
Zrunhuv* yhuvxv Edqnhuv* Hxursh +LL,= Srolf|
H{whuqdolwlhv dqg Fuhglelolw| lq HPX

Odxud Erwwd}}l
Xqlyhuvlwã Erffrql/ LJLHU dqg FHSU

Sdror Pdqdvvh�

Xqlyhuvlwã ghjol Vwxgl gl Plodqr dqg LJLHU

Pd| :/ 4<<;

Devwudfw

Lq wklv sdshu zh dqdo|}h krz wkh fuhdwlrq d vlqjoh fxuuhqf| uhjlph
fkdqjhv wkh vwudwhjlf uhodwlrqvkls ehwzhhq srolf| pdnhuv/ erwk zlwklq dqg
dfurvv frxqwulhv1 Lq sduwlfxodu zh orrn dw wkh uroh ri furvv0frxqwu| h{whu0

qdolwlhv dqg odfn ri frpplwphqw1
Zkhq oderu wd{dwlrq lv h{fhvvlyh/ / gxh wr whupv ri wudgh h{whuqdolwlhv/

wkh HFE pd| eh whpswhg wr udlvh lq dwlrq deryh wkh  h{leoh h{fkdqjh udwh
htxloleulxp lq rughu wr lqgxfh jryhuqphqwv wr vxevwlwxwh vhljqrudjh iru lq0
frph wd{hv1 Wkhuhiruh wkh htxloleulxp udwh ri lq dwlrq lq HPX w|slfdoo|
h{fhhgv wkh  h{leoh h{fkdqjh udwh ohyho1 Zkhq wkh HFE fdqqrw fuhgleo|
frpplw wr lq dwlrq/ pxowlsoh htxloleuld pd| dulvh/ zkhuh lq dwlrq lv h{fhv0
vlyh dqg oderu wd{hv wrr orz +Zrunhuv* Hxursh,/ ru ylfhyhuvd/ zkhuh wd{dwlrq
lv h{fhvvlyh dqg lq dwlrq wrr orz +Edqnhuv* Hxursh,1 Ilqdoo|/ li wkh HFE
fdqqrw frpplw wr d �{hg vfkhph iru uhglvwulexwlqj vhljqrudjh/ wkh rxwfrph
lv h{fhvv lq dwlrq dqg vxerswlpdo wd{dwlrq1 Erwk jryhuqphqwv dqwlflsdwh
wkdw wkh HFE zloo uhglvwulexwh vhljqrudjh lq idyru ri wkh frxqwu| zlwk orzhu
wd{ uhyhqxh/ dqg whqg wr orzhu wd{ udwhv dffruglqjo|1

MHO Fodvvl�fdwlrq= H75/ H94/ G;5
Nh|zrugv= HPX/ �vfdo srolf|/ prqhwdu| srolf|/ fuhglelolw|

�Wkh dxwkruv dfnqrzohgjh �qdqfldo vxssruw iurp PXUVW uhvhdufk judqw rq �Prqhwdu|

srolf| lq wkh RHFG frxqwulhv�1



41 Lqwurgxfwlrq

D ixqgdphqwdo fkdqjh lq Hxurshdq prqhwdu| lqvwlwxwlrqv lv erxqg wr rffxu lq
Hxursh lq 4<<</ zlwk d vlqjoh prqh| dqg d vlqjoh fhqwudo edqn uhsodflqj qd0
wlrqdo prqhwdu| dxwkrulwlhv dqg fxuuhqflhv1 Wkh xqfhuwdlqw| vxuurxqglqj wkh qhz
prqhwdu| uhjlph kdv jlyhq ulvh wr rssrvlwh ihduv1 Rq wkh rqh kdqg/ wkhuh lv ds0
suhkhqvlrq wkdw lq dwlrq dqg prqhwdu| wxuprlo pd| eh edfn lq Hxursh xqghu wkh
suhvvxuh ri gh�flw0surqh frxqwulhv +Zrunhuv* Hxursh,1 Rq wkh rwkhu kdqg/ zruvhq0
lqj xqhpsor|phqw udwh vwuhqjwkhqv wkh frqfhuq derxw ixuwkhu wljkwhqlqj ri �vfdo
dqg prqhwdu| srolf| +Edqnhuv* Hxursh,1 Lv wkhuh d udwlrqdoh iru vxfk zruulhvB
Duh sulfh vwdelolw| dqg2ru hpsor|phqw dw ulvn lq wkh qhz prqhwdu| uhjlphB Wkh
sdshu dgguhvvhv wkhvh txhvwlrqv1

Wkh jurzlqj olwhudwxuh rq HPX kdv vr idu idlohg wr dgguhvv d yhu| vlpsoh exw
ixqgdphqwdo txhvwlrq1 Krz zloo wkh qhz uhjlph dowhu wkh lqfhqwlyhv iru srolf|0
pdnhuv dv zhoo dv iru lqglylgxdovB Wkh foxh wr wkh dqvzhu olhv lq wkh xqghuvwdqglqj
ri zkdw pdnhv d prqhwdu| xqlrq gl�huhqw zlwk uhvshfw wr rwkhu h{fkdqjh udwh
uhjlphv1

D qxpehu ri dxwkruv/ wdnlqj wkh ohdg iurp Eduur0Jrugrq +4<;4,/ kdyh vwduwhg
iurp wkh suhvxpswlrq wkdw d vlqjoh fxuuhqf| uhjlph lv v|qrq|prxv wr frpplwphqw/
vhh iru h{dpsoh Djhoo/ Fdopiruv dqg Mrqvvrq +4<<9, dqg Eurflqhu dqg Ohylqh
+4<<5,1 Wkh vwdqgdug mxvwl�fdwlrq lv wkdw dq Hxurshdq Fhqwudo Edqnhu lv ohvv
olnho| wr erz wr suhvvxuhv iurp qdwlrqdo jryhuqphqwv wkdq d qdwlrqdoo| dssrlqwhg
jryhuqru1 \hw/ lq sulqflsoh/ wkhuh lv qr reylrxv uhdvrq zk| wkh Fhqwudo Edqn ri
d ihghudwlrq ri lqghshqghqw vwdwhv/ zkr vkduh wkh vdph fxuuhqf|/ vkrxog eh lsvr
idfwr pruh �lqghshqghqw� wkdq vd|/ wkh Fhqwudo Edqn ri d Vwdwh zkr suhvhuyhv
lwv rzq prqh|1

Rwkhuv kdyh dvvxphg d prqhwdu| xqlrq wr eh v|qrq|prxv wr d �{hg h{fkdqjh
udwh uhjlph +vhh dprqj rwkhuv Mhqvhq +4<<7,,1 \hw zh nqrz wkdw prqhwdu| xqlrqv
gr qrw vx�hu iurp vshfxodwlyh dwwdfnv dv rssrvhg wr �{hg h{fkdqjh udwhv +vhh
Revwihog +4<<9,,1Xqghu �{hg h{fkdqjh udwhv/ shjjlqj wkh qrplqdo h{fkdqjh udwh
lpsolhv d uhglvwulexwlrq ri lqwhuqdwlrqdo uhvhuyhv dqg prqh| vxssolhv iurp wkh
frxqwu| uxqqlqj d gh�flw wr wkh frxqwu| uxqqlqj d vxusoxv lq wkh edodqfh ri sd|0
phqwv +wkh vr fdoohg �uxohv ri wkh jdph�,1 Wklv h�hfw lv reylrxvo| devhqw lq d
prqhwdu| xqlrq1

Ilqdoo|/ vrph dxwkruv kdyh lpsolflwo| lghqwl�hg prqhwdu| xqlrq zlwk lqwhu0
qdwlrqdo frrshudwlrq lq prqhwdu| srolflhv/ vhh gh Nrfn dqg Julool +4<;<,1 Exw
frrshudwlyh htxloleuld duh w|slfdoo| �iudjloh� +wkdw lv/ wkh| duh qrw Qdvk/ xqohvv
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lq�qlwh krul}rq ru uhsxwdwlrqdo frqvlghudwlrqv duh lqyrnhg,/ zkloh d prqhwdu|
xqlrq lv/ lq sulqflsoh/ pruh gl!fxow wr uhyhuvh1 Pruhryhu/ li frxqwulhv duh qrw
lghqwlfdo/ frrshudwlrq lq prqhwdu| srolflhv pd| uhtxluh gl�huhqw udwhv ri lq dwlrq/
dq rswlrq fohduo| xqdydlodeoh iru d prqhwdu| xqlrq1 Pruh lpsruwdqwo|/ wkh zrun0
lqj ri d prqhwdu| xqlrq/ doehlw qrw wkdw ri d �{hg h{fkdqjh udwh uhjlph/ uhtxluhv
uxohv iru uhglvwulexwlqj vhljqrudjh 1

Lq d frpsdqlrq sdshu +Erwwd}}l dqg Pdqdvvh +4<<;,,/ zh kdyh dgguhvvhg wkh
vdph txhvwlrq +zkdw pdnhv d prqhwdu| xqlrq gl�huhqw, dqg zh kdyh irfxvhg rxu
dwwhqwlrq rq wkh lqirupdwlrqdo dv|pphwulhv wkdw pd| dulvh lq d vlqjoh fxuuhqf|
v|vwhp zkhuh qdwlrqdo dxwkrulwlhv uhwdlq wkh frqwuro ryhu �vfdo srolf|1 Lq wklv sdshu
zh vwxg| krz wkh fuhdwlrq ri d vlqjoh fxuuhqf| fkdqjhv wkh vwudwhjlf uhodwlrqvkls
ehwzhhq srolf|0pdnhuv/ erwk zlwklq dqg dfurvv frxqwulhv1

Lq Vhfwlrq 5 zh frqvlghu krz HPX dowhuv wkh qdwxuh ri furvv0frxqwu| vslooryhuv/
dqg krz wklv d�hfwv srolf| lqfhqwlyhv1 Zh vkrz wkdw/ gxh wr wkh suhvhqfh ri
ehjjdu0wk|0qhljkeru vslooryhuv/ wkh htxloleulxp udwh ri lq dwlrq lv w|slfdoo| kljkhu/
dqg oderu wd{ udwhv orzhu/ lq HPX wkdq lq  h{leoh h{fkdqjh udwhv1 Wkh lqwxlwlrq
lv dv iroorzv1 Xqolnh d uhjlph zlwk qdwlrqdo fxuuhqflhv/ wkh HPX zrunv olnh
d rqh sulqflsdo +wkh HFE,0pxowl0djhqwv +jryhuqphqwv, vfkhph1 Lq wkh prgho/
wkh udwh ri lq dwlrq dqg oderu wd{ udwhv duh vwudwhjlf vxevwlwxwhv1 Jryhuqphqwv
vhw oderu wd{ udwhv lqh!flhqwo| kljk/ dv wkh| qhjohfw wkh dgyhuvh h�hfw ri wkh
uhdo h{fkdqjh udwh dssuhfldwlrq rq iruhljq zhoiduh1 Dv d uhvxow/ wkh HFE fdq eh
whpswhg wr udlvh lq dwlrq +deryh wkh  h{leoh h{fkdqjh udwh htxloleulxp, wr lqgxfh
jryhuqphqwv wr vxevwlwxwh vhljqrudjh iru lqfrph wd{hv1 Vlehuw +4<<5, rewdlqv d
vlplodu uhvxow/ doehlw zlwklq dq ryhuodsslqj jhqhudwlrq iudphzrun1 Lq wkdw prgho
wkh qhjdwlyh h{whuqdolw| zrunv wkurxjk d sxuho| uhglvwulexwlyh h�hfw1 Grphvwlf
wd{dwlrq uhgxfhv vdylqjv dqg prqh| ghpdqg/ dqg wkxv uhgxfhv +grphvwlf dv zhoo
dv iruhljq, vhljqrudjh uhyhqxh1

Lq Vhfwlrq 6 zh orrn dw wkh frqvhtxhqfhv ri wkh fkdqjh lq uhjlph zkhq prqh0
wdu| srolf| odfnv fuhglelolw|1 Zkhq wkh HFE fdqqrw fuhgleo| frpplw wr lq dwlrq/
pxowlsoh htxloleuld pd| dulvh/ erwk ri wkh �Edqnhuv* w|sh � +zlwk h{fhvvlyh wd{d0
wlrq dqg vxerswlpdo lq dwlrq,/ dv zhoo dv ri wkh �Zrunhuv* w|sh� +zlwk h{fhvvlyh
lq dwlrq dqg vxerswlpdo wd{dwlrq,1 Khuh HPX zrunv olnh d wzr0sulqflsdov +qd0
wlrqdo jryhuqphqwv,0rqh0djhqw +wkh HFE, vfkhph1 Wkh iroorzlqj h{dpsoh/ edvhg
rq wkh lghd ri vhoi0ixo�oolqj h{shfwdwlrqv/ surylghv vrph lqwxlwlrq1 Vlqfh wkh +rs0
wlpdo, udwh ri lq dwlrq lv d vwudwhjlf vxevwlwxwh iru wd{dwlrq/ wkh HFE uhdfwv e|
orzhulqj lq dwlrq zkhq wd{ udwhv duh udlvhg1 Li wkh grphvwlf jryhuqphqw h{shfwv
orz wd{ udwhv deurdg/ lw dovr h{shfwv d od{ prqhwdu| srolf| e| wkh HFE1 Wklv uh0
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gxfhv wkh rswlpdo wd{ udwh dw krph1 Lq dwlrq zloo wkhq eh h{fhvvlyh/ dqg wd{ udwhv
lqh!flhqwo| orz +Zrunhuv* Hxursh,1 Wkh vdph orjlf dssolhv zkhq wkh grphvwlf
jryhuqphqw h{shfw kljk wd{hv deurdg1 Lq wkdw fdvh d �Edqnhuv* � htxloleulxp zloo
uhvxow1 Zkdw lv fuxfldo khuh lv wkdw lq d vlqjoh fxuuhqf| zruog/ wkh HFE*v odfn ri
frpplwphqw wr lq dwlrq fuhdwhv dq qhz h{whuqdolw| ehwzhhq grphvwlf dqg iruhljq
�vfdo srolflhv1

Ilqdoo|/ zh frqvlghu wkh fdvh zkhuh wkh HFE fdqqrw frpplw wr d �{hg vfkhph
iru uhglvwulexwlqj vhljqrudjh1 Khuh/ wkh htxloleulxp dozd|v uhvhpeohv wkdw ri wkh
Zrunhuv* w|sh1 Wkh uhdvrq lv txlwh lqwxlwlyh1 Erwk jryhuqphqwv dqwlflsdwh wkdw wkh
HFE zloo uhglvwulexwh vhljqrudjh lq idyru ri wkh frxqwu| zlwk orzhu wd{ uhyhqxh/
dqg whqg wr orzhu wd{ udwhv dffruglqjo|1

Vhfwlrq 7 vxppdul}hv wkh pdlq frqfoxvlrqv dqg srolf| lpsolfdwlrqv iru lqvwl0
wxwlrqdo ghvljq1

51 H{whuqdolwlhv

Wkh dlp ri wklv vhfwlrq lv wr glvfxvv dqg frpsduh d uhjlph ri  h{leoh h{fkdqjh
udwhv dqg d Prqhwdu| Xqlrq zkhq whupv0ri0wudgh h{whuqdolwlhv duh dw zrun1

Iroorzlqj ydq ghu Sorhj +4<;;, dqg Fdoyr +4<:;,/ zh ghyhors d wzr0frxqwu|
jhqhudo htxloleulxp prgho1 Khuh zh dvvxph wkdw wkh Fhqwudo Edqn fdq hqwhu d
elqglqj frpplwphqw zlwk uhvshfw wr qdwlrqdo jryhuqphqwv1 Odwhu zh zloo frqvlghu
wkh rssrvlwh fdvh zkhuh Fhqwudo Edqnv fdqqrw frpplw ylv ã ylv jryhuqphqwv1

5141 Krxvhkrogv

Frqvlghu d zruog frqvlvwlqj ri wzr frxqwulhv1 Hdfk frxqwu| +grphvwlf dqg iruhljq,
lv srsxodwhg e| d uhsuhvhqwdwlyh lq�qlwh olyhg djhqw/ dqg surgxfhv rqo| rqh jrrg
e| hpsor|lqj oderu/ ,/ wkh rqo| +lppreloh, idfwru ri surgxfwlrq1 Iru vlpsolflw|/
whfkqrorj| lv dvvxphg wr eh olqhdu1 Krxvhkrogv vxsso| oderu/ vshqg wkhlu glvsrv0
deoh lqfrph rq erwk grphvwlf +S_, dqg iruhljq +S6, jrrgv/ zklfk duh lpshuihfw
vxevwlwxwhv1 Wkh| vdyh e| dffxpxodwlqj grphvwlf prqh| edodqfhv +6,1 Wkhuh lv
qhlwkhu fdslwdo qru erqgv lq wkh hfrqrp|/ exw wkhuh h{lvw wzr glvwlqfw qdwlrqdo
prqlhv/ hdfk khog h{foxvlyho| e| uhvlghqwv1 Jryhuqphqwv �qdqfh qdwlrqdo sxeolf
jrrgv }c e| ohy|lqj glvwruwlrqdu| wd{hv rq oderu lqfrph dqg e| vhljqrudjh1 Iru
vlpsolflw|/ zh irfxv rq wkh grphvwlf frxqwu|1

Suhihuhqfhv duh ghvfulehg e| dq dgglwlyho| vhsdudeoh xwlolw| ixqfwlrq/ zkhuh
vhsdudelolw| lv dvvxphg erwk zlwk uhvshfw wr wlph dqg zlwk uhvshfw wr wkh dujx0
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phqwv1 Frqvxphuv fkrrvh wkh vhtxhqfh
q
S_| c S

6
| c6|n�c,|

r|'"
|'f

vr dv wr pd{lpl}h

wkh suhvhqw glvfrxqwhg ydoxh ri wkhlu xwlolw| vwuhdp

"[
|'f

4|LES_| c S
6
| c6|n�c,|� '

"[
|'f

4|
k
�ES_| � n %ES6| � n �E6|n�� n �E�� ,|� nME}|�

l

+514,
zkhuh f 	 4 	 � ghqrwhv wkh udwh ri wlph suhihuhqfhv/ 6|n� lv wkh vwrfn ri grphvwlf
edodqfhv fduulhg ryhu iurp wlph | wr wlph |n�/ h{suhvvhg lq xqlwv ri wlph |n� krph
jrrgv1 Wkh wlph hqgrzphqw kdv ehhq qrupdol}hg wr xqlw|/ zkloh wkh ixqfwlrqv
�c �c � dqg M duh zhoo0ehkdyhg dqg txdvl0frqfdyh1 Lq wklv vhfwlrq/ zh irfxv rq
wkh fdvh ri d Free0Grxjodv xwlolw|=

L ' i T
�
k *L} S_ n q *L} S6 n B *L}E6� n � *L}E�� ,� n i *L}E}�

�
c knqnBn� ' �

+515,
Frqvxphuv vshqg wkhlu oderu lqfrph lq grphvwlf dqg iruhljq jrrgv/ sd| dq

lqfrph wd{ dqg dq lq dwlrq wd{ rq wkh vwrfn ri prqh| edodqfhv/ dqg vdyh e|
dgglqj wr wkhlu prqh| kroglqjv1 Krxvhkrogv* exgjhw frqvwudlqw lv wkhuhiruh

6|n�E� n Z|� ' 6| n E�� � |�,| � ES_| n e|S
6
| � +516,

zkhuh e| uhsuhvhqw wkh uhodwlyh sulfh ri iruhljq jrrgv +l1h1 xqlwv ri krph jrrgv
iru rqh xqlw ri iruhljq jrrgv= dq lqfuhdvh lq e| ghqrwhv d uhdo ghsuhfldwlrq ri wkh
grphvwlf fxuuhqf|, Z| lv wkh grphvwlf udwh ri lq dwlrq ehwzhhq | dqg | n �/ � lv
wkh oderu lqfrph wd{ udwh1 Wkh uhdo zdjh lv htxdo wr rqh iurp wkh dvvxpswlrq ri
olqhdu surgxfwlrq whfkqrorj|1

Wkh iruhljq frxqwu| +ghqrwhg e| dq �-�, lv lghqwlfdo wr wkh grphvwlf frxqwu|
zlwk eW ' �*e�

5151 Jryhuqphqw

Wkh jryhuqphqw surylghv sxeolf jrrgv dqg ohylhv wd{hv rq oderu lqfrph dqg uhdo
edodqfhv=

}| ' � |,| n >|6| +517,

zkhuh >| lv wkh udwh ri jurzwk ri qrplqdo grphvwlf prqh| ehwzhhq | dqg |n��
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5161 Vroxwlrq

Wkh prgho lv vroyhg lq wkh Dsshqgl{1 Lq wkh iroorzlqj vhfwlrqv zh zloo pdnh
wkh dvvxpswlrq wkdw srolf| pdnhuv rqo| fduh derxw orqj uxq zhoiduh ri grphvwlf
krxvhkrogv1 Wkhuhiruh zh vroyh d vwdwlf/ udwkhu wkdq g|qdplf/ jdph zkhuh wkh
srolf|0pdnhuv vhohfw frqvwdqw sdwkv iru > dqg ��

E| gh�qlwlrq/ 6|n� ' 6|E�nZ|�*E�n>|� vr wkdw lq vwhdg| vwdwh uhdo edodqfhv
duh frqvwdqw dqg > ' Z/ l1h1 wkh udwh ri jurzwk ri qrplqdo edodqfhv dqg wkh udwh
ri lq dwlrq frlqflgh1 Wkh h{suhvvlrq iru wkh htxloleulxp uhdo h{fkdqjh udwh/ lq
vwhdg| vwdwh/ lv jlyhq e|

e ' .E
3

� c
3

Zc
n
� �c

n
Z �� '

#
E�� B�E�� 4� n ZW

E�� B�E�� 4� n Z

$#
E�� ��E�� 4n Z�

E�� � W�E�� 4n ZW�

$
+518,

D ulvh lq wkh grphvwlf udwh ri lq dwlrq ru lq wkh lqfrph wd{ udwh uhgxfhv
glvsrvdeoh lqfrph dqg suryrnhv dq lqflslhqw wudgh vxusoxv1 Htxloleulxp lq wkh
fxuuhqw dffrxqw +l1h1 lq wkh jrrgv pdunhw, wkhq uhtxluhv d uhdo dssuhfldwlrq ri
wkh h{fkdqjh udwh1 Wkh ehkdylru ri grphvwlf krxvhkrogv lv jlyhq e| wkh iroorzlqj
h{suhvvlrqv=

S_ ' �_E
3

� c
3

Z� '
kE�� ��E�� 4n Z�

E�� B�E�� 4� n Z
+519,

S6 ' �6E
3

�
W

c
3

Z
W

� '
qE�� �W�E�� 4n ZW�

E�� B�E�� 4� n ZW
+51:,

,r ' uE
3* f
� c

n
Z� ' ��

#
�E�� 4n Z�

E�� B�E�� 4� n Z

$
+51;,

6_ ' �E
3

� c
3

Z� '
BE�� ��E�� 4n Z�

E�� B�E�� 4� n Z
+51<,

Dq lqfuhdvh lq wkh udwh ri lq dwlrq uhgxfhv wkh ghpdqg iru prqh|/ dqg/ e|
orzhulqj glvsrvdeoh lqfrph/ dovr ghsuhvvhv wkh ghpdqg iru krph jrrgv1 Vlqfh
ohlvxuh lv d qrupdo jrrg/ wkh oderu vxsso|/ dqg wkhuhiruh rxwsxw/ lv srvlwlyho|
uhodwhg wr lq dwlrq1 Wkh ghpdqg iru krph jrrgv dqg uhdo edodqfhv duh ghfuhdvlqj

lq wkh grphvwlf wd{ udwh/ gxh wr d qhjdwlyh lqfrph h�hfw1 Zlwk Free0Grxjodv
suhihuhqfhv/ wkh vxevwlwxwlrq dqg lqfrph h�hfw lq wkh oderu vxsso| fdqfho rxw/ vr
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wkdw � grhv qrw dsshdu lq +51;,1 Ilqdoo|/ dq lqfuhdvh lq wkh iruhljq wd{ dqg lq dwlrq
udwhv furzg rxw grphvwlf lpsruwv e| ghsuhfldwlqj wkh uhdo h{fkdqjh udwh1

E| vxevwlwxwlqj +519,0+51<, lq wkh xwlolw| ixqfwlrq/ zh rewdlq dq lqgluhfw xwlolw|
ixqfwlrq/ zklfk vxppdul}hv wkh zhoiduh lpsolfdwlrq ri prqhwdu| dqg �vfdo srolf|=

` E�c Zc �Wc ZW� ' E�� 4�3�E �E�_E
3

� c
3

Z�� n %E�6E
3

�
W

c
3

Z
W

�� n �EE�E
3

� c
3

Z�� n

nE�� uE
3*f
� c

n
Z�� nMECE

n
� c

n
Z� � +5143,

Wkh grphvwlf lq dwlrq dqg lqfrph wd{ udwhv �qdqfh wkh surylvlrq ri wkh sxeolf
jrrg/ exw wkh| glvwruw frqvxpswlrq/ vdylqj dqg oderu vxsso| ghflvlrqv1 D qhjdwlyh
h{whuqdolw| lv dw zrun khuh= grphvwlf lq dwlrq dqg wd{ udwhv furzg rxw iruhljq
lpsruw/ dqg ghsuhvv zhoiduh deurdg1

Lq wkh iroorzlqj vhfwlrqv zh dvvxph wkdw srolf| pdnhuv duh ehqhyrohqw dqg
rqo| fduh derxw wkh +orqj uxq, zhoiduh ri grphvwlf krxvhkrogv1 Zh dovr dvvxph
wkdw prqhwdu| dxwkrulwlhv fdq hqwhu elqglqj frpplwphqwv zlwk uhvshfw wr qdwlrqdo
jryhuqphqwv dqg krxvhkrogv1 Lq Vhfwlrq 6 zh uhpryh wklv k|srwkhvlv dqg frqvlghu
wkh frqvhtxhqfhv ri odfn ri fuhglelolw|1

Wkh wlplqj ri hyhqwv lv ghvfulehg lq Iljxuh 41 Dw vwdjh 4/ Fhqwudo Edqnv fkrrvh
wkh udwh ri lq dwlrq/ hdfk wdnlqj dv jlyhq wkh fkrlfh ri wkh rwkhu rqh1 Wkhq/ �vfdo
dxwkrulwlhv/ kdylqj revhuyhg lq dwlrq dw krph dqg deurdg/ fkrrvh wkh uhvshfwlyh
lqfrph wd{ udwh � c � W/ jlyhq wkh fkrlfh ri wkh rwkhu frxqwu|1 Ilqdoo|/ grphvwlf
dqg iruhljq krxvhkrogv fkrrvh S_c S6c ,c 6 / jlyhq srolf| yduldeohv dw krph dqg
deurdg1
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w @ 4 w @ 5 w@6
FEv=Z dqg ZW Jryv= � dqg � W Krxvhkrogv=S_c S6c6c ,
EHFE= Z� dqg vhljqrudjh glvwule, ES_Wc S6Wc6Wc ,W�

Iljxuh1 4= Wlplqj
�����������������������������

5171 Ioh{leoh H{fkdqjh Udwhv

Lq wkh ehqfkpdun uhjlph ri  h{leoh h{fkdqjh udwhv/ wkhuh h{lvw wzr fxuuhqflhv/
dqg prqhwdu| srolf| lq hdfk frxqwu| lv uxq e| d qdwlrqdo Fhqwudo Edqn1

:



Wkh jdph lv vroyhg edfnzdug1 Dw vwdjh 5/ wkh grphvwlf jryhuqphqw vroyhv

�@%
�

` EZc ZWc � c � W� r�|� Zc ZWc � W ' }��e? +5144,

Wkh �uvw rughu frqglwlrq iru wklv sureohp/ `�EZc Z
Wc � c �W� ' f/ rqo| ghshqgv

rq grphvwlf srolf| yduldeohv/ e| yluwxh ri wkh vhsdudeoh xwlolw| ixqfwlrq/`� EZc Z
Wc � c � W� '

`�EZc ��� Wklv juhdwo| vlpsol�hv wkh sureohp/ vlqfh wkh grphvwlf jryhuqphqw uh0
dfwlrq ixqfwlrq rqo| ghshqgv rq grphvwlf prqhwdu| srolf|=
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Ekn B n i�E�� � � B�E�� 4� Z�
+5145,

Wkh rswlpdo lqfrph wd{ udwh lv d ghfuhdvlqj ixqfwlrq ri wkh udwh ri lq dwlrq=
vhljqrudjh dqg oderu wd{hv duh vwudwhjlf vxevwlwxwhv1 Wkh lqwxlwlrq iru wklv uhvxow
lv txlwh vlpsoh1 Dq lqfuhdvh lq wkh udwh ri jurzwk ri prqh| vxsso| kdv wzr
pdlq h�hfwv= l, e| udlvlqj lq dwlrq lw udlvhv vhljqrudjh uhyhqxh1 Wklv errvwv
h{shqglwxuhv rq wkh sxeolf jrrg/ zkrvh pdujlqdo xwlolw| idoov1 Dv d frqvhtxhqfh/
wkh rswlpdo oderu wd{ udwh dovr idoov1 ll, D kljkhu lq dwlrq wd{ udlvhv wkh pdujlqdo
xwlolw| ri lqfrph/ dqg khqfh lw errvwv wkh xwlolw| orvv dvvrfldwhg zlwk d jlyhq oderu
lqfrph wd{ udwh1 Wklv h�hfw ixuwkhu orzhuv wkh rswlpdo oderu wd{ udwh1

Lq wkh �uvw vwdjh ri wkh jdph/ wkh grphvwlf Fhqwudo Edqn slfnv wkh udwh ri
lq dwlrq Z wkdw pd{lpl}hv +5143, wdnlqj dv jlyhq ZW dqg wkh uhdfwlrq ixqfwlrqv ri
grphvwlf dqg iruhljq jryhuqphqwv A EZ�c dqg A EZW� ' � W1

5181 Prqhwdu| Xqlrq

Lq HPX lqglylgxdov lq erwk frxqwulhv hpsor| wkh vdph fxuuhqf|/ zklfk lv wd{hg
dw wkh vdph +lq dwlrq, udwh1 Zlwk frpplwphqw/ wkh HFE dfwv olnh d vlqjoh sulq0
flsdo zlwk wzr djhqwv +wkh qdwlrqdo jryhuqphqwv,/ zkloh lq wkh suhylrxv uhjlph
zh kdg wzr sulqflsdov +wkh Fhqwudo Edqnv, dqg wzr djhqwv1 Wkh ihghudo prqh0
wdu| srolf| dqg wkh wzr qdwlrqdo wd{ srolflhv duh olqnhg/ ehfdxvh vhljqrudjh lv d
frpprq srro ri uhyhqxh iru erwk jryhuqphqwv1 Wkh yduldeohv 6 dqg 6W pxvw
eh lqwhusuhwhg/ qrz/ dv wkh ghpdqg iru wkh frpprq fxuuhqf| +Hxur, e| grphv0
wlf dqg iruhljq krxvhkrogv/ hdfk h{suhvvhg lq whupv ri krph dqg iruhljq jrrgv/
uhvshfwlyho|1 Zh dvvxph wkdw wkh HFE kdv wzr srolf| lqvwuxphqwv= wkh frpprq
udwh ri lq dwlrq dqg wkh glvwulexwlrq ri vhljqrudjh wr qdwlrqdo jryhuqphqwv1 Wkh
grphvwlf jryhuqphqw exgjhw frqvwudlqw ehfrphv

;



} ' � , n jZ�E6n e6W� +5146,

zkhuh Z� ghqrwhv wkh frpprq udwh ri lq dwlrq lq wkh prqhwdu| xqlrq/ dqg
j ' �� jW lv wkh grphvwlf vkduh ri vhljqrudjh1 Wkh prgho lv vroyhg dv lq Vhfwlrq
41 Lw lv lpphgldwh wr yhuli| wkdw wkh h{suhvvlrq iru wkh uhdo h{fkdqjh udwh qrz
ehfrphv

e '
�� �

�� �W
+5147,

Qrwh wkdw wkh Prqhwdu| Xqlrq uhjlph grhv qrw holplqdwh h{whuqdolwlhv/ vlqfh
wkhvh ghshqg rq wkh uhdo/ udwkhu wkdq qrplqdo/ h{fkdqjh udwhv1 Wkh frpprq
udwh ri lq dwlrq Z� fohduo| grhv qrw d�hfw wkh whupv ri wudgh dq|pruh/ exw wd{
udwhv gr1 E| frpsdulqj wkh odvw h{suhvvlrq zlwk +518,/ lw lv lpphgldwh wr vhh wkdw
wklv rffxuv ehfdxvh lq HPX wkh grphvwlf dqg iruhljq prqh| jurzwk udwhv duh
lghqwlfdo e| gh�qlwlrq= vhwwlqj Z ' ZW lq +518, |lhogv +5147,1 Wkh uhdo h{fkdqjh
udwh dssuhfldwhv iroorzlqj d ulvh lq wkh grphvwlf lqfrph wd{ udwh/ ru d idoo lq wkh
iruhljq wd{ udwhv1

Zh fdq zrun rxw wkh sulydwh vhfwru ehkdylru lq whupv ri wkh srolf| yduldeoh Z�c � c � Wc j
dqg rewdlq wkh lqgluhfw xwlolw| ixqfwlrq ` �EZ�c � c �Wc j�c dv ehiruh1

Jrlqj edfn wr wkh vhfrqg vwdjh ri wkh jdph/ wkh grphvwlf jryhuqphqw fkrrvhv
wkh lqfrph wd{ udwh/ wdnlqj Z�c j dqg � W dv jlyhq1 Wkh rswlpdo wd{ udwh vdwlv�hv
` �

�
EZ�c � c �Wc j� ' f �Wklv |lhogv wkh uhdfwlrq ixqfwlrq
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Vlploduo| wr wkh suhylrxv fdvh/ wkh rswlpdo wd{ udwh lq HPX/ lv ghfuhdvlqj lq
Z� Exw qrz/ li d frxqwu| uhfhlyhv d odujhu vkduh ri uhyhqxh/ lw lv deoh wr �qdqfh
sxeolf jrrgv e| orzhulqj wkh glvwruwlrqdu| wd{ rq oderu1

Lq wkh �uvw vwdjh/ wkh HFE fkrrvhv Z� dqg j vr dv wr pd{lpl}h wkh mrlqw
zhoiduh lq wkh ihghudwlrq/

` � EZ�c A �EZ�c j�c A�EZ�c �� j�c j� n` � EZ�c A �EZ�c �� j�c A �EZ�c j�c �� j�
+5149,

Wkh rswlpdo fkrlfh ri j lv lpphgldwh1 Iurp wkh v|pphwu| ri wkh sureohp/ wkh
xwlolw| ri dq dgglwlrqdo xqlw ri vhljqrudjh lv htxdol}hg ehwzhhq wkh wzr frxqwu|
rqo| iru j ' jW ' �*2�

<



Zkhq vhljqrudjh lv rswlpdoo| glvwulexwhg +j ' �*2,/ wkh jryhuqphqw uhdfwlrq
ixqfwlrq lq d Prqhwdu| Xqlrq/ A �E�� dqg lq Ioh{leoh H{fkdqjh udwhv/ A E��c frlq0
flgh +frpsduh +5145, dqg +5148, iru j ' �*2�� Vlploduo|/ krxvhkrogv* ehkdylrudo
htxdwlrqv lq IU/ h{suhvvlrqv+519,0+51<, dqg HPX frlqflgh/ zkhq vhljqrudjh lv rs0
wlpdoo| doorfdwhg1 Wklv iroorzv iurp wkh htxdolw| ehwzhhq wkh jryhuqphqw exgjhw
frqvwudlqwv/ fi1 +517, dqg +5146,1

Lw lpphgldwho| iroorzv wkdw

Ohppd 5141 Wkh htxloleulxp lq dwlrq dqg wd{ udwhv lq Prqhwdu| Xqlrq/ zkhuh
vhljqrudjh lv rswlpdoo| fkrvhq/ dqg wkh htxloleulxp lq dwlrq dqg wd{ udwhv lq d
Ioh{leoh h{fkdqjh udwh uhjlph/ zkhuh Fhqwudo Edqnv frrshudwh/ frlqflgh1

Wklv htxlydohqfh pdnhv wkh frpsdulvrq ehwzhhq IU dqg HPX txlwh hdv|/
vlqfh lw lpsolhv wkdw/ surylgh j ' �*2/ lw vx!fhv wr frpsduh d IU uhjlph zlwk
qrq0frrshudwlyh prqhwdu| srolf| zlwk d IU uhjlph zlwk frrshudwlyh prqhwdu|
srolf| +zklfk uhsolfdwhv HPX,1

5191 D Qxphulfdo H{dpsoh

Vlqfh dqdo|wlfdo uhvxowv duh txlwh dojheud0lqwhqvlyh/ zh frpsxwh wkh qxphulfdo
vroxwlrqv iru wkh IU dqg HPX uhjlph +dqg frpsduh lw zlwk wkh vhfrqg ehvw/
zkhuh erwk prqhwdu| dqg �vfdo srolf| duh vhw frrshudwlyho|,1 Wkh pdlq uhvxowv
dqg wkh ydoxhv ri sdudphwhuv duh vkrzq lq Wdeoh 41

Wkh lqwurgxfwlrq ri d vlqjoh fxuuhqf| udlvhv lq dwlrq/ doehlw rqo| pdujlqdoo|1
Wkh rswlpdo udwh ri prqhwdu| jurzwk ulvhv e| urxjko| rqh wklug ri d shufhqwdjh
srlqw +iurp 514:( wr 518(,/ dqg/ dv d frqvhtxhqfh/ wd{ udwhv idoo e| rqh shufhqwdjh
srlqw +iurp 89( lq IU wr 88(,1 Wkh zhoiduh h�hfw ri wkh fkdqjh lq uhjlph lv
qhjoljleoh1

Wkhvh uhvxowv duh urexvw zlwk uhvshfw wr wkh fkrlfh ri sdudphwhuv1 Wkh gli0
ihuhqfh ehwzhhq uhjlphv whqgv wr ulvh/ doehlw txlwh vorzo|/ zlwk wkh ydoxh ri wkh
sdudphwhu ic wkh uhodwlyh zhljkw ri sxeolf jrrgv lq wkh frqvxphuv* xwlolw| ixqfwlrq1

�������������������������������
Z � } `

IU f�f2�. f�DSDS f��2bD f��DeH�
HPX f�f2D f�DDDD f����� f��Deb�
5qg ehvw f�f2Df f�Dfff f���2D f��DDHH
sdudphwhuv ydoxhv = k ' f�2c q ' f�2c � ' f�ec B ' f��c w ' �c 4 ' f�bD

Wdeoh 4
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Wkh lqwhusuhwdwlrq lv dv iroorzv1 Wkh whupv ri wudgh h{whuqdolwlhv fdxvhv lq0
h!flhqwo| kljk wd{ udwhv/ dv lw lv fohdu frpsdulqj wd{ udwhv lq IU +dqg HPX,
zlwk wd{ udwhv lq wkh vhfrqg ehvw1 Khqfh/ Fhqwudo Edqnv +ru wkh HFE lq HPX,
fkrrvh wkh lq dwlrq udwh+v, zlwk d ylhz wr d�hfw wd{ srolf|1 Lq HPX/ wkh pdujlqdo
ehqh�w iurp lq dwlrq lv odujhu wkdq lq IU/ vlqfh wkh HFE fdq rewdlq d uhgxfwlrq
lq lqfrph wd{ udwhv lq erwk frxqwulhv/ zkloh d qdwlrqdo Fhqwudo Edqn fdqqrw +wkh
h�hfw lv vwurqjhu wkh pruh � dqg Z duh vwudwhjlf vxevwlwxwhv,1 Iru wklv uhdvrq/
zkhq prylqj iurp prqhwdu| lqghshqghqfh wr d vlqjoh fxuuhqf|/ lq dwlrq whqgv
wr ulvh/ dqg lqfrph wd{hv whqg wr idoo1 Rq wkh rwkhu kdqg/ wkh pdujlqdo frvw ri
lq dwlrq lq HPX lv dovr kljkhu wkdq lq IU1 Lq idfw/ HPX uhsolfdwhv d vlwxd0
wlrq zkhuh prqhwdu| srolf| lv vhw frrshudwlyho| +surylghg vhljqrudjh lv rswlpdoo|
uhglvwulexwhg,1 Wkhuhiruh/ wkh lq dwlrq h{whuqdolw| lv lqwhuqdol}hg +wklv h�hfw lv
odujhu wkh odujhu wkh zhljkw ri lpsruwv lq frqvxpswlrq,/ dqg vhljqrudjh whqgv wr
idoo lq HPX1 Wkhvh wzr h�hfwv sduwldoo| fdqfho rxw/ vr wkdw wkh fkdqjh lq uhjlph
kdv rqo| vpdoo lpsolfdwlrqv iru lq dwlrq/ wd{ udwhv dqg zhoiduh41

Lq vxppdu|/ zlwk frpplwphqw/ HPX lpsuryhv zhoiduh/ vlqfh lw jlyhv wkh HFE
wkh uljkw lqfhqwlyhv wr fruuhfw iru �vfdo h{whuqdolwlhv1 Lw grhv vr e| vsxuulqj lq d0
wlrq dqg lqgxflqj jryhuqphqwv wr fxw lqfrph wd{hv1 Lq dq| fdvh/ rxu frpsxwdwlrqv
vxjjhvw wkdw wkh zhoiduh jdlqv dqg wkh fkdqjh lq lq dwlrq dqg wd{ udwhv duh olnho|
wr eh vpdoo1

61 Fuhglelolw|

Zkdw li suhfrpplwphqw lv qrw ihdvleohB Zh frqvlghu wzr fdvhv1 Lq wkh �uvw/ wkh
Fhqwudo Edqn fdqqrw frpplw wr wkh lq dwlrq udwh1 Lq wkh vhfrqg/ wkh HFE fdqqrw
frpplw wr d oxps0vxp uhglvwulexwlrq ri vhljqrudjh1

Zh �qg wkdw odfn ri frpplwphqw zlwk uhvshfw wr wkh fkrlfh ri wkh lq dwlrq
udwh kdv qr frqvhtxhqfhv xqghu  h{leoh h{fkdqjh udwhv/ exw pd| ohdg wr pxowlsoh
htxloleuld lq HPX/ vrph ri fkdudfwhul}hg e| h{fhvvlyh lq dwlrq +Zrunhu* Hxursh,/
dqg vrph e| h{fhvvlyh oderu lqfrph wd{dwlrq +Edqnhu*v Hxursh,1 Odfn ri frp0
plwphqw zlwk uhvshfw wr wkh uhglvwulexwlrq ri vhljqrudjh xqdpeljxrxvo| ohdgv wr
h{fhvvlyh lq dwlrq lq HPX1

Lq rughu wr irfxv rq wkhvh lvvxhv/ zh orrn dw dq h{dpsoh wkdw ohdyhv rxw whupv
ri wudgh h{whuqdolwlhv/ vr wkdw grphvwlf krxvhkrogv rqo| frqvxph grphvwlf jrrgv1

4Lw fdq eh vkrzq wkdw lq d Free0Grxjodv zruog/ wkh �uvw h�hfw dozd|v suhydlov1
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Dv zh vkdoo vhh/ zkhq suhfrpplwphqw lv qrw ihdvleoh/ HPX fuhdwhv d qhz h{whu0
qdolw| ehwzhhq �vfdo srolflhv/ wkdw dffrxqwv erwk iru wkh srwhqwldo lqh!flhqf| dqg
pxowlsolflw| ri htxloleuld1

Lq rughu wr nhhs wklv fdvh wudfwdeoh/ zh qrz dvvxph olqhdu suhihuhqfhv lq frq0
vxpswlrq5=

L ' Sn �E6� n �E�� ,� nME}� +614,

1
Wkh sulydwh vhfwru �uvw rughu frqglwlrqv lq vwhdg|0vwdwh qrz uhdg6+fi1 htxd0

wlrqv +814,/ +816,/ +817, lq wkh dsshqgl{,

��E�� ,� ' E�� �� +615,

��E6� ' Z +616,

vr wkdw wkh oderu vxsso|/ prqh| ghpdqg dqg frqvxpswlrq ghflvlrqv vlpsoli|
wr

, ' uE��c u� ' �*��� 	 f +617,

6 ' �EZ�c �Z ' �*��� 	 f +618,

S ' E�� ��uE����EZ�Z +619,

zklfk lpphgldwho| |lhog wkh lqgluhfw xwlolw| ixqfwlrq

` EZc �� ' E�� ��uE��� Z�EZ� n �E�� uE��� n�E�EZ�� nME�uE�� n�EZ�Z�
+61:,

6141 Odfn ri Frpplwphqw wr Lq dwlrq

Wkh wlplqj ri wkh jdph qrz orrnv olnh lq Iljxuh 5=

���������������������������������

5Wklv vshfl�fdwlrq kdv wkh dgydqwdjh ri uxolqj rxw wkh lqfrph h�hfw lq wkh oderu vxsso|1 Lq

wkh suhylrxv vhfwlrqv gxh wr wkh wkh orjdulwkplf xwlolw| ixqfwlrq/ wkh lqfrph dqg vxevwlwxwlrq

h�hfw fdqfhoohg rxw1 Wklv hqdeohg xv wr irfxv rq wkh whupv ri wudgh h{whuqdolw|
6Zh vhw � @ 4 wr vlpsoli| qrwdwlrq
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+j lv fkrvhq, Jryv= � Edqg �W� +H,FEv= Z / ZW Krxvhkrogv= Sc6c ,

Iljxuh1 5= Odfn ri frpplwphqw zlwk uhvshfw wr Z

���������������������������������
Wr ehjlq zlwk/ zh dvvxph wkdw d w @ 3/ lq HPX/ wkh wzr frxqwulhv djuhh wr

vkduh vhljqrudjh/ dqg zh srvwxodwh wkdw j ' 425�71

Zh glvfxvv wklv dvvxpswlrq lq Vhfwlrq 6151

614141 Ioh{leoh H{fkdqjh Udwhv

Dw w@5/ wkh grphvwlf Fhqwudo Edqn fkrrvhv Zc jlyhq � / vr dv wr pd{lpl}h +61:,1
Wkh �uvw rughu frqglwlrq fdq eh zulwwhq dv

M}E�uE�� n�EZ�Z� '
�

�� 0EZ�
c +61;,

zkhuh 0EZ� � � �ZEZ�Z*� lv wkh hodvwlflw| ri prqh| ghpdqg1 Wklv frqgl0
wlrq vlpso| htxdwhv wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq sulydwh dqg sxeolf
frqvxpswlrq +wkh okv, wr wkh pdujlqdo udwh ri wudqvirupdwlrq +wkh ukv,1 Fohduo|/
iru d jlyhq Zc wkh pruh hodvwlf lv wkh ghpdqg iru prqh|/ wkh pruh glvwruwlrqdu|
lv wkh lq dwlrq wd{/ dqg wkh orzhu lv wkh rswlpdo lq dwlrq udwh81 Vlploduo|/ lq wkh
�uvw vwdjh/ wkh grphvwlf jryhuqphqw fkrrvhv �c jlyhq wkh Fhqwudo Edqn uhdfwlrq
ixqfwlrq E61;,� Iurp wkh hqyhorsh wkhruhp wklv |lhogv

M}E�uE�� n�EZ�Z� '
�

�� #E��
+61<,

zkhuh #E�� ' ��u�*u uhsuhvhqw wkh hodvwlflw| ri wkh oderxu vxsso| wr wkh lqfrph
wd{ udwh1 Wkh IU htxloleulxp wd{ dqg lq dwlrq udwhv/ +Zs c �s, duh wkh vroxwlrq ri
wkh odvw wzr htxdwlrqv1 Wkhvh lpso| wkdw Zs c �s vkrxog eh vhw vr dv wr htxdol}h
glvwruwlrqv dfurvv wd{ edvhv/ 0EZs � ' #E� s�� Qrwh wkdw vlqfh wkh wzr frxqwulhv

7Wkh vwdwxwh ri wkh HFE vwdwhv wkdw vhljqrudjh pxvw doorfdwhg wr phpehuv dffruglqj wr d

�{hg uxoh edvhg rq phpehuv* uhodwlyh srsxodwlrq vl}h1
8Iru wkh vhfrqg rughu frqglwlrq wr eh vdwlv�hg lw lv vx!flhqw wkdw wkh hodvwlflwlhv %+�, dqg

�+�, @ ��O�@O eh lqfuhdvlqj lq wkhlu uhvshfwlyh wd{ udwhv/dv zh dvvxph1
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duh lghqwlfdo dqg wkhuh duh qr h{whuqdolwlhv ehwzhhq wkhp/ wklv htxloleulxp lv
v|pphwulf/ l1h � ' � W ' � s / Z ' ZW ' Zs �

Xqghu IU/ wkh vwudwhjlf uhodwlrqvklsv +zkr pryhv �uvw, ehwzhhq srolf| dx0
wkrulwlhv lv luuhohydqw/ vlqfh wkh rswlpdo prqhwdu| dqg �vfdo srolflhv zloo dozd|v
vdwlvi| +61;,0+61<,/ zklfk gh�qh wkh vhfrqg ehvw1 Khqfh lq wklv ehqfkpdun fdvh/
wkh odfn ri suh0frpplwphqw ri wkh fhqwudo edqn ylv ã ylv wkh jryhuqphqw lv luuho0
hydqw1 Qh{w zh vkrz wkdw/ rq wkh frqwudu|/ odfn ri suh0frpplwphqw wr lq dwlrq
pd| kdyh pdmru lpsolfdwlrqv lq HPX1

614151 Prqhwdu| Xqlrq

Lq wkh vhfrqg vwdjh wkh HFE fkrrvhv wkh frpprq udwh ri lq dwlrq lq rughu wr
pd{lpl}h wkh ohyho ri mrlqw zhoiduh/ ` EZc �� n` EZc � W�c jlyhq j ' �*2c � dqg �W�
Wklv |lhogv

�

2
dM} E�uE�� n�EZ�Z� nM}W E�

WuE�W� n�EZ�Z�o '
�

�� 0EZ�
+6143,

Iurp wklv h{suhvvlrq lw lv lpphgldwh wr ghulyh wkh rswlpdo fkrlfh ri lq dwlrq/
dv d ixqfwlrq ri wkh oderu wd{ udwhv=

Z ' �eE
3

� c
3

�
W

�c �e
� c�

e
�W 	 f +6144,

Wkh rswlpdo lq dwlrq udwh lq HPX ghshqgv qhjdwlyho| rq lqfrph wd{ udwhv/
wkdw lv wr vd|/ prqhwdu| srolf| lv djdlq d vwudwhjlf vxevwlwxwh iru wd{ srolflhv1

Dw | ' �/ wkh grphvwlf jryhuqphqw fkrrvhv wkh lqfrph wd{ udwh � vr dv wr pd{0
lpl}h wkh zhoiduh ixqfwlrq +61:,/ vxemhfw wr wkh HFE uhdfwlrq ixqfwlrq �eE� c �W�c
dqg iru jlyhq j@425 dqg �W1 Diwhu vrph pdqlsxodwlrqv/ wkh �uvw rughu frqglwlrq
iru wkh rswlpdo lqfrph wd{ udwh lq HPX fdq eh zulwwhq dv iroorz=

M} E �uE�� n�E�eE� c �W�� �eE� c � W� � +6145,

'
�

�� #

#
��

E0EZ�� #E���/ �

�� # � /� E�� 0�

$

zkhuh /E�eE�c �W�c �� ' Z�*�u : f uhsuhvhqwv wkh udwlr ehwzhhq uhyhqxhv
iurp vhljqrudjh dqg lqfrph wd{hv/ dqg �E�c �Wc��E� c �W�� ' ��e

�E� c �
W� �*�eE� c � W� :

f lv wkh hodvwlflw| ri wkh udwh ri lq dwlrq +fkrvhq e| wkh HFE, wr wkh lqfrph wd{
udwh +fkrvhq e| wkh grphvwlf jryhuqphqw,9

9Wkh ghqrplqdwru ri wkh udwlr lq wkh ukv fdq eh vkrzq wr eh srvlwlyh iurp wkh I1R1Fv 1
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Htxdwlrq +6145, lpsolflwo| gh�qhv krz wkh grphvwlf jryhuqphqw uhdfwv wr �vfdo
srolf| deurdg/ � ' t E� W�� Wkh h{suhvvlrq vkrzv d fuxfldo surshuw| ri d vlqjoh
fxuuhqf| uhjlph= odfn ri fuhglelolw| e| wkh HFE lqwurgxfhv d qhz h{whuqdolw|
ehwzhhq grphvwlf dqg iruhljq �vfdo srolflhv/ vlqfh hdfk jryhuqphqw dqwlflsdwhv
wkdw wkh udwh ri lq dwlrq zloo dovr ghshqg rq wkh rwkhu jryhuqphqw*v �vfdo vwdqfh1
Wklv frqwudvwv zlwk wkh fdvh ri IU/ zkhuh iruhljq wd{ udwhv gr qrw d�hfw grphvwlf
�vfdo srolf|/ dqg zkhuh odfn ri frpplwphqw wr lq dwlrq kdv qr frqvhtxhqfhv1 E|
frqwudvw/ lq HPX wkh rswlpdo grphvwlf wd{ udwh ghshqgv rq wkh iruhljq wd{ udwh1

Zkdw grhv wkh uhdfwlrq fxuyh orrn olnhB Frqvlghu wkh iroorzlqj wkrxjkw h{shu0
lphqw1 Vxssrvh wkdw/ lqlwldoo|/ 0EZ��#E�� ' f lq +6145,/ dqg frqvlghu wkh h�hfw ri
d glvfuhwh idoo lq wkh iruhljq wd{ udwh � W� Wkh HFE uhdfwv e| udlvlqj lq dwlrq/ dqg
wklv d�hfwv wkh grphvwlf hfrqrp| lq wzr zd|v1 Rq wkh rqh kdqg/ dv uhyhqxh iurp
vhljqrudjh ulvhv/ wkh vxsso| ri wkh sxeolf jrrg lv errvwhg1 Lwv pdujlqdo xwlolw|
idoov/ dqg wklv uhgxfhv wkh rswlpdo grphvwlf wd{ udwh1 Wklv lqfrph h�hfw whqgv
wr surgxfh �xszdug vorslqj� uhdfwlrq ixqfwlrqv1 Rq wkh rwkhu kdqg/ dv lq dwlrq
ulvhv/ wkh ghpdqg iru prqh| ehfrphv uhodwlyho| pruh hodvwlf/ vlqfh 0Z : fc dqg/
dw wkh lqlwldo wd{ udwh � / wkh whup 0 � # ehfrphv srvlwlyh� Wklv phdqv wkdw wkh
oderu vxsso| ehfrphv uhodwlyho| pruh lqhodvwlf/ vr wkdw wkh jryhuqphqw rswlpdoo|
udlvhv � 1 Wklv vxevwlwxwlrq h�hfw whqgv wr surgxfh d grzqzdug vorslqj uhdfwlrq
fxuyh t E�W�1 Lq vxppdu|/ wkh uhdfwlrq fxuyh lv qhjdwlyho| vorshg surylghg wkdw
wkh vxevwlwxwlrq h�hfw suhydlov rq wkh lqfrph h�hfw +vhh h{suhvvlrq+8149, lq wkh
Dsshqgl{,1

Dq htxloleulxp lq wkh HPX uhjlph lv gh�qhg dv d vhw ri srolf| yduldeohv/
� ec � Wec Ze/ vxfk wkdw/ jlyhq wkh srolf| ixqfwlrq ri wkh HFE/ �eE��c hdfk jryhuqphqw
uhvsrqgv rswlpdoo| wr wkh wd{ udwh ri wkh rwkhu jryhuqphqw/ � e ' t E� We�c � eW '
t E� We�c dqg Ze ' �eE� ec � We��

Lw lv vlpsoh wr vkrz wkdw

Ohppd 6141 Surylghg wkh HPX htxloleulxp lv v|pphwulf +dqg j ' �*2�c lw
frlqflghv zlwk wkh IU htxloleulxp/ l1h � e ' �We ': � e ' �s c Ze ' Zs

Surri1 Wklv iroorzv e| lqvshfwlrq ri wkh uhohydqw I1R1F*v1 Li wkh HPX htxloleulxp
lv v|pphwulf/ htxdwlrq +6143, frlqflghv zlwk +61<,1 Vr wkh v|vwhp ri htxdwlrqv
+6143,0+61;, wkdw gh�qhv wkh htxloleulxp lq HPX lv lghqwlfdo zlwk wkh I1R1Fv ri
wkh IU vroxwlrq/ +61<, 0 +61;,1 1

Wkh uhohydqw txhvwlrq wr dvn dw wklv srlqw lv zkhwkhu wkhuh pd| h{lvw rwkhu
+dv|pphwulf, htxloleuld lq wkh HPX uhjlph/ lq dgglwlrq wr wkh vhfrqg ehvw1 Dv lw
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lv riwhq wkh fdvh zlwk h{whuqdolwlhv/ zh fdqqrw uxoh rxw wklv rxwfrph1:

Zkhq wkh vxevwlwxwlrq h�hfw suhydlov/ dqg frqglwlrq +8149, lq wkh Dsshqgl{
krogv/ uhdfwlrq fxuyhv duh grzqzdug vorslqj +vhh Iljxuh 4,1 Lq wklv fdvh/ lq dggl0
wlrq wr wkh IU htxloleulxp/ zh pd| kdyh dv|pphwulf pxowlsoh htxloleuld/ zkhuh
prqhwdu| lqwhjudwlrq ohdgv wr �vfdo glyhujhqfh1 Wkh lqwxlwlrq iru wklv uhvxow lv
wkh iroorzlqj1 H{shfwdwlrqv ri kljk oderu wd{dwlrq deurdg ohdgv wr orz dqwlfl0
sdwhg lq dwlrq1 Dv prqh| ghpdqg ehfrphv uhodwlyho| lqhodvwlf uhodwlyh wr oderu
vxsso|/ wkh grphvwlf jryhuqphqw orzhuv lqfrph wd{hv1 Vlploduo|/ li wkh iruhljq
jryhuqphqw h{shfwv orz lqfrph wd{ udwh dw krph lw �qgv rswlpdo wr udlvh � Wc
ixo�oolqj h{shfwdwlrqv1 Wkh htxloleulxp lv lq D zkhuh wkh rxwfrph iru lq dwlrq lv
dpeljxrxv1

Lq wkh rssrvlwh fdvh ri vwurqj lqfrph h�hfw dqg xszdug vorslqj uhdfwlrq ixqf0
wlrqv +vhh Iljxuh 5,/ wkh IU rxwfrph lv vwloo d srvvleoh rxwfrph/ exw rwkhu htxl0
oleuld fdqqrw eh uxohg rxw= rqh htxloleulxp +ru pruh, pd| eh vxfk wkdw wkh wzr
frxqwulhv ohy| lqh!flhqwo| orz lqfrph wd{hv/ dqg lq dwlrq lv fruuhvsrqglqjo| h{0
fhvvlyh/ dv lq srlqw Z +Zrunhuv* Hxursh,1 Dqrwkhu pd| eh vxfk wkdw jryhuqphqwv
uho| h{fhvvlyho| rq lqfrph wd{hv/ vr wkdw lq dwlrq lv lqh!flhqwo| orz/ dv lq srlqw E
+Edqnhuv* Hxursh,1 Fohduo|/ iurp d zhoiduh srlqw ri ylhz doo wkhvh HPX htxloleuld
duh grplqdwhg e| wkh IU htxloleulxp/ vlqfh wkh odwwhu frlqflghv zlwk wkh vhfrqg
ehvw;1

Vr idu zh uhdfkhg wkh iroorzlqj frqfoxvlrq1 Wkh pryh wr d vlqjoh fxuuhqf| v|v0
whp fuhdwhv d frpprq srro +vhljqrudjh, ri uhvrxufhv1 Dv d uhvxow/ zkhq wkh HFE
fdqqrw frpplw wr lq dwlrq/ wkh rswlpdo grphvwlf �vfdo srolf| ghshqgv rq iruhljq
srolf|1 Wklv lqfuhdvhg lqwhughshqghqfh srwhqwldoo| zlghqv wkh udqjh ri htxloleulxp
rxwfrphv/ e| dgglqj lqh!flhqw htxloleuld1 Zkloh Fhqwudo Edqnv odfn ri frpplw0
phqw wr lq dwlrq kdv qr frqvhtxhqfhv xqghu  h{leoh udwhv/ odfn ri fuhglelolw| lv
srwhqwldoo| pxfk pruh gdpdjlqj lq HPX/ hyhq dvvxplqj lghqwlfdo frxqwulhv1

6151 Odfn ri Frpplwphqw wr Vhljqrudjh Uhglvwulexwlrq

Vxssrvh qrz wkdw wkh HFE frpplwphqw wr lq dwlrq fdq eh wdnhq iru judqwhg/ vr
wkdw Z lv pdqgdwrulo| �{hg1 Exw dvvxph wkdw wkh Hxurshdq Fhqwudo Edqn/ udwkhu
wkhq jlylqj xs dq| dfwlyh lqwhuyhqwlrq srolf|/ pd| eh whpswhg wr xvh wkh rwkhu
lqvwuxphqw dw khu glvsrvdo/ wkh uhglvwulexwlrq ri vhljqrudjh/ j�

:Zh frxog qrw �qg dq| sodxvleoh uhvwulfwlrq wkdw hqvxuhv wkdw wkh vx!flhqw frqglwlrq iru

xqlflw|/ \
��

? 4 lv vdwlv�hg1
;Qrwh wkdw rxu srvwxodwhg ydoxh � @ 4@5 lv lqghhg rswlpdo/ zkhqhyhu wkh htxloleulxp lv

v|pphwulf
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Wkh vhtxhqfh ri wkh jdph qrz orrnv olnh wklv=

��������������������������������
w @ 3 w@4 w@5 w@6
m�����������m����������m���������0m
HFE= Z Jryv= � Edqg � W� HFEv= j Krxvhkrogv= Sc6c ,

Iljxuh 6= Odfn ri frpplwphqw zlwk uhvshfw wr j
���������������������������������
Lw lv hdv| wr vkrz wkdw wkh odfn ri frpplwphqw zlwk uhvshfw wr j ohdgv wr

h{fhvvlyh lq dwlrq1 Wkh uhdvrq lv vlpso| wkdw/ dw | ' �/ hdfk jryhuqphqw fruuhfwo|
dqwlflsdwhv wkdw wkh HFE*v rswlpdo srolf| dw | ' 2 lv wr uhglvwulexwh vhljqrudjh lq
idyru ri wkh frxqwu| zlwk ohvv wd{ uhyhqxh1 Khqfh lw zloo whqg wr orzhu lwv wd{ udwh lq
rughu wr vxevwlwxwh vhljqrudjh iru oderu wd{dwlrq1 Fohduo| wkhvh dwwhpswv fdqfho
rxw lq htxloleulxp dqg ohdg wr h{fhvvlyh lq dwlrq dqg lqh!flhqwo| orz lqfrph
wd{hv <1

Dw w @5/ wkh HFE fkrrvhv j vr dv wr pd{lpl}h wkh mrlqw zhoiduh ` EZc � c j� n
` EZc � Wc � � j�c jlyhq wkh wd{ udwhv dqg wkh pdqgdwru| lq dwlrq udwh1 Wkh i1r1f
iru wklv sureohp lv

M} E�uE�� n 2j�EZ�Z� ' M}W E�
WuE�W� n 2E�� j��EZ�Z� +6146,

Wkh HFE doorfdwhv vhljqrudjh wr htxdwh wkh pdujlqdo xwlolw| ri sxeolf jrrgv
dfurvv frxqwulhv1 Wklv uhtxluhv wkdw grphvwlf dqg iruhljq wrwdo uhyhqxhv wr eh
htxdol}hg/ zklfk fdq eh dfklhyhg e| vhwwlqj

j '
�

2
n

�WuE� W�� �uE��

2�EZ�Z
' 7E

3

� c
n

�
W

� +6147,

Li erwk frxqwulhv fkrrvh wkh vdph wd{ udwh/ wkh rswlpdo glylvlrq ri vhljqrudjh
lv rqh kdoi hdfk1 Wkh HFE uhzdugv wkh frxqwu| zlwk orzhu wd{ udwh dqg uhyhqxh/
e| frpshqvdwlqj klp zlwk d kljkhu vkduh ri vhljqrudjh1 Zkhq wkh HFE fdqqrw
frpplw wr d �{ vkduh ri uhglvwulexwlrq/ erwk jryhuqphqwv zloo dqwlflsdwh wkdw wkh
uxoh +6147, zloo eh iroorzhg/ h{ srvw1 Wkhuhiruh/ wkh| zloo wu| wr uhgxfh wkhlu wd{
udwh ehorz wkh rqh ri wkhlu rssrqhqw/ lq rughu wr dssursuldwh pruh vhljqrudjh/
dqg uhgxfh glvwruwlrqv lq wkh oderu pdunhw1 Lw iroorzv wkdw

<Wkh lvvxh ri uhglvwulexwlrq dqg fuhglelolw| lv h{whqvlyho| glvfxvvhg lq Erugljqrq/ Pdqdvvh
dqg Wdehoolql+4<<9,
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Ohppd 6151 Wkh xqltxh HPX htxloleulxp zkhq wkh HFE fdqqrw suh0frpplw
zlwk uhvshfw wr wkh glvwulexwlrq ri vhljqrudjh lv vxfk wkdw d, wd{ udwh duh gulyhq
grzq wr }hur/ � e ' � eW ' fc e, vhljqrudjh lv htxdoo| uhglvwulexwhg/ je ' �*2c dqg
f, lq dwlrq lq HPX h{fhhgv lq dwlrq lq IU/ Ze : Zs

Surri1

Vxevwlwxwh wkh HFE*v uhdfwlrq ixqfwlrq 7E�� lqwr grphvwlf zhoiduh1 Wklv |lhogv

` E� c � Wc 7E� c � W�c Z� ' +6148,

' E�� ��uE��� Z�EZ� n �E�� uE��� n �E�EZ�� nM E�WuE�W� n�EZ�Z�

Sduw d, iroorzv lpphgldwho| iurp gl�huhqwldwlrq ri +6148,/ `�E�� ' �uE�� 	
fc @,, � c �W� Lq wxuq +6147, lpsolhv wkdw je ' �*2 zkhq wkh wd{ udwhv duh htxdo1
Ilqdoo|/ frqvlghu wkdw/ iurp d,/ wkh udwh ri lq dwlrq lq HPX lv gh�qhg dv iroorzv=

Ze ' @h}4@ E` Efc fc �*2c Z� n` Efc fc �*2c Z�� +6149,

Khqfh/ lw vdwlv�hv

M}EZ�EZ�� '
�

�� 0EZ�
+614:,

Sduw f, ri wkh Ohppd iroorzv lpphgldwho| e| frpsdulqj wklv h{suhvvlrq zlwk
+61;, dqg uhfdoolqj 0ZEZ� : f �

Lq vxppdu|/ wkh fkdqjh lq uhjlph kdv vwurqj lpsolfdwlrqv zkhq prqhwdu|
dxwkrulwlhv fdqqrw suhfrpplw1 Zkhq surplvhv wr dgkhuh wr d suh0dqqrxqfhg
udwh ri lq dwlrq ru wr d oxps0vxps uhglvwulexwlrq ri vhljqrudjh duh qrw fuhgleoh/
pxowlsoh dqg2ru lqh!flhqw htxloleuld pd| dulvh lq HPX1 Wkh uhdvrq lv wkdw wklv
uhjlph fuhdwhv dq h{whuqdolw| ehwzhhq �vfdo srolflhv wkdw lv devhqw xqghu  h{leoh
udwhv1 Zkhq lq dwlrq surplvhv duh qrw fuhgleoh/ wkhvh htxloleuld pd| kdyh wrr
pxfk ru wrr olwwoh lq dwlrq/ wrr orz ru wrr kljk wd{ udwhv/ dqg pd| lpso| hlwkhu
�vfdo frqyhujhqfh ru glyhujhqfh1 Vlploduo|/ wkh lqdelolw| wr frpplw wr oxps0vxp
uhglvwulexwlrq ri vhljqrudjh/ dqg wkh whpswdwlrq wr uhglvwulexwh lq idyru ri wkh
frxqwu| zlwk ohvv uhyhqxh/ suryrnhv h{fhvvlyh lq dwlrq dqg vxerswlpdo wd{dwlrq1
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71 Glvfxvvlrq dqg Frqfoxvlrqv

Lq wklv sdshu zh kdyh dqdo|}hg krz vwudwhjlf uhodwlrqvklsv dprqj srolf|0pdnhuv
fkdqjh lq d vlqjoh fxuuhqf| duhd1

Zkhq orrnlqj dw h{whuqdolwlhv dfurvv frxqwulhv/ dqg dvvxplqj frpplwphqw/ wkh
qhz uhjlph lpsuryhv zhoiduh/ vlqfh lw jlyhv wkh HFE wkh uljkw lqfhqwlyhv wr fruuhfw
iru �vfdo h{whuqdolwlhv1 Wklv lv ehfdxvh HPX uhsolfdwhv prqhwdu| frrshudwlrq/
surylghg wkdw vhljqrudjh lv rswlpdoo| uhglvwulexwhg lq d oxps vxp idvklrq1 Wklv lv
�jrrg qhzv�1 Krzhyhu/ zkhq wkh h{whuqdolw| dw zrun surgxfhv h{fhvvlyh wd{dwlrq
ri oderu/ dv lq rxu h{dpsoh/ wklv h�hfw lpsolhv wkdw HPX lv olnho| wr vsxu lq dwlrq1
Lq dq| fdvh/ rxu frpsxwdwlrqv vxjjhvw wkdw wkh zhoiduh jdlqv dqg wkh fkdqjh lq
lq dwlrq dqg oderu wd{ udwhv dvvrfldwhg zlwk wklv h{whuqdolw| h�hfw duh olnho| wr eh
vpdoo1

Wklv uhvxow reylrxvo| ghshqgv rq wkh vljq ri wkh vslooryhu ehwzhhq qdwlrqdo
�vfdo srolflhv1 Lq rxu �uvw h{dpsoh/ oderu wd{ udwhv duh h{fhvvlyh dv d frqvhtxhqfh
ri wkh qhjdwlyh whupv ri wudgh h{whuqdolw|1 Vlplodu frqfoxvlrqv/ krzhyhu/ zrxog
krog lq d prgho zlwk preloh fdslwdo dqg lppreloh oderu1 Khuh/ h{fhvvlyh oderu
wd{dwlrq zrxog uhvxow iurp wkh gl�huhqw prelolw| ri wkh wd{ edvhv/ udwkhu wkdq
iurp wkh whupv ri wudgh h{whuqdolw|/ exw wkh uhvxowv zrxog uhpdlq yhu| pxfk wkh
vdph1

Wkh �edg qhzv� lv wkdw HPX dpsol�hv wkh lqh!flhqflhv dvvrfldwhg zlwk odfn
ri fuhglelolw| lq prqhwdu| srolf|1 Lq rxu vhfrqg h{dpsoh/ odfn ri frpplwphqw wr
lq dwlrq fuhdwhv d qhz h{whuqdolw| ehwzhhq grphvwlf dqg iruhljq �vfdo srolflhv1
Wkh grphvwlf wd{ udwh d�hfwv wkh frpprq prqhwdu| srolf| dqg vhljqrudjh/ dqg
wkxv wkh iruhljq wd{ srolf|1 Dv d uhvxow/ wkh prqhwdu| xqlrq zlghqv wkh udqjh ri
htxloleulxp rxwfrphv1 Lqh!flhqw dv|pphwulf htxloleuld/ vxfk dv Zrunhuv* Hxursh
+h{fhvvlyh lq dwlrq dqg vxerswlpdo wd{dwlrq, dqg Edqnhuv* Hxursh +h{fhvvlyh od0
eru wd{dwlrq dqg gh dwlrq, ehfrph srvvleoh1 Ixuwkhupruh/ htxloleuld pd| dovr
rffxu zkhuh prqhwdu| frqyhujhqfh surgxfhv �vfdo glyhujhqfh1 Rxu dqdo|vlv dovr
vkrzv wkdw HPX grhv qrw suhfoxgh wkh srvvlelolw| ri dwwdlqlqj wkh vhfrqg ehvw1
Wkh srolf| lpsolfdwlrq ri wklv lv txlwh fohdu= lq HPX �vfdo frruglqdwlrq dqg fr0
rshudwlrq ehfrph hvvhqwldo iru dyrlglqj �edg htxloleuld�1 Wklv dujxphqw grhv qrw
ghshqg xsrq srwhqwldo �dv|pphwulhv� ri vkrfnv/ dv lq wkh wh{werrn fdvh/ exw
uholhv hqwluho| rq wkh lqfhqwlyhv ri wkh qhz prqhwdu| uhjlph1

Ilqdoo|/ d vlqjoh fxuuhqf| duhd lqwurgxfhv dqrwkhu glphqvlrq wr wkh fuhglelolw|
sureohp= wkh odfn ri frpplwphqw wr wkh uhglvwulexwlrq ri vhljqrudjh1 Li wkh HFE
lv whpswhg wr uhglvwulexwh lq idyru ri wkh frxqwu| zlwk ohvv uhyhqxh/ jryhuqphqwv/
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dqwlflsdwlqj wklv ehkdylru/ zloo wu| wr dssursuldwh vhljqrudjh e| orzhulqj wkh lq0
frph wd{ udwhv1 Dv wd{ udwhv duh gulyhq grzq +wr }hur lq wkh prgho,/ d Zrunhuv*
w|sh htxloleulxp ri wkh zruvw nlqg uhvxowv1

Wklv rxwfrph lv vlplodu wr wkh vwdqgdug wd{ frpshwlwlrq h�hfw/ zkhuhe| jry0
huqphqwv gulyh wd{ udwhv grzq lq wkh dwwhpsw wr dwwudfw �upv dqg fdslwdov1 Lq rxu
vhwxs/ krzhyhu/ wklv rffxuv dv wkh uhvxow ri wzr shfxoldulwlhv ri wkh HPX uhjlph=
l, d prqhwdu| xqlrq fuhdwhv d frpprq srro ri uhvrxufhv +vhljqrudjh, wkdw fdq eh
dssursuldwhg e| qdwlrqdo wd{ srolflhv/ dqg ll, wkh HFE fdqqrw frpplw wr oxps
vxp uhglvwulexwlrq ri vhljqrudjh1 Wklv uhvxow uhlqirufhv wkh qhhg iru surylglqj
�fuhgleo| �{hg� uxohv iru wkh glvwulexwlrq ri vhljqrudjh1 Wr dyrlg shuyhuvh lqfhq0
wlyh h�hfwv/ vhljqrudjh pxvw eh doorfdwhg rq wkh edvlv ri �{hg sdudphwhuv wkdw duh
�wuxo|� h{rjhqrxv dqg qrw pdqlsxodeoh e| qdwlrqdo jryhuqphqwv1

Vxpplqj xs/ dv orqj dv dq h{fhvvlyh vkduh ri wkh wd{ exughq idoov rq oderu/
dv uhvxow ri lqwhuqdwlrqdo vslooryhuv/ wkhq HPX jhqhudwhv wkh uljkw lqfhqwlyhv wr
fruuhfw wkhvh lqh!flhqflhv1 Krzhyhu/ lq wkh devhqfh ri �vfdo frruglqdwlrq dqg
oxps vxp uhglvwulexwlrq ri vhljqrudjh/ fuhglelolw| sureohpv pd| eh vhulrxvo| dj0
judydwhg lq wkh qhz prqhwdu| uhjlph/ vr wkdw wkh gdqjhuv ri jrlqj �wrr idu� lq
wkh gluhfwlrq ri orrvh �vfdo srolf| dqg lq dwlrq vkrxog qrw eh glvplvvhg1
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81 Dsshqgl{

8141 Wkh prgho

Vroylqj wkh xwlolw| pd{lpl}dwlrq surjudp +514, vxemhfw wr wkh frqvwudlqw +516,/
wkh �uvw rughu frqglwlrqv duh jlyhq e|43=

�
S_
|

E�� ' b| +814,

%S6
|
E�� ' e|b| +815,

�,|E�� ' E�� � |�b| +816,

�6|n�
E�� ' b|E� n Z|�� 4b|n� +817,

*�4
A<"

6An�

#
A\
�'f

E� n Z��

$
' f +818,

zkhuh b| lv wkh pxowlsolhu rq wkh frqvwudlqw +516, dqg htxdwlrq +817, lv d vwdq0
gdug duelwudjh frqglwlrq wkdw dvvxuhv wkdw qr jdlqv fdq eh pdgh e| uh0doorfdwlqj
frqvxpswlrq ryhu wlph1 Ilqdoo|/ +818, uxohv rxw Srq}l jdphv1

Iurp wkhvh h{suhvvlrqv zh fdq vroyh iru S_
|
c S6

|
c ,| lq whupv ri b|/

S_
|

' �_E7b|� ' k*b| +819,

S6
|

' �6Ee|7b|� ' q*b|e| +81:,

,| ' uEE�� ��b|� ' �� �*b|E�� �� +81;,

zkhuh wkh vljq deryh d yduldeoh ghqrwhv wkh vljq ri wkh ghulydwlyh zlwk uhvshfw
wr wkdw yduldeoh1 Wkh pxowlsolhu b| ghqrwhv wkh pdujlqdo ydoxh ri lqfrph1 Zkhq
b| idoov wkh ghpdqg iru ohlvxuh/ krph dqg iruhljq jrrgv ulvh1 Dovr/ dq lqfuhdvh lq
wkh wd{ udwh rq oderu uhgxfhv qhw hduqlqjv dqg orzhuv wkh oderu vxsso|1 Ilqdoo|/
grphvwlf lpsruwv idoo zkhq wkh uhdo h{fkdqjh udwh ghsuhfldwhv1

Wkh htxloleulxp lq wkh jrrgv pdunhw uhtxluhv lq hdfk shulrg wkh htxdolw| eh0
wzhhq vxsso| dqg ghpdqg ri krph jrrgv +e| wkh jryhuqphqw/ grphvwlf dqg iru0
hljq krxvhkrogv +h{sruwv,, =

�_Eb|� n �6WEbW
|
*e|� n }| ' uEE�� � |�b|� +81<,

Wrjhwkhu zlwk krxvhkrogv dqg jryhuqphqw exgjhw frqvwudlqwv / wklv frqglwlrq
lqvxuhv wkdw wkh wudgh edodqfh pxvw dozd|v eh lq htxloleulxp =

43
Wkh lqgh{ ehorz hdfk ixqfwlrq ghqrwhv d ghulydwlyh1
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e|�
6Ee|b|� ' �6WEbW|*e|� +8143,

Wkh rswlpdo +forvhg orrs, prqhwdu| dqg wd{ srolflhv duh irxqg e| pd{lpl}lqj
wkh zhoiduh vxemhfw wr wkh sulydwh vhfwru* �uvw0rughu frqglwlrqv +814,0+817,1 Wr
dyrlg wkh srvvlelolw| ri wlph lqfrqvlvwhqw sodqv/44 zh dvvxph wkdw jryhuqphqwv
jlyh xs srolf| vxusulvhv dqg fkrrvh dprqj frqvwdqw/ vwhdg|0vwdwh sdwkv iru > dqg
� � Vhwwlqj b| ' b doo | lq +817,/ zh fdq vroyh iru wkh prqh| ghpdqg htxdwlrq=

6|n� ' �E7bE� n Z| � 4�� c�bE�nZ|34� ' �*�66 	 f +8144,

Wkh ghpdqg iru prqh| ghshqgv qhjdwlyho| rq wkh qrplqdo lqwhuhvw udwh 45/ dqg
srvlwlyho| rq lqfrph1 Lq vwhdg| vwdwh/ uhdo edodqfhv dv zhoo dv lq dwlrq duh frq0
vwdqw/ dv htxdwlrq +8144, vkrzv1 Uh0zulwlqj 6|n� ' �|n�

�|n�
lq whupv ri > dqg Z/

6|n� ' 6|E� n Z|�*E� n >|�/ zh vhh wkdw lq dwlrq ulvhv rqh wr rqh zlwk prqhwdu|
jurzwk lq vwhdg| vwdwh / l1h1 Z ' > lq wkh orqj uxq1

Lq rughu wr vroyh iru wkh uhdo h{fkdqjh udwh zh fdq xvh wkh frqglwlrq iru edo0
dqfhg wudgh +8143,/ wkdw jlyhv

e ' .E
3

bc
n

b W� ' bW*b +8145,

D idoo lq grphvwlf lqfrph +d ulvh lq b, uhgxfhv wkh ghpdqg iru lpsruwv/ ohdglqj
wr d wudgh vxusoxv1 Wklv uhtxluhv dq dssuhfldwlrq ri wkh uhdo h{fkdqjh udwh wr
uhvwruh wudgh edodqfh1

Vlqfh .E
3

bc
n

b W� lv krprjhqhrxv ri ghjuhh }hur lq b dqg bW

�6WE.E
3

bc
n

b W�b� ' �6WEb� +8146,

Qrz vxevwlwxwh wkh frqvxpswlrq dqg lpsruw ixqfwlrqv +819,0+81:, / wrjhwkhu
zlwk wkh jryhuqphqw exgjhw frqvwudlqw +517, lqwr wkh jrrgv pdunhw htxloleulxp+81<,
=

�_Eb� n �6WEb� n Z�EE� n Z| � 4�b� ' uEE�� � |�b� +8147,

44Lw lv zhoo nqrzq wkdw wklv nlqg ri g|qdplf sureohp uhvxowv lq wlph lqfrqvlvwhqw sodqv/ vlqfh
wkh jryhuqphqw kdv dq lqfhqwlyh wr uh0rswlpl}h dw d odwhu gdwh dqg vhw wkh sulydwh vhfwru*v
pdujlqdo xwlolw| ri lqfrph �w @ 3 w A 3 +vhh Edvdu dqg Rogvhu + ,,

45Ohw � @ 4@+4. u, / zkhuh u ghqrwhv wkh uhdo lqwhuhvw udwh/ dqg +4. l, @ +4.�,+4. u,= Wkhq
4 . �w � � @ l�
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Wklv |lhog wkh pdujlqdo xwlolw| ri lqfrph dv d ixqfwlrq ri wkh oderu wd{ udwh
dqg ri wkh udwh ri jurzwk ri prqh| edodqfhv=

b ' \E
n

� c
n

Z� '
E�� B�E�� 4� n Z

E�� ��E�� 4n Z�
+8148,

Dq lqfuhdvh lq wkh wd{ udwh dqg lq wkh udwh ri lq dwlrq fdxvhv dq h{fhvv ghpdqg
iru grphvwlf jrrgv/ e| udlvlqj jryhuqphqw vshqglqj1 Khqfh/ iurp htxloleulxp lq
wkh jrrgv pdunhw wr eh uhvwruhg/ wkh pdujlqdo xwlolw| ri lqfrph pxvw lqfuhdvh vr
dv wr frqylqfh krxvhkrogv wr fxw wkhlu ghpdqg1

Wkh odvw htxdwlrq fdq eh vxevwlwxwhg edfn lq h{suhvvlrqv +819,0+81;, dqg +8144,0
+8145, wr h{suhvv wkh whupv ri wudgh/ wkh ghpdqg iru krph/ iruhljq jrrgv/ wkh
oderu vxsso| dqg wkh prqh| ghpdqg lq whupv ri wkh srolf| yduldeohv1 Wklv jlyhv
htxdwlrqv +518, dqg +519,0+51<, lq wkh wh{w1

8151 Wkh vorsh ri wkh uhdfwlrq ixqfwlrq ri wkh �vfdo dxwkrulwlhv lq d

prqhwdu| xqlrq

E| wrwdoo| gl�huhqwldwlqj htxdwlrq+6145, zh �qg _�*_�W 	 f �ss

�M}}�
e

�W
E�� 0�� EuE�� #� n�E�� 0��e

�
� n� dM}E�� 0�� �o

�
�e

��W
� �e

�
�e

�W

0

Z

�

	 M} 0Z �e

�
�e

�W
+8149,

Wkh �uvw whup rq wkh okv lv vlpso| wkh h�hfw ri d xqlw idoo lq wkh iruhljq wd{
udwh rq wkh grphvwlf uhyhqxh iurp vhljqrudjh/ dqg khqfh rq wkh pdujlqdo xwlolw|
ri wkh sxeolf jrrg461Wklv lv wkh lqfrph h�hfw1 Vlqfh �e

�
	 fc surylghg wkh furvv0

ghulydwlyh �e

��W
lv qhjdwlyh47/ wkh vhfrqg dgghqgxp rq wkh ohiw uhlqirufhv wkh �uvw

rqh/ zkhq wkh sxeolf jrrg lv ryhu0vxssolhg +M}E��0� 	 ��c dqg frqyhuvho| zhdnhqv
lw zkhq lw lv xqghu0vxssolhg +M}E�� 0� : �� zlwk uhvshfw wr wkh IU0vhfrqg ehvw
+M}E�� 0� ' ��148

Wkh ukv ghvfulehv wkh vxevwlwxwlrq h�hfw1 Zkhqhyhu wkh iruhljq wd{ udwh lv
uhgxfhg/ wkh HFE udlvhv lq dwlrq/ dqg wkh grphvwlf prqh| ghpdqg ehfrphv pruh
hodvwlf1 Wkhuhiruh wkh rswlpdo oderu wd{ udwh ulvhv1 Khqfh wkh uhdfwlrq ixqfwlrq
� ' t E� W� lv qhjdwlyho| vorshg surylghg wkh odvw lqhtxdolw| lv vdwlv�hg 1

46Wklv whup lv dozd|v srvlwlyh iurp wkh I1R1F1*v1
47Lw lv hdv| wr vkrz wkdw �

���
kdv wkh rssrvlwh vljq ri Kj�j�j� zklfk zh dvvxph wr eh ohvv ru

htxdo wr}hur
48Lq dq| fdvh/ wklv whup ydqlvkhv lq wkh IU htxloleulxp1
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91 Uhihuhqfhv

Djhoo/ M1 O1Fdopiruv dqg J1Mrqvvrq/+4<<9, �Ilvfdo Srolf| zkhq Prqhwdu| srolf|
lv wlhg wr wkh pxvw�/ Hxurshdq Hfrqrplf Uhylhz

Eduur/Urehuw M1 dqg Gdylg Jrugrq +4<;6, � D Srvlwlyh Wkhru| ri Prqhwdu|
Srolf| lq d Qdwxudo udwh Prgho�/ Mrxuqdo ri Srolwlfdo Hfrqrp| <4/7

Edvdu/W1 dqg J1W1Rovghu +4<;5,/�G|qdplf Qrq0Frrshudwlyh Jdph Wkhru|�/
Dfdghplf Suhvv/Qhz \run

Erugljqrq/P1/ S1Pdqdvvh dqg J1Wdehoolql +4<<9,/�Rswlpdo Uhjlrqdo Uhglvwul0
exwlrq xqghu Dv|pphwulf Lqirupdwlrq�/ FHSU Glvfxvvlrq Sdshu q1476:

Erwwd}}l / O1 dqg S1Pdqdvvh/+4<<;, �Edqnhuv* yhuvxv Zrunhuv* Hxursh +L,=
Dgyhuvh Vhohfwlrq lq HPX� / FHSU Zrunlqj Sdshu/ q1 4;791

Eurflqhu/ D1 dqg Sdxo Ohylqh/+4<35, �Ilvfdo Srolf| Frruglqdwlrq dqg HPX= d
G|qdplf Jdph Dssurdfk�FHSU zrunlqj Sdshuq196<

Fdoyr/J1D1 +4<:;,/�Rq wkh Wlph Frqvlvwhqf| ri Rswlpdo Srolf| lq d Prqhwdu|
Hfrqrp|�/ Hfrqrphwulfd/79

gh Nrfn/J1 dqg Y1 Julool +4<;<,/ �Hqgrjhqrxv H{fkdqjh Uhjlph vzlwfkhv�/
QEHU Z1S16399

Mhqvhq/ K1/+4<<7, �Orvv ri prqhwdu| glvfuhwrq lq d vlpsoh g|qdplf Srolf|
Jdph�/Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4;

Revwihog P1+4<<9,/�Prghov ri Fxuuhqf| Fulvhv zlwk Vhoi0ixo�oolqj ihdwxuhv�/Hxurshdq
Hfrqrplf uhylhz 73/ Dsulo

Vlehuw/D1+4<<5,/�Jryhuqphqw Ilqdqfh lq d Frpprq fxuuhqf| Duhd�/ Mrxuqdo
ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh

ydq ghu Sorhj/I1 +4<;;,/�Lqwhuqdwlrqdo Srolf| Frruglqdwlrq lq Lqwhughshqghqw
Prqhwdu| Hfrqrplhv�/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 56/ s14056
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