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Qrq0vwdqgdug fhqwudo edqn orvv ixqfwlrqv/ vnhzhg

ulvnv/ dqg wkh fhuwdlqw| htxlydohqfh sulqflsoh

E| Dol do0QrzdlklW dqg Olylr Vwudffd_

Devwudfw

Wklv sdshu vhwv rxw wr lqyhvwljdwh wkh uroh ri dgglwlyh xqfhuwdlqw| xqghu sodxvleoh qrq0vwdqgdug fhqwudo
edqn orvv ixqfwlrqv ryhu ixwxuh lq dwlrq1 Exloglqj rq d vxevwdqwldo erg| ri hylghqfh lq wkh hfrqrplf
sv|fkrorj| olwhudwxuh/ wklv sdshu srvwxodwhv +l, shulrg0e|0shulrg orvv ixqfwlrqv wkdw duh qrq0frqyh{/
l1h1 glvsod|lqj glplqlvklqj ru qrq0lqfuhdvlqj vhqvlwlylw| wr orvvhv/ dqg +ll, qrq0olqhdu zhljklqj ri
suredelolwlhv/ khqfh ghsduwlqj iurp wkh h{shfwhg xwlolw| sdudgljp1 Lq dgglwlrq/ d vlpsoh dqg sodxvleoh
irup ri qrq0wlph vhsdudelolw| ri wkh fhqwudo edqn*v lqwhuwhpsrudo orvv ixqfwlrq lv dovr frqvlghuhg lq
wkh dqdo|vlv1 Wkh pdlq frqfoxvlrq ri wkh vwxg| lv wkdw li wkh dgglwlyh xqfhuwdlqw| lv fdxvhg e| d qrq0
Qrupdo glvwulexwhg dgglwlyh vkrfn/ iru lqvwdqfh li wkh suredelolw| glvwulexwlrq ri wkh vkrfn lv vnhzhg/
wkhq zlwk wkhvh ghsduwxuhv iurp wkh txdgudwlf ixqfwlrq wkh sulqflsoh ri fhuwdlqw| htxlydohqfh grhv qrw
krog dq|pruh1 Wkxv/ lw dsshduv wkdw zlwk dgglwlyh xqfhuwdlqw| ri wkh qrq0Qrupdo w|sh wkh dvvxpswlrq
ri d txdgudwlf orvv ixqfwlrq iru wkh fhqwudo edqnhu pd| qrw eh dv lqqrfxrxv dv lw lv frpprqo| uhjdughg1
Frqyhuvho|/ qrq0wlph vhsdudelolw| ri wkh fhqwudo edqn lqwhuwhpsrudo orvv ixqfwlrq dv vwxglhg lq wklv
sdshu grhv qrw ghwhuplqh shu vh dq| ghsduwxuh iurp fhuwdlqw| htxlydohqfh1 Pruhryhu/ qr hylghqfh lv
irxqg ri dq rswlpdo srolf| judgxdolvp dv d uhvsrqvh wr lqfuhdvhg dgglwlyh xqfhuwdlqw| hyhq xqghu wkh
qrq0vwdqgdug orvv ixqfwlrqv frqvlghuhg lq wklv sdshu1

Nh|zrugv= Prqhwdu| srolf|/ qrq0txdgudwlf orvv ixqfwlrqv/ hfrqrplf sv|fkrorj|/ fhuwdlqw| htxly0
dohqfh

MHO frghv= H85/ H8;

WXqlyhuvlw| ri Ohlfhvwhu/ Ghsduwphqw ri Hfrqrplfv1

_Xqlyhuvlw| ri Ohlfhvwhu/ Ghsduwphqw ri Hfrqrplfv dqg Hxurshdq Fhqwudo Edqn +HFE,1 Fruuhvsrqglqj
dxwkru> h0pdlo olylr1vwudffdChfe1lqw1 Zh wkdqn sduwlflsdqwv lq d vhplqdu dw wkh HFE/ hvshfldoo| Iudqn Vphwv/
dq dqrq|prxv uhihuhh dqg Fkduohv Jrrgkduw iru khosixo frpphqwv1 Wkh rslqlrqv h{suhvvhg lq wkh sdshu duh
rqo| wkrvh ri wkh dxwkruv dqg duh qrw qhfhvvdulo| vkduhg e| wkh HFE1



4 Lqwurgxfwlrq

Wkh uroh ri xqfhuwdlqw| lq prqhwdu| srolf|0pdnlqj kdv dwwudfwhg frqvlghudeoh lqwhuhvw lq wkh

olwhudwxuh lq uhfhqw |hduv +vhh/ h1j1/ wkh uhylhz e| Edwlql/ Pduwlq dqg Vdoprq/ 4<<<,1 Lw kdv

orqj ehhq nqrzq wkdwpxowlsolfdwlyh xqfhuwdlqw| +qdpho|/ ryhu wkh wuxh �ydoxh� ri wkh lqwhuhvw

udwh hodvwlflw| ri rxwsxw dqg lq dwlrq, lv qrw qhxwudo iru wkh srolf|0pdnhu dqg jhqhudoo| ohdgv

wr fdxwlrq dqg srolf| judgxdolvp +Eudlqdug/ 4<9:,1

Wkhuh lv/ krzhyhu/ pxfk ohvv frqvhqvxv rq wkh uroh ri dgglwlyh xqfhuwdlqw|/ zklfk ghqrwhv

wkh xqfhuwdlqw| ryhu wkh wuxh �vwdwh ri wkh hfrqrp|�/ ghvslwh wkh reylrxv lpsruwdqfh ri wklv

pdwwhu iru srolf|0pdnhuv/ zkr duh frqiurqwhg zlwk wklv w|sh ri xqfhuwdlqw| sudfwlfdoo| hyhu|

gd|14 Rq wkh rqh kdqg/ wkh ylhz lv suhydlolqj lq wkh dfdghpld wkdw dgglwlyh xqfhuwdlqw|

vkrxog qrw pdwwhu/ d sulqflsoh nqrzq dv �fhuwdlqw| htxlydohqfh� +Wkhlo/ 4<8;,15 Uhfhqwo|/

Vyhqvvrq dqg Zrrgirug +5333, kdyh surylghg d jhqhudo surri wkdw zlwk d txdgudwlf remhfwlyh

ixqfwlrq iru wkh fhqwudo edqnhu/ wkh rswlpdo srolf| lv xqd�hfwhg e| xqfhuwdlqw| derxw wkh

vwdwh ri wkh hfrqrp| +Vyhqvvrq dqg Zrrgirug fkdudfwhulvh wklv vlwxdwlrq dv wkh ruwkrjrqdolw|

ri hvwlpdwlrq dqg srolf|,1 Pruhryhu/ wkh sulqflsoh ri fhuwdlqw| htxlydohqfh grhv qrw vhhp wr

eh d phuh duwhidfw ri wkh xvh ri d txdgudwlf orvv ixqfwlrq1 Fkdgkd dqg Vfkhoohnhqv +4<<<,

� khqfhiruwk FV � kdyh vkrzq wkdw wkh fhuwdlqw| htxlydohqfh sulqflsoh krogv iru d jhqhudo

fodvv ri frqyh{ orvv ixqfwlrqv/ dqg wkh frh!flhqwv ri wkh rswlpdo srolf| uxoh duh qrw d�hfwhg

4 Gdwd phdvxuhphqw sureohpv/ xqfhuwdlqw| ryhu wkh hfrqrp|*v qdwxudo udwh ri hpsor|phqw +ru wkh qdwxudo
udwh ri lqwhuhvw, dw dq| srlqw lq wlph/ vkrfnv wr wkh lq dwlrq udwh dqg2ru wr wkh rxwsxw jds zklfk rffxu
diwhu d fhuwdlq prqhwdu| srolf| ghflvlrq exw ehiruh lwv lpsxovh kdv ixoo| zrunhg wkurxjk wkh hfrqrp|/ duh doo
surplqhqw h{dpsohv ri dgglwlyh xqfhuwdlqw|1

5 Irupdoo|/ ohw % eh d frqwuro yduldeoh dqg + d vwdwh yduldeoh/ zlwk + ' sE%� n e/ e ehlqj d }hur phdq
dgglwlyh glvwxuedqfh1 Li fhuwdlqw| htxlydohqfh krogv/ wkh rswlpdo ydoxh ri % +iru lqvwdqfh/ wkh ydoxh zklfk
plqlpl}hv +, lv lqghshqghqw ri wkh suredelolw| glvwulexwlrq ri e�
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e| dgglwlyh xqfhuwdlqw| hyhq li wkh suhihuhqfhv ri wkh fhqwudo edqnhu duh dv|pphwulf16 Rq

wkh rwkhu kdqg/ srolf|0pdnhuv jhqhudoo| gr qrw vhhp wr wklqn wkdw dgglwlyh xqfhuwdlqw| lv

luuhohydqw +vhh iru h{dpsoh Eolqghu/ 4<<;,1 D fdvxdo orrn dw fhqwudo edqnv* h{whuqdo frppx0

qlfdwlrq whqgv wr ohqg vxssruw wr wklv dvvhvvphqw1 Iru lqvwdqfh/ lq wkh Vyhuljhv Ullnvedqn*v

Lq dwlrq Uhsruw +txrwhg lq Eol{ dqg Vhoolq/ 5333,/ lw zdv uhsruwhg wkdw=

�Wkh hohphqw ri xqfhuwdlqw| lq wkh lq dwlrq dvvhvvphqw fdq dffruglqjo| lq xhqfh prqhwdu|

srolf|*v frqvwuxfwlrq1 D kljk ghjuhh ri xqfhuwdlqw| fdq eh d uhdvrq iru jlylqj srolf| d pruh

fdxwlrxv wxuq� ^hpskdvlv rxuv`

dqg lq wkh Edqn ri Hqjodqg*v Lq dwlrq Uhsruw +djdlq txrwhg iurp Eol{ dqg Vhoolq,=

�lq wkh oljkw ri wkh fhqwudo surmhfwlrq dqg wkh ulvnv vxuurxqglqj lw/ wkh Edqn frqwlqxhv wr

vhh wkh qhhg iru d prghudwh wljkwhqlqj ri srolf|�1 ^hpskdvlv rxuv`

Ilqdoo|/ wklv vwdwhphqw fdq eh uhwulhyhg iurp wkh Hxurshdq Fhqwudo Edqn*v zhevlwh=

Wkh Hxurshdq Fhqwudo Edqn +HFE, frq�upv lwv srvlwlrq ri *zdlw dqg vhh* zlwk uhjdug wr lwv

prqhwdu| srolf| vwdqfh1 Lq dq hqylurqphqw ri lqfuhdvhg xqfhuwdlqw| ryhu wkh joredo hfrqrp| dqg

lwv lpsdfw rq wkh hxur duhd/ wkh Jryhuqlqj Frxqflo lv fduhixoo| dvvhvvlqj zkhwkhu dqg wr zkdw

h{whqw xszdug ulvnv wr sulfh vwdelolw| zloo frqwlqxh wr ghfolqh1� ^hpskdvlv rxuv`

Lq doo fdvhv/ fhqwudo edqnv vhhp wr uhihu wr dgglwlyh xqfhuwdlqw| +l1h1/ xqfhuwdlqw| ryhu

wkh vwdwh ri wkh hfrqrp|/ qrw ryhu wkh h�hfw ri wkh prqhwdu| srolf| ohyhuv, dv dq lpsruwdqw

6 Ruskdqlghv dqg Zlhodqg +5333, dovr dqdo|vhg wkh surshuwlhv ri lq dwlrq }rqh wdujhwlqj xvlqj d qrqolq0
hdu fhqwudo edqn orvv ixqfwlrq1 Ruskdqlghv dqg Zlhodqg/ krzhyhu/ glg qrw ghdo zlwk wkh lvvxh ri dgglwlyh
xqfhuwdlqw|/ dw ohdvw qrw gluhfwo|1
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hohphqw lq wkh ghwhuplqdwlrq ri srolf|1 Wkxv/ wkhuh vhhpv wr eh d glvfuhsdqf| ri ylhzv

ehwzhhq srolf|0pdnhuv dqg wkh dfdghpld ryhu wklv nh| dvshfw ri prqhwdu| srolf|0pdnlqj1

Wklv glyhujhqfh/ lq wxuq/ vkrxog ohdg rqh wr zrqghu zkhwkhu vlpsoh dqg sodxvleoh prqhwdu|

srolf| prghov dowhuqdwlyh wr wkrvh wudglwlrqdoo| xvhg lq wkh dfdghplf olwhudwxuh rq rswlpdo

prqhwdu| srolf| fdq eh zrunhg rxw wr jlyh dffrxqw ri wkh vhhplqjo| lpsruwdqw uroh ri dgglwlyh

xqfhuwdlqw| lq dfwxdo srolf|0pdnlqj1

Djdlqvw wklv edfnjurxqg/ wklv sdshu vhwv rxw wr dqdo|}h wkh lqwhudfwlrq/ li dq|/ ehwzhhq

qrq0vwdqgdug dqg |hw dqdo|wlfdoo| wudfwdeoh dqg ehkdylrudoo| sodxvleoh fhqwudo edqn orvv

ixqfwlrqv dqg dgglwlyh xqfhuwdlqw| prghoohg dv d qrq0Qrupdo glvwulexwhg dgglwlyh vkrfn wr

wkh lq dwlrq surfhvv1 Wkurxjkrxw wkh sdshu/ wkh dvvxpswlrq zloo eh pdlqwdlqhg wkdw wkh

srolf|0pdnhu kdv qr pxowlsolfdwlyh xqfhuwdlqw|/ qdpho| d shuihfw nqrzohgjh ri wkh h�hfw ri

wkh prqhwdu| srolf| lqvwuxphqw rq wkh wdujhw yduldeoh+v,1 Wklv sdshu uhod{hv wkuhh frpprqo|

pdlqwdlqhg dvvxpswlrqv rq wkh fhqwudo edqn orvv ixqfwlrq1 Iluvw/ d fxuydwxuh gl�huhqw iurp/

dqg pruh jhqhudo wkdq/ wkh txdgudwlf lv frqvlghuhg1 Vhfrqg/ wkh h�hfw ri d qrq0olqhdu zhljklqj

ri suredelolwlhv e| wkh fhqwudo edqn lv dqdo|}hg1 Ilqdoo|/ wkh frpprq dvvxpswlrq ri wlph

vhsdudelolw| ri wkh lqwhuwhpsrudo orvv ixqfwlrq lv uhod{hg1 Xowlpdwho|/ wkh remhfwlyh ri wkh

dqdo|vlv lv wr hvwdeolvk zkhwkhu wkh sulqflsoh ri fhuwdlqw| htxlydohqfh fduulhv wkurxjk wr

wkh qrq0vwdqgdug orvv ixqfwlrqv h{dplqhg khuh/ dqg khqfh zkhwkhu wkh dvvxpswlrq ri d wlph

vhsdudeoh txdgudwlf orvv ixqfwlrq hydoxdwhg dffruglqj wr wkh h{shfwhg xwlolw| fulwhulrq � zklfk

shuphdwhv wkh exon ri wkh olwhudwxuh rq rswlpdo prqhwdu| srolf| � lv lqghhg lqqrfxrxv ru

qrw1 Wkdw qr dvvxpswlrq rq wkh suredelolw| glvwulexwlrq ri wkh dgglwlyh vkrfn lv pdlqwdlqhg
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lv zruwk vwuhvvlqj/ dv lw glvwlqjxlvkhv wkh dqdo|vlv lq wklv sdshu iurp wkdw lq FV7 1 Lqghhg/

wkh w|sh ri xqfhuwdlqw| fhqwudo edqnhuv duh urxwlqho| frqiurqwhg zlwk lv fhuwdlqo| qrw dozd|v

Qrupdo glvwulexwhg1 Jrrgkduw +5333,/ iru lqvwdqfh/ vwuhvvhg wkdw vnhzhg ulvnv uhsuhvhqw

d fkdoohqjh iru prqhwdu| srolf|0pdnhuv dqg wkdw wkh surihvvlrq vkrxog frph xs zlwk dq

dqdo|wlfdo iudphzrun wr vwxg| krz vxfk vnhzhg ulvnv pd| eh phdqlqjixoo| lqfrusrudwhg lq

wkh srolf| dvvhvvphqw1 Ryhudoo/ wklv sdshu vhhpv wr eh d �uvw vwhs lq wkdw gluhfwlrq1

Lq ghylvlqj sodxvleoh dqg wudfwdeoh qrq0txdgudwlf fhqwudo edqn orvv ixqfwlrqv/ wklv sdshu

exlogv rq wkh vxevwdqwldo erg| ri hylghqfh pdgh dydlodeoh e| wkh olwhudwxuh rq hfrqrplf sv|0

fkrorj| xqghu xqfhuwdlqw|/ hvshfldoo| e| wkh vwudqg olqnhg wr wkh qdphv ri Gdqlho Ndkqhpdq

dqg Dprv Wyhuvn| +vhh Ndkqhpdq dqg Wyhuvn|/ 5333/ iru d uhylhz dqg dvvhvvphqw ri wklv

olwhudwxuh,1 Zlwk qr hylghqfh dydlodeoh wkxv idu rq wkh �w|slfdo fhqwudo edqnhu�*v sv|fkrorj|/

wkh zrunlqj dvvxpswlrq ri wklv sdshu lv wkdw wkh sdwwhuqv dqg whqghqflhv wkdw wkh Ndkqhpdq0

Wyhuvn| olwhudwxuh kdv lghqwl�hg lq d qxpehu ri h{shulphqwdo vwxglhv duh dovr ydolg iru wkrvh

djhqwv lq fkdujh ri prqhwdu| srolf|18 Dprqj wkh nh| hohphqwv lghqwl�hg lq wklv olwhudwxuh/

glplqlvklqj vhqvlwlylw| wr orvvhv +l1h1/ qrq0frqyh{ orvv ixqfwlrqv, dqg qrq0olqhdu zhljklqj ri

suredelolwlhv +l1h1/ ghsduwxuhv iurp wkh h{shfwhg xwlolw| sdudgljp, vhhp wr eh sodxvleoh dqg

lqwhuhvwlqj dovr dv d fkdudfwhul}dwlrq ri fhqwudo edqn suhihuhqfhv1 Pruhryhu/ wkh sdshu dovr

lqyhvwljdwhv d ixuwkhu ghsduwxuh iurp wkh �vwdqgdug� vhwwlqj/ e| dvvxplqj wkdw wkh fhqwudo

7 FV pdlqwdlq wkh dvvxpswlrq ri d Qrupdo glvwulexwhg dgglwlyh vkrfn wr lq dwlrq wkurxjkrxw wkhlu sdshu1

8 Lw vkrxog eh vwuhvvhg wkdw wkurxjkrxw wkh sdshu wkh hpskdvlv zloo dozd|v eh rq wkh fhqwudo edqn*v srvlwlyh
+l1h1/ ghvfulswlyh, suhihuhqfhv1 Wkh dqdo|vlv devwdlqv iurp wkh ghwhuplqdwlrq ri wkh qrupdwlyh suhihuhqfhv/ iru
h{dpsoh wkrvh wkdw zrxog pd{lplvh vrflhw|*v zhoiduh1 Ri frxuvh/ li lw zhuh srvvleoh iru vrflhw| wr zulwh grzq
h{solflwo| wkh fhqwudo edqnhu*v orvv ixqfwlrq/ wklv zrxog ohdg xv d orqj zd| wrzdugv wkh lghqwl�fdwlrq ri wkh
�wuxh� fhqwudo edqn suhihuhqfhv1 Krzhyhu/ hyhq lq wklv +udwkhu xquhdolvwlf, fdvh wkh �h{ srvw� suhihuhqfhv zloo
qrw fruuhvsrqg wr wkh �h{ dqwh� suhihuhqfhv +wkrvh zklfk pdwwhu iru prqhwdu| srolf|0pdnlqj,/ iru wkh odwwhu
dovr lqyroyh wkh fhqwudo edqnhu*v dwwlwxgh wrzdugv ulvn1

7



edqn lqwhuwhpsrudo orvv ixqfwlrq pd| eh qrq0wlph vhsdudeoh lq lwv dujxphqw +lq dwlrq,1 Wklv

dsshduv wr eh mxvwl�hg e| wkh revhuydwlrq � zklfk rqo| vwhpv iurp edvlf sv|fkrorjlfdo lqvljkw

� wkdw d fhqwudo edqnhu lv olnho| wr eh pruh zruulhg e| uhshdwhg plvvhv lq wkh vdph gluhfwlrq/

udwkhu wkdq e| udqgrp plvvhv lq gl�huhqw gluhfwlrqv/ iru lq wkh iruphu fdvh klv fuhglelolw|

pljkw eh kduphg/ ru dw ohdvw wkh sxeolf pd| ghulyh dq lpsuhvvlrq ri lqfrpshwhqfh/ zklfk

wkh fhqwudo edqnhu vkrxog zdqw wr dyrlg dw doo frvwv1

Lq vxp/ wkh sdshu �qgv wkdw wkh lqwhudfwlrq ri d qrq0Qrupdo dgglwlyh glvwxuedqfh wr

lq dwlrq dqg wkh vhw ri qrq0txdgudwlf suhihuhqfhv srvwxodwhg khuh ohdgv wr vlwxdwlrqv zkhuh

wkh sulqflsoh ri fhuwdlqw| htxlydohqfh grhv qrw krog1 Wkxv/ dgglwlyh xqfhuwdlqw| vhhpv wr

pdwwhu1 Lqvwhdg/ li wkh glvwxuedqfh lv Qrupdo glvwulexwhg +dv dvvxphg lq FV,/ wkh xvxdo uhvxow

ri fhuwdlqw| htxlydohqfh frqwlqxhv wr eh ydolg1 Li rqh revhuyhv wkdw qrq0Qrupdo glvwulexwhg

vkrfnv duh dq hvvhqwldo hohphqw zklfk prqhwdu| srolf|0pdnhuv kdyh wr ghdo zlwk/ wkh ryhudoo

srolf| phvvdjh ri wklv sdshu lv wkdw dgglwlyh xqfhuwdlqw| pdwwhuv/ dqg wkdw wkh dvvxpswlrq ri

d txdgudwlf orvv ixqfwlrq pd| qrw eh dv lqqrfxrxv dv lw lv riwhq frqvlghuhg wr eh1 Frqyhuvho|/

lqwurgxflqj qrq0wlph vhsdudelolw| � dw ohdvw ri wkh w|sh frqvlghuhg lq wklv sdshu � grhv qrw

ghwhuplqh shu vh dq| ghsduwxuh iurp fhuwdlqw| htxlydohqfh1

Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 wkh xvxdo vhwwlqj lv rxwolqhg ri d prqhwdu|

srolf|0pdnhu dlplqj dw plqlpl}lqj d orvv ixqfwlrq gh�qhg lq whupv ri wkh lq dwlrq udwh/ zlwk

wkh vwuxfwxuh ri wkh hfrqrp| dfwlqj dv d frqvwudlqw rq ehkdylrxu1 Wkh h�hfw ri frqvlghulqj

qrq0txdgudwlf fhqwudo edqn orvv ixqfwlrqv rq wkh uroh ri dgglwlyh xqfhuwdlqw| lv dqdo|}hg lq

Vhfwlrq 61 Ilqdoo|/ Vhfwlrq 7 frqfoxghv1
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5 D vlpsoh rswlpdo frqwuro prgho iru glvfuhwlrqdu| prqhwdu|
srolf|

Wklv vhfwlrq od|v grzq d vwdqgdug rswlpdo frqwuro sureohp iru glvfuhwlrqdu| prqhwdu| srolf|19

Wkh vwuxfwxuh ri wkh hfrqrp| lqfoxghv dq LV fxuyh/ zkhuhe| wkh prqhwdu| dxwkrulw| fdq

lq xhqfh wkh rxwsxw jds e| vwhhulqj wkh qrplqdo lqwhuhvw udwh/ dqg d edfnzdug0orrnlqj

Skloolsv fxuyh/ olqnlqj fxuuhqw lq dwlrq wr sdvw lq dwlrq dqg wr sdvw rxwsxw jds +vhh/ h1j1/

Fodulgd/ Jdol dqg Jhuwohu/ 4<<</ dqg Pdqnlz/ 5334,1:

Wkh LV fxuyh lv vshfl�hg dv iroorzv=

{| @ d�{|3� � d2+l| � �|, . x|> +4,

zkhuh wkh rxwsxw jds { lv d�hfwhg e| wkh uhdo lqwhuhvw udwh +l��,/ dqg x lv d glvwxuedqfh

whup/ xqnqrzq wr wkh fhqwudo edqn dw wlph w> zlwk H|x| @ 3= Sdudphwhuv lq wklv htxdwlrq duh

3 ? d� ? 4 dqg d2 A 3> nqrzq wr wkh fhqwudo edqn1

Wkh Skloolsv fxuyh lv=

�|n� @ e��| . e2{| . y|n�> +5,

zkhuh y lv dq dgglwlyh glvwxuedqfh/ iru lqvwdqfh fdswxulqj d frvw0sxvk vkrfn xqnqrzq wr

wkh srolf|0pdnhu dw wlph w> zlwk H|y|n� @ 3> dqg 3 ? e� ? 4 dqg e2 A 3 duh sdudphwhuv/

9 Wkurxjkrxw wkh sdshu/ wkh dvvxpswlrq lv dozd|v pdlqwdlqhg wkdw wkh fhqwudo edqn fdqqrw fuhgleo| frpplw
wr iroorz d srolf| uxoh> prqhwdu| srolf| lv wkxv fduulhg rxw lq d glvfuhwlrqdu| pdqqhu1

: Wkh fkrlfh ri d edfnzdug0orrnlqj vshfl�fdwlrq ri wkh Skloolsv fxuyh lv prwlydwhg e| wkh idfw wkdw lw vtxduhv
ehwwhu zlwk wkh dydlodeoh hpslulfdo hylghqfh +vhh lq sduwlfxodu Pdqnlz/ 5334,1 Wkh olqh ri dujxphqwdwlrq lq
wkh sdshu/ krzhyhu/ zrxog qrw eh vxevwdqwldoo| fkdqjhg zlwk d iruzdug0orrnlqj Skloolsv fxuyh/ dv orqj dv
lq dwlrqdu| h{shfwdwlrqv dw wlph | duh h{rjhqrxv iru wkh fhqwudo edqn +wr dyrlg wkh vlpxowdqhlw| sureohpv
ghdow zlwk e| Vyhqvvrq dqg Zrrgirug/ 5333,1

9



ri zklfk wkh fhqwudo edqn kdv djdlq ixoo nqrzohgjh1; < Qr ixuwkhu dvvxpswlrq rq wkh

suredelolw| glvwulexwlrq ri y lv dgghg dw wklv vwdjh1 Iru vlpsolflw|/ d }hur guliw lv dvvxphg>

wklv/ wrjhwkhu zlwk wkh dvvxpswlrq wkdw e� ? 4> lpsolhv wkdw wkh vwhdg| vwdwh ohyho ri lq dwlrq

lv }hur1

Iru qrwdwlrqdo vlpsolflw|/ lw lv frqyhqlhqw wr frqvrolgdwh wkh LV dqg wkh Skloolsv fxuyhv wr

rewdlq d uhgxfhg irup iru lq dwlrq dv iroorzv=

�|n� @ f��| . f2{|3� � f�l| . %|n�> +6,

zkhuh f� @ e� . e2d2> f2 @ e2d�> f� @ e2d2> dqg %|n� @ e2x| . y|n� lv d }hur phdq +exw

srvvleo| qrq0Qrupdo dqg qrq0v|pphwulfdoo| glvwulexwhg, udqgrp glvwxuedqfh +frpsulvlqj

rxwsxw jds dqg frvw0sxvk vkrfnv,1

Vlpsoli|lqj lw ixuwkhu=

�|n� @ }| � f�l| . %|n�> +7,

zlwk }| @ f��| � f2{|3�> nqrzq wr wkh fhqwudo edqn dw wlph w dqg h{rjhqrxv wr l|>

uhsuhvhqwlqj wkh �vwdwh ri wkh hfrqrp|� ru htxlydohqwo| wkh �lq dwlrqdu| suhvvxuhv� dw wlph

w= Lq jhqhudo/ srolf| uxohv duh vshfl�hg dv ihhgedfn uxohv l| @ i+}|,> zkhuhe| wkh fhqwudo edqn

vhwv lwv prqhwdu| srolf| lqvwuxphqw lq uhdfwlrq wr fkdqjhv lq wkh vwdwh ri wkh hfrqrp|1

Iru vlpsolflw| ri qrwdwlrq/ ohw xv frqvlghu wkh yduldeoh hl| gh�qhg dv iroorzv=

hl| @ f�l| � }| +8,

; Wkdw wkh prqhwdu| srolf| lqvwuxphqw � d�hfwv lq dwlrq zlwk d orqjhu odj wkdq lw d�hfwv rxwsxw lv frqvlvwhqw
zlwk wkh exon ri wkh dydlodeoh hpslulfdo hylghqfh1

< Pruh frpsoh{ Skloolsv fxuyh htxdwlrqv pd| eh frqfhlyhg +vhh/ h1j/ wkh qrq0olqhdu vshfl�fdwlrq lq Fodun
hw do/ 5334,/ exw vxfk frpsolfdwlrqv vkrxog sulpd idflh eh lppdwhuldo iru wkh sxusrvh ri wkh suhvhqw dqdo|vlv1

:



Li hl| @ 3> l| @
5|
S�

dqg H|�|n� @ 3= Wkhuhiruh/ hl| lv wkh ghyldwlrq ri wkh prqhwdu| srolf|

lqvwuxphqw iurp wkh ydoxh zklfk r�vhwv dw wlph w.4 wkh h{shfwhg lpsdfw ri wkh lq dwlrqdu|

suhvvxuhv revhuyhg dw wlph w +l1h1/ }|,1 Wkhuh iroorzv wkdw wkh lq dwlrq surfhvv pd| dovr eh

h{suhvvhg dv=

�|n� @ %|n� � hl|> +9,

zlwk %|n� lqghshqghqw ri hl|= Lqwxlwlyho|/ wkh lq dwlrq surfhvv lv htxdo wr wkh gl�huhqfh

ehwzhhq wkh uhdol}dwlrq ri wkh dgglwlyh vkrfn dw wlph w.4 dqg wkh ghyldwlrq ri wkh prqhwdu|

srolf| lqvwuxphqw iurp wkh ydoxh iru zklfk H|�|n� @ 31 Wkxv/ wkh ydoxh �hl| pd| dovr eh

lqwhusuhwhg dv wkh lq dwlrq wdujhw ri wkh fhqwudo edqn dw wlph w= Lq wkh frqwlqxdwlrq ri wklv

sdshu/ zh zloo riwhq uhihu wr hl| zkhq vshdnlqj derxw prqhwdu| srolf|/ zlwkrxw dq| orvv ri

jhqhudolw| dv wkh prqhwdu| srolf| lqvwuxphqw pd| eh ghulyhg vwudljkwiruzdugo| dv l| @
h�|n5|
S�

1

Wkh wdvn ri prqhwdu| srolf| lv wr vhohfw d ydoxh ri hl| zklfk plqlpl}hv dq lqwhuwhpsrudo

orvv ixqfwlrq gh�qhg lq whupv ri lq dwlrq ohyhov +dvvxplqj iru vlpsolflw| � dqg zlwkrxw orvv

ri jhqhudolw| � wkdw wkh lq dwlrq remhfwlyh ri wkh fhqwudo edqn lv }hur,143 Wkh sulqflsoh ri

fhuwdlqw| htxlydohqfh � wkh pdlq irfxv ri wkh suhvhqw dqdo|vlv � vwlsxodwhv wkdw wkh suredelolw|

glvwulexwlrq ri % vkrxog qrw pdwwhu lq wkh ghwhuplqdwlrq ri hl| +ru/ l|,1
Wkh vwdqgdug dssurdfk wr ghdo zlwk prqhwdu| srolf| sureohpv lv wr vshfli| wkh remhfwlyh

ixqfwlrq ri wkh fhqwudo edqnhu/ zlwk wkh vwuxfwxuh ri wkh hfrqrp| wkdw dfwv dv d frqvwudlqw

rq ehkdylrxu1 Jlyhq d shulrg0e|0shulrg orvv ixqfwlrq O+�,> wkh fhqwudo edqn lv qrupdoo|

43 Dv lq FV/ zh gr qrw frqvlghu wkh srvvlelolw| wkdw wkh prqhwdu| dxwkrulw| pd| dovr fduh derxw wkh rxwsxw
jds1 Zkloh wklv lv fhuwdlqo| d uhvwulfwlyh dqg udwkhu xquhdolvwlf dvvxpswlrq/ lw juhdwo| vlpsol�hv wkh dojheud1
Pruhryhu/ wkh lqfoxvlrq ri wkh rxwsxw jds pd| xqghu fhuwdlq frqglwlrqv ghwhuplqh d ghsduwxuh iurp fhuwdlqw|
htxlydohqfh +vhh lq sduwlfxodu Vphwv/ 4<<;,1 Wkxv/ jlyhq wkdw wkh irfxv ri wkh suhvhqw dqdo|vlv lv wr dvfhuwdlq
zkhwkhu dgglwlyh xqfhuwdlqw| rq lq dwlrq pdwwhuv shu vh xqghu qrq0txdgudwlf fhqwudo edqn orvv ixqfwlrqv/
zh ohdyh wklv frpsolfdwlrq dvlgh lq rughu wr edodqfh wkh rggv lq idyrxu ri fhuwdlqw| htxlydohqfh dv pxfk dv
srvvleoh1

;



dvvxphg wr plqlpl}h d wlph vhsdudeoh lqwhuwhpsrudo orvv ixqfwlrq h{suhvvhg dv wkh h{shfwhg

ydoxh ri d glvfrxqwhg vxp O +zkhuh 3 ? � ? 4 lv wkh glvfrxqw idfwru,=

H|O @ H|

"[
�'�

��3�O+�|n�,> +:,

xqghu wkh frqvwudlqw �|n� @ %|n� � hl|= Lw lv fohdu iurp wkh zd| wkh sureohp lv irupx0

odwhg wkdw wkh fhqwudo edqn*v wdvn pd| eh uhgxfhg vwudljkwiruzdugo| wr wkh plqlpl}dwlrq ri

H|O+�|n�,1 Lq idfw/ wkh sureohp lv vshfl�hg uhfxuvlyho| dqg wkh prqhwdu| srolf| lqvwuxphqw

dw wlph w rqo| d�hfwv lq dwlrq rqh shulrg dkhdg1

Xqghu txdgudwlf suhihuhqfhv/ zh kdyh=

H|O+�|n�, @ H|�
2
|n� @ H|+%|n� � hl|,2> +;,

dqg wkxv/ diwhu vroylqj wkh �uvw rughu frqglwlrq=

hl| @ 3> +<,

jlyhq wkdw H|%|n� @ 3= Ri frxuvh/ wklv uhvxow pd| eh ghulyhg dovr e| irufh ri wkh vwdwlvwlfdo odz

wkdw wkh dulwkphwlf phdq +}hur/ lq wklv fdvh, lv wkh phdvxuh ri fhqwudo whqghqf| plqlpl}lqj

wkh dyhudjh ri wkh vtxduhg ghyldwlrqv iurp lw1 Khqfh/ l| @ 5|
S�

@ S�Z|3S2%|3�
S�

> luuhvshfwlyh

ri wkh suredelolw| glvwulexwlrq ri %> wklv lv wkh vwdqgdug uhvxow ri fhuwdlqw| htxlydohqfh1 Lq

jhqhudo/ d ydoxh ri hl| gl�huhqw iurp }hur ghshqglqj rq +vrph prphqwv ri, wkh suredelolw|

glvwulexwlrq ri %|n� zrxog vljqdo d ghsduwxuh iurp fhuwdlqw| htxlydohqfh1

Kdylqj odlg grzq wkh iudphzrun dqg wkh qrwdwlrq iru wkh fhqwudo edqn*v rswlpdo frqwuro

sureohp/ lq wkh hqvxlqj vhfwlrq zh pryh wr dqdo|}h wkh h�hfw ri lpsrvlqj qrq0txdgudwlf orvv

ixqfwlrqv rqwr wkh rswlpdo fkrlfh ri wkh prqhwdu| srolf| lqvwuxphqw hl|=

<



6 Qrq0vwdqgdug orvv ixqfwlrqv

Lq wklv vhfwlrq wkuhh dvvxpswlrqv/ xqghuo|lqj wkh vwdqgdug fhqwudo edqn lqwhuwhpsrudo orvv

ixqfwlrq qrupdoo| frqvlghuhg lq wkh olwhudwxuh/ duh uhod{hg zlwk d ylhz wr vwxg|lqj wkh h�hfw

ri wkhvh ghsduwxuhv rq wkh uroh ri dgglwlyh xqfhuwdlqw|1 Iluvw/ zh frqvlghu wkh srvvlelolw|

wkdw wkh shulrg0e|0shulrg orvv ixqfwlrq pd| kdyh d qrq0txdgudwlf ixqfwlrqdo irup/ srvvleo|

ehlqj qrq0frqyh{ ryhu lwv grplqlrq1 Vhfrqg/ zh dqdo|}h wkh h�hfw ri d qrq0olqhdu zhljklqj

ri suredelolwlhv e| wkh fhqwudo edqnhu/ wkxv ghsduwlqj iurp wkh h{shfwhg xwlolw| sdudgljp1

Wklug/ zh uhod{ wkh dvvxpswlrq wkdw wkh fhqwudo edqn lqwhuwhpsrudo orvv ixqfwlrq lv wlph

vhsdudeoh/ e| lqwurgxflqj d vlpsoh dqg uhodwlyho| sodxvleoh irup ri qrq0wlph vhsdudelolw|/

zkhuhe| wkh fhqwudo edqnhu fduhv derxw plvvlqj wkh wdujhw uhshdwhgo| lq wkh vdph gluhfwlrq

frpsdudwlyho| pruh wkdq plvvlqj wkh wdujhw lq udqgrp gluhfwlrqv1 Iru hdfk ghsduwxuh iurp

wkh vwdqgdug vhwwlqj/ vrph ehkdylrudo mxvwl�fdwlrq zloo eh surylghg1

Dv wkh �uvw wzr ghsduwxuhv duh forvho| olqnhg wr/ dqg �upo| jurxqghg lq/ d eudqfk ri

wkh hfrqrplf sv|fkrorj| olwhudwxuh/ zh frqvlghu wkhp wrjhwkhu lq Vhfwlrq 6141 D qrq0wlph

vhsdudeoh lqwhuwhpsrudo orvv ixqfwlrq zloo eh wkhq h{dplqhg vhsdudwho| lq Vhfwlrq 6151

614 Qrq0frqyh{ fhqwudo edqn suhihuhqfhv zlwk qrq0olqhdu zhljklqj ri sure0
delolwlhv

Lq rughu wr ghylvh uhdvrqdeoh dowhuqdwlyhv wr wkh txdgudwlf dv d fhqwudo edqn orvv ixqfwlrq/ lw

vkrxog eh �uvw srqghuhg derxw wkh ehkdylrudo dvvxpswlrqv xqghuo|lqj wkh txdgudwlf ixqfwlrq1

D nh| hohphqw ri wkh txdgudwlf ixqfwlrq lv wkdw �odujh� vkrfnv duh shqdol}hg sursruwlrqdoo|

pruh khdylo| wkdq �vpdoo� vkrfnv144 Wkxv/ lw dsshduv sulpd idflh xvhixo wr dqdo|}h ixqf0

44 D vwdqgdug dujxphqw lq idyrxu ri wkh txdgudwlf orvv ixqfwlrq lv wkdw iru �vpdoo� vkrfnv lw dssur{lpdwhv
uhodwlyho| zhoo dq| gl�huhqwldeoh orvv ixqfwlrq dv d vhfrqg rughu Wd|oru h{sdqvlrq1 Krzhyhu/ lq rxu dqdo|vlv
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wlrqdo irupv wkdw gr qrw shqdol}h odujh vkrfnv dv pxfk dv wkh txdgudwlf ixqfwlrq grhv +ru/

htxlydohqwo|/ gr qrw dwwulexwh vr olwwoh zhljkw wr vpdoo vkrfnv,1 Iru h{dpsoh/ Jrrgkduw +5333,

fulwlfl}hv wkh dvvxpswlrq wkdw odujh vkrfnv vkrxog eh shqdol}hg sursruwlrqdoo| pruh wkdq

vpdoo vkrfnv dqg uhsruwv wkdw �L frxog qhyhu vhh zk| d 5( ghyldwlrq iurp ghvluhg rxwfrph

zdv 7{ dv edg dv d 4( ghyldwlrq/ udwkhu wkdq mxvw wzlfh dv edg�1 Pruhryhu/ Udelq +5333, dqg

Udelq dqg Wkdohu +5334, kdyh vkrzq +doehlw lq d frqwh{w xquhodwhg wr prqhwdu| srolf|, wkdw

zlwk d frqyh{ +h1j1/ txdgudwlf, orvv ixqfwlrq dqg hyhq d vpdoo dyhuvlrq wr vpdoo vkrfnv/ wkh

dyhuvlrq wr prghudwh ru odujh vkrfnv pd| hdvlo| uhdfk dvwurqrplfdo +ehkdylrxudoo| devxug,

ohyhov1 Lqghhg/ dq lpsruwdqw vwudqg ri wkh hfrqrplf sv|fkrorj| olwhudwxuh/ pdlqo| srsx0

odul}hg e| Gdqlho Ndkqhpdq dqg Dprv Wyhuvn|/ exloglqj rq edvlf sv|fkrorjlfdo lqwxlwlrq

dqg rq d vxevwdqwldo erg| ri h{shulphqwdo hylghqfh/ srlqwv wr wkh idfw wkdw djhqwv jhqhudoo|

vkrz d whqghqf| wr d plogo| ghfuhdvlqj +lqvwhdg ri lqfuhdvlqj dv srvwxodwhg lq wkh txdgudwlf

ixqfwlrq, vhqvlwlylw| wr vkrfnv +frpsxwhg djdlqvw d �uhihuhqfh srlqw�, dv wkh vl}h ri wkh vkrfn

ulvhv +vhh Ndkqhpdq dqg Wyhuvn|/ 5333/ Udelq/ 4<<;/ dqg Wkdohu/ 5333/ iru d uhylhz ri wklv

olwhudwxuh,1 Li wkh uhvxowv ri wklv olwhudwxuh duh wr eh wdnhq vhulrxvo|/ wklv zrxog vxjjhvw orvv

ixqfwlrqv zlwk d fxuydwxuh gl�huhqw iurp wkh txdgudwlf/ dqg lq sduwlfxodu ixqfwlrqv wkdw duh

qrq0frqyh{145

Dqrwkhu nh| hohphqw ri wklv olwhudwxuh lv wkh revhuyhg zlghvsuhdg whqghqf| iru djhqwv

wr zhljk suredelolwlhv lq d qrq0olqhdu pdqqhu/ khqfh ghsduwlqj iurp wkh h{shfwhg xwlolw|

sdudgljp +vhh/ h1j1/ Vwduphu/ 5333,1 D qrq0olqhdu zhljklqj ri suredelolhv e| fhqwudo edqnv

lv yhu| uhdolvwlf1 Fhffkhwwl +5333,/ iru lqvwdqfh/ uhsruwv wkdw �^111` zh zrxog h{shfw srolf|0

zh dvvxph wkdw �odujh� vkrfnv gr h{lvw/ doehlw pd|eh zlwk orz suredelolw|1

45 Wkh Ndkqhpdq0Wyhuvn| olwhudwxuh idyrxuv orvv ixqfwlrqv wkdw kdyh d �nlqn� rq wkh uhihuhqfh ydoxh/ dqg
d gl�ihuhqw fxuydwxuh deryh dqg ehorz wklv ydoxh1

44



pdnhuv wr wdnh dfwlrq zkhq wkh phdq dqg yduldqfh ri iruhfdvw glvwulexwlrqv duh olnho| wr vwd|

wkh vdph/ zkloh wkh suredelolw| ri vrph h{wuhph edg hyhqw lqfuhdvhv1 ^111` hyhq li wkh yduldqfh

lv xqfkdqjhg/ dq lqfuhdvh lq wkh srvvlelolw| ri d vhyhuh hfrqrplf grzqwxuq lv olnho| wr surpsw

dfwlrq1� Zkloh wklv lv vrphzkdw dw rggv zlwk Jrrgkduw +5333,/ zkr fodlpv wkdw �^111` pdlq

fkdudfwhulvwlf ri ulvnv zklfk srolf| vkrxog qrw wu| wr suh0hpsw lv wkdw wkh| duh orz0suredelolw|

hyhqwv zlwk d kljk sd|0r��/ d qrq0olqhdu zhljklqj ri suredelolwlhv lv vxjjhvwhg lq erwk fdvhv1

Qrq0olqhdu zhljklqj ri suredelolwlhv � vxfk dv d glvsursruwlrqdwh zhljkw dwwdfkhg wr fkdqjhv

lq suredelolwlhv durxqg }hur/ d skhqrphqrq nqrzq dv wkh �fhuwdlqw| h�hfw� � lv vrphwlphv

dvvrfldwhg zlwk dqwlflsdwru| ihholqjv dqg dq{lhw| +vhh/ iru lqvwdqfh/ Fdsolq dqg Ohdk|/ 5334,1

Zkloh fhqwudo edqnhuv pd| eh frrohu wkdq qrupdo kxpdq ehlqjv/ lw lv d idlu dvvxpswlrq wkdw

dw wlphv wkh| fdq fhuwdlqo| ehfrph dq{lrxv dqg plv0fdofxodwh suredelolwlhv dffruglqj wr wkhlu

hprwlrqdo vwdwh1

Lq vxp/ fhqwudo edqnhuv duh/ deryh doo/ kxpdqv> wkh srvvlelolw| vkrxog eh dw ohdvw frq0

vlghuhg wkdw wkh| glvsod| wkh vdph dwwlwxghv wrzdugv ulvn wkdw kdyh ehhq grfxphqwhg iru

rwkhu w|shv ri djhqwv lq wkh hfrqrplf sv|fkrorj| olwhudwxuh146 Khqfh wkh pdlq irfxv ri

wklv vhfwlrq ri wkh sdshu lv hydoxdwlqj wkh h�hfw ri lqfrusrudwlqj wkhvh dwwlwxghv +ghfuhdvlqj

vhqvlwlylw| dqg qrq0olqhdu zhljklqj ri suredelolwlhv, lq wkh fhqwudo edqn*v orvv ixqfwlrq rq wkh

rswlpdo vhwwlqj ri wkh prqhwdu| srolf| lqvwuxphqw dqg/ lq sduwlfxodu/ rq zkhwkhu fhuwdlqw|

htxlydohqfh frqwlqxhv wr krog1

Wxuqlqj �uvw wr wkh lvvxh ri wkh fxuydwxuh ri wkh shulrg0e|0shulrg orvv ixqfwlrq/ d uhodwlyho|

jhqhudo dqg vlpsoh ixqfwlrqdo irup wr eh frqvlghuhg lq wklv dqdo|vlv fdq eh wkh iroorzlqj +vhh

46 Dqrwkhu nh| wudlw lghqwl�hg e| wkh Ndkqhpdq0Wyhuvn| olwhudwxuh lv wkh dv|pphwulf wuhdwphqw ri jdlqv
dqg orvvhv1 Wklv ihdwxuh/ krzhyhu/ vkrxog qrw pdwwhu iru rxu fhqwudo edqnhu/ zkr fdq rqo| orvh +dqg qrw jdlq,
iurp d vkrfn wr lq dwlrq1
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Ndkqhpdq dqg Wyhuvn|/ 4<<5,=

O+�|n�, @
���|n���q +43,

Li � @ 5> wklv lv wkh vwdqgdug txdgudwlf orvv ixqfwlrq1 Lq wkh Ndkqhpdq0Wyhuvn| olwhudwxuh

+vhh lq sduwlfxodu Ndkqhpdq dqg Wyhuvn|/ 4<<5, 3 ? � ? 4 +dowkrxjk � lv qrupdoo| hvwlpdwhg

wr eh yhu| forvh wr rqh47 ,> wkxv/ wkh orvv ixqfwlrq lv qrw frqyh{ dqg kdv d �nlqn� dw }hur

+fohduo| wkh �uhihuhqfh ydoxh� lq rxu vhwwlqj,1 D orvv ixqfwlrq vshfl�hg dv lq +43, lv deoh wr

hqfrpsdvv d odujh qxpehu ri ixqfwlrqdo irupv dqg ehkdylrudo dvvxpswlrqv1 Wkh sdudphwhu

�> lq sduwlfxodu/ gulyhv wkh fxuydwxuh ri wkh orvv ixqfwlrq1 Ydoxhv � ? 4 lghqwli| qrq0frqyh{

orvv ixqfwlrqv/ qdpho| ixqfwlrqv zkhuh wkh ydoxh ri wkh orvv jurzv ohvv wkdq sursruwlrqdoo|

zlwk wkh vl}h ri wkh vkrfn +dv lq wkh ixqfwlrq srvwxodwhg lq Ndkqhpdq dqg Wyhuvn|/ 4<<5,1

Dffruglqj wr Ndkqhpdq dqg Wyhuvn|/ glplqlvklqj vhqvlwlylw| lv d jhqhudo wudlw ri kxpdq

ehkdylrxu1 Lq wkh fdvh ri prqhwdu| srolf|0pdnlqj/ vrph vshfldo flufxpvwdqfhv kdyh wr eh

wdnhq lqwr frqvlghudwlrq1 Li rxu fhqwudo edqnhu ehkdyhv lq d Ndkqhpdq0Wyhuvn| pdqqhu +l1h1/

� ? 4,/ kh zloo eh pruh xsvhw e| d 4( pdujlqdo fkdqjh lq lq dwlrq iurp 5( wr 6( wkdq

e| d fkdqjh iurp/ vd|/ 48( wr 49( +d txdgudwlf fhqwudo edqnhu zloo eh pruh xsvhw e| wkh

odwwhu,1 Krzhyhu/ wkh suhvhqfh ri wkuhvkrogv dqg �wdujhw }rqhv� iru lq dwlrq +vhh Ruskdqlghv

dqg Zlhodqg/ 5333,/ dv lw lv frpprq lq vrph zd| ru dqrwkhu lq pdq| frxqwulhv/ lv olnho|

wr lpsduw vhyhuh qrq0olqhdulwlhv wr wkh fhqwudo edqn orvv ixqfwlrq/ ehfdxvh ryhufrplqj wkh

wkuhvkrog+v, pd| eh sduwlfxoduo| frvwo|1 Wkxv/ d fhqwudo edqnhu pd| eh pruh frqfhuqhg e| d

pryh ri lq dwlrq iurp 5( wr 6( wkdq iurp 4( wr 5( li wkh wdujhw }rqh kdv dq xsshu erxqg

dw/ vd|/ 518(1 Qhyhuwkhohvv/ zlwklq dqg rxwvlgh wkh wdujhw }rqh glplqlvklqj vhqvlwlylw| vkrxog

47 Iru h{dpsoh/ Ndkqhpdq dqg Wyhuvn| +4<<5, surylghg wkh hvwlpdwh q ' f�HH�
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suhydlo1

Lq dq| fdvh/ lw lv lpsruwdqw wr vwuhvv wkdw wkh dqdo|vlv lq wklv sdshu lv qrw olplwhg wr

wkh fdvh 3 ? � ? 4> dqg d ixoo udqjh ri srvvlelolhv lv frqvlghuhg1 Dw rqh h{wuhph/ � @ 3

lqglfdwhv wkdw wkh fhqwudo edqn fduhv derxw dq| vkrfn/ lqghshqghqw ri wkh vl}h ri wkh vkrfn1

Dowhuqdwlyho|/ � A 4 lqglfdwhv wkdw orvvhv ulvh pruh wkdq sursruwlrqdoo| zlwk wkh vl}h ri wkh

vkrfn/ l1h1 wkh orvv ixqfwlrq lv frqyh{ +dqg lw lv dovr gl�huhqwldeoh lq wkh zkroh grpdlq/

kdylqj qr �nlqn� dw }hur,1 Dv � $4/ wkh fhqwudo edqn ehfrphv pxfk pruh frqfhuqhg zlwk

odujh vkrfnv> lq wkh olplw/ lw rqo| fduhv derxw wkh odujhvw srvvleoh vkrfn1 Wklv w|sh ri fhqwudo

edqnhu fdq eh odehoohg dv �plqlpd{�1

Lq wklv vhwwlqj/ wkh fhqwudo edqn*v sureohp pd| eh h{suhvvhg dv wkh plqlpl}dwlrq ri=

H|O+�|n�, @ H|

���%|n� � hl|���q +44,

Lw lv lpphgldwh wr uhdol}h wkdw/ lq jhqhudo/ wkh phdvxuh ri fhqwudo whqghqf| hl| wkdw plql0
pl}hv h{suhvvlrq +44, zloo gl�hu iurp wkh h{shfwhg ydoxh ri %|n� +l1h1/ }hur,> dv lw lv wkh fdvh

xqghu txdgudwlf suhihuhqfhv +iru lw lv zhoo nqrzq lq suredelolw| wkhru| wkdw hl| @ H|%|n� @ 3

plqlpl}hv +44, rqo| li � @ 5,1

Ohw xv frqvlghu/ iru lqvwdqfh/ wkh fdvh � @ 4=48 Wkh fhqwudo edqn*v orvv ixqfwlrq froodsvhv

wr wkh devroxwh ydoxh ri wkh ghyldwlrqv ri lq dwlrq iurp lwv wdujhw +}hur,=

H|O+�|n�, @ H|

���%|n� � hl|��� +45,

Xqghu wklv vshfl�fdwlrq/ wkh rswlpdo ydoxh iru hl| lv jlyhq e| hl| @P|%|n�> zkhuh P uhsuhvhqwv

48 Jrrgkduw +5333, ghvfulelqj klv rzq h{shulhqfh dw wkh Edqn ri Hqjodqg*v PSF uhsruwv wkdw �L eholhyh wkdw
L frxog/ pruh ru ohvv/ lqwhusuhw p| orvv ixqfwlrq zkhq L zdv dw wkh PSF +v|pphwulfdoo| olqhdu lq wkh ghyldwlrq
iurp wdujhw dw wkh vl{ wr hljkw txduwhu krul}rq,� ^hpskdvlv rxuv`1 Wklv zrxog lpso| wkdw iru Jrrgkduw q ' ��
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wkh phgldq ydoxh ri wkh suredelolw| glvwulexwlrq ri %1 Khqfh=

l| @
}|
f�

.
4

f�
P|%|n� +46,

Lq jhqhudo/ P|%|n� zloo eh gl�huhqw iurp }hur/ dqg wkh rswlpdo srolf| zloo ghyldwh iurp

wkdw lghqwl�hg xqghu wkh txdgudwlf orvv ixqfwlrq +l| @ 5|
S�
> ru hl| @ 3,= Lq sduwlfxodu/ li wkh

suredelolw| glvwulexwlrq ri %|n� lv srvlwlyho| vnhzhg/ wkh phgldq zloo eh qhjdwlyh +l1h1/ vpdoohu

wkdq wkh phdq, dqg wkh rswlpdo srolf| zloo lpso| d vpdoohu ydoxh ri l| wkdq lw zrxog kdyh

ehhq wkh fdvh xqghu wkh txdgudwlf orvv ixqfwlrq +wkh rssrvlwh/ l1h1 d kljkhu ydoxh ri l|/ zloo

krog wuxh li wkh suredelolw| glvwulexwlrq ri %|n� lv qhjdwlyho| vnhzhg,1 Rqo| li wkh suredelolw|

glvwulexwlrq ri %|n� lv v|pphwulf lv wkh vwdqgdug uhvxow uhfryhuhg +l| @ 5|
S�
,1 Pruh jhqhudoo|/

wkh ydoxh hl| � lqwhusuhwhg dv d phdvxuh ri fhqwudo whqghqf| plqlpl}lqj wkh orvv ixqfwlrq lq

+44, iru dq duelwudu| ydoxh ri � � zloo fhuwdlqo| ghshqg rq wkh suredelolw| glvwulexwlrq ri

%|n�> l1h1 wkh sulqflsoh ri fhuwdlqw| htxlydohqfh zloo qrw krog +xqohvv � @ 5,149 Li/ krzhyhu/

%|n� lv Qrupdoo| glvwulexwhg/ wkhq doo phdvxuhv ri fhqwudo whqghqf| froodsvh wr wkh phdq +dw

ohdvw iru dq| �qlwh �,/ wkxv wr }hur1 Lq wklv fdvh/ wkh sulqflsoh ri fhuwdlqw| htxlydohqfh krogv

dqg qrwklqj lv orvw e| xvlqj wkh txdgudwlf ixqfwlrq14:

D vhfrqg h{whqvlrq zklfk dsshduv wr eh erwk lqwhuhvwlqj dqg sodxvleoh +dv glvfxvvhg

deryh, lv d qrq0olqhdu zhljklqj ri suredelolwlhv1 Qrz/ lqvwhdg ri plqlpl}lqj H|O+�|n�,> wkh

fhqwudo edqn zloo dlp dw plqlpl}lqj HB
|O+�|n�,> zlwk HB

| gh�qhg dv iroorzv=

HB
|O+�|n�, @

]
O+�|n�,�+S +�|n�,,g�|n�> +47,

49 Li q ' fc wkh lqwhuhvw udwh lv vhw wr eh htxdo wr wkh prgh ri 0|n�� Wkh rssrvlwh fdvh lv q <" +l1h1/ rqo|
wkh odujhvw vkrfn pdwwhuv,/ zklfk ohdgv wr �| ' 0W|n�c zkhuh 0W|n� lv wkh ydoxh ri 0 iru zklfk �0|n�� lv odujhvw1
Fohduo|/ wklv fruuhvsrqgv wr d �urexvw frqwuro� ru �plqlpd{� vroxwlrq wr rswlpdo prqhwdu| srolf|1

4: Wklv dsshduv wr uhfrqfloh rxu uhvxowv zlwk wkrvh ri FV/ zkr dvvxphg d Qrupdo glvwulexwhg dgglwlyh vkrfn
wr lq dwlrq dw wlph |n ��

48



zkhuh S lv hlwkhu wkh fxpxodwlyh suredelolw| glvwulexwlrq ri �|n� ru wkh suredelolw| ghqvlw|/

dqg � lv d zhljklqj ixqfwlrq zklfk vdwlv�hv
U
�+S +�|n�,,g�|n� @ 4> �+S +�|n�,, � 3= Lw

vkrxog eh qrwhg wkdw �+S , lv d ixqfwlrq ri S dqg qrw ri �|n�> zlwk wkh frqvhtxhqfh wkdw li

S +�|n�, @ S +��|n�,> wkhq �+S +�|n�,, @ �+S +��|n�,,= Lq sodlq zrugv/ wkh � wudqvirupdwlrq

suhvhuyhv v|pphwu|14;

Li wkh � ixqfwlrq lv wkh lghqwlw| ixqfwlrq dqg S lv wkh suredelolw| ghqvlw|/ wkh vwdqgdug

h{shfwhg xwlolw| irupxodwlrq lv uhfryhuhg1 Rwkhuzlvh/ wkh � ixqfwlrq pd| eh dq| qrq0olqhdu

wudqvirupdwlrq ri hlwkhu wkh fxpxodwlyh suredelolw| glvwulexwlrq ru ri wkh suredelolw| ghqvlw|1

Lw lv lpsruwdqw wr vwuhvv wkdw/ lq hlwkhu fdvh/ �+S , fdq eh lwvhoi lqwhusuhwhg dv d suredelolw|

glvwulexwlrq/ dqg wkh h{suhvvlrq lq +47, fdq eh wkrxjkw ri dv wkh pdwkhpdwlfdo h{shfwdwlrq

ri O+�|n�, frpsxwhg dffruglqj wr wkh wudqviruphg suredelolw| odz �+S ,= Lq wkh Ndkqhpdq0

Wyhuvn| olwhudwxuh/ S lv qrupdoo| wkh fxpxodwlyh suredelolw| glvwulexwlrq +wklv surshuw| lv

riwhq uhihuuhg wr dv �udqn ghshqghqfh�, dqg wkh ixqfwlrq �+�, lv qrupdoo| irxqg wr jlyh pruh

zhljkw wr �odujh� suredelolwlhv dqg ohvv zhljkw wr �vpdoo� suredelolwlhv frpsduhg wr wkh olqhdu

fdvh +vhh Ndkphpdq dqg Wyhuvn|/ 5333,1 Iru lqvwdqfh/ lq Ndkqhpdq dqg Wyhuvn| +4<<5,

wkh iroorzlqj ixqfwlrq lv srvwxodwhg=

�+S , @
S/

^S/ . +4� S ,/`
�
/

> +48,

$ A 3> zklfk hqfrpsdvvhv wkh olqhdu zhljklqj ri h{shfwhg xwlolw| prghov dv d vshfldo fdvh

zkhq $ @ 4=4< Li 3 ? $ ? 4> wklv zhljklqj ixqfwlrq lv �uvw frqfdyh dqg wkhq frqyh{/ furvvlqj

wkh olqhdu zhljklqj lq d srlqw zklfk lv dovr ghwhuplqhg e| wkh ydoxh ri $= Wklv ixqfwlrq lv

4; Wklv surshuw| lv riwhq uhihuuhg wr dv �uh hfwlrq�1

4< Lq Ndkqhpdq dqg Wyhuvn| +4<<5, wkh sdudphwhu / lv hvwlpdwhg wr eh forvh wr 19 iru jdlqv dqg wr 1: iru
orvvhv1
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rqo| dq h{dpsoh/ dv pdq| rwkhu zhljklqj ixqfwlrqv kdyh ehhq sursrvhg lq wkh olwhudwxuh153

Lq rughu wr ghdo zlwk rqh frpsolfdwlrq dw d wlph dqg wr lvrodwh wkh h�hfw ri d qrq0olqhdu

zhljklqj ri suredelolwlhv lq lwvhoi/ zh dvvxph wkdw wkh shulrg orvv ixqfwlrq lv txdgudwlf/ l1h1

O+�|n�, @ �2|n�= Rxu fhqwudo edqnhu lv wkxv fdoohg wr plqlpl}h=

HB
| �

2
|n� @ HB

| +%|n� � hl|,2> +49,

zklfk ghyhorslqj wkh txdgudwlf whup lq sduhqwkhvhv +dqg gursslqj wkh vwulfwo| srvlwlyh

vfdodu f2�, ohdgv wr=

HB
| �

2
|n� @ HB

| +%
2
|n� � 5hl|%|n� . l2| , +4:,

Wkh �uvw rughu frqglwlrq lv wkxv=

CHB
| �

2
|n�

Chl| @ 5hl| � 5HB
| %|n� @ 3> +4;,

khqfh=

hl| @ HB
| %|n� +4<,

Uhfdoolqj wkdw l| @
h�|n5|
S�

> lw iroorzv=

l| @
}|
f�

.
4

f�
HB
| %|n�> +53,

zklfk fruuhvsrqgv wr wkh fdqrqlfdo vroxwlrq l| @
5|
S�
rqo| li HB

| %|n� @ 3= Li wkh suredelolw|

glvwulexwlrq ri %|n� lv v|pphwulf/ wkhq HB
| %|n� @ H|%|n� @ 3> gxh wr wkh surshuw| ri v|pph0

wu| suhvhuydwlrq ri wkh �+S , ixqfwlrq/ dqg wkh xvxdo vroxwlrq l| @
5|
S�
+wkhuhe| wkh luuhohydqfh

ri dgglwlyh xqfhuwdlqw|, lv uhfryhuhg154 Lq jhqhudo/ krzhyhu/ wkh qrq0olqhdu zhljklqj zloo

53 Dqrwkhu srsxodu zhljklqj ixqfwlrq lv wkh rqh sursrvhg e| Suhohf +4<<;,/ BE� � ' i Td3E3 *?� �okc
f 	 k 	 ��

54 Ri frxuvh/ d Qrupdo glvwulexwlrq lv v|pphwulf dqg fhuwdlqw| htxlydohqfh/ dv lq FV/ lv dovr uhfryhuhg1

4:



qrw eh qhxwudo/ l1h1 HB
| %|n� 9@ H|%|n� @ 3> khqfh wkh suredelolw| glvwulexwlrq ri %|n� zloo qrw

eh luuhohydqw/ lq rwkhu zrugv/ wkh sulqflsoh ri fhuwdlqw| htxlydohqfh zloo qrw krog1 Lq sduwlf0

xodu/ wkh lqwhusod| ehwzhhq d qrq0olqhdu zhljklqj ri suredelolwlhv dqg d vnhzhg suredelolw|

glvwulexwlrq ri %|n� ghwhuplqhv d ghsduwxuh iurp wkh fhuwdlqw| htxlydohqfh sulqflsoh1

Dv d vlpsoh qxphulfdo h{dpsoh wr looxvwudwh wkh nlqg ri vlwxdwlrq wkdw wkh dqdo|vlv lq

wklv vhfwlrq uhihuv wr/ frqvlghu d fhqwudo edqnhu zkr revhuyhv }| @ 5> f� @ �
2 +h{suhvvhg lq

shufhqwdjh srlqwv,1 Dvvxph ixuwkhu wkdw wkh suredelolw| glvwulexwlrq ri %|n� lv wkh iroorzlqj=

%|n� Sure

05 17

04 16

4 14

8 15

Ri frxuvh/ wkh dvvxpswlrq lv vdwlv�hg wkdw H|%|n� @ 3=Zklovw wklv suredelolw| glvwulexwlrq

lv sxuho| k|srwkhwlfdo/ lw lv qhyhuwkhohvv uhsuhvhqwdwlyh dw ohdvw ri wkh w|sh ri xqfhuwdlqw| wkdw

fhqwudo edqnv riwhq kdyh wr ghdo zlwk lq sudfwlfh1 Wklv suredelolw| glvwulexwlrq ihdwxuhv kljk0

suredelolw| dqg vpdoo0vl}h grzqvlgh ulvnv +05 dqg 04/ uhvshfwlyho| zlwk suredelolwlhv 17 dqg

16,/ d orz0suredelolw|/ vpdoo0vl}h xsvlgh ulvn +.4/ zlwk suredelolw| 14, dqg d orz0suredelolw|/

odujh0vl}h xsvlgh ulvn +.8/ zlwk suredelolw| 15,1 Iru lqvwdqfh/ wkh hyhqw �.8� pljkw eh

dvvrfldwhg zlwk �h{wuhph� flufxpvwdqfhv vxfk dv/ vd|/ wkh froodsvh ri dq h{fkdqjh udwh shj1

Li rxu fhqwudo edqn kdv d txdgudwlf orvv ixqfwlrq dqg zhljkv suredelolwlhv olqhduo|/ lw zloo

slfn hl| @ H|%|n� @ 3( +dqg l| @
5|nS�h�|

S�
@ 7(,1 Krzhyhu/ fhqwudo edqnhuv zlwk d gl�huhqw

� zloo slfn rwkhu ydoxhv ri l|= Iru lqvwdqfh/ Jrrgkduw +5333, � iru zkr � @ 4 � zloo vhohfw

4;



l| @
5|
S�
. �

S�
P|%|n� @ 7(� 5( @ 5( +wkh phgldq ydoxh ri %|n� lv/ lq idfw/ 04,1 D �plqlpd{�

w|sh ri fhqwudo edqnhu +� $4, zloo vhohfw l| @ 5|
S�
. �

S�
%W|n� +zkhuh %

W
|n� lv wkh ydoxh ri % iru

zklfk m%|n�m lv odujhvw,> khqfh l| @ 7(.43( @ 47(= Ilqdoo|/ d fhqwudo edqnhu iru zkr � @ 3

zloo slfn l| @
5|
S�
. �

S�
prg+%|n�, � zkhuh prg+%|n�, lv wkh prgh ri %|n�/ lq wklv fdvh 05 � dqg

wkhq l| @ 7(� 7( @ 3(= Wr vxp xs=

Fhqwudo edqnhu w|sh Rswlpdo srolf|

Txdgudwlf +� @ 5, l| @ 7(

Olqhdu +� @ 4, l| @ 5(

Plqlpd{ +� $4, l| @ 47(

� $ 3 l| @ 3(

D vlplodu uhdvrqlqj +dqg d vlplodu glvfuhsdqf| ri srolf| rxwfrphv, zrxog iroorz e| lp0

srvlqj qrq0olqhdu phwkrgv ri zhljklqj suredelolwlhv1 Fohduo|/ wkh odujh yduldwlrq lq wkh srolf|

rxwfrphv lv wkh uhvxow ri wkh sduwlfxodu vhw xs ri wkh h{dpsoh/ exw lw lv fhuwdlqo| qrw idu0

ihwfkhg � dv douhdg| dujxhg deryh � wr wklqn ri d uhdo0zruog suredelolw| glvwulexwlrq ri ixwxuh

lq dwlrq uhvhpeolqj/ dw ohdvw txdolwdwlyho|/ wr rxu k|srwkhwlfdo glvwulexwlrq1

Lq v|qwkhvlv/ lq wklv vhfwlrq lw lv irxqg wkdw +l, d qrq0txdgudwlf fxuydwxuh ri wkh orvv

ixqfwlrq fdq ghwhuplqh d ghsduwxuh iurp wkh sulqflsoh ri fhuwdlqw| htxlydohqfh xqohvv wkh

suredelolw| glvwulexwlrq ri %|n� lv Qrupdo/ dqg +ll, d qrq0olqhdu zhljklqj ri suredelolwlhv

+dorqh, zloo eulqj derxw wkh vdph uhvxow li wkh suredelolw| glvwulexwlrq ri %|n� lv qrw v|p0

phwulf1 Wkhuhiruh/ dgglwlyh xqfhuwdlqw| pdwwhuv1 Lw vkrxog eh dgghg wkdw qrqh ri wkhvh

ghsduwxuhv iurp wkh sulqflsoh ri fhuwdlqw| htxlydohqfh vxjjhvwv wkh rswlpdolw| ri srolf| judg0

xdolvp= wkh rswlpdo uhvsrqvh wr }| +wkh �vwdwh ri wkh hfrqrp|� dw wlph w, lv lqghshqghqw ri

4<



wkh suredelolw| glvwulexwlrq ri %|n�/ iru Y�|
Y5|

@ �
S�

lq doo wkh frqvlghuhg fdvhv1

615 D qrq0wlph vhsdudeoh fhqwudo edqn orvv ixqfwlrq

Wkh vwdqgdug dvvxpswlrq lq wkh olwhudwxuh lv wkdw wkh fhqwudo edqn lqwhuwhpsrudo orvv ixqf0

wlrq lv wlph vhsdudeoh/ l1h1 lq dwlrq dqg lq vrph prghov dovr wkh rxwsxw jds dw wlph w pdwwhu

rq wkhlu rzq dqg qrw ghshqglqj rq wkhlu sdvw +ru h{shfwhg ixwxuh, uhdol}dwlrqv1 Krzhyhu/

vlpso| rxw ri edvlf sv|fkrorjlfdo lqvljkw/ lw pd| eh dujxhg wkdw wlph vhsdudelolw| lv dq ryhuo|

uhvwulfwlyh dvvxpswlrq dqg wkdw wkh fhqwudo edqnhu lv olnho| wr fduh derxw uhshdwhg wdujhw

plvvhv lq wkh vdph gluhfwlrq frpsdudwlyho| pruh wkdq plvvhv lq gl�huhqw +h1j1/ udqgrp, gl0

uhfwlrqv1 Iru h{dpsoh/ pdnlqj uhshdwhg plvwdnhv dozd|v lq wkh vdph gluhfwlrq +h1j1/ dozd|v

rq wkh xsvlgh, pd| qhjdwlyho| d�hfw wkh fhqwudo edqn*v fuhglelolw| dqg wkhuhe| ixho lq d0

wlrqdu| h{shfwdwlrqv ru jlyh dq lpsuhvvlrq ri lqfrpshwhqfh wr wkh sxeolf/ zklfk wkh fhqwudo

edqn dujxdeo| zdqwv wr hvfkhz155 Djdlqvw wklv edfnjurxqg/ wklv vhfwlrq vhwv rxw wr vwxg|

zkhwkhu xqghu d vlpsoh dqg sodxvleoh irup ri qrq0wlph vhsdudelolw| ri wkh fhqwudo edqnhu*v

orvv ixqfwlrq wkh sulqflsoh ri fhuwdlqw| htxlydohqfh lv pdlqwdlqhg ru qrw1

Wkh vshfl�f irup ri wlph qrq0vhsdudelolw| zklfk zh lqwurgxfh lq wklv vhfwlrq fdq eh

odehoohg dv �dgglwlyh�1 Wkh shulrg0e|0shulrg orvv ixqfwlrq ri wkh fhqwudo edqn lv dv iroorzv=

O+�|> �|n�, @ �2|n� . �+�|n� . ��|,
2> +54,

zkhuh � � 3 dqg � duh uhdo vfdoduv1 Ehvlghv fdulqj derxw ixwxuh lq dwlrq/ wkh fhqwudo

edqnhu dovr fduhv derxw wkh fxpxodwhg +ru dyhudjh, lq dwlrq udwhv lq shulrgv w dqg w . 4

55 Wklv uhdvrqlqj pljkw eh irupdoo| xqghuslqqhg/ iru lqvwdqfh/ lq d prgho zkhuh wkh sulydwh vhfwru ohduqv
+srvvleo| lq d Ed|hvldq pdqqhu, derxw wkh fhqwudo edqn*v lq dwlrq remhfwlyh/ zklfk pd| eh hyroylqj ryhu wlph
+vhh/ h1j1/ Erp�q dqg Uxghexvfk/ 5333,1 Ghyhorslqj wklv prgho lq ixoo/ krzhyhu/ jrhv eh|rqg wkh vfrsh ri
wkh suhvhqw dqdo|vlv1
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+zkhuh wkh zhljkw dwwulexwhg wr fxuuhqw lq dwlrq lv ghwhuplqhg e| wkh sdudphwhu �,1 Iru

vlpsolflw|/ dqg wr vlqjoh rxw wkh h�hfw ri qrq0wlph vhsdudelolw| shu vh/ wkh ixqfwlrqdo irup ri

wkh orvv ixqfwlrq lv qrz txdgudwlf djdlq dqg d olqhdu zhljklqj ri suredelolwlhv lv dvvxphg1 Li

� @ 3> wkh wudglwlrqdo wlph vhsdudeoh vshfl�fdwlrq lv uhfryhuhg +�edvholqh� fdvh,1 Lq jhqhudo/

wkh sdudphwhu � pljkw ghshqg rq wkh fhqwudo edqn*v fuhglelolw| +iru lqvwdqfh/ fhqwudo edqnv

zlwk orz fuhglelolw| � dqg zloolqj wr lpsuryh lw wkurxjk uhsxwdwlrq � pd| kdyh d kljkhu �

lq wkhlu orvv ixqfwlrq/ rq wkh edvlv ri wkh frqvlghudwlrq wkdw uhshdwhg plvvhv lq d fhuwdlq

gluhfwlrq zrxog pruh olnho| eh lqwhusuhwhg e| wkh sxeolf dv d odfn ri frpplwphqw wr wkh

dfklhyhphqw ri wkh wdujhw,1 Wkh sdudphwhu � vshfl�hv wkh h{dfw irup ri wkh qrq0vhsdudelolw|1

Li � A 3> wkh fhqwudo edqn zdqwv wr dyrlg plvvlqj wkh wdujhw uhshdwhgo| lq wkh vdph gluhfwlrq/

iroorzlqj wkh dujxphqwv suhvhqwhg deryh1 Rwkhuzlvh/ d � ? 3 lqglfdwhv d zloolqjqhvv wr huu

uhshdwhgo| rq wkh vdph vlgh/ dowkrxjk wklv odwwhu whqghqf| vhhpv wr eh udwkhu gl!fxow wr

udwlrqdol}h1

Lq wklv vhwwlqj/ wkh fhqwudo edqn zlvkhv wr plqlpl}h wkh h{shfwdwlrq ri wkh txdqwlw| O=

H|O @ H|O+�|> �|n�, . �H|O+�|n�> �|n2,> +55,

zklfk pd| eh uhzulwwhq dv=

O @ H|^�
2
|n� . �+�|n� . ��|,

2` . �H|^�
2
|n2 . �+�|n2 . ��|n�,

2` +56,

Vroylqj wkh �uvw rughu frqglwlrq durxqg wkh vwhdg| vwdwh +vhh wkh Dqqh{ iru ghwdlov, lw lv

irxqg=

hl| @ ���|
4 . � . ���2 . ���

> +57,
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ru=

l| @
}|
f�

.
���|

f�+4 . � . ���2 . ���,
+58,

Li � @ 3 ru � @ 3 � l1h1/ wkh orvv ixqfwlrq lv fkdudfwhul}hg e| ixoo wlph vhsdudelolw| � wkh

vwdqgdug uhvxow l| @ 5|
S�

lv uhfryhuhg156 Dv lw lv hylghqw iurp htxdwlrq +57,/ wkh ghyldwlrq ri

hl| iurp }hur ghshqgv rq wkh fxuuhqw uhdol}dwlrq ri lq dwlrq +�|,/ dqg wkh vljq ri wklv ghyldwlrq

klqjhv rq wkh vljq ri wkh sdudphwhu �= Jlyhq wkdw d srvlwlyh vljq ri � vhhpv zduudqwhg rq

ehkdylrudo jurxqgv/ lq jhqhudo hl| zloo whqg wr fr0pryh zlwk �|> lpso|lqj d pruh djjuhvvlyh

uhvsrqvh ri prqhwdu| srolf| wr fxuuhqw lq dwlrq wkdq lq wkh edvholqh fdvh1 Lqghhg/ wkh rswlpdo

vhwwlqj ri prqhwdu| srolf| lghqwl�hg e| +58, fdq eh lqwhusuhwhg dv d Wd|oru0w|sh ihhgedfn

uxoh zkhuh wkh fhqwudo edqn uhdfwv wr lq dwlrq dqg wkh rxwsxw jds dffruglqj wr=

l| @ ��{|3� . ^�2 . ��`�|> +59,

zlwk �� @ �S2
S�
> �2 @

S�
S�
> dqg �� @

w#
S�E�nwn�w#2n�w#�

> wkh odwwhu sdudphwhu uh hfwlqj wkh

qrq0wlph vhsdudelolw| ri wkh orvv ixqfwlrq1 Li �� A 3> wklv lpsolhv wkdw �� A 3> �2 .�� A �2>

wkxv d pruh djjuhvvlyh srolf| uhdfwlrq wkdq lq wkh edvholqh fdvh1

Frplqj edfn wr wkh rxu fhqwudo irfxv rq wkh uroh ri dgglwlyh xqfhuwdlqw|/ dowkrxjk wkh

rswlpdo prqhwdu| srolf| uxoh xqghu qrq0wlph vhsdudelolw| gl�huv iurp wkh edvholqh fdvh/

wkh sulqflsoh ri fhuwdlqw| htxlydohqfh qhyhuwkhohvv krogv h{dfwo| dv xqghu d wlph vhsdudeoh

orvv ixqfwlrq1 Lq idfw/ wkh rswlpdo ydoxh ri l| lq +58, grhv qrw ghshqg lq dq| zd| rq wkh

suredelolw| glvwulexwlrq ri wkh dgglwlyh vkrfn1 Wkxv/ lw vhhpv wkdw wlph0qrq vhsdudelolw|

56 Dv srlqwhg rxw e| d uhihuhh/ wkh orvv ixqfwlrq lq +54, pd| eh vlpsol�hg wr uEZ|c Z|n�� ' EZ|n� n #Z|�
2c

zkhuhe| h�| ' #

�n�#E#n�� � Wkh voljkwo| pruh frpsoh{ vshfl�fdwlrq lq +54, pljkw eh mxvwl�hg/ krzhyhu/ lq rughu
wr glvwlqjxlvk wkh lqwhu0whpsrudo frqfhuq ri wkh fhqwudo edqnhu shu vh +fdswxuhg e| wkh sdudphwhu w, iurp wkh
suhflvh irup ri wkh qrq0wlph vhsdudelolw|/ fdswxuhg e| wkh sdudphwhu #�
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� dw ohdvw ri wkh dgglwlyh w|sh lqwurgxfhg lq wklv sdshu � grhv qrw h{sodlq wkh dssduhqwo|

lpsruwdqw uroh ri dgglwlyh xqfhuwdlqw| lq prqhwdu| srolf|0pdnlqj1 Ryhudoo/ wkh hylghqfh lq

wklv vhfwlrq surylghv dq h{whqvlrq +wr wkh qrq0wlph vhsdudeoh vshfl�fdwlrq, ri wkh jhqhudo

uhvxow e| Vyhqvvrq dqg Zrrgirug +5333, wkdw fhuwdlqw| htxlydohqfh dozd|v krogv xqghu d

txdgudwlf orvv ixqfwlrq/ dowkrxjk wklv frqfoxvlrq lv fohduo| rqo| ydolg iru wkh vshfl�fdwlrq ri

wkh qrq0wlph vhsdudelolw| sursrvhg lq wklv sdshu1

7 Frqfoxvlrqv

Wklv sdshu kdv lqyhvwljdwhg wkh urexvwqhvv ri wkh sulqflsoh ri fhuwdlqw| htxlydohqfh/ l1h1

wkh luuhohydqfh ri wkh xqfhuwdlqw| ryhu dgglwlyh vkrfnv/ wr vlpsoh dqg ehkdylrudoo| sodxvleoh

ghsduwxuhv ri wkh fhqwudo edqn*v orvv ixqfwlrq iurp wkh vwdqgdug wlph vhsdudeoh h{shfwhg

txdgudwlf orvv1 Wkh dqdo|vlv hvvhqwldoo| iroorzv xs d sdshu e| Fkdgkd dqg Vfkhoohnhqv +4<<<,1

Frpsduhg wr wkdw vwxg|/ wklv sdshu uhod{hv d nh| dvvxpswlrq/ qdpho| wkdw wkh dgglwlyh vkrfn

wr lq dwlrq lv Qrupdo glvwulexwhg1 Wklv vhhpv wr eh txlwh dq lpsruwdqw lqqrydwlrq ehfdxvh

qrq0Qrupdo suredelolw| glvwulexwlrqv ri ixwxuh lq dwlrq +h1j1/ vnhzhg ulvnv dv vwuhvvhg e|

Jrrgkduw/ 5333, duh dujxdeo| wkh �gdlo| euhdg� ri fhqwudo edqnhuv1

Wkh dqdo|vlv lq wklv sdshu kdv frqvlghuhg wzr fodvvhv ri ghsduwxuhv iurp wkh h{shfwhg

wlph vhsdudeoh txdgudwlf orvv/ zklfk lv d pdlq dqdo|wlfdo wrro ri wkh olwhudwxuh rq rswlpdo

prqhwdu| srolf|1 Iluvw/ exloglqj rq d vxevwdqwldo erg| ri olwhudwxuh rq hfrqrplf sv|fkrorj|

pdlqo| olqnhg wr wkh qdphv ri Gdqlho Ndkqhpdq dqg Dprv Wyhuvn|/ wklv sdshu kdv frqvlghuhg

wkh srvvlelolw| wkdw wkh fhqwudo edqn orvv ixqfwlrq glvsod|v glplqlvklqj vhqvlwlylw| wr orvvhv

+qdpho|/ eh qrq0frqyh{ ryhu lwv dujxphqw, dqg wkdw wkh fhqwudo edqn zhljkv suredelolwlhv

lq d qrq0olqhdu pdqqhu +wkxv ghsduwlqj iurp wkh h{shfwhg xwlolw| sdudgljp,1 Wklv dqdo|vlv
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dsshduv wr eh lqwhuhvwlqj dqg wr pdnh vhqvh/ ehfdxvh wkhvh whqghqflhv duh �upo| jurxqghg

lq wkh hfrqrplf sv|fkrorj| olwhudwxuh dqg kdyh ehhq whvwhg dqg frq�uphg lq d odujh qxpehu

ri h{shulphqwdo vwxglhv +Ndkqhpdq dqg Wyhuvn|/ 5333,1 Wkhuhiruh/ lw dsshduv sulpd idflh

uhdvrqdeoh wr dvvxph wkdw fhqwudo edqnhuv � zkr duh kxpdqv diwhu doo � pd| dovr glvsod| vxfk

dwwlwxghv1 Iurp wklv dqdo|vlv lw lv irxqg wkdw wklv �uvw irup ri qrq0txdgudwlf orvv ixqfwlrqv

jhqhudoo| eulqjv derxw d ghsduwxuh iurp wkh sulqflsoh ri fhuwdlqw| htxlydohqfh/ xqohvv wkh

suredelolw| glvwulexwlrq ri wkh dgglwlyh vkrfnv wr lq dwlrq lv Qrupdo +dv idu dv wkh surshuw|

ri glplqlvklqj vhqvlwlylw| lv frqfhuqhg/ dqg lq jhqhudo li wkh fxuydwxuh ri wkh ixqfwlrq lv

qrw ri wkh txdgudwlf w|sh, ru v|pphwulf +dv idu dv d qrq0olqhdu zhljklqj ri suredelolwlhv lv

frqfhuqhg,1 Ryhudoo/ wkxv/ wkh dvvxpswlrq ri d txdgudwlf orvv ixqfwlrq grhv qrw vhhp wr eh

lqqrfxrxv zkhq frqvlghulqj wkh h�hfw ri qrq0Qrupdo glvwulexwhg dgglwlyh vkrfnv wr lq dwlrq

rqwr wkh ghwhuplqdwlrq ri wkh rswlpdo srolf|1

Wkh vhfrqg ghsduwxuh iurp wkh vwdqgdug vhwwlqj dqdo|}hg lq wklv sdshu lv wkh srvvlelolw|

wkdw wkh fhqwudo edqn orvv ixqfwlrq lv qrq0wlph vhsdudeoh/ dqg lq sduwlfxodu lw lv dujxhg wkdw

uhshdwhg huuruv lq wkh vdph gluhfwlrq pd| pdwwhu +frvw, pruh wkdq huuruv lq gl�huhqw gluhf0

wlrqv/ iru lqvwdqfh gxh wr wkh fuhglelolw| orvv wkdw wkh fhqwudo edqn pd| lqfxu +�dgglwlyh�

qrq0wlph vhsdudelolw|,1 Lw lv irxqg wkdw xqghu wklv qrq0wlph vhsdudeoh vshfl�fdwlrq ri fhqwudo

edqn suhihuhqfhv wkh sulqflsoh ri fhuwdlqw| htxlydohqfh frqwlqxhv wr krog/ dowkrxjk wkh rswl0

pdo vhwwlqj ri wkh prqhwdu| srolf| lqvwuxphqw ghyldwhv iurp wkh vwdqgdug vroxwlrq/ dqg lq

sduwlfxodu lpsolhv d pruh djjuhvvlyh uhvsrqvh wr fxuuhqw lq dwlrq wkdq xqghu wlph vhsdudeoh

suhihuhqfhv1

Lq vxp/ wklv sdshu kdv vkrzq wkdw zlwk dgglwlyh xqfhuwdlqw| ri d qrq0Qrupdo w|sh/ wkh
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dvvxpswlrq ri txdgudwlf orvv ixqfwlrqv pd| qrw eh frpsohwho| lqqrfxrxv1 Wkxv/ wklv sdshu

whqgv wr olplw wkh jhqhudolw| ri wkh frqfoxvlrqv ri Fkdgkd dqg Vfkhoohnhqv/ zkr idyruhg wkh

lghd wkdw wkh dvvxpswlrq ri d txdgudwlf orvv ixqfwlrq lv qrw vr uhvwulfwlyh dv idu dv wkh uroh ri

dgglwlyh xqfhuwdlqw| lv frqfhuqhg157 Wklv uhvxow vkrxog fdxwlrq djdlqvw dq d0fulwlfdo uholdqfh

rq vlpsoh srolf| uxohv/ vxfk dv wkh Wd|oru uxoh/ lq zklfk fhuwdlqw| htxlydohqfh krogv dqg wkh

xqfhuwdlqw| rq wkh vwdwh ri wkh hfrqrp| grhv qrw sod| dq| uroh lq wkh rswlpdo vhwwlqj ri

prqhwdu| srolf| lqvwuxphqwv1

Lq dgglwlrq/ wklv sdshu surylghv dq dqdo|wlfdo iudphzrun wr vwxg| wkh uroh ri wkh kljkhu

prphqwv ri +qrq0Qrupdo, suredelolw| glvwulexwlrq ri wkh dgglwlyh vkrfn wr lq dwlrq/ iru

h{dpsoh lwv vnhzqhvv/ iru rswlpdo srolf|0pdnlqj1 Wklv vhhpv wr eh d yhu| lqwhuhvwlqj olqh ri

uhvhdufk ehfdxvh srolf|0pdnhuv duh frqwlqxrxvo| frqiurqwhg zlwk wklv w|sh ri xqfhuwdlqw|158

Dw wkh vdph wlph/ wklv sdshu grhv qrw vkhg dq| oljkw rq h{sodlqlqj wkh doohjhg srvlwlyh

fruuhodwlrq ehwzhhq srolf| judgxdolvp dqg xqfhuwdlqw| ryhu wkh vwdwh ri wkh hfrqrp| lq

dfwxdo srolf|0pdnlqj1 Lw vhhpv wkdw lpsrvlqj vrph irup ri pxowlsolfdwlyh xqfhuwdlqw| lv

qhfhvvdu| wr h{sodlq fhqwudo edqnv* whqghqf| wr dfw judgxdoo| dqg wr uhdfw fdxwlrxvo| wr qhz

lqirupdwlrq1

57 Wkh gl�huhqfh lq uhvxowv ehwzhhq wklv sdshu dqg FV lv hqwluho| h{sodlqhg e| wkh idfw wkdw khuh wkh
dvvxpswlrq ri Qrupdolw| ri wkh suredelolw| glvwulexwlrq ri wkh dgglwlyh vkrfn wr lq dwlrq lv uhod{hg1

58 Jrrgkduw +5333, djdlq uhsruwv wkdw �xqolnh xqfhuwdlqw| dqg yduldqfh/ vnhz dqg ulvn pdsshg gluhfwo|
lqwr wkh lqwhuhvw udwh ghflvlrq�1 Zh frxog qrw djuhh pruh zlwk wklv vwdwhphqw1
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Uhihuhqfhv

Edwlql/ Q1/ Pduwlq/ E1 dqg F1 Vdoprq +4<<<,= �Prqhwdu| srolf| dqg xqfhuwdlqw|�/
Edqn ri Hqjodqg Txduwhuo| Exoohwlq/ ss1 4;604;<1

Eolqghu/ D1 +4<<:,= �Zkdw fhqwudo edqnhuv fdq ohduq iurp dfdghpld � dqg ylfh yhuvd�/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ 44/ 5/ ss1 604<1

Eolqghu/ D1 +4<<;,= Fhqwudo Edqnlqj lq Wkhru| dqg Sudfwlfh/ Wkh Olrqho Ureelqv Ohf0
wxuhv1

Eol{/ P1 dqg S1 Vhoolq +4<<;,= �Xqfhuwdlqw| edqgv iru lq dwlrq iruhfdvwv�/ Vyhuljhv
Ulnvedqn Zrunlqj Sdshu q1 981

Eol{/ P1 dqg S1 Vhoolq +5333,= �D Elyduldwh Glvwulexwlrq iru Lq dwlrq dqg Rxwsxw
Iruhfdvwv�/ Vyhuljhv Ulnvedqn Zrunlqj Sdshu q1 4351

Erp�q/ D1 Q1 dqg J1 G1 Uxghexvfk +5333,= �Rssruwxqlvwlf dqg Gholehudwh Glvlq dwlrq
xqghu Lpshuihfw Fuhglelolw|�/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 65/ 7/ ss1 :3:0
:541

Eudlqdug/ Z1 +4<9:,= �Xqfhuwdlqw| dqg wkh H�hfwlyhqhvv ri Srolf|�/ Dphulfdq Hfr0
qrplf Uhylhz/ 8:/ ss1 74407581

Fdsolq/ D1 dqg M1 Ohdk| +5334,= �Sv|fkrorjlfdo H{shfwhg Xwlolw| Wkhru| dqg Dqwlfl0
sdwru| Ihholqjv�/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ Iheuxdu|/ ss1 880:<1

Fhffkhwwl/ V1 +5333,= �Pdnlqj Prqhwdu| Srolf|= Remhfwlyhv dqg Uxohv�/ R{irug Uhylhz
ri Hfrqrplf Srolf|/ 49/ 7/ ss1 7608<1

Fkdgkd/ M1 V1 dqg S1 Vfkhoohnhqv +4<<<,= �Xwlolw| Ixqfwlrqv iru Fhqwudo Edqnhuv � Wkh
Qrw Vr Gudvwlf Txdgudwlf�/ OVH Ilqdqfldo Pdunhwv Jurxs Glvfxvvlrq Sdshu Qr1 63;
+dovr dydlodeoh dv �Prqhwdu| Srolf| Orvv Ixqfwlrqv= Wzr Fkhhuv iru wkh Txdgudwlf�/
Edqn ri Hqjodqg Zrunlqj Sdshu Qr1 434,1

Fodulgd/ U1/ Jdol/ M1 dqg P1 Jhuwohu +4<<<,= �Wkh Vflhqfh ri Prqhwdu| Srolf|�/ Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ 6:/ 7/ ss1 499404:3:1

Fodun/ S1/ Od{wrq/ G1 dqg G1 Urvh +5334,= �Dq Hydoxdwlrq ri Dowhuqdwlyh Prqhwdu|
Srolf| Uxohv lq d Prgho zlwk Fdsdflw| Frqvwudlqwv�/ Mrxuqdo ri Prqh|/ Fuhglw dqg
Edqnlqj 66/ 4/ ss1 750971

Ghqqlv/ U1 +5333,= �Vwhsv Wrzdug Lghqwli|lqj Fhqwudo Edqn Srolf| Suhihuhqfhv�/ Ihg0
hudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ plphr1

Jrrgkduw/ F1 D1 H1 +4<<<,= �Fhqwudo edqnhuv dqg xqfhuwdlqw|�/ Edqn ri Hqjodqg Txdu0
whuo| Exoohwlq/ ss1 43504471

Jrrgkduw/ F1 D1 H1 +5333,= �Wkh Lq dwlrq Iruhfdvw�/ plphr/ Orqgrq Vfkrro ri Hfr0
qrplfv1
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Judqjhu/ F1Z1M1 +4<<<,= �Rxwolqh ri Iruhfdvw Wkhru| Xvlqj Jhqhudolvhg Frvw Ixqf0
wlrqv�/ Vsdqlvk Hfrqrplf Uhylhz/ 4/ ss1 49404:61

Ndkqhpdq/ G1 dqg D1 Wyhuvn| +4<<5,= �Dgydqfhv lq Survshfw Wkhru|= Fxpxodwlyh
Uhsuhvhqwdwlrq ri Xqfhuwdlqw|�/ Mrxuqdo ri Ulvn dqg Xqfhuwdlqw|/ 8/ ss1 5<:06561

Ndkqhpdq/ G1 dqg D1 Wyhuvn| +hgv1, +5333,= Fkrlfhv/ Ydoxhv/ dqg Iudphv/ Fdpeulgjh
Xqlyhuvlw| Suhvv1

Krurzlw}/ D1 U1 +4<;:,= �Orvv Ixqfwlrqv dqg Sxeolf Srolf|�/ Mrxuqdo ri Pdfurhfr0
qrplfv/ </ 7/ ss1 7;<08371

Od{wrq/ G1/ Urvh/ G1 dqg U1 Whworz +4<<6,= �Prqhwdu| srolf|/ xqfhuwdlqw|/ dqg wkh
suhvxpswlrq ri olqhdulw|�/ Whfkqlfdo Uhsruw Qr1 96/ Edqn ri Fdqdgd1

Pdqnlz/ Q1 J1 +5334,= �Wkh Lqh{rudeoh Wudgh0r� ehwzhhq Lq dwlrq dqg Xqhpsor|0
phqw�/ Hfrqrplf Mrxuqdo/ 444 +Pd|,/ ss1 780951

Ruskdqlghv/ D1 dqg Y1 Zlhodqg +5333,= �Lq dwlrq ]rqh Wdujhwlqj�/ Hxurshdq Hfr0
qrplf Uhylhz/ 77/ :/ ss1 4684046;:1

Shduopdq/ M1 U1 +4<<5,= �Uhsxwdwlrqdo dqg qrq0uhsxwdwlrqdo srolflhv xqghu sduwldo
lqirupdwlrq�/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 49/ ss1 66<068:1

Suhohf/ G1 +4<<;,= �Wkh Suredelolw| Zhljkwlqj Ixqfwlrq�/ Hfrqrphwulfd/ 99/ 6/ ss1
7<:085:1

Udelq/ P1 +4<<;,= �Sv|fkrorj| dqg Hfrqrplfv�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 69/
4/ ss1 440791

Udelq/ P1 +5333,= �Glplqlvklqj Pdujlqdo Xwlolw| ri Zhdowk Fdqqrw H{sodlq Ulvn Dyhu0
vlrq� lq Fkrlfh/ Ydoxhv dqg Iudphv/ e| G1 Ndkqhpdq dqg D1 Wyhuvn| +hgv1,/ Fdp0
eulgjh Xqlyhuvlw| Suhvv1

Udelq/ P1 dqg U1 Wkdohu +5334,= �Dqrpdolhv= Ulvn Dyhuvlrq�/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 48/ 4/ ss1 54<05651

Uxghexvfk/ J1 G1 +5334,= �Lv wkh Ihg Wrr WlplgB Prqhwdu| Srolf| lq dq Xqfhuwdlq
Zruog�/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;6/ 5/ ss1 536054:1

Uxjh0Pxufld/ I1 M1 +5334,= �Lq dwlrq wdujhwlqj xqghu dv|pphwulf suhihuhqfhv�/ Edqfr
gh Hvsdqd/ Vhuylflr gh Hvwxglrv/ Grfxphqwr gh Wudedmr q1 34391

Vphwv/ I1 +4<<;,= �Rxwsxw jds xqfhuwdlqw|= grhv lw pdwwhu iru wkh Wd|oru uxohB�/ ELV
zrunlqj sdshu Qr1 931

Vwduphu/ F1 +5333,= �Ghyhorsphqwv lq Qrq0H{shfwhg Xwlolw| Wkhru|= Wkh Kxqw iru
d Ghvfulswlyh Wkhru| ri Fkrlfh xqghu Ulvn�/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 6:/ ss1
66506;51
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Vyhqvvrq/ O1 +4<<:,= �Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prqlwrulqj Lq0
 dwlrq Wdujhwv�/ Hxurshdq Hfrqrplf Uhylhz/ 74/ 9/ ss1 4444044791

Vyhqvvrq/ O1 +4<<<,= �Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv�/ Vfdqglqdyldq Mrxuqdo ri
Hfrqrplfv/ 434/ 6/ ss1 66:06941

Vyhqvvrq/ O1 dqgP1Zrrgirug +5333,= �Lqglfdwru Yduldeohv iru Rswlpdo Srolf|�/ QEHU
Zrunlqj Sdshu Qr1 :<861

Wdpednlv/ G1 Q1 +4<<<,= �Prqhwdu| Srolf| zlwk d Qrqolqhdu Skloolsv Fxuyh dqg Dv|p0
phwulf Orvv�/ Vwxglhv lq Qrqolqhdu G|qdplfv dqg Hfrqrphwulfv/ 6/ 7/ ss1 556056:1

Wkdohu/ U1 K1 +5333,= �IurpKrpr Hfrqrplfxv wr Krpr Vdslhqv�/ Mrxuqdo ri Hfrqrplf
Shuvshfwlyhv/ 47/ 4/ ss1 46604741

Wkhlo/ K1 +4<8;,= Hfrqrplf iruhfdvwv dqg srolf|/ Dpvwhugdp= Qruwk Kroodqg1

5;



Dqqh{= ghulydwlrq ri wkh rswlpdo srolf| uxoh xqghu qrq0wlph

vhsdudelolw| lq wh{w1

Wkh fhqwudo edqn lqwhuwhpsrudo orvv ixqfwlrq srvwxodwhg lq Vhfwlrq 615 ri wkh wh{w pd|

eh zulwwhq grzq dv=

H|O @ H|^�
2
|n� . �+�|n� . ��|,

2 . ��2|n2 . ��+�|n2 . ��|n�,
2` +5:,

Ghyhorslqj wkh O whup lw lv rewdlqhg=

O @ �2|n�+4 . � . ���2, . �|n�+5���| . 5����|n2, . ���2| . ��2|n2+4 . �, +5;,

Gl�huhqwldwlqj O e| hl| +uhfdoolqj wkdw �|n� @ %|n� � hl|, dqg vhwwlqj d @ 4 . � . ���2>

e| @ ���| . ���|n2=

CO

Chl| @ �5d+%|n� � hl|,� 5e|> +5<,

khqfh wkh �uvw rughu frqglwlrq +uhfdoolqj H|%|n� @ 3, lv=

H|
CO

Chl| @ 3, hl| @ H|e|
d

+63,

Qrz uhfdoo wkdw �|n2 @ %|n2 � jl|n� dqg H|%|n2 @ 3> wkhuhiruh/ H|�|n2 @ �jl|n�= Wkhuh
iroorzv=

hl| @ ���| � ���jl|n�
d

> +64,

zkhuhe| diwhu vrph vlpsoh dojheud wkh vwhdg| vwdwh ydoxh ri hl| fdq eh rewdlqhg=

hl| @ ���|
4 . � . ���2 . ���

+65,

5<



Uhfdoolqj wkdw l| @ 5|nh||
S�

> wkh prqhwdu| srolf| lqvwuxphqw lv wkhuhiruh vhw dv iroorzv=

l| @
}|
f�

.
���|

f�+4 . � . ���2 . ���,
> +66,

zklfk lv h{dfwo| h{suhvvlrq +58, lq wh{w1
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