l
? 4/ wkh nxuwrvlv ri %w lv jlyhq e|

�% @ �}
4� �5

4

4� �
5

> +6,

zkhuh �} lv wkh nxuwrvlv ri wkh surfhvv }w/ dqg �
4
� H

��
� . �}5

w

��
1 Wkh dxwrfruuhodwlrq ixqfwlrq ri

vtxduhg %w iru dq| }w �l1l1g1+3> �5, iru zklfk �
7
@ H

�
}7
w

�
? 4 dqg �

5
@ H

k�
� . �}5

w

�5l
? 4/ iroorzlqj

Whuçvyluwd ^4<<9`/ lv htxdo wr

�
�
%5
w
> %5

w�s

�
@

�
5
�s�4
4

�
�
4� �5 � ���

5

�
4� �5 � 5���

5

s @ 4> 5> == +7,

Ehorz lw lv dvvxphg wkdw }w lv glvwulexwhg Vwxghqw0w/ zlwk � ghjuhhv ri iuhhgrp/ ghqrwhg }w � w+3> 4> �,19

Wkh huuru whup/ %w/ zloo wkhuhiruh eh frqglwlrqdoo| glvwulexwhg Vwxghqw0w zlwk h{shfwhg ydoxh }hur dqg

yduldqfh kw1 Wkh uhdvrq iru fkrrvlqj w0glvwulexwhg lqqrydwlrqv/ lqvwhdg ri Jdxvvldq/ lv wkdw d Vwxghqw0w

glvwulexwlrq lv pruh olnho| wr jhqhudwh uhwxuqv wkdw uhvhpeoh hpslulfdoo| revhuyhg kljk0iuhtxhqf| �qdqfldo

wlph vhulhv1 Whuçvyluwd ^4<<9` vkrzv wkdw wkh JDUFK+4/4, prgho zlwk qrupdo huuruv lv xqdeoh wr jhqhudwh

gdwd zlwk wkh ohyho ri nxuwrvlv dqg sdwwhuq ri �uvw0rughu dxwrfruuhodwlrq lq vtxduhg uhvlgxdov hpslulfdoo|

revhuyhg1

Lq wklv fdvh/ zkhq }w � w+3> 4> �,

�} @ �
7
@

6+� � 5,

+� � 7,
� A 7 +8,

�
4
@ � . � +9,

�
5
@ �5 . 5�� . �5�} = +:,

7
Lq d qxpehu ri hpslulfdo lqyhvwljdwlrqv/ wkh uhwxuq surfhvv lv hvwlpdwhg dv ehlqj dxwruhjuhvvlyh1 Iru h{dpsoh Qrk/

Hqjoh/ Ndqh ^4<<7` vshfli| wkh uhwxuq surfhvv dv ehlqj DU+4,1 Vlqfh dq dxwruhjuhvvlyh uhwxuq surfhvv ixuwkhu frpsolfdwhv

rswlrq ydoxdwlrq/ vxfk uhwxuq surfhvvhv zloo qrw eh frqvlghuhg khuh1 Ixuwkhupruh/ qr frqvlghudwlrq lv jlyhq wr d frqglwlrqdo

phdq vshfl�fdwlrq zkhuh wkh frqglwlrqdo yduldqfh hqwhuv dv dq h{sodqdwru| yduldeoh1

8
Iru d uljrurxv ghvfulswlrq ri wkh JDUFK+4/4, surfhvv vhh Qhovrq ^4<<3d` dqg Whuçvyluwd ^4<<9`1

9
Wkh JDUFK prgho zlwk frqglwlrqdoo| w0glvwulexwhg huuruv/ ghqrwhg wkh JDUFK0w prgho/ zdv lqwurgxfhg lq Eroohuvohy

^4<;:`1
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Irupxod +6, wkhq lpsolhv wkdw wkh nxuwrvlv ri %w lv htxdo wr

�
%

@ �
}

4� +� . �,5

4� �5 � 5�� � �5�
}

> +;,

jlyhq wkdw � A 7 dqg �
5
? 41

Ixuwkhupruh/ wkh dxwrfruuhodwlrq ri
�
%5
w

�
zkhq }

w

� w+3> 4> �, lv/ dffruglqj wr irupxod +7,

�
�
%5
w

> %5
w�s

�
@

+�. �,
s�4 �

�
4� �5 � ��

�
4� �5 � 5��

s @ 4> 5> === +<,

Iurp htxdwlrq +<, lw fdq eh frqfoxghg wkdw wkh dxwrfruuhodwlrq ixqfwlrq ri vtxduhg uhvlgxdov zloo eh

lqghshqghqw ri wkh nxuwrvlv ri wkh l1l1g1 surfhvv1

Rqh lpsruwdqw fkdudfwhulvwlf ri wkh JDUFK prgho lv wkdw wkh xqfrqglwlrqdo yduldqfh lv frqvwdqw1 Lq

wkh JDUFK+4/4, wkh xqfrqglwlrqdo yduldqfh/ �5/ lv htxdo wr

�5 @
�

4� �� �
= +43,

Jlyhq wkh glvwulexwlrqdo dvvxpswlrqv ri }
w

/ wkh sdudphwhuv ri wkh prgho fdq eh hvwlpdwhg e| pd{lpxp

olnholkrrg1 Lq wkh fdvh }
w

lv glvwulexwhg Vwxghqw0w wkh sdudphwhuv ri wkh prgho zloo eh= */ �/ �/ �/ dqg

�1 Li wkh prgho lv wr eh xvhg iru suhglfwlrq ri yrodwlolw| iru dvvhw uhwxuqv/ wkh hvwlpdwlrqv duh prvw riwhq

grqh zlwk gdlo| revhuydwlrqv1 Hqjoh/ Ndqh dqg Qrk ^4<<6` vkrz wkdw iru wkh Q\VH lqgh{/ d vxlwdeoh

vdpsoh vl}h frqvlvwv ri 4333 revhuydwlrqv1

Jlyhq hvwlpdwhg sdudphwhuv e�/ e�/ dqg e�/ wkh rqh0gd|0dkhdg frqglwlrqdo yduldqfh iruhfdvw/ ek
w.4mw

/ lv

fdofxodwhg dv ek
w.4mw

@ e� . e�%5
w

. e�k
w

>

dqg wkh v0gd|0dkhdg iruhfdvw lv

ek
w.vmw

@ e� . e�H �
%5
w.v�4

m k
w

�
. e�ek

w.v�4mw
@

@ e� . �e�. e��ek
w.v�4mw

= +44,

Lq rswlrq ydoxdwlrq wkh dyhudjh yduldqfh ryhu d vshfl�f wlph lqwhuydo lv riwhq ri lqwhuhvw1 Wkh dyhudjh

suhglfwhg yduldqfh gxulqj wkh shulrg iurp w. 4 xqwlo w. � lv fdofxodwhg dv

ey5
w>�

@
4

�

�[
l@4

ek
w.lmw

= +45,

Zkhq wklv iruhfdvw lv xvhg lq frqqhfwlrq zlwk rswlrq ydoxdwlrq/ lw lv riwhq uhzulwwhq lq vwdqgdug ghyldwlrq

s1d1 xvlqj wkh irupxod t
583ey5

w>�

> +46,

zkhuh 583 uhsuhvhqwv wkh qxpehu ri wudglqj gd|v shu |hdu1

Uhfxuvlyh vxevwlwxwlrq rq htxdwlrq +44, jlyhv

ek
w.vmw

@ e� . �e�. e���e� . �e�. e��ek
w.v�5mw

�
@ e� %v�5[

l@3

�e�. e��l

&
.
�e�. e��v�4 ek

w.4mw
= +47,
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Iurp htxdwlrqv +47, dqg +43, lw fdq eh frqfoxghg wkdw

ekw.vmw $ e�
4� e�� e� @ e�5 dv v$4= +48,

Wkxv wkh yduldqfh iruhfdvw dv|pswrwlfdoo| dssurdfkhv wkh hvwlpdwhg xqfrqglwlrqdo yduldqfh/ e�51 Wkh

suhglfwhg yduldqfh iru d shulrg idu dkhdg ri wkh fxuuhqw shulrg zloo wkhuhiruh eh forvh wr wkh xqfrqglwlrqdo

yduldqfh1 Wklv lv looxvwudwhg lq Iljxuh 41 Jlyhq htxdwlrqv +45, dqg +48,/ lw lv fohdu wkdw wkh dyhudjh

yrodwlolw| iru orqj shulrgv zloo eh forvh wr e�51 Wkh ohqjwk ri wkh iruhfdvw qhhghg iru wkh suhglfwlrq wr eh

forvh wr wkh xqfrqglwlrqdo yduldqfh ghshqgv rq wkh vl}h rif+�.e�,1 Lif+�.e�, lv forvh wr xqlw|/ wkh yduldqfh
surfhvv pryhv vorzo| wrzdugv e�51 Li f+� . e�, lv orz wkh yduldqfh surfhvv zloo eh forvh wr e�5 prvw ri wkh
wlph1 Zkhq wkh wuxh ydoxhv ri � dqg � duh orz/ wkh ehkdylru ri wkh surfhvv zloo ehvlplodu wr wkdw ri d

krprvnhgdvwlf surfhvv1

Lq vrph vwxglhv +vhh h1j1 Hqjoh dqg Eroohuvohy ^4<;9`,/ +�.�, kdv ehhq hvwlpdwhg wr ydoxhv lqglvwlq0

jxlvkdeoh iurp xqlw|1 Wklv fdxvhv wkh yduldqfh surfhvv wr eh qrq0vwdwlrqdu|11 Wklv revhuydwlrq prwlydwhg

wkh lqwhjudwhg JDUFK +LJDUFK, prgho ri Hqjoh dqg Eroohuvohy ^4<;9`1 Lq wkh vlpxodwlrqv ehorz/ +�.�,

zloo lq vrph fdvhv eh forvh wr rqh1 Vwloo/ sureohpv frqfhuqlqj qrq0vwdwlrqdulw| lq wkh yduldqfh surfhvv zloo

qrw eh ghdow zlwk1 Ixuwkhupruh/ rqo| surfhvvhv zkhuh wkh nxuwrvlv ri wkh uhwxuq surfhvv h{lvwv zloo eh

vwxglhg1

D qxpehu ri hpslulfdo lqyhvwljdwlrqv kdyh irxqg d qhjdwlyh fruuhodwlrq ehwzhhq wkh yduldqfh dqg wkh

uhwxuq rq vrph dvvhwv1: Wklv lv rqh ri wkh prwlydwlrqv iru wkh h{srqhqwldo JDUFK +HJDUFK, prgho

sursrvhg e| Qhovrq ^4<<4`1 Iurp wkh vshfl�fdwlrq ri wkh JDUFK+4/4, surfhvv +4, rqh fdq frqfoxgh wkdw

wkh frqglwlrqdo yduldqfh lv lqghshqghqw ri wkh sdwk ri wkh vwrfn sulfh1 Lw lv rqo| wkh devroxwh ydoxh ri wkh

huuru whup wkdw d�hfwv wkh yduldqfh1 Wkh lvvxh ri fruuhodwlrq ehwzhhq wkh yrodwlolw| dqg vljq ri wkh uhwxuq

lv wkhuhiruh qrw dgguhvvhg lq wklv vwxg|1

6 Wkh Sulflqj ri Rswlrqv lq d JDUFK+4/4, Hqylurqphqw

Zkhq JDUFK+4/4, yrodwlolw| iruhfdvwv duh xvhg iru rswlrqv ydoxdwlrq/ rqh frpprq sudfwlfh lv wkdw wkh

suhglfwhg dyhudjh yrodwlolw|/ fdofxodwhg zlwk htxdwlrq +46,/ lv soxjjhg lqwr wkh Eodfn dqg Vfkrohv ^4<:6`

irupxod/ vhh h1j1 Hqjoh/ Krqj/ Ndqh dqg Qrk ^4<<6`1; Wkh sxusrvh ri wklv vwxg| lv wr hydoxdwh krz wklv

sudfwlfh d�hfwv wkh sulflqj dqg khgjlqj ri rswlrqv1 Iurp wkh ghvfulswlrq lq wkh suhylrxv vhfwlrq/ lw lv

hylghqw wkdw wzr ri wkh fuxfldo dvvxpswlrqv xvhg lq wkh Eodfn dqg Vfkrohv ghulydwlrq duh ylrodwhg lq wkh

JDUFK+4/4, zruog1 Iluvw/ lq wkh JDUFK+4/4, prgho/ zruog wlph lv glvfuhwh1 Vhfrqg/ yrodwlolw| lv qrw

frqvwdqw1 Lq wklv vhfwlrq/ d ihz frpphqwv zloo eh pdgh uhjduglqj wkhvh wzr ylrodwlrqv1

Lq wklv vwxg| lw zloo eh dvvxphg wkdw vwrfn sulfhv pryh dw glvfuhwh prphqwv lq wlph1 Qr dvvxpswlrqv

zloo eh pdgh frqfhuqlqj wkh suhihuhqfhv ri wkh djhqwv/ h{fhsw wkdw wkh| suhihu pruh wr ohvv1 Li wkh ulvn0
:
Vhh Qhovrq ^4<<4` iru d vkruw vxuyh|1

;
Wklv sudfwlfh fdq eh prwlydwhg lq vrph zd| e| d uhvxow suhvhqwhg e| Kxoo dqg Zklwh ^4<;:`1 Wkh| vkrz wkdw zkhq

wkh sulfh ri dq dvvhw dqg lwv lqvwdqwdqhrxv yduldqfh iroorz wzr lqghshqghqw jhrphwulfdo Eurzqldq prwlrqv/ wkh sulfh ri

d Hxurshdq rswlrq rq wkh dvvhw zloo eh htxdo wr wkh Eodfn dqg Vfkrohv sulfh/ zlwk wkh yduldqfh vhw htxdo wr wkh dyhudjh

yduldqfh gxulqj wkh olih ri wkh rswlrq1

9



qhxwudo ydoxdwlrq whfkqltxhv ri Kduulvrq dqg Nuhsv ^4<:;` vkrxog eh xvhg/ lw lv uhtxluhg wkdw djhqwv dw doo

wlphv fdq khgjh wkhpvhoyhv shuihfwo| djdlqvw doo ulvn idfwruv1 Lq wkh JDUFK+4/4, prgho/ wkh frqglwlrqdo

yduldqfh ri wkh vwrfn lq wkh qh{w shulrg lv ghwhuplqlvwlf/ dv fdq eh vhhq iurp htxdwlrq +4,1 Wkhuhiruh wkh

rqo| ulvn idfwru wr frqvlghu lv wkh vwrfn sulfh pryhphqw/ l1h1 wkh ghowd ri wkh rswlrq1 Krzhyhu/ vlqfh wkh

vwrfn sulfh rq wkh qh{w glvfuhwh srlqw lq wlph fdq wdnh dq xqfrxqwdeoh qxpehu ri ydoxhv/ lw lv lpsrvvleoh

wr khgjh wkh sulfh ulvn shuihfwo|1 Wklv lv d jhqhudo sureohp lq doo glvfuhwh wlph prghov zklfk duh qrw ri

wkh elqrpldo w|sh1 Wkxv/ hyhq li wkh yduldqfh zhuh frqvwdqw/ duelwudjh dujxphqwv dorqh frxog qrw eh xvhg

wr sulfh rswlrqv1 Wr sulfh frqwlqjhqw fodlpv lq dq hqylurqphqw zkhuh sulfhv pryh glvfuhwho| dqg zkhuh

wkh vwrfkdvwlf surfhvv fdq jlyh ulvh wr pruh wkdq wkh wzr srvvleoh sulfhv lq wkh qh{w shulrg/ ehkdylrudo

dvvxpswlrqv derxw wkh djhqwv lq wkh hfrqrp| qhhg wr eh pdgh1 Pruh suhflvho|/ wkh djhqwv dwwlwxgh wrzdug

ulvn qhhgv wr eh nqrzq1 Wklv dssurdfk lv wdnhq e| Gxdq ^4<<8` zkhq kh ghyhorsv dq rswlrq sulflqj prgho

lq d glvfuhwh wlph JDUFK+4/4, hqylurqphqw1 Wr rewdlq dq rswlrq sulflqj h{suhvvlrq/ Gxdq kdv wr pdnh

yhu| vwurqj dvvxpswlrqv derxw wkh xwlolw| ixqfwlrqv ri djhqwv dqg 2ru derxw wkh glvwulexwlrq ri djjuhjdwh

frqvxpswlrq lq wkh hfrqrp|1

Lqvwhdg ri dvvxplqj wkdw vwrfn sulfhv pryh glvfuhwho|/ wkh glvfuhwh hyhqwv lq wkh JDUFK+4/4, prgho

frxog eh ylhzhg dv uhsuhvhqwlqj d frxqwdeoh vdpsoh iurp wkh xqfrxqwdeoh hyhqw vsdfh jhqhudwhg e| d

frqwlqxrxv vwrfkdvwlf surfhvv1 Iru wkh vdnh ri dujxphqw/ dvvxph wkdw wklv vwrfkdvwlf surfhvv lv ri frqfhs0

wxdoo| wkh vdph irup dv wkh JDUFK surfhvv/ vxfk wkdw wkhuh lv rqo| rqh vrxufh ri ulvn lq wkh hfrqrp|

dqg wkdw wkh qrq0frqvwdqw yduldqfh lv jlyhq e| d ghwhuplqlvwlf ixqfwlrq ri wkh sdvw sulfh wudmhfwru|1 Li

wkdw zhuh wkh fdvh/ dqg khgjlqj frxog eh shuiruphg frqwlqxrxvo|/ wkh prgho zrxog eh frpsohwh/ dqg

ulvn0qhxwudo ydoxdwlrq whfkqltxhv frxog eh xvhg wr sulfh frqwlqjhqw fodlpv1 Jhqhudoo|/ krzhyhu/ qrwklqj

lv nqrzq ri wkh irup ri wkh frqwlqxrxv surfhvv wkdw/ zkhq vdpsohg rqfh d gd|/ jhqhudwhv gdwd zlwk

JDUFK+4/4, fkdudfwhulvwlfv1 Pruhryhu/ vlqfh wkh irfxv khuh lv rq wkh JDUFK+4/4, surfhvv lq glvfuhwh

wlph/ wklv lqvljkw fdqqrw khos wr vroyh wkh sureohp frqvlghuhg lq wklv sdshu1 D wrslf uhodwhg wr wkhvh

lvvxhv lv wkh hvwlpdwlrq ri wkh lqvwdqwdqhrxv frqglwlrqdo yduldqfh lq d gl�xvlrq surfhvv e| d JDUFK

prgho hvwlpdwlrq1 Wklv sureohp lv wkrurxjko| lqyhvwljdwhg e| Qhovrq ^4<<5`1

Ehiruh hqglqj wklv vhfwlrq/ lw pljkw eh dssursuldwh wr pdnh vrph phqwlrq ri wkh frqvhtxhqfhv ri

ohwwlqj wkh ohqjwk ri wkh wlph vwhsv lq wkh JDUFK prgho dssurdfk }hur1 Wklv lvvxh zdv �uvw frqvlghuhg

e| Qhovrq ^4<<3e`1 Lq klv duwlfoh/ Qhovrq suhvhqwv wrrov iru lqyhvwljdwlqj wkh uhodwlrqvkls ehwzhhq vwrfkdvwlf

gl�huhqfh htxdwlrqv dqg Lwr surfhvvhv1 Qhovrq wkhq dssolhv wkhvh whfkqltxhv wr wzr h{dpsohv ri DUFK

prghov/ wkh JDUFK+4/4, prgho dqg wkh DU+4,0HJDUFK prgho ri Qhovrq ^4<<4`1 Wkh frqwlqxrxv wlph

olplw ri wkh JDUFK+4/4, prgho lv vkrzq wr kdyh d surfhvv iru wkh frqglwlrqdo yduldqfh zlwk d vwdwlrqdu|

glvwulexwlrq wkdw lv wkh lqyhuwhg jdppd1

:



7 Khgjlqj ri Rswlrqv lq d JDUFK+4/4, Hqylurqphqw

Wkh suhylrxv vhfwlrq glvfxvvhg sulflqj ri rswlrqv dqg lw zdv qrwhg/ dv grqh suhylrxvo| lq wkh olwhudwxuh/

wkdw rswlrqv fdqqrw eh sulfhg xvlqj ulvn0qhxwudo whfkqltxhv zkhq khwhurvnhgdvwlflw| lv suhvhqw1< Lq wklv

vhfwlrq/ d ihz zrugv zloo eh vdlg derxw khgjlqj lq wkh JDUFK+4/4, hqylurqphqw1

Khgjlqj dq rswlrq hqwdlov uhgxflqj h{srvxuh wr gl�huhqw ulvn idfwruv1 Wkh idfwruv w|slfdoo| fruuhvsrqg

wr gl�huhqw udqgrp yduldeohv1 D khgjh sruwirolr kdv }hur h{srvxuh wr vrph ru doo ri wkhvh idfwruv1 Li

wkh udqgrp yduldeohv pryh frqwlqxrxvo|/ wkh khgjlqj vkrxog lghdoo| eh shuiruphg frqwlqxrxvo|1 Li wkh

udqgrp yduldeohv pryh glvfuhwho|/ khgjlqj vkrxog eh grqh dw hdfk wlph vwhs1

Wkh dprxqw ri khgjlqj qhhghg wr uhgxfh wkh ulvn ri hdfk idfwru fdq eh h{suhvvhg xvlqj khgjh sdud0

phwhuv1 Li wkh yduldqfh ri wkh xqghuo|lqj dvvhw lv dvvxphg wr eh frqvwdqw/ rqo| rqh khgjh sdudphwhu/ wkh

rswlrq ghowd/ qhhgv wr eh frqvlghuhg1 Wkh ghowd xvhg lq wklv frqwh{w zloo khqfhiruwk eh fdoohg wkh Eodfn

dqg Vfkrohv ghowd/ �EV 1 �EV fdq eh fdofxodwhg dv wkh �uvw ghulydwlyh ri wkh Eodfn dqg Vfkrohv irupxod

zlwk uhvshfw wr wkh xqghuo|lqj vhfxulw| sulfh43

�EV @
CIEV

CV
=

Li lw lv dvvxphg wkdw wkh yrodwlolw| pd| fkdqjh rqfh dqg wkhq vwd| dw wkh qhz ohyho xqwlo wkh h{sludwlrq

ri wkh rswlrq/ wkh Eodfn dqg Vfkrohv yhjd fdq eh xvhg dv d khgjh sdudphwhu

�EV @
CIEV

Cy
=

Ixuwkhu/ wkh Eodfn dqg Vfkrohv jdppd fdq eh zulwwhq

�EV @
C5IEV

CV5
=

Zkhq wkh yrodwlolw| lv vwrfkdvwlf/ h{whqghg khgjh sdudphwhuv kdyh wr eh ghyhorshg1 Wkhvh fdq eh ghulyhg

xvlqj Wd|oru vhulhv h{sdqvlrq1 Iroorzlqj Hqjoh dqg Urvhqehuj ^4<<7`/ wkh glvfuhwh wlph ghowd lv wkhq jlyhq

e|

�VY @ �EV .�EV
4

5ey Cey5CV
> +49,

zkhuh ey ghqrwhv wkh iruhfdvwhg yduldqfh1 Lq wkh JDUFK+4/4, hqylurqphqw/ zkhq wkh �uvw ghulydwlyh ri

yduldqfh zlwk uhvshfw wr sulfh lv }hur/ wkh vwrfkdvwlf yrodwlolw| ghowd zloo/ dffruglqj wr htxdwlrq +49,/ eh

htxdo wr wkh Eodfn dqg Vfkrohv ghowd/ �VY @ �EV 1 Wklv zloo dovr eh wuxh iru jdppd/ l1h1 �VY @ �EV 1

Wr fuhdwh d ghowd0qhxwudo khgjh lq wkh JDUFK+4/4, hqylurqphqw/ wkh Eodfn dqg Vfkrohv ghowd fdq eh

xvhg1 Li dq djhqw lv vkruw wkh rswlrq/ wkh khgjlqj lv grqh e| ex|lqj dq dprxqw ghowd ri wkh xqghuo|lqj

vhfxulw|1 Vlqfh yhjd dqg jdppd iru wkh xqghuo|lqj vhfxulw| lv htxdo wr }hur/ wkh xqghuo|lqj vhfxulw|

fdqqrw eh xvhg iru yhjd0 dqg jdppd0khgjlqj1 Wr khgjh wkhvh wzr idfwruv/ rwkhu ghulydwlyh vhfxulwlhv

zlwk qrq0}hur yhjd dqg jdppd duh qhhghg1 Lq wklv vwxg|/ lw lv dvvxphg wkdw qr rwkhu ghulydwlyh vhfxulwlhv

h{lvw/ dqg frqvhtxhqwo| qr yhjd dqg jdppd khgjlqj fdq eh shuiruphg1
<
Rqh fdq xvh ulvn0qhxwudo phwkrgv li wkhuh h{lvwv d wudghg vhfxulw| wkdw lv shuihfwo| fruuhodwhg zlwk wkh yrodwlolw|/ exw

wklv lv jhqhudoo| qrw wkh fdvh1

43
Qrwh wkdw lq d glvfuhwh hqylurqphqw/ wkh khgjh sdudphwhuv zloo qrw jlyh d shuihfw khgjh exw udwkhu rqh zklfk rq dyhudjh

uhgxfhv ulvn1

;



8 Vlpxodwlrq H{shulphqw

Dv qrwhg lq wkh lqwurgxfwlrq/ wkh remhfw ri wklv vwxg| lv wr wu| wr hydoxdwh wkh h�hfwlyhqhvv ri xvlqj

JDUFK+4/4, yrodwlolw| suhglfwlrq lq frpelqdwlrq zlwk wkh Eodfn dqg Vfkrohv irupxod/ zkhq wkh uhwxuq

surfhvv lv khwhurvnhgdvwlf1 Wklv lv dwwhpswhg e| xvlqj d vlpxodwlrq surfhgxuh1 Lw zloo eh dvvxphg wkdw

wkh yduldqfh ri uhwxuq iroorzv d JDUFK+4/4, surfhvv dqg wkdw wkh djhqwv nqrz wkh wuxh sdudphwhuv ri

wkh surfhvv1 Wkh vlpxodwlrq surfhgxuh lv shuiruphg lq wkh iroorzlqj vwhsv=

41 Dw wlph }hur/ d k|srwkhwlfdo wudghu zulwhv d Hxurshdq fdoo rswlrq1 Gl�huhqw pdwxulwlhv dqg vwulnh

sulfhv duh frqvlghuhg1 Wkh suhplxp lv ghsrvlwhg dw wkh ulvn iuhh udwh/ dvvxphg wr eh frqvwdqw dqg

htxdo wr }hur1 Wkh rswlrq lv sulfhg xvlqj wkh Eodfn dqg Vfkrohv irupxod1 Wkh yrodwlolw| lv vhw htxdo

wr d iruhfdvwhg dyhudjh yrodwlolw|1 Wkh iruhfdvw lv shuiruphg xvlqj d JDUFK+4/4, prgho1 Wkh

sdudphwhuv ri wkh prgho +4, zloo eh

� @ 3=3537

� @ 3=<:33

� @ 7=64 � 43�:

� @ 8

Wkh ohyho ri frqglwlrqdo yrodwlolw| dw gdwh }hur lv vhw udqgrpo|1 Wklv lv grqh e| ohwwlqj d udqgrp

qxpehu jhqhudwru fuhdwh d uhwxuq vhulhv iru 583 gd|v/ dvvxplqj wkdw wkh uhwxuq iroorzv wkh vshfl�hg

khwhurvnhgdvwlf surfhvv1 Dw wkh ehjlqqlqj ri wklv uhwxuq vhulhv/ wkh frqglwlrqdo yduldqfh lv vhw wr wkh

xqfrqglwlrqdo yduldqfh1 Wkh odvw frqglwlrqdo yduldqfh lq wkh vhulhv lv wkh ohyho dvvxphg wr suhydlo

zkhq wkh rswlrq lv zulwwhq1

51 Diwhu kdylqj zulwwhq wkh rswlrq/ wkh wudghu khgjhv wkh srvlwlrq e| ex|lqj �EV ri wkh xqghuo|lqj

vhfxulw|/ zkhuh wkh ghowd lv fdofxodwhg zlwk wkh Eodfn dqg Vfkrohv irupxod xvlqj wkh iruhfdvwhg

yrodwlolw|1

61 Jlyhq wkh frqglwlrqdo yduldqfh iru wkh qh{w shulrg/ kw.4mw/ wkh uhwxuq iru wkh qh{w shulrg lv jhqhudwhg

jlyhq lwv glvwulexwlrq/ uw.4 � w+*> kw.4mw> 8,144 * lv fkrvhq wr eh }hur iru frqyhqlhqfh1

71 Iurp wkh qhz vwrfn sulfh fdofxodwhg lq vwhs 6/ d qhz ghowd lv fdofxodwhg145 Li wklv ghowd lv gl�huhqw

iurp wkh suhylrxv rqh/ wkh khgjh zloo eh dgmxvwhg e| hlwkhu vhoolqj ru ex|lqj wkh xqghuo|lqj vhfxulw|1

81 Vwhs 6 dqg 7 duh uhshdwhg irxu wlphv hyhu| gd|/ l1h1 wkh vwrfn pryhv irxu wlphv shu gd| dqg khgjlqj

lv shuiruphg hdfk wlph wkh vwrfn sulfh pryhv1 Qrwh wkdw wkh frqglwlrqdo yduldqfh dqg wkhuhiruh dovr

wkh yrodwlolw| iruhfdvw lv frqvwdqw gxulqj hdfk gd|1

44
Qrwh wkdw lq wkh JDUFK+4/4, prgho wkh iruhfdvwhg frqglwlrqdo yduldqfh/

e�|n��|/ lv htxdo wr wkh wuxh frqglwlrqdo yduldqfh/

�|n�1

45
Zkhq wkh ghowdv duh fdofxodwhg gxulqj wkh gd|/ wkh wlph wr h{sludwlrq lv vshfl�hg lq gd|v dqg iudfwlrqv ri d gd|1 Wklv

suryhg wr eh lpsruwdqw iru rewdlqlqj fruuhfw ghowdv zkhq wkh wlph wr h{sludwlrq zdv vkruw1

<



91 Zkhq rqh gd| kdv sdvvhg wkh huuru whup/ %w/ iru wkdw gd| lv fdofxodwhg1 Jlyhq wklv huuru whup dqg

jlyhq wkh fxuuhqw frqglwlrqdo yduldqfh/ wkh frqglwlrqdo yduldqfh iru wkh qh{w gd| lv fdofxodwhg xvlqj

htxdwlrq +4,1 Iurp wklv qhz frqglwlrqdo yduldqfh/ wkh vwrfn pryhphqwv iru wkh iroorzlqj gd| fdq

eh jhqhudwhg1 Ixuwkhupruh/ d qhz yrodwlolw| iruhfdvw lv fdofxodwhg1

:1 Vwhsv 6 wr 9 duh uhshdwhg xqwlo wkh rswlrq h{sluhv zkhq wkh srvlwlrq lv forvhg1

;1 Doo wkh fdvk  rzv jhqhudwhg lq wkh vwhsv deryh duh vxppdul}hg dqg uhfrughg1

<1 Wkh vlpxodwlrq lv uhshdwhg 4333 wlphv wr jlyh dq hvwlpdwh ri wkh h{shfwhg ydoxh dqg wkh yduldqfh

ri wkh uhwxuq iurp wkh lqyhvwljdwhg vwudwhj|1

Lw vkrxog eh qrwhg wkdw hyhq li wkh sulfh ri wkh xqghuo|lqj dvvhw grhv qrw fkdqjh ryhu wlph/ wkh rswlrq

sulfh zloo1 Lw zloo wkhuhiruh eh qhfhvvdu| wr khgjh wkh srvlwlrq hyhq zkhq wkh sulfh ri wkh xqghuo|lqj dvvhw

lv xqfkdqjhg1 Krzhyhu/ wklv fkdqjh zloo xvxdoo| eh plqlpdo1

Wkh sdudphwhu ydoxhv xvhg lq wkh vlpxodwlrq kdyh ehhq rewdlqhg iurp dq hvwlpdwlrq rq <33 gdlo|

uhwxuqv iru wkh V)S 833 lqgh{ iurp Qryhpehu 9/ 4<<4 wr Mxo| 44/ 4<<8146 Lq wkh hvwlpdwlrq/ wkh

ghjuhhv ri iuhhgrp zhuh hvwlpdwhg wr 7=9/ exw iru vlpsolflw| � lv vhw wr dq lqwhjhu ydoxh1 Wkh sdudphwhuv

jlyh wkh xqfrqglwlrqdo yduldqfh 7=7< � 43�8/ fruuhvsrqglqj wr d vwdqgdug ghyldwlrq s1d1 htxdo wr 4319

shufhqw1 Wkh nxuwrvlv lpsolhg e| wkh sdudphwhuv lv 431<3/ zklfk lv fdofxodwhg xvlqj irupxodv +8, dqg +;,1

Ixuwkhupruh/ wkh �uvw dxwrfruuhodwlrq ri vtxduhg uhvlgxdov zloo/ dffruglqj wr irupxod +<,/ eh 31371 Hyhq

wkrxjk �
�
%5
w
> %5

w�4

�
lv uhodwlyho| orz/ wkh ohyho ri nxuwrvlv dqg wkh ohyho ri dxwrfruuhodwlrq duh vlplodu wr

ydoxhv rewdlqhg lq hpslulfdo lqyhvwljdwlrqv/ dv fdq eh vhhq lq Whuçvyluwd ^4<<9`1

Wkh uhvxowv rewdlqhg lq wkh vlpxodwlrq surfhgxuh duh frpsduhg wr uhvxowv rewdlqhg lq vlpxodwlrqv

zkhuh wkh uhwxuq surfhvv lv krprvnhgdvwlf1 Wkhvh vlpxodwlrqv dovr iroorz wkh hljkw vwhsv vshfl�hg deryh/

exw zlwk frqvwdqw yrodwlolw|1 Uhwxuqv duh jhqhudwhg iurp d prgho zkhuh wkh huuru whup lv glvwulexwhg

Vwxghqw0w zlwk wkh vdph ghjuhhv ri iuhhgrp dv lq wkh khwhurvnhgdvwlf fdvh1 Wkh yduldqfh lv khog frqvwdqw

dqg htxdo wr wkh xqfrqglwlrqdo yduldqfh iru wkh JDUFK+4/4, surfhvv1 Zkhq wkh rswlrqv duh sulfhg dqg

zkhq wkh ghowdv duh fdofxodwhg/ wkh wuxh yrodwlolw| lv xvhg lq wkh Eodfn dqg Vfkrohv irupxod1 Wkh ohyho ri

nxuwrvlv lq wkhvh uhwxuqv lv htxdo wr wkdw ri }w/ zklfk fdq eh fdofxodwhg xvlqj irupxod +8,1 Wkxv/ zkhq �

lv htxdo wr �yh/ wkh nxuwrvlv zloo eh htxdo wr qlqh1

9 Uhvxowv

Vlpxodwlrqv zlwk rswlrqv ri vl{ gl�huhqw pdwxulwlhv kdyh ehhq shuiruphg= 4P/ 5P/ 6P/ 7P/ 8P/ dqg 9P1

Wkh uhvxowv iurp vlpxodwlrqv zlwk dw0wkh0prqh| fdoo rswlrqv duh suhvhqwhg lq Wdeoh 4147 Lq wkh wdeoh/

urzv odehoohg JDUFK+4/4, jlyh wkh uhvxowv iurp vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ dqg

urzv odehoohg Krprvnhgdvwlf jlyh wkh uhvxowv iurp vlpxodwlrqv zkhuh wkh yduldqfh ri uhwxuqv lv frqvwdqw1

Wkh �uvw wzr olqhv uhsruw dyhudjh sur�wv ri wkh khgjlqj surfhgxuh dv shufhqwdjh ri wkh lqlwldo vwrfn sulfh1

46
L dp ghhso| lqghewhg wr Wreldv U|gìq dqg Vwhidq H1 Èveulqn iru surylglqj xv zlwk wkh hvwlpdwhg sdudphwhuv1
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Vlqfh wkh lqwhuhvw udwh lv htxdo wr }hur/ wkh dw0wkh0prqh| rswlrqv zloo dovr eh dw0wkh0prqh|0iruzdug1
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Wkh uhsruwhg ydoxhv lqglfdwh wkdw wkh dyhudjh sur�w lv doprvw wkh vdph iru wkh krpr0 dqg khwhurvnhgdvwlf

fdvhv/ dqg forvh wr }hur1 Wklv djuhhv zlwk wkh �qglqj ri Hqjoh dqg Urvhqehuj ^4<<7` wkdw �VY @ �EV 148

Wkh urzv odehoohg Vwdqgdug ghyldwlrq lq Wdeoh 4 uhsruw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri lqlwldo

vwrfn sulfh1 Lq wkh frqvwdqw yrodwlolw| fdvh/ wkh vwdqgdug ghyldwlrq lv dw wkh vdph ohyho iru doo pdwxulwlhv/

zkhuhdv wkh vwdqgdug ghyldwlrq lq wkh JDUFK+4/4, fdvhv lqfuhdvhv zlwk wkh wlph wr pdwxulw|1 Iru wkh

4P rswlrq/ wkh vwdqgdug ghyldwlrq lv 43 shufhqw kljkhu lq wkh JDUFK+4/4, fdvh wkdq lq wkh frqvwdqw

yrodwlolw| fdvh1 Wklv gl�huhqfh lqfuhdvhv wr 65 shufhqw iru wkh 5P rswlrq/ dqg ixuwkhu wr <8 shufhqw iru

wkh 9P rswlrq1

Qrwh wkdw wkh �jxuhv uhsruwhg lq Wdeoh 4 duh edvhg rq sur�wv lq shufhqw ri lqlwldo vwrfn sulfhv11 Lq

pljkw dsshdu wr eh pruh qdwxudo wr uhsruw wkh �jxuhv lq shufhqw ri wkh lqlwldo rswlrq sulfhv1 Krzhyhu/

vlqfh wkh lqlwldo rswlrq sulfhv zloo ydu| zlwk hdfk lwhudwlrq lq wkh JDUFK+4/4, fdvh/ vxfk d surfhgxuh

zdv irxqg wr eh ohvv vxlwdeoh1 Wr jlyh dq lqglfdwlrq ri krz wkh �jxuhv frpsduh wr wkh rswlrq sulfhv/ wkh

lqlwldo rswlrq sulfhv lq wkh krprvnhgdvwlf fdvh duh jlyhq rq wkh odvw urz ri Wdeoh 41 Wkhvh sulfhv duh dovr

wkh phgldq sulfhv lq wkh khwhurvnhgdvwlf fdvh1 Wkh �jxuhv vkrz wkdw wkh vwdqgdug ghyldwlrqv uhsruwhg

duh uhodwlyho| odujh frpsduhg wr wkh rswlrq sulfhv1 Iru h{dpsoh/ wkh vwdqgdug ghyldwlrq ri 3=53 shufhqw

uhsruwhg iru wkh 6P rswlrq lq wkh krprvnhgdvwlf fdvh/ frqvwlwxwhv < shufhqw ri wkh rswlrq sulfh1

Iljxuhv 5 wr 7 sorw wkh sur�wv iurp wkh vlpxodwlrqv shuiruphg rq rswlrqv zlwk pdwxulwlhv ri rqh/ wkuhh

dqg vl{ prqwkv/ uhvshfwlyho|1 Wkh judskv fohduo| vkrz wkdw wkh yduldqfh ri uhwxuq lqfuhdvhv zlwk wkh

pdwxulw| ri wkh rswlrq1

Vlqfh wkh uhwxuqv jhqhudwhg lq wkh frqvwdqw yduldqfh fdvh duh glvwulexwhg Vwxghqw0w/ wkh vwdqgdug

ghyldwlrq zrxog eh h{shfwhg wr eh odujhu lq wkhvh vlpxodwlrq wkdw lq vlpxodwlrqv grqh zlwk qrupdoo|

glvwulexwhg uhwxuqv1 Wr whvw wklv/ d vlpxodwlrq zdv shuiruphg iru d wkuhh prqwk rswlrq zlwk qrupdo

huuruv1 Wkh yduldqfh ri uhwxuqv zdv dovr lq wklv fdvh vhw htxdo wr wkh xqfrqglwlrqdo yduldqfh ri wkh

JDUFK+4/4, surfhvv1 Wkh nxuwrvlv ri wklv uhwxuq vhulhv/ olnh wkh nxuwrvlv ri dq| qrupdoo| glvwulexwhg

yduldeoh zloo eh htxdo wr wkuhh1 Wkh vwdqgdug ghyldwlrq lq wklv fdvh zdv htxdo wr 3144/ zklfk vkrxog

eh frpsduhg wr 3153 iru wkh 6P rswlrq lq wkh Vwxghqw0w fdvh1 Lw fdq wkhuhiruh eh frqfoxghg wkdw zlwk

Vwxghqw0w glvwulexwhg huuruv/ wkh vwdqgdug ghyldwlrq lq sur�wv lv doprvw grxeoh wkdw lq wkh fdvh zlwk

qrupdo huuruv1

Wdeoh 5 frqwdlq wkh uhvxowv iurp irxu vlpxodwlrqv grqh zlwk fdoo rswlrqv wkdw duh lq0wkh0prqh| dqg

rxw0ri0wkh0prqh|1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv1 Wkh lq0wkh0prqh| rswlrqv duh 43 shufhqw

lq wkh prqh| dqg wkh rxw0ri0wkh0prqh| rswlrqv duh 43 shufhqw rxw ri wkh prqh|1 Wkh uhvxowv kdyh d

vlplodu sdwwhuq dv lq wkh dw0wkh0prqh| fdvh1 Iru wkh lq0wkh0prqh| rswlrqv/ wkh vwdqgdug ghyldwlrq lv 433

shufhqw kljkhu lq wkh JDUFK+4/4, vlpxodwlrq wkdq lq wkh frqvwdqw yrodwlolw| vlpxodwlrq1 Wkh gl�huhqfh

iru wkh rxw0ri0wkh0prqh| rswlrq lv 4:4 shufhqw1 Wkh gl�huhqfh lq vwdqgdug ghyldwlrq lv wkhuhiruh odujhu lq

48
Hqjoh dqg Urvhqehuj ^4<<8` h{dplqh zkhwkhu {7T ' {�7 lv dovr wuxh lq sudfwlfh1 Wkh| hvwlpdwh ulvn idfwruv xvlqj

Prqwh Fduor whfkqltxhv zkhq wkh yduldqfh lv dvvxphg wr iroorz d JDUFK surfhvv1 Wkhlu vwxg| lv shuiruphg rq gdwd iurp

irxu gl�huhqw pdunhwv= V)S 833 lqgh{/ erqg lqgh{ ixwxuhv/ zhljkwhg iruhljq h{fkdqjh udwh lqgh{/ dqg rlo ixwxuhv1 Wkh|

dvvxph wkdw wkh huuru whup lv glvwulexwhg vwxghqw0w/ dqg doorzv wkh yduldqfh wr eh qhjdwlyho| fruuhodwhg zlwk wkh ohyho ri

uhwxuq1 Wkh| �qg wkdw JDUFK ghowdv duh vlplodu wr wkrvh fdofxodwhg zlwk wkh Eodfn dqg Vfkrohv irupxod1 JDUFK jdppdv

duh irxqg wr eh vljql�fdqwo| kljkhu wkdq wkh Eodfn dqg Vfkrohv jdppdv1
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wkhvh fdvhv wkdq lq wkh dw0wkh0prqh| fdvh/ zkhuh wkh gl�huhqfh lv 83 shufhqw iru wkh wkuhh prqwk rswlrqv1

Krzhyhu/ lw vkrxog eh qrwhg wkdw wkh ohyho ri vwdqgdug ghyldwlrq lv orzhu zkhq wkh rswlrq lv qrw zulwwhq

dw0wkh0prqh|1

Wkh whvw ri wklv vhfwlrq/ zloo suhvhqw uhvxowv iurp vlpxodwlrqv grqh iru whvwlqj krz wkh vwdqgdug

ghyldwlrq ri sur�wv lv ghshqghqw rq wkh sdudphwhu ydoxhv lq wkh JDUFK+4/4,0w prgho1 Wkh vlpxodwlrqv

duh grqh zlwk Hxurshdq dw0wkh0prqh| fdoo rswlrqv zlwk dq lqlwldo pdwxulw| ri wkuhh prqwkv1

Wkh �uvw whvw ghwhuplqhv krz vhqvlwlyh wkh uhvxowv duh wr wkh ohyho ri wkh sdudphwhu �1 Wdeoh 6 frqwdlqv

wkhvh uhvxowv1 Wkh �uvw wzr olqhv vlpso| uhvwdwh wkh uhvxowv jlyhq lq Wdeoh 4/ zkhuhdv wkh odvw wzr olqhv jlyh

wkh uhvxowv iurp wzr vlpxodwlrqv grqh zkhuh � lv wzlfh dv kljk dv ehiruh1 Vlqfh � dqg � duh xqfkdqjhg/

wkh nxuwrvlv dqg wkh dxwrfruuhodwlrq lq vtxduhg uhvlgxdov zloo eh xqfkdqjhg1 Krzhyhu/ wkh lqfuhdvh lq �

zloo grxeoh wkh xqfrqglwlrqdo yduldqfh1 Dv h{shfwhg/ wkh lqfuhdvh lq wkh xqfrqglwlrqdo yduldqfh lqfuhdvhv

wkh vwdqgdug ghyldwlrq erwk lq wkh vwrfkdvwlf fdvh dqg lq wkh frqvwdqw yrodwlolw| fdvh1 Krzhyhu/ wkh

uhodwlyh gl�huhqfh lv doprvw frqvwdqw/ dw 83 shufhqw zkhq � lv htxdo wr 7=64 � 43�3:/ dqg dw 86 shufhqw

zkhq � lv htxdo wr ;=95 � 43�3:1 Wklv �qglqj lv ri sduwlfxodu lqwhuhvw wr djhqwv lq pdunhwv zkhuh yrodwlolw|

lv pxfk kljkhu wkdq iru wkh V)S 833 lqgh{1

Vhfrqg/ whvwv krz vhqvlwlyh wkh uhvxowv duh wr wkh ohyho ri nxuwrvlv lq wkh uhwxuq surfhvv duh shuiruphg1

Wkh uhvxowv iurp wkhvh vlpxodwlrqv duh vkrzq lq Wdeoh 71 Urz rqh uhvwdwhv wkh uhvxowv iurp Wdeoh 41

Wkh iroorzlqj wzr urzv vkrz wkh uhvxowv zkhq wkh ohyho ri nxuwrvlv lv orzhuhg e| lqfuhdvlqj wkh ghjuhh

ri iuhhgrp lq wkh Vwxghqw0w glvwulexwlrq1 Lq wkh odvw urz/ wkh ghjuhh ri iuhhgrp lv htxdo wr lq�qlw|/

zklfk lpsolhv wkdw wkh lqqrydwlrqv duh lq idfw qrupdoo| glvwulexwhg1 Vlqfh � dqg � duh xqfkdqjhg/ wkh

dxwrfruuhodwlrq lq vtxduhg uhvlgxdov zloo dovr eh xqfkdqjhg1 Dv fdq eh vhhq lq wkh odvw froxpq/ wkh

vwdqgdug ghyldwlrq lq sur�wv ghfuhdvhv dv wkh ohyho ri nxuwrvlv idoov1

Wklug/ lw lv whvwhg krz wkh ohyho ri �uvw0rughu dxwrfruuhodwlrq lq vtxduhg uhvlgxdov lq xhqfhv wkh

glvwulexwlrq ri sur�wv1 Wklv kdv ehhq grqh lq d qxpehu ri vlpxodwlrqv zkhuh wkh sdudphwhu ydoxhv kdyh

ehhq fkdqjhg vxfk wkdw wkh �uvw0rughu dxwrfruuhodwlrq lq vtxduhg uhvlgxdov kdv lqfuhdvhg/ exw ohdylqj

wkh xqfrqglwlrqdo yduldqfh dqg nxuwrvlv xqfkdqjhg1 Wkh uhvxowv iurp wkhvh vlpxodwlrqv duh vkrzq lq

Wdeoh 81 Wkh ydoxhv lq wkh odvw froxpq lqglfdwh wkdw wkh glvshuvlrq ri sur�wv lqfuhdvhv zkhq wkh ohyho

ri dxwrfruuhodwlrq lq vtxduhg uhvlgxdov lqfuhdvhv/ wkrxjk qrw prqrwrqlfdoo|1 Wklv uhvxow lv ri pdmru

lpsruwdqfh vlqfh/ dv qrwhg deryh/ wkh ohyho ri �uvw0rughu dxwrfruuhodwlrq lq wkh ruljlqdo vlpxodwlrqv/ 3137/

lv uhodwlyho| orz1

Ilqdoo|/ lw lv lqyhvwljdwhg krz wkh ohyho ri shuvlvwhqfh lq wkh frqglwlrqdo yduldqfh/ phdvxuhg e| �. �/

d�hfwv wkh glvwulexwlrq ri sur�wv1 Lq wkh vlpxodwlrqv deryh/ �.� kdv dozd|v ehhq forvh wr 31<<1 Wkdw zloo

jlyh d kdoi0olih iru wkh frqglwlrqdo yduldqfh ri dssur{lpdwho| :3 wudglqj gd|v1 Wdeoh 9 vkrzv wkh uhvxowv

iurp wkh ruljlqdo vlpxodwlrq dqg wkuhh rwkhu vlpxodwlrqv zkhuh wkh sdudphwhuv ydoxhv duh fkdqjhg vr wkdw

wkh ohyho ri shuvlvwhqfh kdv ghfuhdvhg1 Wkh kdoi0olih rq wkh odvw wkuhh urzv duh dssur{lpdwho| 48/ 44/ dqg

43 gd|v/ uhvshfwlyho|1 Dv fdq eh vhhq lq froxpqv vl{ dqg vhyhq/ wkh ohyho ri nxuwrvlv dqg dxwrfruuhodwlrq

lq vtxduhg uhvlgxdov duh nhsw doprvw frqvwdqw1 Wkh uhvxowv suhvhqwhg lq Wdeoh 9 lqglfdwh wkdw wkh ohyho ri

shuvlvwhqfh lq wkh frqglwlrqdo yduldqfh kdyh qr pdmru h�hfw rq wkh vwdqgdug ghyldwlrq lq sur�wv1
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: Frqfoxvlrq

Wkh remhfwlyh ri wklv vlpxodwlrq vwxg| kdv ehhq wr lqyhvwljdwh li lw lv uhfrpphqgdeoh wr iroorz wkh sudfwlfh

ri fdofxodwlqj rswlrq sulfhv dqg ghowdv zlwk wkh Eodfn dqg Vfkrohv irupxod zkhq wkh uhwxuq surfhvv iroorzv

d JDUFK+4/4, surfhvv1 Lq Vhfwlrq 9 lw zdv vkrzq wkdw wkh yduldqfh ri uhwxuq zdv kljkhu zkhq wkh uhwxuq

iroorzhg d JDUFK+4/4, surfhvv udwkhu wkdq d frqvwdqw yrodwlolw| surfhvv1 Wkh dyhudjh sur�w/ krzhyhu/

zdv doprvw wkh vdph lq erwk fdvhv1 Wkh uhvxowv iru lq0wkh0prqh| rswlrqv dqg rxw0ri0wkh0prqh| rswlrqv

srlqwhg lq wkh vdph gluhfwlrq1 Ixuwkhupruh/ lw lv vkrzq wkdw wkh glvshuvlrq ri sur�wv lqfuhdvhv zlwk wkh

ohyho ri nxuwrvlv dqg wkh ohyho ri �uvw0rughu dxwrfruuhodwlrq lq vtxduhg uhvlgxdov1

Wkh �qglqjv phqwlrqhg deryh lpso| wkdw dq djhqw zkr lv qrw ulvn0qhxwudo dqg eholhyhv wkdw wkh uhwxuq

iroorzv d JDUFK+4/4, surfhvv pxvw frpshqvdwh e| fkdujlqj d kljkhu suhplxp zkhq zulwlqj rswlrqv1

Wzr jrrg lqglfdwruv ri wkh vl}h wkh ulvn lq wkh khgjlqj duh/ +l, wkh nxuwrvlv dqg +ll, wkh ohyho ri �uvw0rughu

dxwrfruuhodwlrq lq vtxduhg uhvlgxdov1
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Hfrqrphwulfv 85/ 940<31

Qrk/ Mdhvxq/ Urehuw I1 Hqjoh/ dqg Doh{ Ndqh ^4<<7`/ �Iruhfdvwlqj Yrodwlolw| dqg Rswlrq Sulfhv ri wkh

V)S 833 Lqgh{/� lq Mrxuqdo ri Ghulydwlyhv/ Idoo 4<<7/ 4:0631

Whuçvyluwd/ Wlpr ^4<<9`/ �Wzr Vw|ol}hg Idfwv dqg wkh JDUFK+4/4, Prgho/� Zrunlqj Sdshu lq Hfrqrplfv

dqg Ilqdqfh Qr1 <9/ Vwrfnkrop Vfkrro ri Hfrqrplfv1
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Wdeoh 41 Uhvxowv iru dw0wkh0prqh| fdoo rswlrqv

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333 vlpxodwlrqv

duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh urzv odehohg Phdq uhwxuq uhsruw dyhudjh sur�w dv shufhqwdjh ri

wkh lqlwldo vwrfn sulfh/ dqg wkh urzv odehohg Vwdqgdug ghyldwlrq uhsruw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri

lqlwldo vwrfn sulfh1 Wkh urzv odehohg JDUFK+4/4, jlyh wkh uhvxowv iurp vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq

surfhvvhv/ zlwk sdudphwhu ydoxhv � @ 3=3537/ � @ 3=<:3/ � @ 7=64 � 43�: dqg � @ 81 Wkh urzv odehohg

Krprvnhgdvwlf uhsruw wkh uhvxowv iurp vlpxodwlrqv zlwk d frqvwdqw yrodwlolw| uhwxuq surfhvv1 Wkh odvw urz uhsruwv

lqlwldo rswlrq sulfhv fdofxodwhg zlwk wkh Eodfn dqg Vfkrohv irupxod lq wkh krprvnhgdvwlf fdvh1 Wkh qxpehu ri

wudglqj gd|v iru wkh gl�huhqw pdwxulwlhv lv= 54/ 75/ 96/ ;6/ 437/ dqg 4581

Yduldqfh Pdwxulw| ri rswlrq

Surfhhv 4P 5P 6P 7P 8P 9P

Phdq uhwxuq JDUFK+4/4, f�f� f�f� f�f� f�f2 f�f2 f�f�

Krprvnhgdvwlf f�f� f�ff f�f� f�ff f�ff f�f�

Vwdqgdug JDUFK+4/4, f�2� f�2D f��f f��2 f��D f��b

ghyldwlrq Krprvnhgdvwlf f��b f��b f�2f f�22 f�2� f�2f

Lqlwldo rsw1 sulfh Krprvnhgdvwlf ��22 ��.� 2��2 2�e� 2�.� 2�bb

Wdeoh 51 Uhvxowv iru lq0wkh0prqh| dqg rxw0ri0wkh0prqh| fdoo rswlrqv

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh 43 shufhqw lq0wkh0prqh|/ dqg 43

shufhqw rxw0ri0wkh0prqh|1 4333 vlpxodwlrqv duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh urzv odehohg Phdq

uhwxuq uhsruw dyhudjh sur�w dv shufhqwdjh ri wkh lqlwldo vwrfn sulfh/ dqg wkh urzv odehohg Vwdqgdug ghyldwlrq

uhsruw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri wkh lqlwldo vwrfn sulfh1 Wkh urzv odehohg JDUFK+4/4, jlyh wkh

uhvxowv iurp vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ zlwk sdudphwhu ydoxhv � @ 3=3537/ � @ 3=<:3/

� @ 7=64 � 43�: dqg � @ 81 Wkh urzv odehohg Krprvnhgdvwlf uhsruw wkh uhvxowv iurp vlpxodwlrqv zlwk d frqvwdqw

yrodwlolw| uhwxuq surfhvv1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1

Yduldqfh Surfhhv Lq0wkh0prqh| Rxw0ri0wkh0prqh|

Phdq uhwxuq JDUFK+4/4, 3f�f� f�f�

Krprvnhgdvwlf f�ff f�f�

Vwdqgdug ghyldwlrq JDUFK+4/4, f�fH f��2

Krprvnhgdvwlf f�fe f�f.
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Wdeoh 61 Uhvsrqvh wr d kljkhu �

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333 vlpxodwlrqv

duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh urzv odehohg JDUFK+4/4, uhsruw wkh uhvxowv iurp vlpxodwlrqv

zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ dqg wkh urzv odehohg Krprvnhgdvwlf uhsruw wkh uhvxowv iurp vlpxodwlrqv

zlwk d frqvwdqw yrodwlolw| uhwxuq surfhvv1 �5 lv fdofxodwhg zlwk irupxod +43,1 Wkh vwdqgdug ghyldwlrq �jxuhv

uhsuhvhqw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri wkh lqlwldo vwrfn sulfh1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh

prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1

Yduldqfh Sdudphwhu ydoxhv Vw1

Surfhvv k q � D j2 ghy1

JDUFK+4/4, 313537 31<:3 7164u433. 8 717<u433D 3163

Krprvnhgdvwlf 8 717<u433D 3153

JDUFK+4/4, 313537 31<:3 ;195u433. 8 ;1<;u433D 3176

Krprvnhgdvwlf 8 ;1<;u433D 315;

Wdeoh 71 Uhvsrqvh wr wkh ohyho ri nxuwrvlv

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333 vlpxodwlrqv

duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 �5 lv fdofxodwhg zlwk irupxod +43,/ �% zlwk irupxodv +8, dqg +;,/ dqg

�
�
%5
w
> %5

w�4

�
zlwk irupxod +<,1 Wkh vwdqgdug ghyldwlrq �jxuhv uhsuhvhqw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri

wkh lqlwldo vwrfn sulfh1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1

Sdudphwhu ydoxhv Vw1

k q � D j2 V0 4
�
02
|
c 02

|3�

�
ghy1

f�f2fe f�b.f e��� u �f3. D e�eb u �f3D �f�b f�fe f��f

f�f2fe f�b.f e��� u �f3. S e�eb u �f3D S�. f�fe f�2.

f�f2fe f�b.f e��� u �f3. " e�eb u �f3D ��� f�fe f��b

4:



Wdeoh 81 Uhvsrqvh wr wkh ohyho ri �uvw0rughu dxwrfruuhodwlrq lq vtxduhg uhvlgxdov

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333 vlpxodwlrqv

duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh urzv odehohg JDUFK+4/4, uhsruw wkh uhvxowv iurp vlpxodwlrqv zlwk

khwhurvnhgdvwlf uhwxuq surfhvvhv/ dqg wkh urzv odehohg Frqvwdqw Yrodwlolw| uhsruw wkh uhvxowv iurp vlpxodwlrqv zlwk

krprvnhgdvwlf uhwxuq surfhvvhv1 �5 lv fdofxodwhg zlwk irupxod +43,/ �
%
zlwk irupxodv +8, dqg +;,/ dqg �

�
%5
w
> %5

w�4

�
zlwk irupxod +<,1 Wkh vwdqgdug ghyldwlrq �jxuhv uhsuhvhqw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri wkh lqlwldo

vwrfn sulfh1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1

Sdudphwhu ydoxhv Vw1

k q � D j V0 4
�
02
|
c 02

|3�

�
ghy1

f�f2fe f�b.f e��� u �f3. D e�eb u �f3D �f�b f�fe f��f

f�fef. f�bDf e��S u �f3. S e�eb u �f3D �f�b f��2 f��D

f�fDfD f�bef e�2S u �f3. . e�eb u �f3D �f�b f��S f�e.

f�fDbe f�b�f e�.D u �f3. H e�eb u �f3D �f�b f��b f�e�

Wdeoh 91 Uhvsrqvh wr wkh ohyho ri shuvlvwhqfh lq wkh frqglwlrqdo yduldqfh

Wkh wdeoh vkrzv uhvxowv iurp vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333 vlpxodwlrqv

duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 �5 lv fdofxodwhg zlwk irupxod +43,/ �% zlwk irupxodv +8, dqg +;,/ dqg

�
�
%5
w
> %5

w�4

�
zlwk irupxod +<,1 Wkh vwdqgdug ghyldwlrq �jxuhv uhsuhvhqw wkh glvshuvlrq ri sur�wv dv shufhqwdjh ri

wkh lqlwldo vwrfn sulfh1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1

Sdudphwhu ydoxhv Vw1

k q � D j2 V0 4
�
02
|
c 02

|3�

�
ghy1

f�f2fe f�b.f e��� u �f3. D e�eb u �f3D �f�b f�fe f��f

f�fee2 f�b�f 2f�DS u �f3. D e�eb u �f3D �f�b f�fS f��e

f�fDf� f�Hbf 2S�Hf u �f3. D e�eb u �f3D �f�b f�f. f��2

f�fD�� f�HHf 2b�HD u �f3. D e�eb u �f3D �f�b f�f. f��f

4;



Iljxuh 41 Suhglfwhg yduldqfh dqg suhglfwhg dyhudjh yduldqfh dv d ixqfwlrq ri wkh

iruhfdvwlqj krul}rq

Wkh iruhfdvwv duh pdgh zlwk d JDUFK+4/4, prgho1 Sdudphwhu ydoxhv duh � @ 3=3537/ � @ 3=<:3 dqg

� @ 7=64 � 43�:1 Wkh xqfrqglwlrqdo yduldqfh lv htxdo wr 7=7< � 43�8/ dqg wkh lqlwldo frqglwlrqdo yduldqfh lv htxdo

wr 8=:3 � 43�8=
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Iljxuh 51 Glvwulexwlrq ri sur�wv iurp zulwlqj dq dw0wkh0prqh| rswlrq zlwk d pdwxulw|

ri rqh prqwk dqg ghowd khgjlqj lw xqwlo h{slu|

Wkh �jxuh vkrzv uhvxowv iurp wzr vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333

vlpxodwlrqv duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh fxuyh odehohg JDUFK+4/4, jlyhv wkh uhvxowv iurp

vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ zlwk sdudphwhu ydoxhv � @ 3=3537/ � @ 3=<:3/ � @ 7=64 �43�:
dqg � @ 81 Wkh fxuyh odehohg Frqvwdqw Yrodwlolw| jlyhv wkh uhvxowv iurp vlpxodwlrqv zlwk krprvnhgdvwlf uhwxuq

surfhvvhv1 Wkh pdwxulw| ri wkh rswlrqv lv rqh prqwk/ zklfk fruuhvsrqgv wr 54 wudglqj gd|v1
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Iljxuh 61 Glvwulexwlrq ri sur�wv iurp zulwlqj dq dw0wkh0prqh| rswlrq zlwk d pdwxulw| ri

wkuhh prqwkv dqg ghowd khgjlqj lw xqwlo h{slu|

Wkh �jxuh vkrzv uhvxowv iurp wzr vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333

vlpxodwlrqv duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh fxuyh odehohg JDUFK+4/4, jlyhv wkh uhvxowv iurp

vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ zlwk sdudphwhu ydoxhv � @ 3=3537/ � @ 3=<:3/ � @ 7=64 �43�:
dqg � @ 81 Wkh fxuyh odehohg Frqvwdqw Yrodwlolw| jlyhv wkh uhvxowv iurp vlpxodwlrqv zlwk krprvnhgdvwlf uhwxuq

surfhvvhv1 Wkh pdwxulw| ri wkh rswlrqv lv wkuhh prqwkv/ zklfk fruuhvsrqgv wr 96 wudglqj gd|v1
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Iljxuh 71 Glvwulexwlrq ri sur�wv iurp zulwlqj dq dw0wkh0prqh| rswlrq zlwk d pdwxulw| ri

vl{ prqwkv dqg ghowd khgjlqj lw xqwlo h{slu|

Wkh �jxuh vkrzv uhvxowv iurp wzr vlpxodwlrqv grqh zlwk rswlrqv wkdw lqlwldoo| zhuh dw0wkh0prqh|1 4333

vlpxodwlrqv duh shuiruphg iru hdfk rswlrq lqyhvwljdwhg1 Wkh fxuyh odehohg JDUFK+4/4, jlyhv wkh uhvxowv iurp

vlpxodwlrqv zlwk khwhurvnhgdvwlf uhwxuq surfhvvhv/ zlwk sdudphwhu ydoxhv � @ 3=3537/ � @ 3=<:3/ � @ 7=64 �43�:
dqg � @ 81 Wkh fxuyh odehohg Frqvwdqw Yrodwlolw| jlyhv wkh uhvxowv iurp vlpxodwlrqv zlwk krprvnhgdvwlf uhwxuq

surfhvvhv1 Wkh pdwxulw| ri wkh rswlrqv lv vl{ prqwkv/ zklfk fruuhvsrqgv wr 458 wudglqj gd|v1
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