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Devwudfw

Wklv sdshu h{dplqhv wkh htxlydohqfh dprqj sulfh0prgli|lqj dqg txdqwlw|
�{lqj lqwhuqdwlrqdo wudgh srolflhv lq d gl�huhqwldo jdph1 Zh hpsor| wzr zhoo
nqrzq fdslwdo dffxpxodwlrq g|qdplfv iru �upv/ gxh wr Qhuoryh dqg Duurz
dqg wr Udpvh|/ uhvshfwlyho|1 Zh vkrz wkdw/ lq erwk fdvhv/ rshq0orrs dqg
forvhg0orrs Qdvk htxloleuld frlqflgh1 Xqghu wkh iruphu dffxpxodwlrq wkh
wdul�0txrwd htxlydohqfh krogv/ exw lw grhv qrw xqghu wkh odwwhu1 Pruhryhu/ lq
wkh Udpvh| prgho/ wkh frxqwu| vhwwlqj wkh wudgh srolf| suhihuv d txdqwlw|0
htxlydohqw lpsruw txrwd wr wkh dgrswlrq ri wkh wdul�1

MHO Fodvvl�fdwlrq= G76/ G<5/ I45/ I46/ O46
Nh|zrugv= lqwud0lqgxvwu| wudgh/ wudgh srolf|/ gl�huhqwldo jdphv/ fdslwdo

dffxpxodwlrq



4 Lqwurgxfwlrq

Dq lpsruwdqw txhvwlrq lq lqwhuqdwlrqdo wudgh wkhru| dqg srolf| kdv ehhq/
vlqfh d orqj wlph/ wkh frpsdudwlyh hydoxdwlrq ri gl�huhqw wudgh srolflhv1 Lq
sduwlfxodu/ frpsdulqj txdqwlw| uhvwulfwlrqv +vxfk dv txrwdv dqg yroxqwdu|
h{sruw uhvwudlqwv, yhuvxv sulfh0prgli|lqj srolflhv +vxfk dv wdul� dqg vxevlg|,
kdv wdnhq d surplqhqw srvlwlrq lq wklv ghedwh1 Wkhvh wzr vhwv ri lqvwuxphqwv
suryh wr eh htxlydohqw lq shuihfwo| frpshwlwlyh pdunhwv lq wkh vhqvh wkdw
dq| h�hfw ri d sulfh lqvwuxphqw fdq eh uhsolfdwhg e| dq dssursuldwho| fkrvhq
txdqwlw| srolf| dqg ylfh yhuvd1 Ekdjzdwl +4<98/ 4<9;, qrwhg/ krzhyhu/ wkdw
wklv qhhg qrw eh wuxh zkhq lqwhuqdwlrqdo pdunhwv duh lpshuihfwo| frpshwlwlyh1
Vlqfh wkhq/ d qxpehu ri sdshuv kdyh gzhoohg xsrq wklv txhvwlrq/ vkrzlqj wkdw
hlwkhu wkh htxlydohqfh krogv +dv lq Hdwrq dqg Jurvvpdq/ 4<;9> dqg lq Kzdqj
dqg Pdl/ 4<;;/ iru wkh Frxuqrw fdvh,/ ru/ li lw grhv qrw/ txdqwlw| uhvwulfwlrqv
whqg wr ulvh htxloleulxp sulfhv +Lwrk dqg Rqr/ 4<;5/ 4<;7> Kduulv/ 4<;8>
Nulvkqd/ 4<;<,14

Dv Eudqghu +4<<8, zhoo srlqwhg rxw/ wkh pdlq olplw ri wkh h{lvwlqj olwhu0
dwxuh rq vwudwhjlf wudgh srolf| lv/ zlwk ihz h{fhswlrqv/ lwv hvvhqwldoo| vwdwlf
qdwxuh1 Rqh0vkrw vwdwlf jdphv duh fohduo| qrw zhoo vxlwhg wr dqdo|vh orqj0whup
lqwhudfwlrqv fkdudfwhul}lqj lqwhuqdwlrqdo roljrsrolvwlf pdunhwv1 Rqh pd| zhoo
h{shfw wkdw lqwurgxflqj uhdo wlph lq wkhvh prghov vxevwdqwldoo| d�hfwv �upv*
ehkdylru1

Fkhqj +4<;:,/ Gulvnloo dqg PfFd�huw| +4<;<d/ 4<<9, dqg Grfnqhu dqg
Kdxj +4<<3/ 4<<4, duh wkh ihz h{fhswlrqv dv wkh| h{dplqh wudgh srolflhv zlwk
roljrsrolvwlf �upv lqwhudfwlqj lq d gl�huhqwldo jdph idvklrq1 Lq wklv sdshu/
zh wdnh wklv dyhqxh dqg vwxg| wkh htxlydohqfh dprqj sulfh0prgli|lqj dqg
txdqwlw|0�{lqj wudgh srolflhv lq d frqwlqxrxv wlph gl�huhqwldo jdph1

Dq lpsruwdqw gl�huhqfh zlwk wkh txrwhg sdshuv lv wkdw/ iroorzlqj wkh
olwhudwxuh lqlwldwhg e| Vshqfh +4<:<,/ zh h{solflwo| prgho �upv* g|qdplf
fdslwdo dffxpxodwlrq jdph1 Wr wklv hqg/ zh zloo frqvlghu erwk wkh Qhuoryh0
Duurz +4<95, prgho ri uhyhuvleoh lqyhvwphqw +l1h1 dffxpxodwlrq zlwk fdslwdo
ghsuhfldwlrq, dqg wkh Udpvh| +4<5;, prgho +l1h1/ wkh zhoo nqrzq �fruq0fruq�
jurzwk prgho,1

Gl�huhqw vwudwhjlhv dqg vroxwlrq frqfhswv pd| suhydlo lq d gl�huhqwldo
jdph dqg wkh h{lvwlqj olwhudwxuh pdlqo| frqfhqwudwhg rq wzr nlqg ri vwudwh0
jlhv=5 wkh0rshq orrs dqg wkh forvhg0orrs1 Lq wkh iruphu fdvh/ �upv suhfrpplw
wr dq lqyhvwphqw sdwk ryhu wlph dqg wkh uhohydqw htxloleulxp frqfhsw lv wkh
rshq0orrs Qdvk htxloleulxp1 Lq wkh odwwhu/ �upv gr qrw suhfrpplw rq lqyhvw0

4D udqnlqj ri wdul� dqg txrwd srolflhv fdq eh irxqg lq Vzhhqh|/ Wrzhu dqg Zloohww
+4<::,/ iru wkh fdvh zkhuh grphvwlf surgxfwlrq lv prqrsrolvhg1

5Vhh Ndplhq dqg Vfkzduw} +4<;4,> Ed�vdu dqg Rovghu +4<;5,> Phkopdqq +4<;;,1
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phqw sdwk dqg wkhlu vwudwhjlhv dw dq| lqvwdqw pd| ghshqg rq doo wkh suhfhglqj
klvwru|1 Lq wklv vlwxdwlrq/ wkh lqirupdwlrq vhw xvhg e| �upv lq vhwwlqj wkhlu
vwudwhjlhv dw dq| jlyhq wlph lv riwhq vlpsol�hg wr eh rqo| wkh fxuuhqw ydoxh ri
wkh fdslwdo vwrfnv dw wkdw wlph1 Wkh uhohydqw htxloleulxp frqfhsw lv lq wklv
+vxe0,fdvh wkh forvhg0orrs qr0phpru| +ru Pdunry Shuihfw, Qdvk htxloleulxp1

Lq rughu wr ixuwkhu vlpsoli| wkh dqdo|vlv/ wkh deryh phqwlrqhg sdshuv rq
lqwhuqdwlrqdo wudgh gl�huhqwldo jdphv kdyh dgrswhg d uh�qhphqw ri wkh forvhg0
orrs Qdvk htxloleulxp/ zklfk lv nqrzq dv wkh ihhgedfn Qdvk htxloleulxp16

Lq zkdw iroorzv/ zh zloo qrw uhvwulfw wr wklv uh�qhphqw dqg ghdo zlwk wkh
rshq0orrs dqg forvhg orrs qr0phpru| vroxwlrqv1 Zh zloo vwxg| krz wkhvh
wzr vroxwlrq frqfhswv d�hfw wkh wdul�0txrwh htxlydohqfh ri wkh wudgh jdph1

Wkh pdlq uhvxowv duh dv iroorzv1 Lqwhuhvwlqjo| hqrxjk/ dv lw lv dovr vkrzq lq
Fhoolql dqg Odpehuwlql +5333e,/ erwk xqghu wkh Qhuoryh0Duurz dqg wkh Udp0
vh| fdslwdo dffxpxodwlrq g|qdplfv/ wkh rshq0orrs Qdvk htxloleulxp frlqflghv
zlwk wkh forvhg0orrs +qr0phpru|, rqh +dqg khqfh lw lv vxejdph shuihfw,1
Pruhryhu/ xqghu wkh Qhuoryh0Duurz dffxpxodwlrq/ zlwk txdqwlw|0htxlydohqw
lpsruw wdul� dqg txrwd/ wkh vwhdg| vwdwh htxloleulxp sulfh lq wkh grphvwlf
pdunhw lv wkh vdph xqghu erwk wudgh srolf| uhjlphv1 Khqfh/ wkh wdul�0txrwd
htxlydohqfh krogv1

Rq wkh frqwudu|/ zlwk wkh Udpvh| dffxpxodwlrq/ wkh dgrswlrq ri dq|
lpsruw txrwd gulyhv wkh grphvwlf �up wr wkh Udpvh| htxloleulxp1 Wklv grhv
qrw dozd|v kdsshq zkhq lpsrvlqj d wdul� rq lpsruwv dqg wkh htxlydohqfh ri
wdul�v dqg txrwdv grhv qrw krog1 Pruhryhu/ zh vkrz wkdw li wkh jryhuqphqw
vhwwlqj wkh wudgh srolf| dlpv dw idyrxulqj wkh grphvwlf �up/ dqg2ru orzhulqj
wkh grphvwlf sulfh/ wkh dgrswlrq ri d txdqwlw|0htxlydohqw lpsruw txrwd lv
suhihudeoh wr wkh dgrswlrq ri wkh wdul�/ lq wkdw wrwdo rxwsxw lv odujhu xqghu
wkh iruphu srolf| wkdq xqghu wkh odwwhu1

Wkh sdshu lv rujdql}hg dv iroorzv1 Wkh jhqhudo vhwwlqj lv odlg rxw lq vhfwlrq
51 Vhfwlrq 6 lv ghyrwhg wr wkh dqdo|vlv ri wkh Qhuoryh0Duurz fdslwdo dffx0
pxodwlrq/ zkloh wkh Udpvh| prgho lv lqyhvwljdwhg lq vhfwlrq 71 Frqfoxglqj
uhpdunv duh lq vhfwlrq 81

5 Wkh vhwxs

Dv lq wkh suhylrxv olwhudwxuh rq wklv wrslf/ zh frqvlghu d gxrsro| pdunhw
vxssolhg e| d grphvwlf surgxfhu +�up (, dqg d iruhljq ulydo +�up 8 ,1 Iru
wkh vdnh ri vlpsolflw|/ zh dvvxph wkdw �upv vhoo krprjhqhrxv jrrgv/ do0
wkrxjk wkh hqvxlqj dqdo|vlv frxog eh hdvlo| h{whqghg wr dffrxqw iru surgxfw

6Iru d fohdu h{srvlwlrq ri wkh gl�huhqfh dprqj wkhvh htxloleulxp vroxwlrqv vhh Ed�vdu
dqg Rovghu +4<;5/ ss1 64;065:/ dqg fkdswhu 9/ lq sduwlfxodu Sursrvlwlrq 914,1
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gl�huhqwldwlrq1
Wkh prgho lv exlow lq frqwlqxrxv wlph1 Wkh pdunhw h{lvwv ryhu | 5 df c 4� �

Ohw ^�E|� gh�qh wkh txdqwlw| vrog e| �up �/ � ' (c8c dw wlph |� Wkh pdujlqdo
surgxfwlrq frvw lv frqvwdqw dqg htxdo wr S iru erwk �upv1 Ilupv frpshwh ã

od Frxuqrw/ wkh ghpdqg ixqfwlrq dw wlph | ehlqj=

RE|� ' @� ^(E|�� ^8 E|� � +4,

Lq rughu wr surgxfh/ �upv pxvw dffxpxodwh fdsdflw| ru sk|vlfdo fdslwdo &�E|�
ryhu wlph1 Lq wkh uhpdlqghu ri wkh sdshu/ zh zloo lqyhvwljdwh wzr dowhuqdwlyh
prghov ri fdslwdo dffxpxodwlrq=

D` Wkh Qhuoryh0Duurz +4<95, prgho/ zkhuh wkh uhohydqw g|qdplf htxdwlrq
lv=

Y&�E|�

Y|
' U�E|�� B&�E|� c +5,

zkhuh U�E|� lv wkh lqyhvwphqw fduulhg rxw e| �up � dw wlph |/ dqg B lv
wkh frqvwdqw ghsuhfldwlrq udwh1 Wkh lqvwdqwdqhrxv frvw ri lqyhvwphqw
lv �� dU� E|�o ' K dU� E|�o

2 c zlwk K : f� Wr vroyh wklv prgho h{solflwo|/
zh dovr dvvxph wkdw �upv rshudwh zlwk d frqvwdqw uhwxuqv whfkqrorj|
^�E|� ' &�E|�c vr wkdw wkh ghpdqg ixqfwlrq uhzulwhv dv=7

RE|� ' @� &(E|�� &8 E|� � +6,

Khuh/ wkh frqwuro yduldeoh lv wkh lqvwdqwdqhrxv lqyhvwphqw U�E|�/ zkloh
wkh vwdwh yduldeoh lv reylrxvo| &�E|��

E` Wkh Udpvh| +4<5;, prgho/ zklw wkh iroorzlqj g|qdplf htxdwlrq=

Y&�E|�

Y|
' sE&�E|��� ^�E|�� B&�E|� c +7,

zkhuh sE&�E|�� ' +�E|� ghqrwhv wkh rxwsxw surgxfhg e| �up � dw wlph |�
Lq wklv fdvh/ fdslwdo dffxpxodwhv dv d uhvxow ri lqwhuwhpsrudo uhorfdwlrq
ri xqvrog rxwsxw +�E|��^�E|�� Wklv fdq eh lqwhusuhwhg lq wzr zd|v1 Wkh
�uvw frqvlvwv lq ylhzlqj wklv vhwxs dv d fruq0fruq prgho/ zkhuh xqvrog
rxwsxw lv uhlqwurgxfhg lq wkh surgxfwlrq surfhvv1 Wkh vhfrqg frqvlvwv
lq wklqnlqj ri d wzr0vhfwru hfrqrp| zkhuh wkhuh h{lvwv dq lqgxvwu|

7Qrwlfh wkdw wklv dvvxpswlrq hqwdlov wkdw �upv dozd|v rshudwh dw ixoo fdsdflw|1 Wklv/
lq wxuq/ dprxqwv wr vd|lqj wkdw wklv prgho hqfrpsdvvhv wkh fdvh ri Ehuwudqg ehkdylrxu
xqghu fdsdflw| frqvwudlqwv/ dv lq Nuhsv dqg Vfkhlqnpdq +4<;6,1 Wkh rshq0orrs vroxwlrq
ri wkh Qhuoryh0Duurz gl�huhqwldo gxrsro| jdph lq d prgho zlwkrxw wudgh lv lq Ihuvkwpdq
dqg Pxoohu +4<;7, dqg Uh|qrogv +4<;:,1
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surgxflqj wkh fdslwdo lqsxw zklfk fdq eh wudghg djdlqvw wkh �qdo jrrg
dw d sulfh htxdo wr rqh +vhh Fhoolql dqg Odpehuwlql/ 4<<;/ 5333d,1

Lq wklv prgho/ wkh frqwuro yduldeoh lv ^�E|�c zkloh wkh vwdwh yduldeoh
uhpdlqv &�E|��

Erwk lq prgho ^D` dqg lq prgho ^E`/ zh dgguhvv wkh lvvxh zkhwkhu wkh
htxlydohqfh ri lpsruw wdul� dqg txrwd krogv1 Iroorzlqj Grfnqhu dqg Kdxj
+4<<3,/ rqh vkrxog fkhfn wkh h{lvwhqfh ru qrq0h{lvwhqfh ri vxfk htxlydohqfh
xqghu erwk rshq0orrs dqg forvhg0orrs vroxwlrqv1 Dv zh vkrz ehorz/ wkh
suhvhqw jdphv ^D0E` duh vxfk wkdw rshq0 dqg forvhg0orrs htxloleuld frlqflgh1

6 Wkh Qhuoryh0Duurz prgho

Lq wkh Qhuoryh0Duurz prgho/ wkh Kdplowrqldq ri wkh grphvwlf �up zulwhv dv
iroorzv=

K(E|� ' e34| �
q
d@� &(E|�� &8 E|�� So &(E|�� K dU( E|�o2n +8,

nb((E|� dU(E|�� B&(E|�o n b(8 E|� dU8 E|�� B&8 E|�oj

zkhuh b(�E|� ' >(�E|�e
4|c dqg >(�E|� lv wkh fr0vwdwh yduldeoh dvvrfldwhg wr

&�E|�c � ' (c8�
Li wkh jryhuqphqw dgrswv dq lpsruw wdul� �c wkh Kdplowrqldq ri wkh iruhljq

�up lv=

K8 E|� ' e34| �
q
d@� &(E|�� &8 E|�� S� � o &8 E|�� K dU8 E|�o2n +9,

nb88 E|� dU8 E|�� B&8 E|�o n b8(E|� dU(E|�� B&(E|�oj

Iluvw qrwh wkdw/ dv wkh wdul� +gluhfwo|, d�hfwv rqo| wkh iruhljq �up*v sur�w
rqh fdqqrw uho| rq v|pphwu| wr vroyh wkh jdph1

Qhfhvvdu| frqglwlrqv iru wkh grphvwlf �up uhtxluh

E��
YK(E|�

YU(E|�
' f , �2KU(E|� n b((E|� ' f

E��� �
YK(E|�

Y&(E|�
�

YK(E|�

YU8 E|�

YU8 E|�

Y&(E|�
'

Yb((E|�

Y|
� 4b((E|� ,

, �
Yb((E|�

Y|
n 4b((E|� ' @� S� 2&(E|�� &8 E|�� Bb((E|�

E���� �
YK(E|�

Y&8 E|�
�

YK(E|�

YU8 E|�

YU8 E|�

Y&8 E|�
'

Yb(8 E|�

Y|
� 4b(8 E|�

E��� *�4
|<"

>((E|� � &(E|� ' f ( *�4
|<"

>(8 E|� � &8 E|� ' f c

+:,
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zkhuh E��� lv wkh wudqvyhuvdolw| frqglwlrq1
Vlploduo| iru wkh iruhljq �up

E��
YK8 E|�

YU8 E|�
' f , �2KU8 E|� n b88 E|� ' f

E��� �
YK8 E|�

Y&8 E|�
�

YK8 E|�

YU(E|�

YU(E|�

Y&8 E|�
'

Yb88 E|�

Y|
� 4b88 E|� ,

, �
Yb88 E|�

Y|
n 4b88 E|� ' @� S� 2&8 E|�� &(E|�� Bb88 E|�� �

E���� �
YK8 E|�

Y&(E|�
�

YK8 E|�

YU(E|�

YU(E|�

Y&(E|�
'

Yb8(E|�

Y|
� 4b8(E|�

E��� *�4
|<"

>88 E|� � &8 E|� ' f ( *�4
|<"

>8(E|� � &(E|� ' f c

+;,

Qrwlfh wkdw e| +:1l, zh kdyh
YU�E|�

Y&�E|�
' f iru � gl�huhqw iurp �� Pruhryhu/

frqglwlrq +:1lll,/ zklfk |lhogv Yb(8 E|�*Y|/ lv uhgxqgdqw lq wkdw b(8 E|� grhv
qrw dsshdu lq wkh �uvw rughu frqglwlrqv +:1l, dqg +:1ll,1 Wkhuhiruh/ wkh rshq0
orrs vroxwlrq lv lqghhg d ghjhqhudwh forvhg0orrs vroxwlrq18

Uhsodfh +:1l, lqwr +:1ll, rewdlqlqj

Yb((E|�

Y|
' KU(E|�E4n B�� d@� S� 2&(E|�� &8 E|�o �

Wkhq/ gl�huhqwldwlqj +:1l, z1u1w1 wlph dqg vxevwlwxwlqj wkh suhylrxv frqglwlrq
zh rewdlq

YU(E|�

Y|
'

U(E|�E4n B�

2
�

@� S� 2&(E|�� &8 E|�

2K
� +<,

Vlploduo|/ frqglwlrq +;1lll, |lhogv Yb8(E|�*Y|/ lv uhgxqgdqw1
Wkh glvfxvvlrq fduulhg rxw vr idu hvwdeolvkhv=

Sursrvlwlrq 4 Xqghu wkh Qhuoryh0Duurz fdslwdo dffxpxodwlrq g|qdplfv/

wkh rshq0orrs Qdvk htxloleulxp lv vxejdph shuihfw1

Qrz zh fdq h{solflwo| orrn iru vwhdg| vwdwh srlqwv1 Zh rewdlq

YU8 E|�

Y|
'

U8 E|�E4n B�

2
�

@� S� &(E|�� 2&8 E|� n �

2K
� +43,

8Qrwh wkdw/ krzhyhu/ wkh rshq0orrs vroxwlrq grhv qrw frlqflgh zlwk wkh ihhgedfn vroxwlrq
+vhh Uh|qrogv/ 4<;:,1 Iru ixuwkhu ghwdlov/ vhh Fhoolql dqg Odpehuwlql +5333e,/ dv zhoo dv
wkh glvfxvvlrq lq Gulvnloo dqg PfFd�huw| +4<;<e/ ss1 6590;,1 Fodvvhv ri jdphv zkhuh
wklv frlqflghqfh dulvhv duh looxvwudwhg lq Fohpkrxw dqg Zdq +4<:7,> Uhlqjdqxp +4<;5,>
Phkopdqq dqg Zloolqj +4<;6,> Grfnqhu/ Ihlfkwlqjhu dqg Mûujhqvhq +4<;8,> Ihuvkwpdq
+4<;:,1 Iru dq ryhuylhz/ vhh Phkopdqq +4<;;,> Ihuvkwpdq/ Ndplhq dqg Pxoohu +4<<5,1
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Qrz/ vroylqj wkh v|vwhp=

YU�E|�

Y|
' f (

Y&�E|�

Y|
' f c � ' (c8c +44,

zh fdofxodwh wkh vwhdg| vwdwh ohyhov ri vwdwhv dqg frqwurov=

Urr( '
B dE@� S� E� n 2KB E4n B�� n � o

� n eKB dB E2 n KB2� n 4 E2 n 2KB2 n KB4�o
(

Urr8 '
B d@� S� 2 E@� S� �� E� n KB E4n B��o

�� e d� n KB E4n B�o2
( +45,

&rr( '
Urr(
B

( &rr8 '
Urr8
B

�

Vwhdg| vwdwh fdslwdo ohyhov lq +45, fdq eh xvhixoo| uhzulwwhq dv=

&rr( '
E@� S��n �

� E� n ��

&rr8 '
E@� S��� ��

� E� n ��

+46,

zkhuh
� � 2K E4n B� n � : f (

� � 2 dK E4n B� B n �o : f �
+47,

Wkhq/ iurp +46, rqh fdq hdvlo| fkhfn wkdw

Y&rr(
Y�

'
�

� E� n ��
: f (

Y&rr8
Y�

' �
�

� E� n ��
	 f � +48,

Lq wkh fdvh ri dq htxlydohqw lpsruw txrwd/ wkh grphvwlf �up*v rswlpl}d0
wlrq sureohp lv

4@ 
U(E|�

K(E|� ' e34| �
qk
@� &(E|�� &8 E|�� S

l
&(E|�� K dU( E|�o2n +49,

nb((E|� dU(E|�� B&(E|�o n b(8 E|� dU8 E|�� B&8 E|�oj

zkhuh &8 E|� ' &rr8 '
Urr8
B
� Lw lv lpphgldwh wr yhuli| wkdw wkh �uvw rughu

frqglwlrqv iru wkh rswlpxp ri �up ( frlqflgh zlwk +:,1
Wkh deryh glvfxvvlrq suryhv wkh iroorzlqj uhvxow=

Sursrvlwlrq 5 Xqghu wkh Qhuoryh0Duurz fdslwdo dffxpxodwlrq g|qdplfv/

zlwk txdqwlw|0htxlydohqw lpsruw wdul� dqg txrwd/ wkh vwhdg| vwdwh htxloleulxp

sulfh lq wkh grphvwlf pdunhw lv wkh vdph xqghu erwk wudgh srolf| uhjlphv1
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Hvvhqwldoo|/ wkh deryh uhvxow lv gulyhq e| wkh idfw wkdw/ lq wkh Qhuoryh0
Duurz prgho/ wkhuh lv qr vwudwhjlf lqwhudfwlrq lq wkh fkrlfh ri rswlpdo lq0
yhvwphqw rq wkh sduw ri �upv/ l1h1/ �up �*v �uvw rughu frqglwlrq rq lqyhvwphqw
+:1l dqg ;1l, rqo| frqwdlq wkh rzq frqwuro/ dqg qrw wkh ulydo*v1 Khqfh/ wkh
ehkdylrxu ri �up ( lv wkh vdph luuhvshfwlyh ri wkh srolf| dgrswhg e| wkh
krph jryhuqphqw wrzdugv �up 8�

7 Wkh Udpvh| prgho

Xqghu wkh fdslwdo dffxpxodwlrq uxoh +7,/ wkh sureohp ri wkh grphvwlf �up lv
wkh iroorzlqj=

K(E|� ' e34| i^(E|� d@� ^(E|�� ^8 E|�� So n

nb((E|� dsE&(E|��� ^(E|�� B&(E|�o n

nb(8 E|� dsE&8 E|��� ^8 E|�� B&8 E|�oj c +4:,

zkhuh b(�E|� ' >(�E|�e
4|c dqg >(�E|� lv wkh fr0vwdwh yduldeoh dvvrfldwhg wr

&�E|��
Li wkh jryhuqphqw ri wkh grphvwlf frxqwu| lpsrvhv dq lpsruw wdul� �c wkh

Kdplowrqldq ri wkh iruhljq �up lv=

K8 E|� ' e34| � i^8 E|� d@� ^(E|�� ^8 E|�� S� � o n

nb88 E|� dsE&8 E|��� ^8 E|�� B&8 E|�o n

nb8(E|� dsE&(E|��� ^(E|�� B&(E|�oj � +4;,

Wkh �uvw rughu frqglwlrqv frqfhuqlqj wkh frqwuro yduldeohv duh=

YK(E|�

Y^(E|�
' @� 2^(E|�� ^8 E|�� S� b((E|� ' f ( +4<,

YK8 E|�

Y^8 E|�
' @� 2^8 E|�� ^(E|�� S� � � b88 E|� ' f �

Qrz orrn dw wkh jhqhulf fr0vwdwh htxdwlrq ri �up �c iru wkh forvhg0orrs vroxwlrq
ri wkh jdph=

�
YK�E|�

Y&�E|�
�

YK�E|�

Y^�E|�

Y^�E|�

Y&�E|�
'

Y>��E|�

Y|
+53,

zkhuh
Y^�E|�

Y&�E|�
' f +54,

dv lw dsshduv iurp d txlfn lqvshfwlrq ri ehvw uhsolhv rewdlqhg iurp +4<,=

^Ko( E|� '
@� S� ^8 E|�� b((E|�

2
( +55,

:



^Ko8 E|� '
@� S� � � ^(E|�� b88 E|�

2
� +56,

Pruhryhu/ +55, dqg +56, vx!fh wr hvwdeolvk wkdw wkh fr0vwdwh htxdwlrq=

�
YK�E|�

Y&�E|�
�

YK�E|�

Y^�E|�

Y^�E|�

Y&�E|�
'

Y>��E|�

Y|
+57,

lv lqghhg uhgxqgdqw vlqfh >��E|� ' b��E|�e
34| grhv qrw dsshdu lq wkh �uvw

rughu frqglwlrqv frqfhuqlqj frqwurov1 Wkdw lv/ wkh Udpvh| jdph |lhogv wkdw
wkh rshq0orrs vroxwlrq lv d ghjhqhudwh forvhg0orrs vroxwlrq ehfdxvh wkh ehvw
uhso| ixqfwlrq ri �up � grhv qrw frqwdlq wkh vwdwh yduldeoh shuwdlqlqj wr wkh
vdph �up1 Wkhuhiruh/ zh kdyh suryhg wkh dqdorjrxv wr Sursrvlwlrq 4=

Sursrvlwlrq 6 Xqghu wkh Udpvh| fdslwdo dffxpxodwlrq g|qdplfv/ wkh rshq0

orrs Qdvk htxloleulxp lv vxejdph shuihfw1

Qrz pryh rq wr wkh vroxwlrq ri wkh v|vwhp1 Wkh fr0vwdwh htxdwlrq ri �up
� zulwhv dv iroorzv=

�
YK�E|�

Y&�E|�
'

Y>��E|�

Y|
,

Yb��E|�

Y|
' d4n B � s �E&�E|��ob��E|� � +58,

Wkh ehvw uhso| ixqfwlrqv +55056, fdq eh gl�huhqwldwhg z1u1w1 wlph wr |lhog=

_^�E|�

_|
' �

_^�E|�*_|n _b��E|�*_|

2
� +59,

Wkhq/ xvlqj
b((E|� ' @� S� 2^(E|�� ^8 E|�

b88 E|� ' @� S� � � ^(E|�� 2^8 E|�
+5:,

dqg +58,/ zh rewdlq=

_^(E|�

_|
'

_^8 E|�*_|n d@� S� 2^(E|�� ^8 E|�o d4n B � s �E&(E|��o

2
_^8 E|�

_|
'

_^(E|�*_|n d@� S� � � 2^8 E|�� ^(E|�o d4n B � s �E&8 E|��o

2
+5;,

zklfk fdq eh vroyhg wr |lhog=

_^(E|�

_|
'

d@� S� � � 2^8 E|�� ^(E|�o d4n B � s �E&8 E|��o

�
n +5<,

�2 d@� S� 2^(E|�� ^8 E|�o d4n B � s �E&(E|��o

;



_^8 E|�

_|
'

d@� S� 2^(E|�� ^8 E|�o d4n B � s �E&(E|��o

�
n +63,

�
2 d@� S� � � 2^8 E|�� ^(E|�o d4n B � s �E&8 E|��o

�

Lpsrvlqj wkdw +5<, dqg +63, eh }hur dqg vroylqj/ zh rewdlq wkh iroorzlqj vhw
ri vroxwlrqv=

s �E&(E|�� ' s �E&8 E|�� ' s �E&E|�� ' 4n B +64,

dqg

^rr( '
@� Sn �

�
( ^rr8 '

@� S� 2�

�
c +65,

zkhuh i^rr( c ^rr8 j lv wkh vroxwlrq gulyhq e| ghpdqg dqg frvw frqglwlrqv/ zkloh
s �E&E|�� ' 4 n B lv wkh Udpvh| htxloleulxp glfwdwhg e| lqwhuwhpsrudo fds0
lwdo dffxpxodwlrq dorqh1 Qrwh wkdw wkh rswlpdo rxwsxwv lq +65, h{klelw wkh
vwdqgdug surshuwlhv Y^rr( *Y� : f dqg Y^rr8 *Y� 	 f�

Wkh skdvh gldjudp looxvwudwlqj wkh g|qdplfv ri wkh v|vwhp lv lq �jxuh 4/
zkhuh wkh orfxv Y&*Y| ' f dv zhoo dv wkh ehkdylrxu ri &c ghslfwhg e| krul}rq0
wdo duurzv/ ghulyh iurp +7,1 Vwhdg| vwdwhv duh lghqwl�hg e| wkh lqwhuvhfwlrqv
ehwzhhq orfl1

Iljxuh 4= Vwhdg| vwdwh htxloleulxp xqghu d wdul�

�

!
!�

"�

"

�

!
� !

�

!

�

"

�

"
�

^rr8

^rr(
O

P
S

^

&� � s �3�E4n B�
&

s �3�EB�

<



Lw lv zruwk qrwlqj wkdw wkh vlwxdwlrq looxvwudwhg lq �jxuh 4 lv rqo| rqh
rxw ri vhyhudo srvvleoh frq�jxudwlrqv/ gxh wr wkh idfw wkdw wkh srvlwlrq ri
wkh yhuwlfdo olqh s �E&� ' 4 n B lv lqghshqghqw ri ghpdqg sdudphwhuv/ zkloh
wkh krul}rqwdo orfl ^rr( dqg ^rr8 vkliwv xszdugv +grzqzdugv, dv @ +S, lqfuhdvhv1
Pruhryhu/ Y^rr( *Y� : f dqg Y^rr8 *Y� 	 f� Khuh/ zh frq�qh wr wkh fdvh zkhuh
krul}rqwdo orfl ^rr( dqg ^rr8 lqwhuvhfw orfxv Y&*Y| ' f lq wkh uhjlrq zkhuh lw
lv lqfuhdvlqj lq &c wr wkh ohiw ri wkh Udpvh| htxloleulxp s �E&E|�� ' 4 n B�
Vxfk vwhdg| vwdwh srlqwv duh lghqwl�hg dv u iru �up ( dqg � iru �up 8�
Lqwhuvhfwlrqv wr wkh uljkw ri & ' s

�
3�EB� duh fohduo| lqh!flhqw dqg wkhuhiruh

fdq eh glvuhjdughg1 Vwdelolw| dqdo|vlv uhyhdov wkdw iu c � c �j duh vdggoh
srlqwv19

Wkh iruhjrlqj glvfxvvlrq fdq eh vxppdulvhg dv iroorzv=

Ohppd 4 Xqghu wkh lpsruw wdul� �c iru doo i@c Sc �j vxfk wkdw

@� Sn �

�
� s E&� � c

wkh v|vwhp uhdfkhv d vwhdg| vwdwh dw

^rr
(
'

@� Sn �

�
( ^rr

8
'

@� S� 2�

�
c

zklfk lv d vdggoh1

Qrz zh vkdoo wdnh lqwr frqvlghudwlrq wkh dowhuqdwlyh vhwwlqj zkhuh wkh
srolf| pdnhu ri frxqwu| ( dgrswv dq htxlydohqw lpsruw txrwd1 Wkh lvvxh fdq
eh txlfno| ghdow zlwk e| revhuylqj krz wkh ehvw uhso| ri �up ( prgl�hv wkh
txrwd1 Qrz +55, zulwhv dv iroorzv=

^Ko
(
E|� '

@� S� ^
8
� b((E|�

2
c +66,

zkhuh ^
8
�

@� S� 2�

�
� Lw lv lpphgldwh wr yhuli| wkdw

_^(E|�

_|
' �

_b((E|�

_|
' � d4n B � s �E&(E|��ob((E|� � +67,

Qrwlfh wkdw wkh deryh frqglwlrq krogv luuhvshfwlyh ri zkhwkhu wkh txrwd lv
txdqwlw|0htxlydohqw wr wkh wdul� ru qrw1 Wklv vlwxdwlrq lv looxvwudwhg lq �jxuh
5 +wkh krul}rqwdo dqg yhuwlfdo duurzv ghvfulelqj wkh g|qdplfv ri i&c ^j duh
rplwwhg,1

9Wkh vwdelolw| dqdo|vlv lv rplwwhg iru wkh vdnh ri euhylw|1 Vhh Fhoolql dqg Odpehuwlql
+4<<;, iru dq looxvwudwlrq ri wkh v|ppphwulf fdvh1
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Iljxuh 5= Vwhdg| vwdwh htxloleulxp xqghu d txrwd

�

!

^rr
8

^rr
(

O

S

^

&� � s �3�E4n B�
&

s �3�EB�

Wklv suryhv wkh iroorzlqj uhvxow=

Ohppd 5 Xqghu wkh Udpvh| fdslwdo dffxpxodwlrq frqvwudlqw/ wkh dgrswlrq

ri dq| lpsruw txrwd gulyhv wkh grphvwlf �up wr wkh Udpvh| htxloleulxp zkhuh

s �E&(E|�� ' 4n B dqg ^rr
(
' sE&� ��

Khqfh/ li wkh jryhuqphqw ri wkh grphvwlf frxqwu| dlpv dw +l, idyrxulqj
wkh grphvwlf �up/ dqg +ll, orzhulqj wkh grphvwlf sulfh/ wkh dgrswlrq ri d
txdqwlw|0htxlydohqw lpsruw txrwd lv suhihudeoh wr wkh dgrswlrq ri wkh wdul�/
lq wkdw wrwdo rxwsxw lv odujhu xqghu wkh iruphu srolf| wkdq xqghu wkh odwwhu1

Ohppdwd 405 surgxfh wkh pdlq uhvxow=

Sursrvlwlrq 7 Xqghu wkh Udpvh| fdslwdo dffxpxodwlrq frqvwudlqw/ wkh gr0

phvwlf sulfh htxlydohqfh ri wdul�v dqg txrwdv grhv qrw krog1

8 Frqfoxvlrqv

Lq wklv sdshu/ zh kdyh dqdo|}hg wkh htxlydohqfh dprqj sulfh0prgli|lqj dqg
txdqwlw| �{lqj wudgh srolflhv lq d frqwlqxrxv wlph gl�huhqwldo jdph1 Zh
kdyh h{solflwo| lqwurgxfhg wkh �upv* dffxpxodwlrq g|qdplfv dqg vkrzhg

44



wkdw/ lq wzr zhoo nqrzq dffxpxodwlrq prghov/ rshq0orrs dqg forvhg0orrs +qr0
phpru|, Qdvk htxloleuld frlqflgh1 Xqghu wkh Qhuoryh0Duurz +4<95, dffxpx0
odwlrq g|qdplfv/ wkh wdul�0txrwd htxlydohqfh krogv/ zkloh xqghu wkh Udpvh|
+4<5;, dffxpxodwlrq g|qdplfv lw grhv qrw1 Lq wkh odwwhu fdvh/ zh kdyh vkrzq
wkdw wkh wudgh srolf| vhwwlqj frxqwu| suhihuv d txdqwlw|0htxlydohqw lpsruw
txrwd wr wkh dgrswlrq ri wkh wdul�1

Wkh wzr dffxpxodwlrq vfkhphv xvhg lq wklv sdshu dqg d vlplodu dqdo|vlv
fdq eh hpsor|hg wr ghdo zlwk yroxqwdu| h{sruw uhvwudlqwv1: Rqh frxog yhuli|
li dqg zkhq h{sruw uhvwudlqwv vhw dw d iuhh wudgh ohyho pd| lqfuhdvh sur�wv ri
wkh h{sruwlqj �up1 Wklv lqwhuhvwlqj srvvlelolw| lv ohiw iru ixuwkhu uhvhdufk1

:Vhh dovr Grfnqhu dqg Kdxj +4<<4, rq wklv1
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Uhihuhqfhv

^4` Ekdjzdwl/ M1Q1 +4<98,/ �Rq wkh Htxlydohqfh ri Wdul�v dqg Txrwdv�/ lq
Edogzlq/ U1H1 hw do1 +hgv1,/ Wudgh/ Jurzwk dqg wkh Edodqfh ri Sd|phqwv1

Hvvd|v lq Krqrxu ri J1 Kdehuohu/ Fklfdjr/ LO/ Udqg PfQdoo|1

^5` Ekdjzdwl/ M1Q1 +4<9;,/ �Pruh rq wkh Htxlydohqfh ri Wdul�v dqg Txrwdv/
Dphulfdq Hfrqrplf Uhylhz/ 8;/ 475091

^6` Eudqghu/ M1 +4<<8, �Vwudwhjlf Wudgh Srolf|�/ lq Jurvvpdq/ J1P1 dqg N1
Urjr� +hgv1,/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ yro1 6/ Dpvwhugdp/
Qruwk0Kroodqg1

^7` Fhoolql/ U1 dqg O1 Odpehuwlql +4<<;,/ �D G|qdplf Prgho ri Gl�huhqwl0
dwhg Roljrsro| zlwk Fdslwdo Dffxpxodwlrq�/ Mrxuqdo ri Hfrqrplf Wkh0

ru|/ ;6/ 4780881

^8` Fhoolql/ U1 dqg O1 Odpehuwlql +5333d,/ �Qrq0Olqhdu Pdunhw Ghpdqg dqg
Fdslwdo Dffxpxodwlrq lq d Gl�huhqwldo Roljrsro| Jdph�/ zrunlqj sdshu
qr1 6:3/ Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã ghjol Vwxgl gl
Erorjqd1

^9` Fhoolql/ U1 dqg O1 Odpehuwlql +5333e,/ �D Ixuwkhu Fodvv ri Gl�huhqwldo
Jdphv zkhuh wkh Forvhg0Orrs dqg Rshq0Orrs Htxloleuld Frlqflgh�/
plphr/ Glsduwlphqwr gl Vflhq}h Hfrqrplfkh/ Xqlyhuvlwã ghjol Vwxgl gl
Erorjqd1

^:` Fkhqj/ O1 +4<;:,/ �Rswlpdo Wudgh dqg Whfkqrorj| Srolflhv= G|qdplf
Olqndjhv�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 5;/ :8:0:91

^;` Fohpkrxw/ V1 dqg K1\1Zdq/ Mu1 +4<:7,/ �D Fodvv ri Wulolqhdu Gl�huhqwldo
Jdphv�/ Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 47/ 74<0571

^<` Grfnqhu/ H1M1 dqg D1D1 Kdxj +4<<3,/ �Wdul�v dqg Txrwdv xqghu G|0
qdplf Gxrsrolvwlf Frpshwlwlrq�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
5</ 47:08<1

^43` Grfnqhu/ H1M1 dqg D1D1 Kdxj +4<<4,/ �Wkh Forvhg Orrs Prwlyh iru
Yroxqwdu| H{sruw Uhvwudlqwv�/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 6/ 9:<0
;81

^44` Grfnqhu/ H1M1/ J1 Ihlfkwlqjhu dqg V1 Mûujhqvhq +4<;8,/ �Wudfwdeoh
Fodvvhv ri Qrq}hur0Vxp Rshq0Orrs Qdvk Gl�huhqwldo Jdphv= Wkhru|
dqg H{dpsohv�/ Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 78/
4:<0<:1

46



^45` Gulvnloo/ U1 dqg V1 PfFd�huw| +4<;<d,/ �G|qdplf Gxrsro| zlwk Rxwsxw
Dgmxvwphqw Frvwv lq Lqwhuqdwlrqdo Pdunhwv= Wdnlqj wkh Frqmhfwxuh rxw
ri Frqmhfwxudo Yduldwlrqv�/ lq Ihhqvwud/ U1F1 +hg1,/ Wudgh Srolflhv iru Lq0
whuqdwlrqdo Frpshwlwlyhqhvv/ QEHU Frqihuhqfh Uhsruw vhulhv/ Fklfdjr/
Xqlyhuvlw| ri Fklfdjr Suhvv/ 45806:1

^46` Gulvnloo/ U1 dqg V1 PfFd�huw| +4<;<e,/ �G|qdplf Gxrsro| zlwk Dg0
mxvwphqw Frvwv= D Gl�huhqwldo Jdph Dssurdfk�/ Mrxuqdo ri Hfrqrplf

Wkhru|/ 9</ 65706;1

^47` Gulvnloo/ U1 dqg V1 PfFd�huw| +4<<9,/ �Lqgxvwuldo Srolf| dqg Gxrsrolvwlf
Wudgh zlwk G|qdplf Ghpdqg�/ Uhylhz ri Lqgxvwuldo Rujdql}dwlrq/ 44/
6880:61

^48` Hdwrq/ M1 dqg J1P1 Jurvvpdq +4<;9,/ �Rswlpdo Wudgh dqg Lqgxvwuldo
Srolf| xqghu Roljrsro|�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ 6;607391

^49` Ihuvkwpdq/ F1 +4<;:,/ �Lghqwl�fdwlrq ri Fodvvhv ri Gl�huhqwldo Jdphv
iru Zklfk wkh Rshq0Orrs lv d ghjhqhuwdhg Ihhgedfn Qdvk Htxloleulxp�/
Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 88/ 54:0641

^4:` Ihuvkwpdq/ F1 dqg H1 Pxoohu +4<;7,/ �Fdslwdo Dffxpxodwlrq Jdphv ri
Lq�qlwh Gxudwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 66/ 65506<1

^4;` Ihuvkwpdq/ F1/ P1 Ndplhq dqg H1 Pxoohu +4<<5,/ �Lqwhjudo Jdphv= Wkh0
ru| dqg Dssolfdwlrqv�/ lq Ihlfkwlqjhu/ J1 +hg1,/G|qdplf Hfrqrplf Prg0

hov dqg Rswlpdo Frqwuro/ Dpvwhugdp/ Qruwk0Kroodqg/ 5<:06441

^4<` Kduulv/ U1 +4<;8,/ �Zk| Yroxqwdu| H{sruw Uhvwudlqwv Duh *Yroxqwdu|�*/
Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 4;/ :<<0;3<1

^53` Kzdqj/ K1 dqg F1 Pdl +4<;;,/ �Rq wkh Htxlydohqfh ri Wdul�v dqg Txrwdv
xqghu Gxrsro|�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 57/ 6:60;31

^54` Lwrk/ P1 dqg \1 Rqr +4<;5,/ �Wdul�v/ Txrwdv dqg Pdunhw Vwuxfwxuh�/
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <:/ 5<806381

^55` Lwrk/ P1 dqg \1 Rqr +4<;7,/ �Wdul�v yv Txrwdv xqghu Gxrsro| ri Khw0
hurjhqhrxv Jrrgv�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4:/ 68<0:61

^56` Ndplhq/ P1L1 dqg Q1O1 Vfkzduw} +4<;4,/ G|qdplf Rswlpl}dwlrq= Wkh

Fdofxoxv ri Yduldwlrqv dqg Rswlpdo Frqwuro lq Hfrqrplfv dqg Pdqdjh0

phqw/ Dpvwhugdp/ Qruwk0Kroodqg1

47



^57` Nuhsv/ G1 dqg M1 Vfkhlqnpdq +4<;6,/ �Txdqwlw| Suhfrpplwphqw dqg
Ehuwudqg Frpshwlwlrq \lhog Frxuqrw Rxwfrphv�/ Ehoo Mrxuqdo ri Hfr0
qrplfv/ 47/ 65906:1

^58` Nulvkqd/ N1 +4<;<,/ �Wudgh Uhvwulfwlrqv dv Idflolwdwlqj Sudfwlfhv�/ Mrxu0
qdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 59/ 5840:31

^59` Phkopdqq/ D1 +4<;;,/ Dssolhg Gl�huhqwldo Jdphv/ Qhz \run/ Sohqxp
Suhvv1

^5:` Phkopdqq/ D1 dqg U1Zloolqj +4<;6,/ �Rq Qrqxqltxh Forvhg0Orrs Qdvk
Htxloleuld iru d Fodvv ri Gl�huhqwldo Jdphv zlwk d Xqltxh dqg Ghjhq0
hudwh Ihhgedfn Vroxwlrq�/ Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssol0

fdwlrqv/ 74/ 7960:51

^5;` Qhuoryh/ P1 dqg N1M1 Duurz +4<95,/ �Rswlpdo Dgyhuwlvlqj Srolf| xqghu
G|qdplf Frqglwlrqv�/ Hfrqrplfd/ 5</ 45<0751

^5<` Udpvh|/ I1S1 +4<5;,/ �D Pdwkhpdwlfdo Wkhru| ri Vdylqj�/ Hfrqrplf

Mrxuqdo/ 6;/ 87608<1 Uhsulqwhg lq Vwljolw}/ M1H1 dqg K1 X}dzd +4<9</
hgv1,/ Uhdglqjv lq wkh Prghuq Wkhru| ri Hfrqrplf Jurzwk/ Fdpeulgjh/
PD/ PLW Suhvv1

^63` Uhlqjdqxp/ M1 +4<;5,/ �D Fodvv ri Gl�huhqwldo Jdphv iru Zklfk wkh
Forvhg Orrs dqg Rshq Orrs Qdvk Htxloleuld Frlqflgh�/ Mrxuqdo ri Rs0

wlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ 69/ 5860951

^64` Uh|qrogv/ V1V1 +4<;:,/ �Fdsdflw| Lqyhvwphqw/ Suhhpswlrq dqg Frpplw0
phqw lq dq Lq�qlwh Krul}rq Prgho�/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/
5;/ 9<0;;1

^65` Vshqfh/ D1 P1 +4<:<,/ �Lqyhvwphqw Vwudwhj| dqg Jurzwk lq d Qhz Pdu0
nhw�/ Ehoo Mrxuqdo ri Hfrqrplfv/ 43/ 404<1

^66` Vzhhqh|/ U1\1/ H1 Wrzhu dqg W1G1 Zloohww +4<::,/ �Wkh Udqnlqj ri
Dowhuqdwlyh Wdul� dqg Txrwd Srolflhv lq wkh Suhvhqfh ri Grphvwlf
Prqrsro|�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ :/ 5790951
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