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41 Lqwurgxfwlrq

Wkh dgyhqw ri wkh Hxurshdq Prqhwdu| Xqlrq +HPX, kdv jlyhq ulvh wr d olyho|
ghedwh derxw wkh dssursuldwh uhodwlrqvkls ehwzhhq fhqwudol}hg prqhwdu| srolf| rq
wkh rqh kdqg dqg ghfhqwudol}hg �vfdo dqg vwuxfwxudo srolflhv rq wkh rwkhu kdqg1
Grhv wkh HPX uhtxluh frruglqdwlrq ri �vfdo srolflhv dqg/ li vr/ zkdw irup vkrxog
vxfk frruglqdwlrq wdnhB Wklv sdshu dgguhvvhv wkhvh txhvwlrqv e| lqyhvwljdwlqj
krz ghfhqwudol}hg �vfdo srolf| lqwhudfwv zlwk fhqwudol}hg prqhwdu| srolf| dqg gh0
fhqwudol}hg vwuxfwxudo srolflhv lq wkh HPX1 Zh glvfxvv krz wkh dssursuldwh lqvwl0
wxwlrqdo duudqjhphqwv iru �vfdo srolf| vkrxog ghshqg rq prqhwdu| duudqjhphqwv
+h1j1 lq dwlrq wdujhwv,/ oderu0pdunhw lqvwlwxwlrqv +h1j1 qrplqdo zdjh uljlglw|, dqg
oderu0pdunhw dqg surgxfw0pdunhw lpshuihfwlrqv +h1j1/ wd{hv udlvlqj wkh qdwxudo
udwh ri xqhpsor|phqw,1

Wkh fxuuhqw lqvwlwxwlrqdo duudqjhphqwv iru �vfdo srolf| lq wkh HPX duh dv iro0
orzv1 Wkh Pddvwulfkw Wuhdw| irupxodwhv uhvwulfwlrqv rq sxeolf gh�flwv dqg sxeolf
ghewv wkdw frxqwulhv pxvw phhw ehiruh wkh| fdq hqwhu wkh HPX1 Lq dgglwlrq/ wkh
Vwdelolw| dqg Jurzwk Sdfw fodul�hv wkh frqvwudlqwv rq �vfdo srolf| rqfh frxqwulhv
kdyh hqwhuhg wkh HPX dqg vshfl�hv vdqfwlrqv lq fdvh wkhvh frqvwudlqwv duh ylr0
odwhg1 Ilqdoo|/ wkh Hxur Jurxs +suhylrxvo| fdoohg �Hxur044�, Frxqflo kdv ehhq
vhw xs/ lq zklfk wkh �qdqfh plqlvwhuv ri wkh HPX frxqwulhv lqirupdoo| glvfxvvhv
pdwwhuv shuwdlqlqj wr �vfdo srolf| rq dq rqjrlqj edvlv1 Hvshfldoo| Iudqfh ghvluhv
wr hqgrz wklv frxqflo zlwk pruh irupdo srzhuv vr wkdw/ dv d Hxurshdq �vfdo dx0
wkrulw|/ lw fdq surylgh vrph srolwlfdo frxqwhuzhljkw wr wkh Hxurshdq Fhqwudo Edqn
+HFE, � iru h{dpsoh/ vhh Wkh Hfrqrplvw +5333,1

Wkh vwduwlqj srlqw ri rxu dqdo|vlv lv wkdw wkh HFE lv qrw frpsohwho| lppxqh
wr suhvvxuhv wr uhod{ prqhwdu| srolf|1 Dowkrxjk wkh HFE lv rqh ri wkh prvw
vwdwxwrulo| lqghshqghqw fhqwudo edqnv ri wkh zruog/ vwdwxwhv dorqh fdqqrw lqvxodwh
wkh HFE hqwluho| iurp srolwlfdo suhvvxuhv1 Lq sduwlfxodu jryhuqphqwv ri frxqwulhv
odfnlqj d wudglwlrq ri prqhwdu| dqg �qdqfldo glvflsolqh pd| �qg zd|v wr lq xhqfh
ghflvlrqv ri wkh HFE1 Wklv lq xhqfh pd| eh h{huflvhg erwk gluhfwo| +h1j1 e|
prelol}lqj sxeolf rslqlrq, dqg lqgluhfwo| +h1j1 wkurxjk wkh dssrlqwphqw ri HFE
Erdug phpehuv ru wkurxjk h{fkdqjh udwh srolf|/ zklfk uhpdlqv wkh grpdlq ri
wkh Hfr�q Frxqflo udwkhu wkdq wkh HFE,1 Wkh yxoqhudelolw| ri wkh HFE wr wkhvh
suhvvxuhv surylghv d udwlrqdoh iru frqvwudlqwv rq �vfdo srolf|1 Lq dq lghdo/ exw
xquhdolvwlf/ zruog lq zklfk wkh HFE zrxog eh frpsohwho| frpplwwhg wr sulfh
vwdelolw|/ vxfk frqvwudlqwv zrxog qrw eh qhhghg1 Wkh frqvwudlqwv rq �vfdo srolf|
lq wkh Vwdelolw| dqg Jurzwk Sdfw fdq wkxv eh ylhzhg dv d vhfrqg orfn +lq dgglwlrq
wr wkh orfn ri vwdwxwru| lqghshqghqfh, surwhfwlqj wkh frpplwphqw ri wkh HFE
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wr sulfh vwdelolw|1 Krzhyhu/ qrw rqo| �vfdo srolf| exw dovr vwuxfwxudo srolflhv
pd| zruvhq wkh frpplwphqw sureohpv idflqj wkh HFE dv kljk xqhpsor|phqw
lqwhqvl�hv suhvvxuhv rq wkh HFE wr uhod{ prqhwdu| srolf|1 Wklv lv hvshfldoo|
lpsruwdqw lq wkh Hxurshdq frqwh{w zkhuh vhulrxv oderu0pdunhw glvwruwlrqv jlyh
ulvh wr kljk xqhpsor|phqw udwhv lq vhyhudo HPX frxqwulhv1

Rxu dqdo|vlv lv frqgxfwhg lq d wzr0shulrg prgho ri d prqhwdu| xqlrq zkhuh
ghfhqwudol}hg �vfdo dxwkrulwlhv ghwhuplqh wd{hv/ sxeolf vshqglqj dqg sxeolf ghew1
Wkh prgho dffrxqwv iru oderu0pdunhw glvwruwlrqv udlvlqj wkh htxloleulxp xqhp0
sor|phqw udwh deryh lwv �uvw0ehvw ohyho1 Pruhryhu/ lw prghov qrw rqo| wkh lpsdfw
ri wkhvh glvwruwlrqv rq glvfuhwlrqdu| prqhwdu| srolf| exw dovr wkh uhodwlrqvkls eh0
wzhhq oderu0pdunhw lpshuihfwlrqv dqg �vfdo srolf| e| lqfrusrudwlqj d gluhfw olqn
ehwzhhq wkh wd{ exughq dqg htxloleulxp xqhpsor|phqw1 Lq wklv zd|/ lw lqyhvwl0
jdwhv wkh uhodwlrqvklsv ehwzhhq wkuhh pdmru srolf| duhdv +qdpho|/ prqhwdu|/ �vfdo
dqg vwuxfwxudo srolf|, lq d prqhwdu| xqlrq1

Wkh prgho lqfrusrudwhv wkuhh lpshuihfwlrqv lq pdfur0hfrqrplf srolf|pdnlqj=
�uvw/ glvfuhwlrq lq prqhwdu| srolf|pdnlqj/ vhfrqg/ glvfuhwlrq lq �vfdo srolf|pdn0
lqj dqg/ wklug/ vslooryhuv ehwzhhq ghfhqwudol}hg �vfdo srolflhv zlwklq wkh xqlrq1
Odfn ri prqhwdu| srolf| frpplwphqw lqwhudfwv zlwk qrplqdo zdjh uljlglw| dqg
oderu0pdunhw glvwruwlrqv wr |lhog wkh idploldu �lq dwlrq eldv� +vhh Eduur dqg Jru0
grq/ 4<;6/ dqg pdq| vxevhtxhqw sdshuv/ iru h{dpsoh Urjr� +4<;8e,/ Shuvvrq dqg
Wdehoolql +4<<6,/ Zdovk +4<<8, dqg/ prvw uhfhqwo|/ Gl{lw dqg Odpehuwlql +5333,,=
wkh prqhwdu| srolf|pdnhu hqjdjhv lq +lq htxloleulxp ixwloh, dwwhpswv wr uhgxfh
wkh uhdo ydoxh ri qrplqdoo| �{hg zdjhv lq rughu wr uhgxfh xqhpsor|phqw ehorz
wkh h{fhvvlyh htxloleulxp udwh1 Dffruglqjo|/ prqhwdu| srolf| lv xvhg dv dq lqvwux0
phqw wr dgguhvv wkh oderu0pdunhw glvwruwlrqv wkdw sxvk htxloleulxp hpsor|phqw
ehorz wkh �uvw0ehvw hpsor|phqw ohyho1

Dovr �vfdo srolf| vx�huv iurp wlph lqfrqvlvwhqf| li lw fdq eh dgmxvwhg pruh
iuhtxhqwo| wkdq qrplqdo zdjh frqwudfwv1 Wklv lv lqghhg wkh fdvh lq pdq| Hxurshdq
hfrqrplhv1 Ilvfdo srolf| lv xvxdoo| ghflghg dw d |hduo| iuhtxhqf|/ zkloh zdjh
edujdlqlqj riwhq rffxuv dw lqwhuydov ri pruh wkdq d |hdu +h1j1/ Od|dug hw do1/ 4<<4>
vhh dovr Wdeoh 4 iru d pruh uhfhqw ryhuylhz,1 Wkhuhiruh/ lq frqwudvw wr pxfk
ri wkh uhodwhg olwhudwxuh/ wklv sdshu dvvxphv wkdw qrplqdo zdjhv dqg/ khqfh/ dovr
lq dwlrq h{shfwdwlrqv duh ghwhuplqhg iru wzr shulrgv dkhdg1 Ilvfdo srolf| fdq vwloo
eh dgmxvwhg lq hdfk shulrg dqg wkxv fdq eh dgdswhg pruh iuhtxhqwo| wkdq qrplqdo
zdjh frqwudfwv1 Mxvw dv glvfuhwlrqdu| prqhwdu| srolf|/ glvfuhwlrqdu| sxeolf ghew
srolf| wkxv idfhv dq lqfhqwlyh wr h{sorlw wkh suhghwhuplqdwlrq ri ixwxuh qrplqdo
zdjhv1

Wkh wklug lpshuihfwlrq +l1h1 vslooryhuv ehwzhhq ghfhqwudol}hg �vfdo srolf|pdn0
huv, ruljlqdwhv lq lqwhuqdwlrqdo frq lfwv ehwzhhq khwhurjhqhrxv frxqwulhv derxw
wkh frpprq prqhwdu| srolf|1 Frxqwulhv gr qrw djuhh rq wkh vwdqfh ri prqhwdu|
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srolf| li oderu0pdunhw lpshuihfwlrqv gl�hu dfurvv xqlrq phpehuv vr wkdw frxqwulhv
shufhlyh gl�huhqw urohv iru prqhwdu| srolf| lq dgguhvvlqj wkhvh lpshuihfwlrqv1 Dq0
rwkhu uhdvrq zk| frxqwulhv gl�hu lq wkhlu ylhzv derxw prqhwdu| srolf| lv wkdw wkh|
duh klw e| gl�huhqw vkrfnv1 Lq wkdw fdvh/ wkh glyhujlqj jdsv ehwzhhq dfwxdo dqg
htxloleulxp xqhpsor|phqw udwhv uhvxow lq frq lfwv derxw wkh frpprq prqhwdu|
srolf|1 Wkhvh frq lfwv dprqj ghfhqwudol}hg �vfdo dxwkrulwlhv |lhog zdvwhixo vwudwh0
jlf lqwhudfwlrq lq wkh irup ri vwudwhjlf ghew dffxpxodwlrq1 Lq sduwlfxodu/ frxqwulhv
vx�hulqj iurp vhulrxv vwuxfwxudo oderu0pdunhw glvwruwlrqv ru dgyhuvh vkrfnv dffx0
pxodwh dgglwlrqdo sxeolf ghew lq rughu wr hqfrxudjh wkh frpprq fhqwudo edqn wr
uhod{ glvfuhwlrqdu| prqhwdu| srolf|1 Frxqwulhv ihdwxulqj rqo| plqru vwuxfwxudo glv0
wruwlrqv ru hqmr|lqj ehqh�fldo vkrfnv/ lq frqwudvw/ vwudwhjlfdoo| xqghudffxpxodwh
ghew1 Lq wkh djjuhjdwh/ wkhvh vwudwhjlf h�hfwv fdqfho rxw1 Dffruglqjo|/ frxqwulhv
zrxog eh ehwwhu r� li wkh| frxog doo fuhgleo| frpplw wr dq djuhhphqw qrw wr hqjdjh
lq wkhvh vwudwhjlf ghew srolflhv1

Zh h{soruh vhyhudo lqvwlwxwlrqdo duudqjhphqwv wr dgguhvv wkhvh wkuhh lpshu0
ihfwlrqv lq pdfurhfrqrplf srolf|pdnlqj zlwklq d prqhwdu| xqlrq1 Zh irfxv rq
lq dwlrq wdujhwv dqg ghew wdujhwv/ zklfk duh vhw ehiruh wkh sulydwh vhfwru vljqv
qrplqdo zdjh frqwudfwv1 Wkhvh frqwudfwxdo duudqjhphqwv fdq eh hqirufhg dqg
duh wkxv fuhgleoh14 Wkh| wkxv vwuhqjwkhq wkh frpplwphqw ri prqhwdu| dqg �vfdo
srolf|pdnhuv wr qrw h{sorlw qrplqdo zdjh frqwudfwv lq wkh sulydwh vhfwru dqg wr
qrw lpsrvh dgyhuvh h{whuqdolwlhv rq rwkhu srolf|pdnhuv1 D wljkw lq dwlrq wdujhw/
iru h{dpsoh/ khosv wr holplqdwh wkh lq dwlrq eldv e| pdnlqj wkh frpplwphqw ri
wkh HFE wr sulfh vwdelolw| pruh fuhgleoh1 Dw wkh vdph wlph/ krzhyhu/ lw fdxvhv wkh
suhihuhqfhv ri wkh prqhwdu| dqg �vfdo dxwkrulwlhv uhjduglqj prqhwdu| srolf| wr
glyhujh1 Lq wkh uhvxowlqj frq lfw derxw wkh vwdqfh ri prqhwdu| srolf|/ wkh �vfdo dx0
wkrulwlhv vwudwhjlfdoo| errvw ghew dffxpxodwlrq wr lqgxfh wkh fhqwudo edqn wr udlvh
lq dwlrq1 D fhlolqj rq sxeolf ghew fdq uhvroyh wklv srolf| frq lfw1 Lqwxlwlyho|/
d fhqwudo edqn sxuvxlqj wljkw prqhwdu| srolflhv qhhgv wr eh frpsohphqwhg e|
wljkw �vfdo srolf| lq rughu wr dyrlg zdvwhixo frq lfwv ehwzhhq prqhwdu| dqg �vfdo
srolflhv1 Khqfh/ lqvwlwxwlrqv vkrxog vwuhqjwkhq wkh frpplwphqw ri qrw rqo| prq0
hwdu| srolf| exw dovr �vfdo srolf|1 Wkh frq lfw ehwzhhq khwhurjhqhrxv frxqwulhv
derxw wkh surshu vwdqfh ri wkh frpprq prqhwdu| srolf| lv dgguhvvhg wkurxjk
frxqwu|0vshfl�f ghew wdujhwv1 Lq wklv zd|/ frxqwulhv lq h�hfw frpplw wr d frq0
wudfwxdo frrshudwlyh djuhhphqw qrw wr lpsrvh dgyhuvh h{whuqdolwlhv rq hdfk rwkhu1
Rqh fdq ylhz wklv vroxwlrq wr lqwhuqdwlrqdo vslooryhuv dv h{0dqwh frruglqdwlrq/ l1h1
frruglqdwlqj �vfdo srolflhv ehiruh wkh sulydwh vhfwru frpplwv wr qrplqdo zdjh
frqwudfwv1 H{0dqwh frruglqdwlrq ri �vfdo srolf| lv wkxv xqdpeljxrxvo| ehqh�fldo1

4Lq sudfwlfh/ hqirufhphqw lv d frqwhqwlrxv lvvxh1 Lq sduwlfxodu/ wkh frpplwphqw ri frxqwulhv
wr wkh Vwdelolw| dqg Jurzwk Sdfw lv riwhq fdoohg lqwr txhvwlrq ehfdxvh lw lv qrw fohdu zkhwkhu
wkh hqirufhphqw ri wklv sdfw lv fuhgleoh1
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Zkdw lv wkh vfrsh iru h{0srvw �vfdo srolf| frruglqdwlrq/ l1h1 frruglqdwlqj �vfdo
srolf| diwhu qrplqdo zdjh frqwudfwv kdyh ehhq vljqhgB5 Lq wkh devhqfh ri lq dwlrq
wdujhwv/ h{0srvw frruglqdwlrq dprqj wkh �vfdo dxwkrulwlhv lv khosixo ehfdxvh lw uh0
vroyhv wkh frq lfw dprqj wkh khwhurjhqhrxv �vfdo dxwkrulwlhv derxw wkh vwdqfh ri
wkh frpprq prqhwdu| srolf|1 Lq wkh suhvhqfh ri dq lq dwlrq wdujhw/ lq frqwudvw/
h{0srvw frruglqdwlrq ri �vfdo srolf| pd| kdup zhoiduh/ hvshfldoo| li frxqwulhv duh
udwkhu krprjhqhrxv vr wkdw lqwhuqdwlrqdo vslooryhuv duh rqo| vpdoo1 Zkhuhdv �v0
fdo frruglqdwlrq uhvroyhv wkh frq lfw dprqj wkh khwhurjhqrxv �vfdo dxwkrulwlhv/
lw zruvhqv wkh frq lfw ehwzhhq prqhwdu| dqg �vfdo srolf| e| vwuhqjwkhqlqj wkh
vwudwhjlf srvlwlrq ri wkh �vfdo dxwkrulwlhv lq wkhlu frq lfw zlwk wkh HFE1 Dffrug0
lqjo|/ vwudwhjlf ghew dffxpxodwlrq dlphg dw lqgxflqj wkh HFE wr uhod{ ixwxuh
prqhwdu| srolf| lqfuhdvhv1 Lqghhg/ wkh HFE pd| uljkwixoo| ihdu wkdw d pruh
surplqhqw uroh iru wkh Hxur Jurxs Frxqflo udlvhv suhvvxuhv wr uhod{ prqhwdu|
srolf|/ hvshfldoo| li vwuxfwxudo xqhpsor|phqw lq Hxursh uhpdlqv kljk dqg wkh hq0
irufhphqw ri wkh Vwdelolw| dqg Jurzwk Sdfw lv lq grxew1 H{0srvw frruglqdwlrq ri
�vfdo srolf| ehlqj frxqwhusurgxfwlyh lv d w|slfdo vhfrqg0ehvw uhvxow= frruglqdwlrq
e| rqo| d vxejurxs ri sod|huv zruvhqv wkh wlph0lqfrqvlvwhqf| sureohpv gxh wr d
odfn ri frpplwphqw lq �vfdo srolf|16

Wkh uhpdlqghu ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh prgho1 Vhfwlrq
6 h{soruhv wkh vhfrqg ehvw/ zklfk hphujhv li doo srolf|pdnhuv fdq frpplw wr vkrfn0
frqwlqjhqw srolf| uxohv1 Vhfwlrq 7 dqdo|vhv wkh vroxwlrq xqghu wzr0shulrg dkhdg
zdjh vhwwlqj li srolf|pdnhuv fdqqrw frpplw dqg lq dwlrq wdujhwv dqg ghew wdujhwv
duh devhqw1 Vhfwlrq 8 lqyhvwljdwhv wkh uroh ri lq dwlrq wdujhwv dqg ghew wdujhwv
dv rswlpdo lqvwlwxwlrqdo duudqjhphqwv wr vwuhqjwkhq frpplwphqw1 Diwhu Vhfwlrq
9 h{soruhv h{0srvw �vfdo frruglqdwlrq/ Vhfwlrq : frqfoxghv wkh pdlq erg| ri wkh
sdshu1 Ilqdoo|/ wkh ghulydwlrqv duh frqwdlqhg lq dq dsshqgl{ zklfk lv dydlodeoh
xsrq uhtxhvw1

5Iru uhfhqw zrun rq wkh frruglqdwlrq ri prqhwdu| dqg2ru �vfdo srolflhv/ vhh h1j1 Mhqvhq
+4<<9,/ Gl{rq dqg Vdqwrql +4<<:, dqg Gheuxq +5334,1 Wkhvh sdshuv gr qrw lqyhvwljdwh krz
lqwhuqdwlrqdo srolf| frruglqdwlrq d�hfwv sxeolf ghew dffxpxodwlrq/ zklfk lv d nh| lvvxh dgguhvvhg
lq wklv sdshu1

6D uhodwhg uhvxow vkrzlqj wkdw frruglqdwlrq dprqj d vxevhw ri sod|huv fdq eh frxqwhusur0
gxfwlyh lv rewdlqhg e| Urjr� +4<;8d,1 Kh �qgv wkdw prqhwdu| srolf| frruglqdwlrq pd| eh
frxqwhusurgxfwlyh/ ehfdxvh lw zruvhqv wkh fuhglelolw| sureohp ri fhqwudo edqnv ylv0ã0ylv wkh
sulydwh vhfwru1

7



51 Wkh prgho

Wkh Hxurshdq prqhwdu| xqlrq +HPX,/ zklfk lv vpdoo uhodwlyh wr wkh uhvw ri
wkh zruog/ lv iruphg e| ? frxqwulhv17 Wkh Hxurshdq Fhqwudo Edqn +HFE, vhwv
prqhwdu| srolf| iru wkh hqwluh xqlrq1 Wkhuh duh wzr shulrgv1

Qrplqdo zdjh vhwwlqj wdnhv sodfh dv iroorzv1 Zrunhuv duh uhsuhvhqwhg e| wudgh
xqlrqv zkr dlp iru vrph wdujhw uhdo zdjh udwh lq hdfk shulrg +h1j1 vhh Dohvlqd dqg
Wdehoolql/ 4<;: dqg Mhqvhq/ 4<<7,1 Iru wkh �uvw shulrg/ wkh| vhw qrplqdo zdjhv
�� vr dv wr plqlpl}h wkh h{shfwhg vtxduhg ghyldwlrq ri wkh uhdol}hg uhdo zdjh udwh
iurp wklv wdujhw1 Khqfh/ wkh| plqlpl}h Hf E�� � R��

2 ryhu �� dw wkh vwduw ri wkh
�uvw shulrg/ zkhuh Hf E�� ghqrwhv d +udwlrqdo, h{shfwdwlrq wdnhq dw wkh vwduw ri
wkh �uvw shulrg1 Wklv |lhogv �� 'Hf ER�� vr wkdw �� � R� ' � EZ� � HfZ��/ zkhuh
Z� lv �uvw0shulrg lq dwlrq1 Vhfrqg0shulrg qrplqdo zdjhv �2 duh ghwhuplqhg wzr
shulrgv dkhdg e| plqlpl}lqj Hf E�2 � R2�

2 ryhu �2 dw wkh vwduw ri wkh �uvw shulrg1
Krzhyhu/ dw wkh vwduw ri wkh vhfrqg shulrg/ d vkduh w ri wkh vhfrqg0shulrg qrplqdo
zdjhv lv lqgh{hg iru lq dwlrq lqfxuuhg ryhu wkh �uvw shulrg/ zkloh d vkduh � � w
lv qrw lqgh{hg1 Wkhuhiruh/ wkh dyhudjh qrplqdo zdjh udwh lq wkh vhfrqg shulrg lv
�2 ' E�� w�Hf ER2� n w dR� n Hf ER2 � R��o dqg/ khqfh/ diwhu uhzulwlqj/ �2 � R2 '
� EZ2 � HfZ2� � E�� w� EZ� � HfZ��1 Khqfh/ xqohvv lqgh{dwlrq lv frpsohwh +l1h1
w ' �,/ kljkhu �uvw0shulrg lq dwlrq hurghv uhdo zdjhv lq erwk shulrgv1 Krzhyhu/
zlwk frpsohwh lqgh{dwlrq/ wkh vhfrqg0shulrg uhdo zdjh lv xqd�hfwhg e| �uvw0shulrg
lq dwlrq1

Ilupv idfh d vwdqgdug surgxfwlrq ixqfwlrq h{klelwlqj ghfuhdvlqj uhwxuqv wr
vfdoh lq oderu1 Uhyhqxhv lq shulrg | duh wd{hg dw d udwh � �|1 Lw lv vwudljkwiruzdug
wr vkrz wkdw rxwsxw lq frxqwu| � lq shulrgv � dqg 2/ uhvshfwlyho|/ dprxqwv wr

%�� ' D ER� � �� � � ���� >� "� ' D EZ� � HfZ� � � ���� >� "�c +514,

%�2 ' D ER2 � �2 � � �2� ' D EZ2 � HfZ2 � � �2� n E�� w� D EZ� � HfZ�� c+515,

zkhuh > uhsuhvhqwv d frpprq xqlrq0zlgh vkrfn dqg "� vwdqgv iru dq lglrv|qfudwlf
vkrfn wkdw vroho| klwv frxqwu| �1 Zh dvvxph wkdw Hd"�o ' fc ;�> Hd>o ' f> Hd>"�o '
fc;� dqg wkdw 7" � �

?

S?
�'� "� ' f18 Wkh yduldqfhv ri > dqg "� duh jlyhq e| j2> dqg

j2" / uhvshfwlyho|1 Zh gr qrw doorz iru vkrfnv lq wkh vhfrqg shulrg ehfdxvh vxfk

7Prqhwdu| xql�fdwlrq lv wdnhq dv jlyhq1 Khqfh/ zh gr qrw h{soruh wkh lqfhqwlyhv wr mrlq ru
irup d prqhwdu| xqlrq1 Krzhyhu/ lq rughu wr vwuhqjwkhq wkh lqwxlwlrq ehklqg rxu uhvxowv/ zh
zloo rffdvlrqdoo| h{soruh zkdw kdsshqv li wkh qxpehu ri xqlrq sduwlflsdqwv ehfrphv lq�qlwho|
odujh +l1h1/ q$4,1

8Zlwkrxw wklv dvvxpswlrq/ wkh phdq �� ri wkh �*v zrxog sod| wkh vdph uroh dv � grhv1 Lq wkh
rxwfrphv jlyhq ehorz/ � zrxog wkhq eh uhsodfhg e| a� � � .��1 Iru frqyhqlhqfh/ dqg zlwkrxw
dq| frqvhtxhqfhv iru rxu uhvxowv/ zh dvvxph wkdw �� @ 31
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vkrfnv zrxog qrw d�hfw ghew dffxpxodwlrq dqg wkxv zrxog eh xqlqwhuhvwlqj iru
rxu sxusrvhv1 Hyhq lq wkh devhqfh ri vhfrqg0shulrg vkrfnv/ wkh hqvxlqj dqdo|vlv
uhyhdov wkdw Z2 jhqhudoo| gl�huv iurp HfZ2 vr wkdw lq dwlrq vxusulvhv rffxu lq
wkh vhfrqg shulrg1 Wklv lv ehfdxvh sxeolf ghew srolf| vsuhdgv wkh h�hfwv ri �uvw0
shulrg vkrfnv ryhu erwk shulrgv/ zkloh wkh h{shfwdwlrq ri vhfrqg0shulrg lq dwlrq
lv iruphg ehiruh �uvw0shulrg vkrfnv pdwhuldol}h1

Lqgh{dwlrq doorzv iru pruh frpsohwh sulydwh frqwudfwv wkdw fdq eh pdgh frq0
wlqjhqw rq rxwfrphv lq wkh �uvw shulrg dqg/ khqfh/ uhgxfh qrplqdo zdjh uljlglw|1
Wkh frqyhqwlrqdo zlvgrp lv wkdw X1V1 zdjhv duh uljlg lq qrplqdo whupv/ zkloh
Hxurshdq zdjhv duh uljlg lq uhdo whupv +h1j1/ Euxqr dqg Vdfkv/ 4<;8> vhh dovr
Wdeoh 4/ zklfk vkrzv wkdw qrplqdo zdjh frqwudfwv lq wkh X1V1 odvw orqjhu wkdq
lq prvw Hxurshdq frxqwulhv/ zkloh lqgh{dwlrq ri qrplqdo zdjh frqwudfwv iru sulfh
ulvhv lv pruh frpprq lq Hxursh,1 Lq wkh fxuuhqw prghoolqj vhwxs/ wkh X1V1 vlwxd0
wlrq fruuhvsrqgv pruh forvho| wr w ' f/ zkloh wkh Hxurshdq vlwxdwlrq fruuhvsrqgv
wr w ' �1 Wkhuhiruh/ zh dvvxph iurp qrz rq wkdw w ' �1 Wklv lpsolhv wkdw
Hxurshdq zdjhv duh vwloo qrplqdoo| uljlg/ exw ohvv vr wkdq X1V1 zdjhv1 Lq rwkhu
zrugv/ Hxursh ihdwxuhv d pl{wxuh ri qrplqdo dqg uhdo zdjh uljlglw|19 Zlwk w ' �/
�uvw0shulrg lq dwlrq qr orqjhu d�hfwv vhfrqg0shulrg rxwsxw/ dv +515, pdnhv fohdu1

Hdfk frxqwu| ihdwxuhv d vrfldo zhoiduh ixqfwlrq zklfk lv vkduhg e| wkh jryhuq0
phqw ri wkdw frxqwu|1 Lq sduwlfxodu/ wkh orvv ixqfwlrq ri jryhuqphqw � lv gh�qhg
ryhu lq dwlrq/ rxwsxw dqg sxeolf vshqglqj=

T7c� '
�
2

2[
|'�

q|3�
k
kZZ

2
| n E%�| � �%�|�

2 n k} E}�| � �}�|�
2
l
c f 	 q � �c kZc k} : f�

+516,
Zhoiduh orvvhv lqfuhdvh lq wkh ghyldwlrqv ri lq dwlrq/ +orj, rxwsxw dqg jryhuqphqw
vshqglqj +}�| lv jryhuqphqw vshqglqj dv d vkduh ri rxwsxw lq wkh devhqfh ri glvwru0
wlrqv, iurp wkhlu �uvw0ehvw ohyhov +ru �eolvv srlqwv�,1 Iru frqyhqlhqfh/ wkh �uvw0ehvw
ohyho iru lq dwlrq fruuhvsrqgv wr sulfh vwdelolw|1 Wkh �uvw0ehvw ohyho iru rxwsxw lv
ghqrwhg e| �%�| : f1 Wzr glvwruwlrqv uhgxfh rxwsxw ehorz wklv rswlpdo ohyho1
Iluvw/ wkh rxwsxw wd{ � �| gulyhv d zhgjh ehwzhhq wkh vrfldo dqg sulydwh ehqh�wv
ri dgglwlrqdo rxwsxw1 Vhfrqg/ pdunhw srzhu hqdeohv xqlrqv wr gulyh wkh uhdo zdjh
deryh lwv ohyho lq wkh devhqfh ri glvwruwlrqv1 Khqfh/ hyhq lq wkh devhqfh ri wd{hv/
rxwsxw lv ehorz wkh �uvw0ehvw rxwsxw ohyho �%�| : f1 D vxevlg| +� �| 	 f, lv wkxv
uhtxluhg wr duulyh dw wkh �uvw0ehvw rxwsxw ohyho1 Wkh �uvw0ehvw ohyho ri jryhuqphqw
vshqglqj/ �}�| : f/ fdq eh lqwhusuhwhg dv wkh rswlpdo vkduh ri qrq0glvwruwlrqdu|
rxwsxw wr eh vshqw rq sxeolf jrrgv li +qrq0glvwruwlrqdu|, oxps0vxp wd{hv zrxog

9Exugd +4<<<, dujxhv wkdw uhdo zdjh uljlglw| lv olnho| wr ehfrph ohvv uhohydqw iru wkh Hxur
duhd lq wkh ixwxuh1 Dw wkh vdph wlph/ qrplqdo sulfh uljlglwlhv pd| ehfrph pruh lpsruwdqw1
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kdyh ehhq dydlodeoh1 Wkh �uvw0ehvw ohyhov iru rxwsxw dqg jryhuqphqw vshqglqj fdq
gl�hu dfurvv frxqwulhv1 Sdudphwhuv kZ dqg k} fruuhvsrqg wr wkh zhljkwv ri wkh
sulfh vwdelolw| dqg jryhuqphqw vshqglqj remhfwlyhv/ uhvshfwlyho|/ uhodwlyh wr wkh
zhljkw ri wkh rxwsxw remhfwlyh1 Ilqdoo|/ q ghqrwhv vrflhw|*v vxemhfwlyh glvfrxqw
idfwru1

Jryhuqphqw �*v exgjhw frqvwudlqw fdq eh dssur{lpdwhg e| +h1j1/ vhh Dsshqgl{
D lq Ehhwvpd dqg Eryhqehuj/ 4<<<,=

}�| n E� n 4� _�c|3� ' � �| n _�|c +517,

zkhuh _�c|3� uhsuhvhqwv wkh dprxqw ri sxeolf ghew fduulhg ryhu iurp wkh suhylrxv
shulrg lqwr shulrg |/ zkloh _�| vwdqgv iru wkh dprxqw ri ghew rxwvwdqglqj dw wkh
hqg ri shulrg |1 Doo sxeolf ghew lv uhdo/ pdwxuhv diwhu rqh shulrg/ dqg lv vrog rq
wkh zruog fdslwdo pdunhw djdlqvw d uhdo udwh ri lqwhuhvw ri 41 Wklv lqwhuhvw udwh
lv h{rjhqrxv ehfdxvh wkh frxqwulhv pdnlqj xs wkh prqhwdu| xqlrq duh dvvxphg
wr eh vpdoo uhodwlyh wr wkh uhvw ri wkh zruog1 Wkh jryhuqphqw exgjhw frqvwudlqw
devwudfwv iurp srvvleoh vhljqlrudjh uhyhqxhv/ zklfk vhhpv uhdolvwlf/ ehfdxvh wkhvh
uhyhqxhv fxuuhqwo| sod| dq doprvw qhjoljleoh uroh lq prvw HPX frxqwulhv1:

Zh frpelqh +517, zlwk wkh h{suhvvlrq iru rxwsxw/ +514, ru +515,/ wr holplqdwh
� �|1 Wkh uhvxowlqj htxdwlrqv fdq eh uhzulwwhq wr |lhog wkh jryhuqphqw �qdqflqj
uhtxluhphqwv +JIU,=

C8-�� � g�� n E� n 4� _�f � _�� n E>n "�� *D

' dE�%�� � %��� *Do n E�}�� � }��� n EZ� � HfZ�� c +518,

C8-�2 � g�2 n E� n 4� _�� � _�2

' dE�%�2 � %�2� *Do n E�}�2 � }�2� n EZ2 � HfZ2� c +519,

zkhuh

g�| � �}�| n �%�|*Dc

zloo eh uhihuuhg wr dv +wrwdo, vwuxfwxudo glvwruwlrqv lq shulrg |1 Wkh jryhuqphqw �0
qdqflqj uhtxluhphqw/ C8-�|/ frqvlvwv ri wkuhh frpsrqhqwv +vhh wkh �uvw uljkw0kdqg
vlghv ri +518, dqg +519,,1 Wkh �uvw frpsrqhqw/ g�|/ dprxqwv wr wkh jryhuqphqw
vshqglqj wdujhw/ �}�|/ dqg dq rxwsxw vxevlg| dlphg dw r�vhwwlqj wkh lpsolflw rxwsxw

:Wkh lpsolflw dvvxpswlrq lv wkdw uhdo prqh| kroglqjv/ zklfk duh wkh pdlq vrxufh ri vhljqlru0
djh uhyhqxhv/ duh }hur1 Lqghhg/ gxh wr h!flhqw sd|phqwv dqg wudqvdfwlrq v|vwhpv/ uhdo edvh
prqh| kroglqjv duh vpdoo lq dgydqfhg hfrqrplhv1

:



wd{ gxh wr oderu0 ru surgxfw0pdunhw glvwruwlrqv/ �%�|*D1 Wkh vhfrqg frpsrqhqw
lqyroyhv qhw ghew0vhuylflqj frvwv/ E� n 4� _�c|3� � _�|1 Wkh �qdo frpsrqhqw +lq wkh
�uvw shulrg rqo|, lv wkh vwrfkdvwlf vkrfn +vfdohg e| D,/ E>n "�� *D1 Wkh odvw uljkw0
kdqg vlghv ri +518, dqg +519, uhsuhvhqw wkh �qdqflqj vrxufhv= wkh vkruwidoo +vfdohg
e| D, ri rxwsxw iurp lwv wdujhw +khqfhiruwk uhihuuhg wr dv wkh rxwsxw vkruwidoo,/
E�%�| � %�|� *D/ wkh vkruwidoo ri jryhuqphqw vshqglqj iurp lwv wdujhw +khqfhiruwk uh0
ihuuhg wr dv wkh vshqglqj vkruwidoo,/ �}�| � }�|/ dqg wkh lq dwlrq vxusulvh/ Z|�HfZ|1

Doo sxeolf ghew lv sdlg r� dw wkh hqg ri wkh vhfrqg shulrg +_�2 ' fc � ' �c ��c ?,1
Xqghu wklv dvvxpswlrq/ zkloh wdnlqj wkh glvfrxqwhg +wr shulrg rqh, vxpv ri wkh
ohiw0 dqg uljkw0kdqg vlghv ri +518, dqg +519, +| ' �c 2,/ zh rewdlq wkh lqwhuwhpsrudo
jryhuqphqw �qdqflqj uhtxluhphqw + LJIU,=

UC8-� � 8� n
>n "�
D

'
2[
|'�

E� n 4�3E|3�� dE�%�| � %�|� *D n E�}�| � }�|� n EZ| � HfZ|�o c +51:,

zkhuh

8� � g�� n E� n 4� _�f ng�2* E� n 4� c

vwdqgv iru wkh ghwhuplqlvwlf frpsrqhqw ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj
uhtxluhphqw1

Prqhwdu| srolf| lv ghohjdwhg wr wkh HFE/ zklfk h{huflvhv gluhfw frqwuro ryhu
wkh xqlrq*v lq dwlrq udwh1 Rqh frxog dvvxph wkdw wkh HFE ihdwxuhv lqwulqvlf suhi0
huhqfhv uhjduglqj srolf| rxwfrphv1 Dowhuqdwlyho|/ dqg wklv lv wkh lqwhusuhwdwlrq
zh suhihu/ wkh HFE fdq eh dvvljqhg d orvv ixqfwlrq e| phdqv ri dq dssursuldwh
frqwudfwxdo djuhhphqw1 Pruh vshfl�fdoo|/ wklv djuhhphqw vkdshv wkh HFE*v lq0
fhqwlyhv lq vxfk d zd| +e| dssursuldwho| vshfli|lqj lwv vdodu| dqg rwkhu ehqh�wv
� iru h{dpsoh/ srvvleoh uhdssrlqwphqw � frqglwlrqdo rq lwv shuirupdqfh, wkdw lw
fkrrvhv wr pd{lpl}h wkh iroorzlqj orvv ixqfwlrq=

T.�� ' �
2

2[
|'�

q|3�
%
kZ EZ| � ZW| �

2 n �
?

?[
�'�

E%�| � �%�|�
2

&
c +51;,

zkhuh ZW| lv wkh lq dwlrq wdujhw lpsrvhg rq wkh HFE lq shulrg | +dv lq Vyhqvvrq/
4<<:,1 Lw pd| eh gl�huhqw iurp wkh �uvw0ehvw lq dwlrq udwh +zklfk zdv dvvxphg wr
eh }hur,1 Wkh rxwfrphv zrxog eh frpsohwho| xqdowhuhg li zh lqfoxghg jryhuqphqw
vshqglqj lq wkh HFE*v orvv ixqfwlrq +51;,1 Iru frqyhqlhqfh/ dqg dovr ehfdxvh lw
vhhpv pruh uhdolvwlf/ zh gr qrw lqfoxgh jryhuqphqw vshqglqj lq +51;,1

;



61 Wkh vhfrqg0ehvw= ixoo frpplwphqw

Dv d ehqfkpdun iru wkh uhpdlqghu ri wkh dqdo|vlv/ wklv vhfwlrq glvfxvvhv wkh htxl0
oleulxp li doo srolf|pdnhuv +prqhwdu| dqg �vfdo, duh deoh wr frpplw wr vkrfn0
frqwlqjhqw uxohv1 Wkh suhflvh wlplqj lv dv iroorzv1 Iluvw/ dw wkh vwduw ri wkh �uvw
shulrg/ wkh HFE frpplwv wr d vkrfn0frqwlqjhqw lq dwlrq uxoh iru erwk shulrgv
dkhdg1 Dw wkh vdph prphqw/ d vhw ri vkrfn0frqwlqjhqw ghew uxohv lv ghwhuplqhg1
Wkhvh uxohv +zklfk duh frxqwu|0vshfl�f ehfdxvh ri wkh suhvhqfh ri lglrv|qfudwlf
vkrfnv, holplqdwh wkh frpplwphqw sureohp idflqj �vfdo srolf| ghvfulehg lq wkh
Lqwurgxfwlrq dqg lqwhuqdol}h lqwhuqdwlrqdo vslooryhuv1 Vhfrqg/ qrplqdo zdjh frq0
wudfwv duh vhw iru erwk shulrgv1 Wklug/ wkh vkrfnv pdwhuldol}h1 Irxuwk/ �uvw0shulrg
lq dwlrq lv ghwhuplqhg dffruglqj wr wkh lq dwlrq uxoh ri wkh HFE/ zkloh �vfdo sro0
lf| lv lpsohphqwhg dffruglqj wr wkh dgrswhg ghew uxohv1 Wkhq/ dw wkh vwduw ri wkh
vhfrqg shulrg/ wkh qrplqdo zdjh lv xsgdwhg iru lq dwlrq lqfxuuhg lq wkh �uvw sh0
ulrg1 Ilqdoo|/ wkh vhfrqg0shulrg srolf| yduldeohv duh ghwhuplqhg/ djdlq wdnlqj lqwr
dffrxqw wkh uxohv dgrswhg dw wkh vwduw ri wkh jdph1 Dowkrxjk wkh vhfrqg0shulrg
qrplqdo zdjh lv lqgh{hg iru lq dwlrq lqfxuuhg gxulqj wkh �uvw shulrg +uhfdoo wkdw
w ' �,/ vhfrqg0shulrg lq dwlrq h{shfwdwlrqv duh qrw xsgdwhg dw wkh vwduw ri wkh
vhfrqg shulrg1 Khqfh/ vhfrqg0shulrg lq dwlrq h{shfwdwlrqv gr qrw dgmxvw wr wkh
vkrfn lq wkh �uvw shulrg dqg/ khqfh/ wkh vhfrqg0shulrg uhdo zdjh pd| ghyldwh iurp
lwv ruljlqdo wdujhw1

Lq wkh vhtxho/ zh uhihu wr wklv htxloleulxp dv wkh vhfrqg0ehvw htxloleulxp1 Lq
wkh devhqfh ri �uvw0ehvw srolflhv +vxfk dv wkh xvh ri oxps0vxp wd{dwlrq dqg wkh
holplqdwlrq ri surgxfw0 dqg oderu0pdunhw glvwruwlrqv,/ wklv htxloleulxp ihdwxuhv
wkh vpdoohvw srvvleoh h{shfwhg zhoiduh orvv iru hdfk lqglylgxdo frxqwu| lq d prqh0
wdu| xqlrq +l1h1/ jlyhq wkdw lq dwlrq lv dwwxqhg wr xqlrq0zlgh flufxpvwdqfhv,1 Wkh
ghulydwlrq ri wkh vhfrqg0ehvw htxloleulxp lv frqwdlqhg lq Dsshqgl{ D1

6141 Lq dwlrq/ wkh rxwsxw vkruwidoo dqg wkh sxeolf vshqglqj vkruwidoo

Wdeoh 5 frqwdlqv wkh rxwfrphv iru lq dwlrq/ wkh rxwsxw vkruwidoo/; �%�| � %�|/ dqg
wkh vshqglqj vkruwidoo/ �}�| � }�|1 Zh zulwh hdfk ri wkhvh rxwfrphv dv wkh vxp
ri wzr ghwhuplqlvwlf dqg wzr vwrfkdvwlf frpsrqhqwv1 8{

� ghqrwhv frxqwu| �*v
ghwhuplqlvwlf frpsrqhqw ri lwv lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqw
lq ghyldwlrq iurp wkh furvv0frxqwu| dyhudjh ri wklv frpsrqhqw/ gh�qhg e| 78 1
Irupdoo|/ 78 � �

?

S?
�'� 8� dqg 8{

� � 8� � 78 1 Wkh idfwru ehwzhhq vtxduh eudfnhwv
lq hdfk ri wkh hqwulhv ri Wdeoh 5 pdnhv fohdu krz/ zlwklq d jlyhq shulrg/ wkh
lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqw lv glvwulexwhg ryhu wkh �qdqflqj

;Wkurxjkrxw/ zh suhvhqw wkh rxwfrph iru wkh rxwsxw vkruwidoo lqvwhdg ri wkh wd{ udwh1 Wkh
uhdvrq lv wkdw/ lq frqwudvw wr wkh odwwhu/ wkh iruphu gluhfwo| hqwhuv wkh orvv ixqfwlrqv1

<



vrxufhv +wkh rxwsxw vkruwidoo/ wkh vshqglqj vkruwidoo dqg dq lq dwlrq vxusulvh,1
Lqghhg/ iru hdfk shulrg wkhvh idfwruv dgg xs wr xqlw|/ erwk dfurvv wkh ghwhuplqlvwlf
dqg dfurvv wkh vwrfkdvwlf frpsrqhqwv=

C8-�� ' dE�%�� � %��� *Do n E�}�� � }��� n EZ� � HfZ�� '
k

qWE�n4�
�nqWE�n4�

l
UC8-�c +614,

dqg

C8-�2 ' dE�%�2 � %�2� *Do n E�}�2 � }�2� n EZ2 � HfZ2� '
k

�n4
�nqWE�n4�

l
UC8-�c +615,

Wkh lqwudwhpsrudo doorfdwlrq ryhu wkh �qdqflqj vrxufhv lv wkh vdph iru wkuhh
frpsrqhqwv ri UC8-� + 78 / 8

{
� dqg "�

D
,/ exw qrw iru >

D
+frpsduh wkh wklug froxpq

ri Wdeoh 5/ l1h1 xqghu wkh khdglqj ����/ zlwk wkh vhfrqg/ irxuwk dqg �iwk froxpqv
ri Wdeoh 5,1 Lq sduwlfxodu/ wkh lqwudwhpsrudo doorfdwlrq ri >

D
gl�huv iurp wkdw ri

78 1 Wkh lqwxlwlrq lv dv iroorzv1 Wkh ghwhuplqlvwlf frpsrqhqwv ri wkh lqwhuwhpsrudo
jryhuqphqw �qdqflqj uhtxluhphqw duh dqwlflsdwhg dqg wkxv fruuhfwo| lqfrusrudwhg
lq h{shfwhg lq dwlrq1 Wkh frpprq vkrfn/ lq frqwudvw/ lv xqdqwlflsdwhg dqg/ khqfh/
qrw wdnhq lqwr dffrxqw zkhq lq dwlrq h{shfwdwlrqv duh iruphg1 Wkh suhghwhupl0
qdwlrq ri wkh lq dwlrq h{shfwdwlrq lv h{sorlwhg e| wkh srolf|pdnhuv e| �qdqflqj
sduw ri wklv frpprq vkrfn wkurxjk dq lq dwlrq vxusulvh1 Lqghhg/ zkhuhdv wkh fr0
h!flhqwv ri Z��HfZ� dqg Z2�HfZ2 duh }hur lq wkh vhfrqg froxpq lq Wdeoh 5/ wkhvh
frh!flhqwv duh srvlwlyh lq wkh wklug froxpq/ lqglfdwlqj wkdw sduw ri wkh frpprq
vkrfn lv �qdqfhg wkurxjk dq lq dwlrq vxusulvh1 Zlwk vxusulvh lq dwlrq devruelqj
sduw ri wkh frpprq vkrfn/ wkh rxwsxw vkruwidoo dqg wkh vshqglqj vkruwidoo �qdqfh
d vpdoohu vkduh ri wklv vkrfn1

6151 Sxeolf ghew srolf|

Iru hdfk ri wkh rxwfrphv suhvhqwhg lq Wdeoh 5/ wkh whupv wkdw iroorz wkh idfwru lq
vtxduh eudfnhwv uhjxodwh wkh lqwhuwhpsrudo doorfdwlrq ri wkh gl�huhqw frpsrqhqwv
+ 78 / 8{

� /
>
D
dqg "�

D
, ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqw1 Wkh

lqwhuwhpsrudo glvwulexwlrq lv wkh vdph iru hdfk ri wkhvh frpsrqhqwv= wkh �uvw0
shulrg �qdqflqj vrxufhv wrjhwkhu devrue d vkduh qWE�n4�

�nqWE�n4�
ri hdfk lqwhuwhpsrudo

frpsrqhqw/ zkloh wkh vhfrqg0shulrg �qdqflqj vrxufhv wrjhwkhu devrue d vkduh
+glvfrxqwhg wr wkh �uvw shulrg, �

�nqWE�n4�
ri hdfk lqwhuwhpsrudo frpsrqhqw1

Wkh vroxwlrq iru ghew dffxpxodwlrq lq wkh vhfrqg0ehvw htxloleulxp fdq eh
zulwwhq dv=

_7�� ' Hf

�
7_7�
�
n 7__c7� n Hf

�
_{c7��

�
n _Bc7�� c +616,
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zkhuh

Hf

�
7_7�
�

'

k
7g� n E� n 4� 7_f � 7g2

l
n E�� qW� 7g2

� n qW E� n 4�
c +617,

7__c7� '

%
�

� n qW E� n 4�

&
>

D
c +618,

Hf

�
_{c7��

�
'

k
g{

�� n E� n 4� _{�f �g{
�2

l
n E�� qW�g{

�2

� n qW E� n 4�
c ? : �c +619,

' fc ? ' �c

_Bc7�� '

%
�

� n qW E� n 4�

&
"�
D
c ? : �c +61:,

' fc ? ' �c

zkhuh wkh vxshuvfulsw �7� vwdqgv iru �vhfrqg0ehvw htxloleulxp�/ dq xsshuedu
deryh d yduldeoh lqglfdwhv lwv furvv0frxqwu| dyhudjh/ d vxshuvfulsw �_� ghqrwhv
wkh uhvsrqvh wr d frpprq vkrfn/ d vxshuvfulsw �{� ghqrwhv dq lglrv|qfudwlf gh0
yldwlrq ri d ghwhuplqlvwlf yduldeoh iurp lwv furvv0frxqwu| dyhudjh +iru h{dpsoh/
g{

�� � g��� 7g�,/ dqg d vxshuvfulsw �B� lqglfdwhv wkh uhvsrqvh wr dq lglrv|qfudwlf
vkrfn1 Ixuwkhupruh/

qW � q E� n 4� � +61;,

Khqfh/ rswlpdo ghew dffxpxodwlrq +616, lv wkh vxp ri wzr ghwhuplqlvwlf frp0

srqhqwv dqg wzr vwrfkdvwlf frpsrqhqwv1 Wkh frpsrqhqw Hf

�
7_7�
�
rswlpdoo| glv0

wulexwhv ryhu wlph wkh furvv0frxqwu| dyhudjhv ri wkh ghwhuplqlvwlf frpsrqhqwv ri
wkh jryhuqphqw �qdqflqj uhtxluhphqwv1 Wkhuhiruh/ lw lv frpprq dfurvv frxq0
wulhv1 Wkh frpprq +dfurvv frxqwulhv, frpsrqhqw 7__c7� uhsuhvhqwv wkh rswlpdo ghew

uhvsrqvh wr wkh frpprq vkrfn >� Wkh frxqwu|0vshfl�f frpsrqhqwv Hf

�
_{c7��

�
lq0

whuwhpsrudoo| glvwulexwh wkh lglrv|qfudwlf ghwhuplqlvwlf frpsrqhqwv ri wkh jry0
huqphqw �qdqflqj uhtxluhphqwv/ zkloh _Bc7�� vwdqgv iru wkh rswlpdo ghew uhvsrqvh
wr wkh frxqwu|0vshfl�f vkrfn/ "�1 Li q

W ' � +l1h1 li wkh uhdo lqwhuhvw udwh htxdov wkh
udwh ri wlph suhihuhqfh,/ wkh h�hfwv ri doo glvwruwlrqv dqg doo vkrfnv rq wkh rxw0
frphv iru lq dwlrq dqg wkh rxwsxw dqg vshqglqj vkruwidoov duh shuihfwo| vprrwkhg
ryhu wkh wzr shulrgv/ zkloh/ li qW : �/ d odujhu sduw ri wkh glvwruwlrqv dqg wkh
vkrfnv lv devruehg lq wkh �uvw shulrg1
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6161 H{shfwhg zhoiduh orvv

Vrflhw|*v +dqg wkh �vfdo dxwkrulw|*v, h{shfwhg zhoiduh orvv dprxqwv wr=

Hf dT7c�o '

%
qW E� n 4�

� n qW E� n 4�

& %
�

27
8 2
� n

7

2� 2

j2>
D2

n
�

27

j2"
D2

&
c +61<,

zkhuh

7 � �*D2 n �*k}c +6143,

� � �*kZ n �*D2 n �*k}�

Wkh h{shfwhg zhoiduh orvv lv frpsrvhg ri wkuhh frpsrqhqwv= rqh dvvrfldwhg zlwk
wkh ghwhuplqlvwlf frpsrqhqw ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluh0
phqw/ 8�/ rqh dvvrfldwhg zlwk wkh frpprq vkrfn dqg rqh dvvrfldwhg zlwk wkh
lglrv|qfudwlf vkrfn1 Zkloh wkh whup lq wkh �uvw sdlu ri vtxduh eudfnhwv rq wkh
uljkw0kdqg vlgh ri +61<, iroorzv iurp wkh rswlpdo lqwhuwhpsrudo glvwulexwlrq ri

wkh zhoiduh orvvhv/ wkh frh!flhqwv gluhfwo| lq iurqw ri 8 2
� /

j2>
D2

dqg j2"
D2

dulvh iurp
wkh rswlpdo lqwudwhpsrudo glvwulexwlrq ri wkh ghyldwlrqv ri lq dwlrq/ rxwsxw dqg
vshqglqj iurp wkhlu �uvw0ehvw ohyhov1 Vlqfh lq dwlrq vxusulvhv devrue sduw ri wkh

frpprq vkrfn/ wkh frh!flhqw ri
j2>
D2

lv vpdoohu wkdq wkh frh!flhqw ri 8 2
� dqg j2"

D2
1

71 Sxuh glvfuhwlrq

Wklv vhfwlrq h{soruhv wkh fdvh ri sxuh glvfuhwlrq/ wkdw lv/ glvfuhwlrqdu| prqhwdu|
dqg �vfdo srolf|pdnlqj lq wkh devhqfh ri lq dwlrq wdujhwv +ZW� ' ZW2 ' f, dqg ghew
wdujhwv1< Lq frqwudvw wr wkh suhylrxv vhfwlrq/ wkhuhiruh/ srolf|pdnhuv duh qr orqjhu
deoh wr frpplw wr d uxoh1

Wkh wlplqj ri hyhqwv lv qrz dv iroorzv1 Dw wkh vwduw ri wkh �uvw shulrg +| ' f,/
qrplqdo zdjhv duh vhw +dqg lq dwlrq h{shfwdwlrqv duh ghwhuplqhg, iru erwk shul0
rgv1 Vxevhtxhqwo|/ wkh vkrfnv rffxu1 Diwhu wklv/ �uvw0shulrg prqhwdu| dqg �vfdo
srolf| lqvwuxphqwv duh fkrvhq/ zkhuh hdfk srolf|pdnhu wdnhv wkh rwkhu sod|huv*
�uvw0shulrg srolf| ghflvlrqv/ dv zhoo dv h{shfwdwlrqv/ dv jlyhq1 Wkhq/ wkh qrplqdo
zdjh iru wkh vhfrqg shulrg lv lqgh{hg iru lq dwlrq lqfxuuhg ryhu wkh �uvw shulrg1
Ilqdoo|/ vhfrqg0shulrg prqhwdu| dqg �vfdo srolf| lqvwuxphqwv duh fkrvhq/ zkhuh
hdfk srolf|pdnhu wdnhv wkh rwkhu sod|huv* srolf| ghflvlrqv/ dv zhoo dv h{shfwd0
wlrqv/ dv jlyhq1 Lq rwkhu zrugv/ zlwklq hdfk shulrg/ srolf|pdnhuv duh lqyroyhg lq

<Lq pxfk ri wkh olwhudwxuh rq �vfdo0prqhwdu| srolf| lqwhudfwlrqv/ rqo| prqhwdu| srolf| lv
glvfuhwlrqdu| +h1j1 Dohvlqd dqg Wdehoolql/ 4<;9,1 H{fhswlrqv duh/ iru h{dpsoh/ Eu|vrq hw do1
+4<<6,/ Djhoo hw do1 +4<<9,/ Ehjj +5333, dqg Gheuxq +5333,1
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d Qdvk jdph1 Krzhyhu/ ehfdxvh wkh| pryh hduolhu/ �uvw0shulrg jryhuqphqwv dfw
dv Vwdfnhoehuj ohdghuv djdlqvw wkh vhfrqg0shulrg srolf|pdnhuv/ wkhuhe| h{sorlwlqj
wkhlu uhdfwlrq ixqfwlrqv1 Wklv jlyhv ulvh wr vwudwhjlf h�hfwv1 Lq sduwlfxodu/ e| xvlqj
wkhlu ghew srolf|/ �uvw0shulrg �vfdo srolf|pdnhuv d�hfw wkh qhhg iru wd{ uhyhqxhv
dqg wkxv wkh wd{ udwh lq wkh vhfrqg shulrg1 Wklv/ lq wxuq/ lpsdfwv rxwsxw +dqg
hpsor|phqw, dqg wkxv wkh lqfhqwlyh iru wkh HFE wr uhod{ ru wljkwhq lwv prqhwdu|
srolf|/ dv lv hylghqw iurp wkh HFE*v vhfrqg0shulrg uhdfwlrq ixqfwlrq=

Z2 '
�

kZ
kZ n D2

�
ZW2 n

%
D2

kZ n D2

& %
Ze2 n

�
?

?[
�'�

E� �2 n �%�2*D�

&
c +714,

zkhuh iru ixwxuh uhihuhqfh zh kdyh doorzhg iru d qrq0}hur lq dwlrq wdujhw ZW2�
Kljkhu h{shfwhg lq dwlrq dqg pruh vhyhuh wd{ dqg qrq0wd{ glvwruwlrqv lq dq| ri
wkh frxqwulhv lq wkh prqhwdu| xqlrq uhgxfh rxwsxw ehorz lwv wdujhw ohyho/ wkhuhe|
lqgxflqj wkh HFE wr hpsor| xqdqwlflsdwhg lq dwlrq dv dq lqvwuxphqw wr h{sdqg
rxwsxw1 Wkh h�hfw rq lq dwlrq ri d xqlodwhudo fkdqjh lq wkh wd{ udwh lv rqo| �*?0wk
ri wkh fruuhvsrqglqj h�hfw xqghu qdwlrqdo prqhwdu| srolf|pdnlqj1 Dffruglqjo|/
wkh uhdfwlrq ri wkh HFE wr dq lqglylgxdo frxqwu|*v fkdqjh lq lwv wd{ udwh ghfuhdvhv
lq wkh vl}h ri wkh xqlrq1 Lqwxlwlyho|/ wkh odujhu d prqhwdu| xqlrq ehfrphv/ wkh
zhdnhu ehfrphv wkh vwudwhjlf srvlwlrq ri hdfk lqglylgxdo �vfdo sod|hu ylv0ã0ylv wkh
HFE1

7141 Lq dwlrq/ wkh rxwsxw vkruwidoo dqg wkh sxeolf vshqglqj vkruwidoo

Wdeoh 6 frqwdlqv wkh vroxwlrqv iru wkh lq dwlrq udwh/ wkh rxwsxw vkruwidoo dqg wkh
vshqglqj vkruwidoo143 Wkh pdlq gl�huhqfh frpsduhg wr wkh rxwfrphv xqghu wkh
vhfrqg0ehvw htxloleulxp +vhh Wdeoh 5, lv wkdw lq dwlrq h{shfwdwlrqv duh kljkhu
+frpsduh wkh whup lq wkh vhfrqg froxpq dqg wkh vhfrqg urz ri Wdeoh 6 zlwk wkh
fruuhvsrqglqj whup lq Wdeoh 5,1 Wkh vrxufh ri wkh kljkhu h{shfwhg lq dwlrq udwh
xqghu sxuh glvfuhwlrq lv wkh lqdelolw| wr frpplw wr d wljkw prqhwdu| srolf|/ zklfk
|lhogv wkh idploldu lq dwlrq eldv1

Wkh rxwfrphv iru wkh rxwsxw vkruwidoo dqg wkh vshqglqj vkruwidoo ghyldwh iurp
wkh rxwfrphv xqghu wkh vhfrqg0ehvw htxloleulxp dovr ehfdxvh ghew dffxpxodwlrq
xqghu sxuh glvfuhwlrq gl�huv iurp ghew dffxpxodwlrq xqghu wkh vhfrqg ehvw li
frxqwulhv duh khwhurjhqhrxv1 Wkhvh gl�huhqfhv jlyh ulvh wr frq lfwv ehwzhhq wkh
�vfdo dxwkrulwlhv derxw wkh suhihuuhg ixwxuh prqhwdu| srolf| zklfk lqgxfh wkhvh
dxwkrulwlhv wr xvh ghew srolf| vwudwhjlfdoo| wr pryh ixwxuh prqhwdu| srolf| wr wkhlu
rzq dgydqwdjh1 Wklv lv glvfxvvhg lq pruh ghwdlo ehorz1

43Wkh frpsohwh ghulydwlrq ri wkh htxloleulxp lv frqwdlqhg lq Dsshqgl{ E1
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7151 Sxeolf ghew srolf|

Jryhuqphqw �*v ghew fdq/ dqdorjrxv wr +616,/ eh zulwwhq dv=

_(�� ' Hf

�
7_(�
�
n 7__c(� n Hf

�
_{c(��

�
n _Bc(�� c +715,

zkhuh

Hf

�
7_(�
�

'

k
7g� n E� n 4� 7_f � 7g2

l
n E�� qW� 7g2

� n qW E� n 4�
c +716,

7__c(� '

%
�

� n qW E� n 4�

&
>

D
c +717,

Hf

�
_{c(��

�
'

k
g{

�� n E� n 4� _{�f �g{
�2

l
n d�� qW E� W*� �og{

�2

� n qW E� n 4� E� W*� �
c li ? : �c

' fc li ? ' �c +718,

_Bc(�� '

%
�

� n qW E� n 4� E� W*� �

&
"�
D
c li ? : �c +719,

' fc li ? ' �c

zkhuh d vxshuvfulsw �G� lv xvhg wr lqglfdwh wkdw wklv lv wkh sxuho| glvfuhwlrqdu|
vroxwlrq dqg zkhuh=

� W � dE?� �� *?o *kZ n �*D2 n �*k}� +71:,

Zh qrz glvfxvv hdfk ri wkh frpsrqhqwv ri wkh ghew vroxwlrq dqg frpsduh wkhp
zlwk wkh vhfrqg0ehvw rxwfrphv1

715141 Wkh whup Hf

�
7_(�
�

Wkh uhvsrqvhv wr wkh frpprq ghwhuplqlvwlf frpsrqhqwv ri wkh jryhuqphqw �qdqf0
lqj uhtxluhphqwv duh wkh vdph dv xqghu wkh vhfrqg ehvw +l1h1 Hf

�
7_(�
�
'Hf

�
7_7�
�
�1

Wkh uhdvrq lv wkdw jryhuqphqwv idfh qr lqfhqwlyh wr vwudwhjlfdoo| xvh sxeolf ghew
wr d�hfw ixwxuh lq dwlrq h{shfwdwlrqv ehfdxvh ixwxuh +vhfrqg0shulrg, lq dwlrq h{0
shfwdwlrqv duh douhdg| ghwhuplqhg zkhq ghew lv vhw1

715151 Wkh whup 7__c(�

Wkh uhvsrqvh ri jryhuqphqw ghew wr d frpprq vkrfn lv h{dfwo| wkh vdph dv
wkh uhvsrqvh wr wkh frpprq ghwhuplqlvwlf frpsrqhqwv ri wkh jryhuqphqw �qdqf0
lqj uhtxluhphqw dqg/ wkhuhiruh/ frlqflghv zlwk wkh fruuhvsrqglqj uhvsrqvh lq wkh
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vhfrqg0ehvw htxloleulxp1 Lq dwlrq h{shfwdwlrqv duh �{hg iru wzr shulrgv dkhdg1
Khqfh/ jryhuqphqwv hpsor| ghew rswlpdoo| e| vprrwklqj wkh h�hfwv ri wkh frp0
prq vkrfn ryhu wlph1

715161 Wkh whup Hf

�
_{c(��

�
Lqwhuqdwlrqdo khwhurjhqhlw| jlyhv ulvh wr d frq lfw dprqj wkh �vfdo dxwkrulwlhv
derxw wkh suhihuuhg ixwxuh prqhwdu| srolf| vwdqfh1 Wkh frq lfw lqgxfhv jryhuq0
phqwv wr hpsor| ghew vwudwhjlfdoo|1 Dv d uhvxow/ Hf

�
_{c(��

�
gl�huv iurp Hf

�
_{c7��

�
1

Lq sduwlfxodu/ frxqwulhv ihdwxulqj d uhodwlyho| odujh ghwhuplqlvwlf frpsrqhqw ri
wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqw +l1h1 8{

� : f� dffxpxodwh

h{fhvvlyh sxeolf ghew +l1h1 Hf

�
_{c(��

�
:Hf

�
_{c7��

�
�� Frxqwulhv ihdwxulqj d uhod0

wlyho| vpdoo ghwhuplqlvwlf frpsrqhqw ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj
uhtxluhphqw +l1h1 8{

� 	 f�/ lq frqwudvw/ gr qrw dffxpxodwh hqrxjk sxeolf ghew

+l1h1 Hf

�
_{c(��

�
	Hf

�
_{c7��

�
�144

Wkh lqwxlwlrq iru wkhvh uhvxowv lv dv iroorzv1 Frxqwulhv h{klelwlqj d uhodwlyho|
odujh ghwhuplqlvwlf jryhuqphqw �qdqflqj uhtxluhphqw +l1h1 8{

� : f� qhhg wr udlvh
uhodwlyho| odujh wd{ uhyhqxhv1 Wkhlu jryhuqphqwv uhdol}h wkdw udlvlqj sxeolf ghew
wr vkliw pruh ri wkh wd{ exughq wr wkh vhfrqg shulrg ehqh�wv �uvw0shulrg hp0
sor|phqw/ zkloh wkh dgyhuvh lpsdfw rq vhfrqg0shulrg hpsor|phqw lv rqo| olplwhg/
ehfdxvh wkh kljkhu vhfrqg0shulrg wd{ udwh lqgxfhv wkh HFE wr uhod{ prqhwdu| sro0
lf| lq wkdw shulrg lq rughu wr surwhfw hpsor|phqw +vhh +714,,1 Khqfh/ jryhuqphqwv
zlwk uhodwlyho| odujh ghwhuplqlvwlf jryhuqphqw �qdqflqj uhtxluhphqwv shufhlyh d
uhodwlyho| odujh ehqh�w iurp h{sorlwlqj wkh suhghwhuplqdwlrq ri ixwxuh lq dwlrq h{0
shfwdwlrqv lq wklv zd| dqg/ wkhuhiruh/ vwudwhjlfdoo| ryhudffxpxodwh ghew1 Wkurxjk
wkh vdph phfkdqlvp/ jryhuqphqwv ri frxqwulhv zlwk d uhodwlyho| orz jryhuqphqw �0
qdqflqj uhtxluhphqw +l1h1 8{

� 	 f� vwudwhjlfdoo| xqghudffxpxodwh ghew +frpsduhg
wr wkh vhfrqg ehvw, lq rughu wr hqfrxudjh wkh HFE wr uhgxfh ixwxuh lq dwlrq1 Ri
frxuvh/ wkh frpelqhg h�hfw ri wkh frq lfwlqj h�ruwv ri lqglylgxdo jryhuqphqwv wr
lq xhqfh wkh HFE lv qlo1

Li wkh qxpehu ri frxqwulhv/ ?/ lqfuhdvhv/ Hf

�
_{c(��

�
whqgv wrzdugv Hf

�
_{c7��

�
1

Wkh uhdvrq lv wkdw/ lq d odujhu xqlrq/ dq lqglylgxdo frxqwu| uhdol}hv wkdw lw fdq h{0
huw rqo| d vpdoo lq xhqfh rq wkh frpprq lq dwlrq udwh +vhh +714,,1 Wkh shufhlyhg
ehqh�wv iurp xvlqj ghew vwudwhjlfdoo| duh wkhuhiruh vpdoo1

44Wkhvh uhvxowv iroorz xsrq revhuylqj wkdw

CH3+g�>G

l4 ,
Cq @ �

k
��+4.�,

+4.��+4.�,+S�@S ,,5
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715171 Wkh whup 7_Bc(�

Dovr lglrv|qfudwlf vkrfnv fdxvh d frq lfw ehwzhhq wkh �vfdo dxwkrulwlhv derxw
wkh surshu vwdqfh ri wkh frpprq ixwxuh prqhwdu| srolf| dqg/ wkxv/ lqgxfh jry0
huqphqwv wr vwudwhjlfdoo| vhw sxeolf ghew +qrwh wkdw _Bc(�� : _Bc7�� li "� : f/ zkloh
_Bc(�� 	 _Bc7�� li "� 	 f,1 Lq sduwlfxodu/ lq uhvsrqvh wr d edg +jrrg, lglrv|qfudwlf vkrfn
+"� : E	�f,/ jryhuqphqwv lqfuhdvh +ghfuhdvh, sxeolf ghew/ zklfk surgxfhv kljkhu
+orzhu, ixwxuh wd{ udwhv dqg lqgxfhv wkh HFE wr uhod{ +wljkwhq, ixwxuh prqhwdu|
srolf| lq rughu wr surwhfw hpsor|phqw1 Dovr wklv vwudwhjlf ghew dffxpxodwlrq
glvdsshduv li wkh qxpehu ri xqlrq phpehuv whqgv wr lq�qlw| +l1h1 7_Bc(� $ 7_Bc7� li
?$4�1

81 H{0dqwh srolf| frruglqdwlrq

Wklv vhfwlrq h{soruhv srvvleoh uhirupv ri prqhwdu| dqg �vfdo lqvwlwxwlrqv dlphg dw
lpsurylqj xsrq wkh sxuho| glvfuhwlrqdu| htxloleulxp frqvlghuhg lq wkh suhylrxv
vhfwlrq1 Zh frqvlghu lq sduwlfxodu lq dwlrq wdujhwv +ZW� dqg Z

W

2, dqg ghew wdujhwv/
45

zklfk duh ghwhuplqhg sulru wr wkh vhwwlqj ri qrplqdo zdjhv dw wkh ehjlqqlqj ri wkh
�uvw shulrg1 Zh dvvxph wkdw wkh wdujhwv fdq eh hqirufhg dqg wkxv duh fuhgleoh1
Wkhvh lqvwlwxwlrqdo frqvwudlqwv fdq eh ylhzhg dv frqwudfwxdo vroxwlrqv doorzlqj
wkh srolf|pdnhuv wr frpplw wr sduwlfxodu frqwudfwv ehiruh wkh sulydwh vhfwru wdnhv
lwv ghflvlrqv1 Wkhvh frqwudfwv/ zklfk dwwhpsw wr lqwhuqdol}h srolf| vslooryhuv/ fdq
eh ylhzhg dv h{0dqwh frruglqdwlrq dprqj srolf|pdnhuv1

Wkh txhvwlrq dulvhv krz ghwdlohg wkhvh frqwudfwv fdq eh1 Lqghhg/ wkh ghew
dqg lq dwlrq wdujhwv zh frqvlghu lq wklv vhfwlrq fdq eh ylhzhg dv dq lqwhuphgl0
dwh vwhs ehwzhhq frpsohwh frpplwphqw wr wkh ixoo| frqwlqjhqw uxohv lq Vhfwlrq
6 dqg sxuh glvfuhwlrq frqvlghuhg lq Vhfwlrq 71 Lq sudfwlfh/ lq dwlrq wdujhwv +dv/
iru h{dpsoh/ dgrswhg lq wkh X1N1/ Fdqdgd dqg Qhz ]hdodqg, xvxdoo| wdnh wkh
irup ri d srlqw wdujhw ru d edqg iru lq dwlrq vhw iru rqh ru pruh |hduv dkhdg1
Iru h{dpsoh/ wkh HFE kdv dqqrxqfhg d wdujhw udqjh iru lq dwlrq1 Surmhfwhg lq0
 dwlrq wdujhwv duh xvxdoo| qrw frqwlqjhqw rq xqh{shfwhg hfrqrplf flufxpvwdqfhv
dqg/ li wkh| duh/ wkh frqwlqjhqflhv duh ydjxh +iru h{dpsoh/ hvfdsh fodxvhv xqghu
h{fhswlrqdo flufxpvwdqfhv,1 Wkh dqdo|vlv ehorz nhhsv erwk shulrgv* lq dwlrq wdu0
jhwv xqfkdqjhg luuhvshfwlyh ri dq| qhz lqirupdwlrq wkdw ehfrphv dydlodeoh dv wkh
jdph hyroyhv1 Qrq0frqwlqjhqw lq dwlrq wdujhwv duh olnho| wr eh pruh fuhgleoh wkdq
frqwlqjhqw wdujhwv ehfdxvh fkdqjlqj wkh wdujhw lq uhvsrqvh wr xqh{shfwhg hfr0
qrplf ghyhorsphqwv pd| rshq wkh grru iru srolwlfdo suhvvxuhv wr uhod{ wkh wdujhw1
Dv dqrwkhu yhuvlrq ri wkh vwdqgdug �fuhglelolw|0 h{lelolw| wudgh r��/ vlpsoh uxohv

45Wkh ghew wdujhwv duh srlqw wdujhwv wr eh klw h{dfwo|1 Lq Vhfwlrq 817 zh frqvlghu ghew fhlolqjv
lqvwhdg ri ghew wdujhwv1
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duh pruh fuhgleoh exw ohvv  h{leoh lq dgmxvwlqj wr frqwlqjhqflhv1 Wkh ghew wdujhwv
zh frqvlghu duh voljkwo| pruh ghwdlohg dqg duh doorzhg wr eh frxqwu| vshfl�f dqg
frqwlqjhqw rq wkh vkrfnv1

Wr uhsurgxfh wkh vhfrqg ehvw dqdo|}hg lq Vhfwlrq 6/ lqvwlwxwlrqdo dgmxvwphqwv
qhhg wr hqvxuh qrw rqo| dq rswlpdo lqwudwhpsrudo doorfdwlrq dprqj wkh dydlodeoh
lqvwuxphqwv +lq dwlrq/ wkh rxwsxw vkruwidoo dqg wkh vshqglqj vkruwidoo, exw dovr
dq rswlpdo lqwhuwhpsrudo doorfdwlrq vr wkdw sxeolf ghew frlqflghv zlwk wkh vhfrqg0
ehvw rxwfrph +l1h1 wkh frpsrqhqwv Hf

�
_{c(��

�
dqg _Bc(�� lq +715, qhhg wr eh dgmxvwhg

vr wkdw wkh| frlqflgh zlwk wkhlu vhfrqg0ehvw frxqwhusduwv,1
Lq wkh devhqfh ri ghew wdujhwv/ wkh lqwurgxfwlrq ri lq dwlrq wdujhwv lpsdfwv

wkh h{shfwhg dyhudjh ghew srvlwlrq=

Hf

�
7_�
�
' Hf

�
7_7�
�
� �

?
qW

k
7*�

�nqWE�n4�

l
ZW2c +814,

D wljkw vhfrqg0shulrg lq dwlrq wdujhw +l1h1/ ZW2 	 f, frpedwwlqj wkh lq dwlrq eldv
errvwv ghew dffxpxodwlrq frpsduhg wr wkh vhfrqg ehvw1 Wkh uhdvrq lv wkdw lw
fuhdwhv d frq lfw ehwzhhq wkh prqhwdu| dqg �vfdo dxwkrulwlhv e| uhgxflqj wkh
suhihuuhg lq dwlrq udwh ri wkh HFE ehorz wkdw ri wkh �vfdo dxwkrulwlhv1 Lqwxlwlyho|/
prqhwdu| srolf| lv ghflghg dw dq hduolhu vwdjh +dw wkh frqwudfwlqj vwdjh yld wkh
lq dwlrq wdujhw, wkdq �vfdo srolf|/ zklfk lq wkh devhqfh ri ghew wdujhwv lv sxuho|
glvfuhwlrqdu|1 Wklv frq lfw ehwzhhq prqhwdu| dqg �vfdo srolf| lqgxfhv wkh �vfdo
dxwkrulwlhv wr udlvh wkh sxeolf ghew vwudwhjlfdoo|1 Lq sduwlfxodu/ kljkhu ixwxuh wd{
udwhv uhtxluhg wr vhuylfh d odujhu sxeolf ghew uhgxfh rxwsxw dqg hpsor|phqw dqg/
iru jlyhq lq dwlrq h{shfwdwlrqv/ hqfrxudjh wkh HFE wr uhod{ prqhwdu| srolf| +vhh
+714,,1

Lq d odujhu prqhwdu| xqlrq +l1h1 ? lv kljkhu,/ wkh h�hfw ri d xqlodwhudo lqfuhdvh
lq wkh sxeolf ghew rq wkh frpprq lq dwlrq udwh lv shufhlyhg wr eh vpdoohu1 Khqfh/
d wljkw lq dwlrq wdujhw ZW2 	 f |lhogv ohvv vwudwhjlf ghew dffxpxodwlrq1 Lqghhg/ d
odujhu prqhwdu| xqlrq zhdnhqv wkh vwudwhjlf srvlwlrq ri hdfk lqglylgxdo �vfdo dx0
wkrulw| ylv0ã0ylv wkh fhqwudo edqn vr wkdw wkh fhqwudo edqn vkrxog eh ohvv frqfhuqhg
derxw suhvvxuh iurp wkh �vfdo dxwkrulwlhv lq fdvh ri d frq lfw ehwzhhq prqhwdu|
dqg �vfdo srolflhv1

8141 Krprjhqhrxv frxqwulhv

Wkh iroorzlqj sursrvlwlrq +suryhq lq Dsshqgl{ F, vwdwhv wkh vx!flhqw lqvwlwx0
wlrqdo duudqjhphqwv wr uhsurgxfh wkh vhfrqg ehvw li frxqwulhv duh krprjhqhrxv vr
wkdw lqwhuqdwlrqdo frq lfwv duh devhqw +khqfh/ Hf
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Sursrvlwlrq 41 Vxssrvh wkdw g�� ' 7g�/ g�2 ' 7g2/ _�f ' 7_f dqg "� ' f/ ;�1 Lq
wkdw fdvh/ wkh lq dwlrq wdujhwv
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frpelqhg zlwk d xqlirup +dfurvv frxqwulhv, ghew wdujhw _A�� ' Hf

�
7_7�
�
n 7__c7� c;�/

hqvxuhv wkdw wkh ghfhqwudol}hg/ glvfuhwlrqdu| htxloleulxp zlwk wzr0shulrg dkhdg
zdjh vhwwlqj frlqflghv zlwk wkh vhfrqg0ehvw htxloleulxp1

Khuh/ dqg lq wkh vhtxho/ zh xvh d vxshuvfulsw �A� wr ghqrwh d ghew wdujhw1
Wkh lq dwlrq wdujhwv +815, dqg +816, hqvxuh wkdw/ iru jlyhq ghew srolf|/ wkh lq0
wudwhpsrudo wudgh r� dprqj wkh lqvwuxphqwv lv rswlpdo1 Wkh wdujhwv duh qhjdwlyh/
zklfk pd| vhhp xquhdolvwlf lq wkh oljkw ri dfwxdo lq dwlrq0wdujhwlqj h{shulhqfh1
Wklv rxwfrph lv wkh uhvxow ri rxu dvvxpswlrq wkdw vrflhw|*v eolvv srlqw iru lq dwlrq
lv }hur1 Li vrflhw|*v eolvv srlqw iru lq dwlrq lv srvlwlyh/ wkhq dovr wkh rswlpdo lq d0
wlrq wdujhw fdq eh srvlwlyh1 Lq dgglwlrq/ lq sudfwlfh lq dwlrq wdujhwv duh lpsrvhg
rq phdvxuhg lq dwlrq/ zklfk whqgv wr h{fhhg dfwxdo lq dwlrq ehfdxvh lw grhv qrw
surshuo| dffrxqw iru txdolw| lpsuryhphqwv1 Khqfh/ d srvlwlyh wdujhw iru phdvxuhg
lq dwlrq pd| fruuhvsrqg wr qhjdwlyh dfwxdo lq dwlrq1 Zkdw pdwwhuv/ wkrxjk/ duh
wkh txdolwdwlyh surshuwlhv ri wkh rswlpdo lq dwlrq wdujhwv +815, dqg +816,1 Lq sdu0
wlfxodu/ wkh| holplqdwh wkh lq dwlrq eldv +l1h1 HfZ� 'HfZ2 ' f� vr wkdw lq dwlrq
h{fhhgv lwv vrfldoo| rswlpdo ydoxh ri }hur rqo| lq uhvsrqvh wr d xqlrq0zlgh edg
vkrfn1 Wkh lq dwlrq wdujhwv duh sursruwlrqdo wr wkh frpprq ghwhuplqlvwlf sduw
ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqw/ 78 1 D odujhu ydoxh iru 78
uhtxluhv d wljkwhu lq dwlrq wdujhw wr suhyhqw dq lq dwlrq eldv1

Wkh lq dwlrq wdujhwv +815, dqg +816, dorqh duh qrw vx!flhqw wr hqvxuh wkh
vhfrqg0ehvw rxwfrph1 Wkh uhdvrq lv wkdw wkh vhfrqg0shulrg lq dwlrq wdujhw jlyhv
ulvh wr vwudwhjlf dffxpxodwlrq ri sxeolf ghew1 Dv h{sodlqhg lq frqqhfwlrq zlwk wkh
uhdfwlrq ixqfwlrq +814,/ uhvroylqj wkh frruglqdwlrq sureohp ehwzhhq wkh prqhwdu|
dxwkrulwlhv dqg wkh sulydwh vhfwru wkurxjk wkh lqwurgxfwlrq ri d wljkw lq dwlrq
wdujhw +ZW2 	 f, fuhdwhv d srolf| frq lfw ehwzhhq wkh prqhwdu| dqg wkh �vfdo
dxwkrulwlhv1 Wr dyrlg wkh uhvxowlqj ghew eldv/ d wljkw lq dwlrq wdujhw qhhgv wr eh
frpsohphqwhg zlwk d fhlolqj rq wkh sxeolf ghew1 Lqwxlwlyho|/ e| surylglqj vrph
frpplwphqw wr qrw rqo| prqhwdu| srolf| +wkurxjk fuhgleoh lq dwlrq wdujhwv, exw
dovr �vfdo srolf| +wkurxjk fuhgleoh ghew fhlolqjv,/ rqh frruglqdwhv prqhwdu| dqg
�vfdo srolflhv1 Lq frqwudvw wr wkh lq dwlrq wdujhw/ wkh ghew fhlolqj lv frqwlqjhqw rq
wkh frpprq vkrfn >�
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8151 Khwhurjhqhrxv frxqwulhv

Li frxqwulhv duh khwhurjhqhrxv/ lqvwlwxwlrqdo frqvwudlqwv pxvw dgguhvv qrw rqo| wkh
lq dwlrq eldv exw dovr vwudwhjlf ghew dffxpxodwlrq gxh wr frq lfwlqj ylhzv ri wkh
ydulrxv jryhuqphqwv derxw wkh surshu vwdqfh ri prqhwdu| srolf|1 Wklv fdvh |lhogv
wkh iroorzlqj sursrvlwlrq +wkh surri ri zklfk lv yhu| vlplodu wr wkdw ri Sursrvlwlrq
4,=

Sursrvlwlrq 51 Wkh vhw ri lq dwlrq wdujhwv +815, dqg +816, frpelqhg zlwk d vhw
ri frxqwu|0vshfl�f ghew wdujhwv _A�� ' _7��c ; E�c "�c >� jlyhq e| +616, hqvxuh wkdw
wkh ghfhqwudol}hg/ glvfuhwlrqdu| htxloleulxp zlwk wzr0shulrg dkhdg zdjh vhwwlqj
frlqflghv zlwk wkh vhfrqg0ehvw htxloleulxp1

Wkh duudqjhphqwv sursrvhg lq Sursrvlwlrq 5 |lhog wkh vhfrqg0ehvw htxloleulxp1
Dffruglqjo|/ jryhuqphqwv +ru vrflhwlhv, zrxog xqdqlprxvo| djuhh rq wkh wdujhwv
zkhq wkh| duh lpsrvhg +l1h1 h{ dqwh,1 Wkh rswlpdo lq dwlrq wdujhwv djdlq holplqdwh
wkh lq dwlrq eldv +l1h1 HfZ� ' HfZ2 ' f�1 Lq idfw/ wkh| frlqflgh zlwk wkh wdujhwv lq
wkh fdvh ri krprjhqhrxv frxqwulhv dqg duh wkxv qrq0vwrfkdvwlf1 Wkh rswlpdo ghew
wdujhwv/ lq frqwudvw/ duh ulfkhu wkdq zlwk krprjhqhrxv frxqwulhv1 Wkhvh wdujhwv
suhyhqw wkh vwudwhjlf ghew dffxpxodwlrq wkdw dulvhv qrw rqo| iurp wkh frq lfw
ehwzhhq wkh HFE dqg wkh �vfdo dxwkrulwlhv derxw wkh suhihuuhg lq dwlrq udwh exw
dovr iurp wkh frq lfw ehwzhhq wkh ydulrxv �vfdo dxwkrulwlhv wkhpvhoyhv1 Lq rughu wr
uhvroyh wklv odwwhu frq lfw/ wkh ghew wdujhwv kdyh wr eh frxqwu| vshfl�f lq wkdw wkh|
ghshqg rq erwk wkh frxqwu|0vshfl�f ghwhuplqlvwlf frpsrqhqwv ri wkh jryhuqphqw
�qdqflqj uhtxluhphqwv dqg wkh lglrv|qfudwlf vkrfnv1

8161 Sduwldo h{0dqwh frruglqdwlrq

Wkh suhylrxv sursrvlwlrq lqyhvwljdwhg lqvwlwxwlrqdo frqvwudlqwv rq qrw rqo| prq0
hwdu| srolf| exw dovr �vfdo srolf|1 Frxqwulhv/ krzhyhu/ w|slfdoo| �qg lw kdughu
wr djuhh rq frqvwudlqwv rq �vfdo srolf| wkdq rq prqhwdu| lqvwlwxwlrqv1 Lqghhg/
qhjrwldwlqj wkh Vwdelolw| dqg Jurzwk Sdfw zdv frqvlghudeo| pruh gl!fxow wkdq
djuhhlqj rq wkh dssursuldwh ghvljq ri wkh HFE1 Pruhryhu/ wkh fuhglelolw| ri Vwdelo0
lw| dqg Jurzwk Sdfw fdqqrw eh wdnhq iru judqwhg gxh wr hqirufhphqw sureohpv1 Lq
ylhz ri wkhvh frqvlghudwlrqv/ wklv vxe0vhfwlrq h{soruhv wkh rswlpdo lq dwlrq wdujhw
li frqvwudlqwv rq �vfdo srolf| duh devhqw1

Lpsrvlqj d wljkw vhfrqg0shulrg lq dwlrq wdujhw +ZW2 	 f, qrw rqo| doohyldwhv wkh
lq dwlrq eldv lq wkh vhfrqg shulrg exw dovr jlyhv ulvh wr vwudwhjlf ghew dffxpxodwlrq
+vhh +814,,1 Wklv dgglwlrqdo ghew dffxpxodwlrq udlvhv wkh jryhuqphqw �qdqflqj
uhtxluhphqw lq wkh vhfrqg shulrg1 Lq rughu wr r�vhw wkh uhvxowlqj kljkhu lq dwlrq
eldv lq wkh vhfrqg shulrg/ wkh vhfrqg0shulrg lq dwlrq wdujhw kdv wr eh wljkwhu wkdq
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wkh fruuhvsrqglqj lq dwlrq wdujhw lq wkh suhvhqfh ri rswlpdo ghew wdujhwv1 Wkh
rswlpdo lq dwlrq wdujhw/ krzhyhu/ grhv qrw frpsohwho| holplqdwh wkh lqfuhdvhg +gxh
wr pruh ghew dffxpxodwlrq, vhfrqg0shulrg lq dwlrq eldv1 Pdujlqdoo| uhod{lqj wkh
lq dwlrq wdujhw wkdw frpsohwho| holplqdwhv wkh lq dwlrq eldv surgxfhv d �uvw0rughu
jdlq lq zhoiduh rq dffrxqw ri d uhgxfhg ghew eldv dqg rqo| d vhfrqg0rughu orvv ri
zhoiduh rq dffrxqw ri dq hphujlqj lq dwlrq eldv1 Doo wklv lv pdgh suhflvh lq wkh
iroorzlqj sursrvlwlrq +suryhq lq Dsshqgl{ G,=

Sursrvlwlrq 61 Dvvxph wkdw wkh remhfwlyh lv wr plqlpl}h dq htxdoo|0zhljkwhg
dyhudjh ri vrflhwlhv* orvv ixqfwlrqv1 Lq wkh devhqfh ri ghew wdujhwv/ wkh rswlpdo
�uvw0shulrg lq dwlrq wdujhw lv YZW� ' �
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wkh rswlpdo vhfrqg0shulrg lq dwlrq wdujhw lv YZW2/ zklfk olhv ehwzhhq 	ZW2 dqg ZWcJR|2 1
Khuh/ 	ZW2 +	 ZWcJR|2 , lv wkh vhfrqg0shulrg lq dwlrq wdujhw wkdw frpsohwho| holplqdwhv

wkh vhfrqg0shulrg lq dwlrq eldv lq wkh devhqfh ri ghew wdujhwv dqg Hf

�
Y_�
�
lv wkh

uljkw0kdqg vlgh ri +814, rewdlqhg diwhu vxevwlwxwlqj YZW2 iru Z
W

21

Wkh �uvw0shulrg lq dwlrq wdujhw/ zklfk frpsohwho| holplqdwhv wkh �uvw0shulrg
lq dwlrq eldv/ qhhgv wr eh ohvv wljkw wkdq lq wkh suhvhqfh ri rswlpdo ghew wdu0
jhwv1 Wkh uhdvrq lv wkdw sxeolf ghew lv kljkhu vr wkdw wkh �uvw0shulrg jryhuqphqw
�qdqflqj uhtxluhphqw +zklfk ghwhuplqhv wkh �uvw0shulrg lq dwlrq eldv, lv orzhu1
Lqglylgxdo frxqwulhv djuhh rq wkh rswlpdo �uvw0shulrg lq dwlrq wdujhw ehfdxvh wkh|
fdqqrw h{sorlw �uvw0shulrg qrplqdo frqwudfwv dv wkh| wdnh �uvw0shulrg prqhwdu|
srolf| dv jlyhq lq wkh Qdvk jdph1 Rq wkh rswlpdo vhfrqg0shulrg lq dwlrq wdu0
jhw/ lq frqwudvw/ frxqwulhv glvdjuhh1 Lq rughu wr uhvroyh wklv frq lfw/ Sursrvlwlrq 6
wdnhv dv wkh remhfwlyh d zhljkwhg dyhudjh ri wkh lqglylgxdo vrflhwlhv* orvv ixqfwlrqv1
Rqh fdq vkrz wkdw d frxqwu| � ihdwxulqj uhodwlyho| vhyhuh vwuxfwxudo glvwruwlrqv
+l1h1/ 8{

� : f, suhihuv d uhodwlyho| od{ vhfrqg0shulrg lq dwlrq wdujhw +l1h1/ lw suhihuv
ZW2 : YZW2,1 Wkh uhdvrq lv wkdw lq wkh suhvhqfh ri vxfk d od{ lq dwlrq wdujhw wkh frxq0
wu| grhv qrw kdyh wr hqjdjh lq frvwo| vwudwhjlf ghew dffxpxodwlrq wr hqfrxudjh
wkh HFE wr udlvh vhfrqg0shulrg lq dwlrq1 Wkh rssrvlwh krogv wuxh iru d frxqwu| �
zlwk uhodwlyho| plqru vwuxfwxudo glvwruwlrqv +8{

� 	 f,1 Lw suhihuv d uhodwlyho| wljkw
wdujhw vr wkdw lw grhv qrw qhhg wr vwudwhjlfdoo| xqghudffxpxodwh ghew1

8171 Ghew fhlolqjv lqvwhdg ri ghew wdujhwv

Wkh ghew wdujhwv frqvlghuhg lq vxe0vhfwlrq 815 dfw dv dq xsshuerxqg ru d orzhu0
erxqg rq ghew/ ghshqglqj rq wkh gluhfwlrq lq zklfk wkhvh frqvwudlqwv duh elqglqj1
Lq wkh suhvhqfh ri d wljkw vhfrqg0shulrg lq dwlrq wdujhw +ZW2 	 f,/ wkh ghew wdujhwv
sursrvhg lq Sursrvlwlrq 5 dfw dv xsshuerxqgv iru frxqwulhv ihdwxulqj uhodwlyho|
odujh vwuxfwxudo glvwruwlrqv ru iru frxqwulhv klw e| uhodwlyho| edg lglrv|qfudwlf
vkrfnv1 Iru frxqwulhv h{klelwlqj rqo| uhodwlyho| plqru vwuxfwxudo glvwruwlrqv ru iru
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frxqwulhv klw e| jrrg lglrv|qfudwlf vkrfnv/ krzhyhu/ wkh wdujhw pd| h�hfwlyho| dfw
dv d orzhu frqvwudlqw rq wkh sxeolf ghew1

Wkh Pddvwulfkw Wuhdw| dqg wkh Vwdelolw| dqg Jurzwk Sdfw irupxodwh exgjhwdu|
uhvwulfwlrqv lq whupv ri fhlolqjv rq ghewv ru gh�flwv1 Dffruglqjo|/ wklv vxe0vhfwlrq
h{soruhv wkh h�hfwv ru ghew fhlolqjv udwkhu wkdq ghew wdujhwv1 Wklv vxevwdqwldoo|
frpsolfdwhv wkh dqdo|vlv1 Wkh uhdvrq lv wkdw wkh vhw ri frxqwulhv wkdw duh frq0
vwudlqhg lq wkhlu ghew srolf| qhhgv wr eh hqgrjhqrxvo| ghwhuplqhg/ wdnlqj lqwr
dffrxqw wkdw ehlqj frqvwudlqhg pd| ghshqg rq wkh vkrfnv1 Dw wkh vdph wlph/ wkh
xqfrqvwudlqhg rswlpdo ghew ohyho iru wkh xqfrqvwudlqhg frxqwulhv ghshqgv rq wkh
dyhudjh ghew ohyho ri wkh frqvwudlqhg frxqwulhv1

Wr looxvwudwh wklv odvw vwdwhphqw/ zh vlpsoli| pdwwhuv e| dvvxplqj wkdw vwrfkdv0
wlf vkrfnv duh devhqw +> ' f dqg "� ' f/ ;�,1 Dq xqfrqvwudlqhg frxqwu|*v sxeolf
ghew lv jlyhq e| +vhh Dsshqgl{ H,=
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zkhuh 6 lv wkh qxpehu ri frxqwulhv wkdw duh qrw frqvwudlqhg lq wkhlu ghew fkrlfh
dqg
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Ixuwkhupruh/ wkh vxshuvfulsw �L � uhihuv wr xqfrqvwudlqhg +lq ghew srolf|, frxq0
wulhv/ zkloh wkh vxshuvfulsw �- � uhihuv wr frxqwulhv frqvwudlqhg lq wkhlu ghew srolf|1
Iru d jhqhulf yduldeoh %/ 7%L| lv wkh dyhudjh ri %�| ryhu doo xqfrqvwudlqhg frxqwulhv �/

zkloh 7%-| lv wkh dyhudjh ri %�| ryhu doo frqvwudlqhg frxqwulhv � dqg %
{cL
�| � %�|� 7%L| 1

Wkh �uvw whup rq wkh uljkw0kdqg vlgh ri +817, uhyhdov wkdw/ li wkh vhw ri xq0
frqvwudlqhg frxqwulhv grhv qrw fkdqjh/ d wljkwhu vhfrqg0shulrg lq dwlrq wdujhw
ZW2 errvwv sxeolf ghew +dv lq +814,,1 Krzhyhu/ d wljkwhu lq dwlrq wdujhw ZW2 pd|
zhoo fdxvh pruh frxqwulhv wr ehfrph frqvwudlqhg1 Wkh vhfrqg dqg wklug whupv
fruuhvsrqg wr whupv wkdw duh idploldu iurp wkh suhfhglqj dqdo|vlv1 Krzhyhu/ dy0
hudjhv dqg frxqwu|0vshfl�f ghyldwlrqv iurp dyhudjhv duh qrz frpsxwhg ryhu wkh
vhw ri xqfrqvwudlqhg frxqwulhv rqo|1 Pruhryhu/ wkh vhfrqg whup lv d�hfwhg e| wkh
qxpehu ri frxqwulhv wkdw duh frqvwudlqhg +qrwh wkdw/ li 6 ' ?/ wkhq ' ' � ,1
Wkh wklug whup lqglfdwhv wkdw d qhz vwudwhjlf frq lfw dulvhv dprqj wkh xqfrq0
vwudlqhg �vfdo dxwkrulwlhv rqo|= wkrvh frxqwulhv zlwk d odujhu0wkdq0dyhudjh +zlwklq
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wklv jurxs, ghwhuplqlvwlf frpsrqhqw ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj
uhtxluhphqw vwudwhjlfdoo| dffxpxodwh dgglwlrqdo ghew1 Ilqdoo|/ wkh irxuwk whup
rq wkh uljkw0kdqg vlgh ri +817, lqglfdwhv wkdw wljkwhu ghew fhlolqjv + 7_-� idoov, lq0
gxfh xqfrqvwudlqhg frxqwulhv wr dffxpxodwh pruh ghew1 Wkh uhdvrq lv wkdw wljkwhu
ghew fhlolqjv zhdnhq wkh vwudwhjlf ghew frq lfw ehwzhhq frxqwulhv zlwk uhodwlyho|
odujh dqg vpdoo vwuxfwxudo glvwruwlrqv1 Khqfh/ wkh xqfrqvwudlqhg frxqwulhv/ zklfk
h{klelw uhodwlyho| vpdoo vwuxfwxudo glvwruwlrqv/ idfh ohvv lqfhqwlyhv wr vwudwhjlfdoo|
uhgxfh ghew dffxpxodwlrq1

91 H{0srvw �vfdo frruglqdwlrq

Xqghu h{0dqwh frruglqdwlrq srolf|pdnhuv vljq frqwudfwv +iru h{dpsoh/ vshfli|0
lqj lq dwlrq dqg ghew wdujhwv, ehiruh wkh sulydwh vhfwru pryhv1 Xqghu h{0srvw
�vfdo frruglqdwlrq/ lq frqwudvw/ wkh| edujdlq derxw frqwudfwv wkdw lqwhuqdol}h lq0
whuqdwlrqdo vslooryhuv rqo| diwhu wkh sulydwh vhfwru kdv iruphg h{shfwdwlrqv dqg
lqfrusrudwhg wkhvh h{shfwdwlrqv lqwr qrplqdo zdjh frqwudfwv1 Xqghu h{0srvw fr0
ruglqdwlrq/ jryhuqphqwv mrlqwo| vhohfw wkhlu ixoo vhw ri �vfdo srolflhv +wd{ udwhv/
vshqglqj ohyhov dqg ghew ohyhov, lq rughu wr plqlpl}h dq htxdoo|0zhljkwhg dyhudjh
ri wkh orvv ixqfwlrqv ri wkh ydulrxv jryhuqphqwv=

TL �
�
?

?[
�'�

T7c�c

wdnlqj sulydwh0vhfwru lq dwlrq h{shfwdwlrqv dv jlyhq1 Lqglylgxdo frxqwulhv* srolflhv
d�hfw rwkhu frxqwulhv* orvvhv wkurxjk wkh fkrlfh ri sxeolf ghew/ zklfk lpsdfwv wkh
frpprq prqhwdu| srolf|1 Sxeolf ghew � vhh Dsshqgl{ I iru wkh ghulydwlrq � lv
qrz jlyhq e|
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zkhuh vxshuvfulsw ��� lv xvhg wr ghqrwh frruglqdwlrq dqg zkhuh
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H{0srvw frruglqdwlrq h{huwv wzr vhsdudwh h�hfwv rq sxeolf ghew1 Iluvw/ lw vwuhqjwk0
hqv wkh �vfdo dxwkrulwlhv lq wkhlu vwudwhjlf frq lfw zlwk wkh HFE derxw ixwxuh prq0
hwdu| srolf|/ wkhuhe| srwhqwldoo| zruvhqlqj wkh srolf| frq lfw ehwzhhq prqhwdu|
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dqg �vfdo srolf|pdnhuv1 Wr looxvwudwh/ h{0srvw frruglqdwlrq ri �vfdo srolflhv zruv0
hqv vwudwhjlf ghew dffxpxodwlrq lq wkh suhvhqfh ri d wljkw lq dwlrq wdujhw/ ZW2 	 f
+frpsduh wkh �uvw olqh ri +915, zlwk +814, li ? : �,1 Vhfrqg/ h{0srvw frruglqdwlrq
ri �vfdo srolflhv lpsolhv wkdw lqglylgxdo �vfdo dxwkrulwlhv lqwhuqdol}h wkh dgyhuvh
vslooryhuv gxh wr wkh vwudwhjlf xvh ri sxeolf ghew1 Wklv holplqdwhv vwudwhjlf ghew
dffxpxodwlrq gxh wr lqwhuqdwlrqdo frq lfwv derxw prqhwdu| srolf| +frpsduh olqhv
6 dqg 7 ri +915, zlwk +718, dqg +719,/ uhvshfwlyho|,1 Lq dvvhvvlqj wkh ghvludelolw| ri
wkh h{0srvw frruglqdwlrq ri �vfdo srolflhv/ wkhvh wzr h�hfwv qhhg wr eh wudghg r�1
Lq sduwlfxodu/ h{0srvw frruglqdwlrq lv kdupixo li/ frpsduhg wr wkh lqwhuqdwlrqdo
frq lfw dprqj wkh ydulrxv �vfdo srolf|pdnhuv/ wkh frq lfw ehwzhhq wkh HFE dqg
wkh �vfdo srolf|pdnhuv dv d jurxs lv hvshfldoo| vhulrxv1 Wklv lv wkh fdvh li wkh
lq dwlrq wdujhw ZW2 lv wljkw rq dffrxqw ri d odujh furvv0frxqwu| dyhudjh ri wkh gh0
whuplqlvwlf frpsrqhqw ri wkh lqwhuwhpsrudo jryhuqphqw �qdqflqj uhtxluhphqwv/
zkloh dw wkh vdph wlph lqwhuqdwlrqdo gl�huhqfhv lq wkh lqwhuwhpsrudo jryhuqphqw
�qdqflqj uhtxluhphqw duh rqo| vpdoo1

Wkhvh �qglqjv khos wr mxgjh Iudqfh*v sursrvdo wr vwuhqjwkhq wkh uroh ri wkh
Hxur Jurxs1 Wkh Hxur Jurxs zrxog eh d iruxp iru wkh h{0srvw frruglqdwlrq ri
�vfdo srolflhv dqg dfw dv d srolwlfdo frxqwhuzhljkw wr wkh HFE1 Jlyhq wkh pdqgdwh
ri wkh HFE iru sulfh vwdelolw|/ rxu uhvxowv vxjjhvw wkdw jlylqj pruh srzhuv wr wkh
Hxur Jurxs pd| eh kdupixo ehfdxvh lw pd| zruvhq wkh srolf| frq lfwv ehwzhhq
wkh HFE dqg wkh �vfdo dxwkrulwlhv1

:1 Frqfoxvlrq

Wklv sdshu kdv h{soruhg wkh vfrsh iru srolf| frruglqdwlrq lq HPX1 Zdvwhixo
vwudwhjlf dffxpxodwlrq ri sxeolf ghew pd| dulvh iurp frq lfwv ehwzhhq wkh HFE
dqg wkh �vfdo dxwkrulwlhv dqg ehwzhhq khwhurjhqhrxv �vfdo dxwkrulwlhv wkhpvhoyhv
derxw wkh suhihuuhg vwdqfh ri prqhwdu| srolf|1 Krz vhyhuh wkhvh frq lfwv duh gh0
shqgv fuxfldoo| rq prqhwdu| lqvwlwxwlrqv dqg vwuxfwxudo glvwruwlrqv1 Wkh frq lfw
ehwzhhq wkh HFE dqg wkh �vfdo dxwkrulwlhv lv hvshfldoo| kdupixo li oderu0pdunhw
uljlglwlhv dqg kljk glvwruwlrqdu| wd{hv jlyh ulvh wr zlghvsuhdg xqhpsor|phqw/ li
wkh HFE sxuvxhv wljkw prqhwdu| srolflhv dlphg dw sulfh vwdelolw|/ dqg li qrplqdo
zdjh frqwudfwv duh uljlg vr wkdw �vfdo srolf| lv vhw pruh iuhtxhqwo| wkdq qrplqdo
zdjh frqwudfwv duh1 Wkh frq lfwv ehwzhhq wkh ydulrxv ghfhqwudol}hg jryhuqphqwv
duh prvw vhulrxv li frxqwulhv duh khwhurjhqhrxv lq whupv ri oderu0pdunhw glvwru0
wlrqv dqg sxeolf vshqglqj dqg frxqwulhv duh klw e| dv|pphwulf vkrfnv1 Dovr khuh
wkh ohqjwk ri qrplqdo zdjh frqwudfwv lv fuxfldo= jryhuqphqwv hpsor| wkhlu ghew
srolflhv wr h{sorlw wkh lq dwlrq h{shfwdwlrqv lqfrusrudwhg lq qrplqdo zdjh frq0
wudfwv1 Li qrplqdo zdjh frqwudfwv duh ghwhuplqhg dw wkh vdph wlph lqwhuydo dv
�vfdo srolf|/ frq lfwv dprqj wkh �vfdo dxwkrulwlhv glvdsshdu1
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Vwudwhjlf ghew dffxpxodwlrq fdq eh doohyldwhg lq ydulrxv frpsohphqwdu| zd|v1
Rqh rswlrq lv wr sxuvxh vwuxfwxudo srolflhv dlphg dw fxwwlqj kljk htxloleulxp xq0
hpsor|phqw lq Hxursh1 Dqrwkhu zd| lv h{0dqwh srolf| frruglqdwlrq dprqj doo
srolf| dxwkrulwlhv1 Lq sduwlfxodu/ frpplwphqw wr frqwudfwv lq wkh irup ri lq d0
wlrq wdujhwv iru wkh HFE dqg ghew wdujhwv iru wkh �vfdo dxwkrulwlhv fdq holplqdwh
vwudwhjlf ghew dffxpxodwlrq dowrjhwkhu1 Sduwldo h{0dqwh frruglqdwlrq frpelqhg
zlwk sduwldo h{0srvw frruglqdwlrq/ krzhyhu/ pd| eh xqghvludeoh1 Lq sduwlfxodu/
li rqo| wkh HFE lv frpplwwhg wr dq h{0dqwh frqwudfw lq wkh irup ri dq lq dwlrq
wdujhw/ h{0srvw frruglqdwlrq dprqj �vfdo dxwkrulwlhv pd| eh kdupixo ehfdxvh lw
h{dfhuedwhv wkh frq lfw ehwzhhq wkh HFE dqg wkh �vfdo dxwkrulwlhv derxw wkh
surshu vwdqfh ri prqhwdu| srolf|1 Dffruglqjo|/ vwuhqjwkhqlqj wkh uroh ri wkh Hxur
Jurxs Frxqflo dv d srolwlfdo frxqwhuzhljkw djdlqvw wkh HFE pd| eh xqghvlu0
deoh/ hvshfldoo| li vwuxfwxudo xqhpsor|phqw lq Hxursh uhpdlqv kljk dqg qrplqdo
zdjh frqwudfwv duh uljlg dqg li wkh hqirufhphqw ri wkh Vwdelolw| dqg Jurzwk Sdfw
uhpdlqv lq grxew1

Uhihuhqfhv

^4` Djhoo/ M1/ Fdopiruv/ O1 dqg J1 Mrqvvrq/ 4<<9/ Ilvfdo Srolf| zkhq Prqhwdu|
Srolf| lv Wlhg wr wkh Pdvw/ Hxurshdq Hfrqrplf Uhylhz 73/ 4746047731

^5` Dohvlqd/ D1 dqg J1 Wdehoolql/ 4<;:/ Uxohv dqg Glvfuhwlrq zlwk Qrq0
Frruglqdwhg Prqhwdu| dqg Ilvfdo Srolflhv/ Hfrqrplf Lqtxlu| 58/ 94<09631

^6` Eduur/ U1M1 dqg G1E1 Jrugrq/ 4<;6/ Uxohv/ Glvfuhwlrq dqg Uhsxwdwlrq lq d
Prgho ri Prqhwdu| Srolf|/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 45/ 43404541

^7` Eu|vrq/ M1K1/ Mhqvhq/ K1 dqg G1G1 YdqKrrvh/ 4<<6/ Uxohv/ Glvfuhwlrq/ dqg
Lqwhuqdwlrqdo Prqhwdu| dqg Ilvfdo Frruglqdwlrq/ Rshq Hfrqrplhv Uhylhz 7/
44:0651

^8` Ehhwvpd/ U1P1Z1M1 dqg D1 O1 Eryhqehuj/ 4<<</ Grhv Prqhwdu| Xql�fdwlrq
Ohdg wr H{fhvvlyh Ghew DffxpxodwlrqB/ Mrxuqdo ri Sxeolf Hfrqrplfv :7/
5<<06581

^9` Ehjj/ G1/ 5333/ Eh|rqg wkh Ghvljq ri Prqhwdu| Srolf| Dorqh= Ilvfdo Frp0
plwphqw/ Pdfur Frruglqdwlrq/ dqg Vwuxfwxudo Dgmxvwphqw/ FHSU Glvfxv0
vlrq Sdshu/ Qr1596:1

^:` Euxqr/ P1 dqg M1G1 Vdfkv/ 4<;8/ Wkh Hfrqrplfv ri Zruogzlgh Vwdj dwlrq/
Edvlo Eodfnzhoo/ R{irug1
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^;` Exugd/ P1/ 4<<</ Hxurshdq Oderxu Pdunhwv dqg wkh Hxur= Krz Pxfk Ioh{0
lelolw| Gr Zh Uhdoo| QhhgB/ FHSU Glvfxvvlrq Sdshu/ Qr1 554:1

^<` Gheuxq/ [dylhu/ 5333/ Ilvfdo Uxohv lq d Prqhwdu| Xqlrq= D Vkruw0Uxq Dqdo0
|vlv/ Rshq Hfrqrplhv Uhylhz 44/ 656068;1

^43` Gheuxq/ [dylhu/ 5334/ Edujdlqlqj ryhu HPX yv1 HPV= Zk| Pljkw wkh HFE
Eh wkh Wzlq Vlvwhu ri wkh ExqghvedqnB/ Hfrqrplf Mrxuqdo 444/ iruwkfrplqj
Mxo|1

^44` Gl{rq/ Kxz G1 dqg Plfkhoh Vdqwrql/ 4<<:/ Ilvfdo Srolf| Frruglqdwlrq zlwk
Ghpdqg Vslooryhuv dqg Xqlrqlvhg Oderxu Pdunhwv/ Hfrqrplf Mrxuqdo 43:/
736074:1

^45` Gl{lw/ D1 dqg O1 Odpehuwlql/ 5333/ Ilvfdo Glvfuhwlrq Ghvwur|v Prqhwdu| Frp0
plwphqw/ Plphr/ Sulqfhwrq Xqlyhuvlw|2XFOD1

^46` Hxurshdq Lqgxvwuldo Uhodwlrqv Uhylhz/ ydulrxv lvvxhv1

^47` Mhqvhq/ K1/ 4<<7/ Orvv ri Prqhwdu| Glvfuhwlrq lq d Vlpsoh G|qdplf Srolf|
Jdph/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4;/ :960::<1

^48` Mhqvhq/ K1/ 4<<9/ Wkh Dgydqwdjh ri Lqwhuqdwlrqdo Ilvfdo Frrshudwlrq xqghu
Dowhuqdwlyh Prqhwdu| Uhjlphv/ Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 45/
7;808371

^49` Od|dug/ U1/ Qlfnhoo/ V dqg U1 Mdfnpdq/ 4<<4/ Xqhpsor|phqw= Pdfurhfrqrplf
Shuirupdqfh dqg wkh Oderxu Pdunhw/ R{irug Xqlyhuvlw| Suhvv/ R{irug1

^4:` Shuvvrq/ W1 dqg J1 Wdehoolql/ 4<<6/ Ghvljqlqj Lqvwlwxwlrqv iru Prqhwdu| Vwd0
elolw|/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 860;71

^4;` Urjr�/ N1/ 4<;8d/ Fdq Lqwhuqdwlrqdo Prqhwdu| Srolf| Frrshudwlrq Eh
Frxqwhu0surgxfwlyhB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 4;/ 4<<054:1

^4<` Urjr�/ N1/ 4<;8e/ Wkh Rswlpdo Ghjuhh ri Frpplwphqw wr dq Lqwhuphgldwh
Prqhwdu| Wdujhw/ Txduwhuo| Mrxuqdo ri Hfrqrplfv 433/ 449<044<31

^53` Vyhqvvrq/ O1H1R1/ 4<<:/ Rswlpdo Lq dwlrq Wdujhwv/ cFrqvhuydwlyh* Fhqwudo
Edqnv/ dqg Olqhdu Lq dwlrq Frqwudfwv/ Dphulfdq Hfrqrplf Uhylhz ;:/ <;0
4471

^54` Wkh Hfrqrplvw/ 5333/ Wkh Rxwvlghu/ Mxo| 55/ s1:<1
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^55` Zdovk/ F1H1/ 4<<8/ Rswlpdo Frqwudfwv iru Lqghshqghqw Fhqwudo Edqnhuv/
Dphulfdq Hfrqrplf Uhylhz ;8/ 483049:1

Wdeohv=

Wdeoh 41 Fkdudfwhulvwlfv ri qrplqdo zdjh frqwudfwv

Frxqwu| frqwudfw ohqjwk +|hduv, lqgh{dwlrq
Ehojlxp � �
Iudqfh � �

Vsdlq � �

X1N1 � �

Dxvwuld �� 2 �

Jhupdq| �� 2 �

Qhwkhuodqgv �� 2 �f� �DI
Juhhfh 2 �
Ox{hpexuj 2 �
Vzhghq 2 f
Luhodqg � f
X1V1 � f

Vrxufh= Gxwfk Plqlvwu| iru Vrfldo D�dluv dqg Hpsor|phqw2Hxurshdq
Lqgxvwuldo Uhodwlrqv Uhylhz +ydulrxv lvvxhv,

Ohjhqg iru wkh froxpq �lqgh{dwlrq�= ��� @ qr gdwd dydlodeoh/ �f� @ qr
lqgh{dwlrq iru lq dwlrq/ ��� @ dxwrpdwlf lqgh{dwlrq1 Lq wkh Qhwkhuodqgv/

�f� �DI ri wkh frqwudfwv duh dxwrpdwlfdoo| lqgh{hg iru lq dwlrq1
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