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4 Lqwurgxfwlrq

Wkh txhvwlrq zkhwkhu prqhwdu| srolf| vkrxog eh iruzdug0orrnlqj/ lh edvhg rq
iruhfdvwv ri ixwxuh lq dwlrq dqg rwkhu yduldeohv/ kdv udlvhg ghedwhv lq wkh uh0
fhqw uhvhdufk lqwr prqhwdu| srolf| pdnlqj1 Rq rqh kdqg/ hpslulfdo hylghqfh
rq Jhupdq|/ Mdsdq dqg wkh XV vlqfh 4<:< surylghg e| +Fodulgd/ Jdol/ dqg
Jhuwohu 4<<;, vxjjhvwv wkdw fhqwudo edqnv duh iruzdug orrnlqj lq sudfwlfh1 Pruh
jhqhudo glvfxvvlrqv dovr srvh wkh txhvwlrq zkhwkhu fhqwudo edqnv vkrxog irfxv
dwwhqwlrq wr hfrqrplf ixqgdphqwdov ru �iroorz wkh pdunhwv�/ zklfk �vrph0
wlphv vwud| idu iurp ixqgdphqwdov�/ vhh s1 93�94 ri +Eolqghu 4<<;,1 Edqn ri
Hqjodqg Lq dwlrq Uhsruwv/ vhh +Edqn ri Hqjodqg 5334,/ glvfxvv sulydwh vhfwru
iruhfdvwv zkloh wkh Mxqh dqg Ghfhpehu Lvvxhv ri wkh Prqwko| Exoohwlq ri wkh
Hxurshdq Fhqwudo Edqn/ vhh +Hxurshdq Fhqwudo Edqn 5334e,/ suhvhqw erwk lq0
whuqdo pdfurhfrqrplf surmhfwlrqv dqg iruhfdvwv e| rwkhu lqvwxwlrqv1 Krzhyhu/
wkh suhflvh uroh ri wkhvh iruhfdvwv lq wkh ghflvlrq pdnlqj ri wkhvh fhqwudo edqnv
lv qrw uhyhdohg14

Rq wkh rwkhu kdqg/ wkhruhwlfdo vwxglhv kdyh vkrzq wkdw wkh frqgxfw ri
rswlpdo prqhwdu| srolf| rq wkh sduw ri wkh edqn fdq ohdg wr d fkrlfh ri wkh
lqvwuxphqw/ wkh vkruw0whup qrplqdo lqwhuhvw udwh/ zklfk uhdfwv wr wkh qh{w
shulrg iruhfdvw ri lq dwlrq dqg2ru rxwsxw jds/ vhh +Fodulgd/ Jdol/ dqg Jhuwohu
4<<<, iru d vxuyh| ri wkh uhfhqw olwhudwxuh1 Wklv frqfoxvlrq fdq qhyhuwkhohvv eh
sureohpdwlf dv iruzdug orrnlqj prqhwdu| srolf| uxohv/ erwk vrph irupxodwlrqv
ri rswlpdo vhwwlqj ri wkh lqvwuxphqw dv zhoo dv Wd|oru uxohv edvhg rq iruhfdvwv
ri lq dwlrq dqg2ru rxwsxw jds/ fdq ohdg wr lqghwhuplqdf| ri htxloleuld/ vhh1 hj
+Fodulgd/ Jdol/ dqg Jhuwohu 4<<<,/ +Ehuqdqnh dqg Zrrgirug 4<<:,/ +Exoodug
dqg Plwud 5334e, dqg +Hydqv dqg Krqndsrkmd 5333,1 Krzhyhu/ lqghwhuplqdf|
qhhg qrw dulvh li wkh iruzdug0orrnlqj lqwhuhvw udwh uxoh lv fduhixoo| ghvljqhg/ vhh
+Exoodug dqg Plwud 5334e, dqg +Hydqv dqg Krqndsrkmd 5333,1

Lq wkh olwhudwxuh mxvw flwhg/ wkh iruhfdvwv uhihu wr wkrvh ri wkh sulydwh vhfwru/
vhh hj +Kdoo dqg Pdqnlz 4<<7, iru d glvfxvvlrq ri wdujhwlqj ri sulydwh iruhfdvwv1
+Hydqv dqg Krqndsrkmd 5333, irufhixoo| pdnh d fdvh iru lqfrusrudwlqj sulydwh
iruhfdvwv ri lq dwlrq dqg rxwsxw jds lqwr wkh lqwhuhvw udwh uxoh dv wkh uhdfwlrq
ixqfwlrq ri wkh rswlpdo fhqwudo edqn ehkdylru xqghu glvfuhwlrq15 Qdwxudoo|/ iru
vxfk d sursrvdo wr pdnh vhqvh lw lv uhtxluhg wkdw wkh sulydwh vhfwru iruhfdvwv
duh revhuydeoh1

+Hydqv dqg Krqndsrkmd 5333, vkrz wkdw vpdoo phdvxuhphqw huuruv zrxog
qrw ohdg wr odujh ghyldwlrqv iurp rswlpdolw|1 Krzhyhu/ +Ruskdqlghv 5333,
dqg rwkhuv kdyh dujxhg wkdw wkhuh duh odujh huuruv lq sulydwh iruhfdvwv1 Zkloh
sulydwh iruhfdvwv e| gl�huhqw lqvwlwxwlrqv duh uhjxoduo| sxeolvkhg/ lw lv qrw vhoi0
hylghqw wkdw wkhvh sxeolvkhg qxpehuv dffxudwho| uhsuhvhqw wkh h{shfwdwlrqv
ri wkh sulydwh vhfwru wkdw duh uhohydqw iru wkh nh| sulydwh vhfwru hfrqrplf
ghflvlrqv1 Wkxv wkh revhuydelolw| sureohpv pljkw lq idfw eh pruh vhulrxv wkdq
wkh| dsshdu dw �uvw vljkw1 Pruhryhu/ li lw ehfrphv nqrzq wkdw wkh ghflvlrqv
ri wkh prqhwdu| srolf| pdnhu ghshqg vljql�fdqwo| rq wkh iruhfdvwv e| sulydwh

4Hduolhu +Kdoo 4<;7,/ s1 479/ sursrvhg wkdw wkh �Ihg*v lqwhuqdo surfhgxuh� vkrxog sodfh
vrph zhljkw rq �uholdeoh rxwvlgh iruhfdvwv1�

5+Hydqv dqg Krqndsrkmd 5334e, h{whqg wkh uhvxowv ri +Hydqv dqg Krqndsrkmd 5333, wr
wkh fdvh ri frpplwphqw1

:



lqvwlwxwlrqv/ wkhvh lqvwlwxwlrqv pljkw dowhu wkhlu iruhfdvwv lq d vwudwhjlf zd| vr
dv wr lq xhqfh wkh ghflvlrqv derxw wkh frqgxfwhg prqhwdu| srolf|1

Wkhvh dujxphqwv vxjjhvw wkdw d fdvh fdq eh pdgh iru wkh xvh ri lqwhu0
qdo iruhfdvwv e| wkh fhqwudo edqn lq wkh ghflvlrq pdnlqj rq prqhwdu| sro0
lf|1 Pruhryhu/ lw vhhpv olnho| wkdw lqwhuqdo iruhfdvwv/ udwkhu wkdq wkrvh ri
rwkhu lqvwlwxwlrqv/ sod| wkh fhqwudo uroh lq dfwxdo prqhwdu| srolf| ghflvlrqv
dqg wkh uhfhqw olwhudwxuh e| +Ehuqdqnh dqg Zrrgirug 4<<:,/ +Vyhqvvrq 4<<:,/
+Vyhqvvrq 4<<<d,/ +Vyhqvvrq dqg Zrrgirug 4<<<, dqg +Vyhqvvrq 5334, lqfru0
srudwhv lqwhuqdo iruhfdvwv e| wkh fhqwudo edqn lq prghov ri prqhwdu| srolf|1 Doo
wkhvh uhdvrqv mxvwli| wkh dvvxpswlrq wkdw wkh fhqwudo edqn dqg sulydwh vhfwru
pd| kdyh srwhqwldoo| gl�huhqw iruhfdvwv ri hqgrjhqrxv yduldeohv olnh lq dwlrq
dqg rxwsxw1

Wkh lpsolfdwlrqv ri gl�huhqw iruhfdvwv e| wkh fhqwudo edqn dqg wkh sul0
ydwh vhfwru fdq srwhqwldoo| vkhg vrph oljkw rq wkh lvvxh ri wudqvsduhqf| lq
wkh irupxodwlrq ri prqhwdu| srolf|/ zklfk kdv ehhq zlgho| ghedwhg lq erwk
dfdghplf dqg srolf| flufohv1 Lw lv iuhtxhqwo| dujxhg wkdw fhqwudo edqnv vkrxog
eh dv wudqvsduhqw dv srvvleoh/ vr wkdw wkh dfwlrqv ri fhqwudo edqnhuv ehfrph
fuhgleoh dqg wkh sxeolf frphv wr xqghuvwdqg wklv1 +Lw lv vxjjhvwhg wkdw wklv
zrxog pdnh lw hdvlhu wr vxssruw d orz lq dwlrq uhjlph1, Wkh fdvh zkhuh erwk
wkh edqn dqg wkh sulydwh vhfwru kdyh lghqwlfdo iruhfdvwv fdq frqfhswxdoo| eh
wkrxjkw wr ghvfuleh d wudqvsduhqw fhqwudo edqn vr wkdw wkh sulydwh djhqwv kdyh
dgrswhg wkh iruhfdvwv ri wkh edqn1 Lq frqwudvw/ wkh iruhfdvwv ri wkh edqn dqg
sulydwh djhqwv fdq hdvlo| gl�hu li wkh fhqwudo edqn lv qrw wudqvsduhqw derxw lwv
ghflvlrq pdnlqj surfhvv +dv vrph dxwkruv olnh +Vyhqvvrq 4<<<e, fodlp lv wkh
fdvh zlwk wkh Hxurshdq Fhqwudo Edqn,1 Rxu dqdo|vlv fdq/ wkhuhiruh/ surylgh
vrph lqvljkw lqwr wkh ghvludelolw| ri wudqvsduhqf| rq wkh sduw ri wkh fhqwudo
edqn1

Iurp dq dqdo|wlfdo ylhzsrlqw/ wkh glvwlqfwlrq ehwzhhq sulydwh vhfwru dqg
fhqwudo edqn iruhfdvwv ri lq dwlrq dqg rxwsxw jds lv qrw uhohydqw lq d udwlrqdo
h{shfwdwlrqv htxloleulxp +UHH,1 Wklv lv ehfdxvh/ lq dq UHH/ wkh h{shfwdwlrqv
ri gl�huhqw djhqwv duh lghqwlfdo xqohvv wkhuh duh dv|pphwulhv lq wkh lqirupdwlrq
vhwv1 Krzhyhu/ hyhq li wkh lqirupdwlrq vhwv ri gl�huhqw djhqwv duh wkh vdph/
glvwlqjxlvklqj ehwzhhq sulydwh vhfwru dqg fhqwudo edqn iruhfdvwv pdnhv vhqvh
lq d ohduqlqj iudphzrun/ zkhuh wkh h{shfwdwlrqv ri gl�huhqw djhqwv duh xvxdoo|
khwhurjhqrxv zkhq wkh hfrqrp| lv +dw ohdvw wudqvlwrulo|, rxwvlgh UHH1 Wkh
ohduqlqj dssurdfk wr prghoolqj h{shfwdwlrqv irupdwlrq kdv jdlqhg srsxodulw|
lq wkh uhfhqw olwhudwxuh dqg zh zloo wdnh wklv ylhz srlqw lq rxu vwxg|16

Lq prghov ri dgdswlyh ohduqlqj wkh hfrqrplf djhqwv duh dvvxphg wr xvh
iruhfdvw ixqfwlrqv wkdw ghshqg rq vrph sdudphwhuv dqg/ dw dq| prphqw ri
wlph/ wkh hfrqrplf ghflvlrqv duh pdgh rq wkh edvlv ri h{shfwdwlrqv2iruhfdvwv
rewdlqhg iurp wkhvh ixqfwlrqv1 Wkh ydoxhv ri wkh sdudphwhuv lq wkh iruhfdvw
ixqfwlrqv dqg wkh h{shfwdwlrqv ri wkh djhqwv duh dgmxvwhg ryhu wlph dv qhz
gdwd ehfrphv dydlodeoh1 Sdudphwhu xsgdwlqj lv riwhq dvvxphg wr eh grqh
xvlqj vwdqgdug hfrqrphwulf phwkrgv vxfk dv uhfxuvlyh ohdvw vtxduhv +UOV,

6Wkhuh kdv uhfhqwo| ehhq h{whqvlyh uhvhdufk lqwr wkh ohduqlqj dssurdfk wr pdfurhfr0
qrplfv/ vhh +Hydqv dqg Krqndsrkmd 5334d, iru d v|vwhpdwlf wuhdwlvh1 Ryhuylhzv dqg vxu0
yh|v duh surylghg hj e| +Hydqv dqg Krqndsrkmd 4<<<, / +Pdulprq 4<<:,/ +Vdujhqw 4<<6,
dqg +Vdujhqw 4<<<,1

;



hvwlpdwlrq1 D nh| lvvxh ri lqwhuhvw lv zkhwkhu wklv nlqg ri dgdswlyh ohduqlqj
ehkdylru frqyhujhv wr UHH ryhu wlph1 Li wklv lv wkh fdvh/ wkhq hyhqwxdoo| wkh
iruhfdvw ixqfwlrqv ri wkh djhqwv duh wkrvh dvvrfldwhg zlwk wkh UHH1

Wdnlqj wkh ohduqlqj ylhzsrlqw wr h{shfwdwlrqv irupdwlrq dqg iruhfdvwv/ zh
dqdo|}h wkh lpsolfdwlrqv ri khwhurjhqhlw| lq sulydwh vhfwru dqg fhqwudo edqn
iruhfdvwv iru wkh shuirupdqfh ri iruzdug0orrnlqj lqwhuhvw udwh uxohv1 Wkh hduolhu
olwhudwxuh rq ohduqlqj dqg prqhwdu| srolf| kdv odujho| hpsor|hg wkh vlpsoli|0
lqj dvvxpswlrq wkdw rqo| sulydwh iruhfdvwv d�hfw wkh hfrqrp| +ru htxlydohqwo|
wkdw iruhfdvwv ri sulydwh djhqwv dqg wkh srolf| pdnhu duh lghqwlfdo,17 Rxu
remhfwlyh lv wr vwxg| krz wkh frqglwlrqv iru ohduqdelolw| ri htxloleulxp/ lh vwd0
elolw| ri htxloleulxp xqghu dgdswlyh ohduqlqj/ duh d�hfwhg e| khwhurjhqhlwlhv lq
h{shfwdwlrqv dqg ohduqlqj uxohv1 Wkh prgho zh xvh lv vwdqgdug lq wkh uhfhqw olw0
hudwxuh rq prqhwdu| srolf| frqgxfwhg zlwk lqwhuhvw udwhv uxohv/ vhh wkh vxuyh|v
e| +Fodulgd/ Jdol/ dqg Jhuwohu 4<<<,/ +Zrrgirug 4<<<, dqg +PfFdooxp 4<<<,1

Wkh khwhurjhqhlw| lq h{shfwdwlrqv dqg ohduqlqj fdq qdwxudoo| wdnh gl�huhqw
irupv1 Wkh �uvw dqg vlpsohvw srvvlelolw| zh vwxg| lv wkdw erwk sulydwh vhfwru
dqg fhqwudo edqn iruhfdvw ixqfwlrqv kdyh wkh vdph sdudphwulf irup dqg wkh
xsgdwlqj ri wkhvh iruhfdvw ixqfwlrqv lv grqh xvlqj wkh vdph ohduqlqj dojrulwkp1
+Zh vshfl�fdoo| dvvxph wkh UOV dojrulwkp wkdw kdv ehhq zlgho| xvhg lq wkh
olwhudwxuh1, Khwhurjhqhlw| lq h{shfwdwlrqv lv wkhq vroho| gxh wr gl�huhqfhv lq
lqlwldo eholhiv1

Wkh vhfrqg vwhs zh frqvlghu uhod{hv wkh dvvxpswlrq ri lghqwlfdo hvwlpdwlrq
dojrulwkpv1 Rqh vxefdvh khuh lv wkdw wkh xsgdwlqj dojrulwkpv duh lq wkh vdph
fodvv/ exw wkh vwuhqjwk ri uhdfwlrq wr iruhfdvw huuruv lq sdudphwhu xsgdwlqj
gl�huv ehwzhhq wkh sulydwh vhfwru dqg wkh fhqwudo edqn1 Dqrwkhu vxefdvh dulvhv
zkhq wkh dojrulwkpv xvhg e| wkh sulydwh djhqwv dqg wkh srolf| pdnhu duh
gl�huhqw1 Iru h{dpsoh/ wkh sulydwh vhfwru pljkw xvh wkh vwrfkdvwlf judglhqw
+VJ, dojrulwkp wkdw lv vlpsohu wr lpsohphqw wkdq UOV18

Ilqdoo|/ zh dqdo|}h wkh fdvh ri dv|pphwulf lqirupdwlrq lq iruhfdvwlqj eh0
wzhhq wkh sulydwh vhfwru dqg wkh fhqwudo edqn1 Iru euhylw|/ zh fdq rqo| wdnh xs
d vlpsoh fdvh1 Rqh djhqw/ vd| wkh sulydwh vhfwru/ lv dvvxphg wr kdyh vxshulru
+ixoo, lqirupdwlrq/ dv lw fdq revhuyh erwk ri wkh wzr vkrfnv/ zkloh wkh rwkhu
djhqw zlwk wkh olplwhg lqirupdwlrq vhhv rqo| rqh vkrfn1 +Dowhuqdwlyho|/ rqh
pd| dvvxph wkdw wkh fhqwudo edqn kdv ixoo dqg wkh sulydwh vhfwru olplwhg lqiru0
pdwlrq1, Zh ghyhors wkh dqdo|wlfdo whfkqltxhv dqg frqyhujhqfh frqglwlrqv lq
wklv sduwlfxodu vhwwlqj/ exw wkh phwkrgv duh pruh jhqhudoo| dssolfdeoh wr rwkhu
vlwxdwlrqv ri dv|pphwulf lqirupdwlrq1 Uhvwulfwhg shufhswlrqv htxloleulxp/ sur0
srvhg e| +Hydqv dqg Krqndsrkmd 5334d,/ lv dq dssursuldwh htxloleulxp frqfhsw
iru wklv vlwxdwlrq1 Lq wklv htxloleulxp wkh fruuhvsrqglqj iruhfdvw ixqfwlrq ri

7Vhh +Exoodug dqg Plwud 5334e,/ +Exoodug dqg Plwud 5334d,/ +Hydqv dqg Krqndsrkmd
5333,/ +Krqndsrkmd dqg Plwud 5334d,/ +Hydqv dqg Krqndsrkmd 5334e, dqg +Plwud 5334,1
+Fduovwurp dqg Ixhuvw 5334, vwxg| wkh vwdqgdug prgho ri prqhwdu| srolf| xqghu wkh dv0
vxpswlrq wkdw sulydwh vhfwru kdv udwlrqdo h{shfwdwlrqv dqg wkh Fhqwudo Edqn wulhv wr ohduq1

8Wkhvh irupv ri khwhurjhqhlw| lq ohduqlqj duh vwxglhg lq +Krqndsrkmd dqgPlwud 5334e, iru
jhqhudo iudphzrunv zlwk khwhurjhqhlw|1 Lq lqghshqghqw zrun +Jldqqlwvdurx 5334, frqvlghuv
vlplodu fdvhv xqghu wkh pruh uhvwulfwlyh dvvxpswlrq wkdw wkh hfrqrp| ghshqgv rq wkh dyhudjh
h{shfwdwlrqv ri wkh djhqwv1
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wkh djhqw zlwk olplwhg lqirupdwlrq lv plvvshfl�hg uhodwlyh wr wkh v|pphwulf lq0
irupdwlrq UHH hyhq wkrxjk wkh iruhfdvwlqj lv rswlpdo uhodwlyh wr wkh uhvwulfwhg
lqirupdwlrq vhw19

Wkh dqdo|vlv ri ohduqlqj g|qdplfv lq wkh frqwh{w ri prqhwdu| srolflhv sur0
ylghv d yhu| qdwxudo h{dpsoh ri vhwwlqjv/ zkhuh dgdswlyh ohduqlqj wdnhv sodfh
xqghu vwuxfwxudo khwhurjhqhlw|1 Vwuxfwxudo khwhurjhqhlw| phdqv wkdw wkh h{0
shfwdwlrqv ri gl�huhqw djhqwv gl�hu dqg wkhvh h{shfwdwlrqv hqwhu wkh hfrqrplf
prgho lq gl�huhqw zd|v1 Lq wkh prgho ri prqhwdu| srolf| wkh sulydwh vhfwru
h{shfwdwlrqv lq xhqfh wkh hfrqrp| gluhfwo| wkurxjk djjuhjdwh ghpdqg dqg
wkh qhz Skloolsv fxuyhv/ zkloh wkh fhqwudo edqn iruhfdvwv hqwhu wkurxjk wkh
lqwhuhvw udwh1 Wkh hduolhu olwhudwxuh rq dgdswlyh ohduqlqj zlwk khwhurjhqrxv
h{shfwdwlrqv kdv w|slfdoo| pdgh wkh vlpsoli|lqj dvvxpswlrq wkdw wkh hfrqrplf
vwuxfwxuh lv qhyhuwkhohvv krprjhqrxv vr wkdw/ iru h{dpsoh/ wkh hfrqrp| pljkw
ghshqg mxvw rq wkh dyhudjh h{shfwdwlrqv ri wkh sulydwh djhqwv1: Rxu dqdo|vlv
lv edvhg rq wkh uhvxowv iru jhqhudo iruzdug0orrnlqj pxowlyduldwh olqhdu prghov
zlwk vwuxfwxudo khwhurjhqhlw|/ ghulyhg lq wkh frpsdqlrq sdshu +Krqndsrkmd
dqg Plwud 5334e,1

Wkh jhqhudo phvvdjh iurp rxu dqdo|vlv lv wkdw wkh ohduqdelolw| uhvwulfwlrqv
iru lqwhuhvw udwh uxohv ghulyhg xqghu wkh dvvxpswlrq ri krprjhqrxv h{shfwd0
wlrqv2iruhfdvwv frqwlqxh wr eh lpsruwdqw zkhq khwhurjhqhlw| lv suhvhqw1 Wkh|
duh d qhfhvvdu| frqglwlrq iru frqyhujhqfh ri dgdswlyh ohduqlqj wr htxloleulxp
zlwk khwhurjhqrxv iruhfdvwv dqg ohduqlqj uxohv1 Krzhyhu/ wkhvh frqglwlrqv qhhg
qrw eh vx!flhqw iru ohduqdelolw| xqghu wkh vwuxfwxudo khwhurjhqhlw| gxh wr wkh
gl�huhqwldo h�hfwv ri wkh fhqwudo edqn dqg wkh sulydwh vhfwru rq wkh dfwxdo rxw0
frph ri wkh hfrqrp|1 Dgglwlrqdo frqglwlrqv duh riwhq uhtxluhg iru frqyhujhqfh
ri ohduqlqj wr wdnh sodfh1 Wkh qdwxuh ri wkhvh dgglwlrqdo frqglwlrqv ghshqgv
rq wkh suhydlolqj w|sh ri khwhurjhqhlw| lq wkh ohduqlqj/ dqg zh zloo surylgh
vshfl�f uhvxowv iru wkh gl�huhqw fdvhv olvwhg deryh1 Lqwhuhvwlqjo|/ wkhvh uhvxowv
kdyh qdwxudo lqwhusuhwdwlrqv dv vxjjhvwlrqv frqfhuqlqj wkh iruhfdvwlqj dfwlylw|
ri wkh fhqwudo edqn1

5 Dqdo|wlfdo iudphzrun

Wkh dqdo|vlv zloo eh frqgxfwhg xvlqj d vwdqgdug prgho zlwk d uhsuhvhqwdwlyh
frqvxphu dqg prqrsrolvwlf frpshwlwlrq lq pdunhwv iru gl�huhqwldwhg surgxfwv1
Lw lv dvvxphg wkdw �upv idfh uhvwulfwlrqv rq sulfh fkdqjhv/ vr wkdw rqo| d
iudfwlrq ri �upv fdq fkdqjh lwv sulfh lq dq| jlyhq shulrg1 Uhdo edodqfhv hqwhu
wkh xwlolw| ixqfwlrq ri wkh frqvxphu/ zkr fdq dovr pdnh vdylqjv lq wkh irup
ri jryhuqphqw erqgv1 Lq wkh irupdo wuhdwphqw zh hpsor| gluhfwo| wkh orj0
olqhdul}hg prgho/ dqg zh wkxv dgrsw wkh iudphzrun wkdw lv irupdoo| dv rxwolqhg

9+Vdujhqw 4<<<, dqg +Fkr/ Zlooldpv/ dqg Vdujhqw 5334, vwxg| d prgho ri wkh qdwxudo
udwh k|srwkhvlv dqg dv|pphwulf lqirupdwlrq lq zklfk wkh fhqwudo edqn kdv d plvvshfl�hg
prgho1

:Vhh +Krqndsrkmd dqg Plwud 5334e, iru ixuwkhu glvfxvvlrq ri dqg uhihuhqfhv wr wkh olwhu0
dwxuh rq khwhurjhqrxv h{shfwdwlrqv dqg ohduqlqj1
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lq Vhfwlrq 5 ri wkh vxuyh| sdshu e| +Fodulgd/ Jdol/ dqg Jhuwohu 4<<<,1; Zh
fohduo| qhhg d vshfl�f prgho iru dqdo|wlfdo uhdvrqv dqg zh hpskdvl}h wkdw rxu
dssurdfk lv dssolfdeoh wr wkh yhu| vlplodu iudphzrunv wkdw kdyh ehhq xvhg lq
wkh uhfhqw olwhudwxuh1

Wkh vwuxfwxudo prgho frqvlvwv ri wzr htxdwlrqv=

5| ' �)E�| � 	.�
| Z|n�� n 	.�

| 5|n� n }|c +4,

Z| ' b5| n q 	.�
| Z|n� n �|c +5,

zkhuh 5| lv wkh �rxwsxw jds�/ lh wkh gl�huhqfh ehwzhhq dfwxdo dqg srwhqwldo
rxwsxw/ Z| lv wkh lq dwlrq udwh/ lh wkh sursruwlrqdo udwh ri fkdqjh lq wkh sulfh
ohyho iurp | � � wr |c dqg �| lv wkh qrplqdo lqwhuhvw udwh1 	.�

| Z|n� dqg 	.�
| 5|n�

ghqrwh sulydwh vhfwru h{shfwdwlrqv ri lq dwlrq dqg rxwsxw jds qh{w shulrg1 Zh
zloo xvh wkh vdph qrwdwlrq zlwkrxw wkh �a� dqg vxshuvfulsw � wr ghqrwh UH ri
wkh sulydwh vhfwru1 Doo wkh sdudphwhuv lq +4, dqg +5, duh srvlwlyh1 f 	 q 	 �
lv wkh glvfrxqw udwh ri wkh uhsuhvhqwdwlyh �up1

+4, lv d g|qdplf �LV� fxuyh wkdw fdq eh ghulyhg iurp wkh Hxohu htxdwlrq
dvvrfldwhg zlwk wkh krxvhkrog*v vdylqjv ghflvlrq1 +5, lv d �qhz Skloolsv fxuyh�
wkdw fdq eh ghulyhg iurp rswlpdo sulflqj ghflvlrqv ri prqrsrolvwlfdoo| frp0
shwlwlyh �upv idflqj frqvwudlqwv rq wkh iuhtxhqf| ri ixwxuh sulfh fkdqjhv1 Wkh
hvvhqfh ri wkh qhz Skloolsv fxuyh lv wkh iruzdug0orrnlqj fkdudfwhu ri wkh lq d0
wlrq h{shfwdwlrqv1

�| dqg }| ghqrwh revhuydeoh vkrfnv iroorzlqj �uvw rughu dxwruhjuhvvlyh
surfhvvhv=�

�|
}|

�
'

�
4 f
f >

��
�|3�
}|3�

�
n

�
	�|
	}|

�
c +6,

zkhuh f 	 > 	 �c f 	 4 	 � dqg 	}| � ��_Efc j2}�c 	�| � ��_Efc j2��1 Wkh ghpdqg
vkrfn }| pd| eh udwlrqdol}hg dv d suhihuhqfh vkrfn ru dv h{shfwhg fkdqjhv lq
jryhuqphqw sxufkdvhv uhodwlyh wr h{shfwhg fkdqjhv lq srwhqwldo rxwsxw1 Wkh
�frvw sxvk� vkrfn �| fdswxuhv ihdwxuhv wkdw pljkw d�hfw h{shfwhg pdujlqdo
frvwv rwkhu wkdq wkrvh hqwhulqj wkurxjk 5|1

Zh vxssohphqw htxdwlrqv +4, dqg +5, zlwk prqhwdu| srolf| wkdw lv frq0
gxfwhg e| phdqv ri frqwuro ri wkh qrplqdo lqwhuhvw udwh �|1< Zh irfxv rq uxohv
zkhuh wkh lqwhuhvw udwh lv dgmxvwhg lq dffrugdqfh zlwk wkh fhqwudo edqn h{shf0
wdwlrqv ri rxwsxw jds dqg lq dwlrq qh{w shulrg dqg srvvleo| wkh h{rjhqrxv
vkrfnv1 Wkhq

�| ' �f n �Z
	.��
| Z|n� n �5

	.��
| 5|n� n �}}| n ���|� +7,

Djdlq wkh vdph qrwdwlrq zlwkrxw wkh �a� dqg vxshuvfulsw �� zloo ghqrwh UH
+ri wkh fhqwudo edqn,1

;Vhh hj +Zrrgirug 4<<9, iru wkh qrqolqhdu prgho dqg lwv orj0olqhdul}hg yhuvlrq1 Dv qrwhg
e| +Fodulgd/ Jdol/ dqg Jhuwohu 4<<<,/ wkh vdph iudphzrun lv xvhg lq d qxpehu ri rwkhu
sdshuv1

<Lw vkrxog eh qrwhg wkdw zh kdyh ohiw rxw h{solflw frqvlghudwlrq ri wkh lqwhuwhpsrudo
jryhuqphqw exgjhw frqvwudlqw1 Wklv lv dssursuldwh rqo| li �vfdo srolf| lq wkh irup ri oxps0
vxp wd{hv lv sdvvlyho| dgmxvwhg lq wkh vhqvh ri +Ohhshu 4<<4,/ vr wkdw wd{hv duh vhw wr hqvxuh
ixo�oophqw ri wkh lqwhuwhpsrudo jryhuqphqw exgjhw frqvwudlqw1

44



Zulwwhq wklv zd|/ wkh uxoh +7, vhhpv olnh dq dg krf Wd|oru +ru lqvwuxphqw,
uxoh frqvlghuhg/ iru lqvwdqfh/ lq +Exoodug dqg Plwud 5334e,1 Krzhyhu/ irupdoo|
vlplodu uxohv fdq dovr dulvh iurp rswlpdo srolf| rq wkh sduw ri wkh fhqwudo edqn
dv zh qrz vkrz1 Iru h{dpsoh/ srvwxodwlqj d vwdqgdug txdgudwlf remhfwlyh
ixqfwlrq

4�?
�

2
.|

+
"[
�'f

q�
�
k52|n� n Z2|n�

�,
+8,

wkdw ghvfulehv  h{leoh lq dwlrq wdujhwlqj/ zh fdq frqvlghu rswlpdo prqhwdu|
srolf| xqghu glvfuhwlrq1 Lq wkh remhfwlyh ixqfwlrq +8, k lv wkh uhodwlyh zhljkw
iru rxwsxw ghyldwlrqv dqg q lv wkh glvfrxqw udwh1 Wkh srolf| pdnhu lv dvvxphg
wr glvfrxqw ixwxuh dw wkh vdph udwh dv wkh sulydwh vhfwru1 +Li ghvluhg/ rqh frxog
doorz iru d srvvleoh ghyldwlrq ri vrfldoo| rswlpdo rxwsxw iurp srwhqwldo rxwsxw
dqg d qrq0}hur wdujhw ydoxh iru wkh lq dwlrq udwh1,

Iroorzlqj +Hydqv dqg Krqndsrkmd 5333, zh frqvlghu rswlpdo glvfuhwlrqdu|
srolf| e| plqlpl}lqj +8, vxemhfw wr jhqhudo sulydwh vhfwru h{shfwdwlrqv +lh hyhq
rxwvlgh UHH, dqg +5,1 Wkh �uvw rughu frqglwlrq lv

bZ| n k5| ' f +9,

wkdw/ wrjhwkhu zlwk +4, dqg +5,/ lpsolhv dq lqwhuhvw udwh uxoh olnh +7, wkdw
zrxog ghshqg rq sulydwh h{shfwdwlrqv1 Dv wkhuh duh srvvleo| odujh huuruv lq
phdvxulqj sulydwh h{shfwdwlrqv/ d sodxvleoh surfhgxuh zrxog xvh wkh lqwhuqdo
iruhfdvwv e| wkh fhqwudo edqn lq sodfh ri sulydwh vhfwru h{shfwdwlrqv1 Wklv lv
lq wkh vslulw ri wkh dssurdfk ri +Vyhqvvrq 5334,/ vhfwlrq 816/ dqg +Vyhqvvrq
dqg Zrrgirug 4<<<,/ vhfwlrqv 614�615/ dffruglqj wr zklfk wkh lqwhuhvw udwh
lv ghwhuplqhg wr vdwlvi| +9,/ +4, dqg +5, zlwk jlyhq fhqwudo edqn iruhfdvwv143

Wkhvh frqvlghudwlrqv ohdg wr d uxoh

�| ' d� n Eb2 n k�3�)3�bqo 	.��
| Z|n� n )3� 	.��

| 5|n� +:,

n)3�}| n Eb2 n k�3�)3�b�|c

zklfk lv ri wkh irup +7,1 Zh zloo uhihu wr +:, dv wkh h{shfwdwlrqv edvhg +HE0,
rswlpdo uxoh1

Wkh rswlpdo lqwhuhvw udwh xqghu glvfuhwlrq fdq eh fkdudfwhul}hg lq gl�huhqw
zd|v/ dv srlqwhg rxw lq +Fodulgd/ Jdol/ dqg Jhuwohu 4<<<,1 Dvvxplqj wkdw wkh
hfrqrp| lv lq wkh ixqgdphqwdo UHH/ +9, lpsolhv wkdw wkh lqwhuhvw udwh fdq eh
zulwwhq dv

�| ' E� n
E�� 4�b

4k)
� 	.��

| Z|n� n )3�}|c +;,

zklfk lv d vshfldo fdvh ri wkh uxoh +7, zkhuh lq wkh UHH 	.��
| Z|n� ' .|Z|n�1 Zh

wkhuhiruh wklqn ri +;, dv d vshfl�hg lqwhuhvw udwh uxoh zkhuh lqwhuqdo iruhfdvwv
e| wkh fhqwudo edqn duh xvhg iru wkh lq dwlrq h{shfwdwlrqv1 Zh zloo uhihu wr +;,

43+Vyhqvvrq 5334, dqg +Vyhqvvrq dqg Zrrgirug 4<<<, kdyh d vrphzkdw gl�huhqw prgho
dqg dovr glvfxvv rwkhu dvshfwv ri srolf| pdnlqj1 Krzhyhu/ wkh| gr qrw whoo krz wkh iruhfdvwv
ri wkh fhqwudo edqn duh ghwhuplqhg1
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dv wkh udwlrqdo h{shfwdwlrqv +UH0, rswlpdo uxoh dv lq +Hydqv dqg Krqndsrkmd
5333,1

Dv phqwlrqhg ehiruh/ lq wkh hduolhu olwhudwxuh +Exoodug dqg Plwud 5334e,
dvvxph lghqwlfdo iruhfdvwv dqg ohduqlqj dojrulwkpv +yhuvlrqv ri UOV, iru wkh
sulydwh vhfwru dqg wkh fhqwudo edqn wr ghulyh frqglwlrqv iru +orfdo, vwdelolw|
ri ixqgdphqwdo ru plqlpdo vwdwh yduldeoh +PVY, vroxwlrqv xqghu ohduqlqj g|0
qdplfv1 Xqghu wkhvh dvvxpswlrqv/ wkh frqglwlrqv iru vwdelolw| duh jlyhq e|
H0vwdelolw| frqglwlrqv/ dqg Exoodug dqg Plwud irxqg wkdw wkh Wd|oru sulqflsoh
+vhh +Zrrgirug 5333,, frpsohwho| fkdudfwhul}hg ohduqdelolw| ri wkh PVY vr0
oxwlrq144 Lq sduwlfxodu/ lqwhuhvw udwh uxohv vdwlvi|lqj wkh Wd|oru sulqflsoh duh
ohduqdeoh zkloh uxohv ylrodwlqj wklv sulqflsoh duh xqohduqdeoh1 Uhjduglqj rswl0
pdo uxohv/ +Hydqv dqg Krqndsrkmd 5333, irxqg wkdw/ zlwk sulydwh h{shfwdwlrqv/
wkh uxoh +:, |lhogv erwk vwdelolw| xqghu ohduqlqj dqg ghwhuplqdf| zkhuhdv uxoh
+;, lv vwdeoh exw ohdgv wr lqghwhuplqdf| lq vrph sdudphwhu grpdlqv1

Rxu sxusrvh lq wklv sdshu lv wr dqdo|}h wkh urexvwqhvv ri wkhvh uhvxowv wr
wkh khwhurjhqhlw| lq iruhfdvwv dqg2ru ohduqlqj dojrulwkpv iru wkh sulydwh vhfwru
dqg wkh fhqwudo edqn1 Rxu prgho/ wkhuhiruh/ frpsulvhv ri htxdwlrqv +4,/ +5,/
dqg +6, vxssohphqwhg zlwk wkh lqwhuhvw udwh uxoh +7,/ ri zklfk +:, dqg +;, duh
vshfldo fdvhv1 Zh wkxv vxevwlwxwh htxdwlrq +7, lqwr +4, dqg uhgxfh rxu v|vwhp
wr �
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Iru ixwxuh uhihuhqfh/ zh zulwh wkh deryh v|vwhp lq d jhqhudo irup

+| ' ( n �� 	.�
| +|n� n ��� 	.��

| +|n� n��|c +43,

�| ' 8�|3� n �|�

zkhuh +| ' E5|c Z|�
�c �| ' E�|c }|�

� dqg �� c ���c � ghqrwh wkh uljkw kdqg
pdwulfhv lq +<,/ dqg 8 lv wkh +gldjrqdo, pdwul{ dsshdulqj lq +6,/ qdpho|
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� +44,

Zh dvvxph �5 � f dqg �Z � f wkurxjkrxw wkh sdshu1
Zh zloo frqvlghu ohduqdelolw| ri wkh plqlpdo vwdwh yduldeoh +PVY, vroxwlrq

iru wkh prgho +43,1 Lw wdnhv wkh irup

+| ' @n K�|c +45,

zkhuh @c K duh wr eh frpsxwhg lq whupv ri wkh vwuxfwxudo sdudphwhuv ri wkh
prgho145 Wkh PVY vroxwlrq lv jhqhulfdoo| xqltxh/ vhh +Krqndsrkmd dqg Plwud
5334e, iru wkh surri=

44Lqwxlwlyho|/ wkh Wd|oru sulqflsoh phdqv wkdw lq wkh hyhqw ri d 4( ulvh lq h{shfwhg lq dwlrq/
wkh qrplqdo lqwhuhvw udwh ulvhv e| pruh wkdq 4( lq wkh orqj uxq1

45Wkhuh duh rwkhu vwdwlrqdu| UHH lq dgglwlrq wr wkh PVY vroxwlrq li wkh prgho lv lqgh0
whuplqdwh1 Vhh +Krqndsrkmd dqg Plwud 5334d, iru d ghwdlohg dqdo|vlv ri lqghwhuplqdf| lq
wklv prgho ri prqhwdu| srolf|1
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Sursrvlwlrq 4 Wkh prgho ri prqhwdu| srolf| +<,/ ru +43,/ kdv d xqltxh PVY
vroxwlrq ri wkh irup +45, li wkh pdwulfhv U�E��n���� dqg U�8 �
E��n����
duh lqyhuwleoh1

Wkh PVY vroxwlrq 7@c7K fdq eh rewdlqhg e| vroylqj wkh iroorzlqj v|vwhp ri olqhdu
htxdwlrqv

@ ' ( n E�� n ����@

K ' E�� n ����K8 n��

Wkh odwwhu htxdwlrq lv pdwul{0ydoxhg/ exw lw fdq eh yhfwrul}hg1

6 Khwhurjhqrxv iruhfdvwv xqghu krprjhqrxv
ohduqlqj uxohv

Lq wklv vhfwlrq zh dvvxph wkdw wkh fhqwudo edqn dqg wkh sulydwh vhfwru kdyh
gl�huhqw iruhfdvwv dowkrxjk wkhlu iruhfdvw ixqfwlrqv wdnh wkh vdph jhqhudo irup
dqg wkh| xvh dv|pswrwlfdoo| lghqwlfdo ohduqlqj dojrulwkpv lq xsgdwlqj wkh sd0
udphwhu ydoxhv ri wkhlu iruhfdvw ixqfwlrqv1

Lw kdv ehhq revhuyhg iru d zlgh ydulhw| ri gl�huhqw prghov +zlwk krprjh0
qrxv iruhfdvwv dqg ohduqlqj, wkdw frqyhujhqfh wr wkh UHH rewdlqv li dqg rqo|
li fhuwdlq vwdelolw| frqglwlrqv/ nqrzq dv h{shfwdwlrqdo vwdelolw| +ru H0vwdelolw|,
frqglwlrqv/ duh vdwlv�hg/ vhh hj +Hydqv dqg Krqndsrkmd 5334d,1 Lq wklv vhfwlrq
zh rewdlq wkh H0vwdelolw| frqglwlrqv wkdw jryhuq frqyhujhqfh ri wkh hfrqrp|
wr wkh UHH xqghu uhdo wlph ohduqlqj dv orqj dv wkh edqn dqg sulydwh djhqwv
xvh dv|pswrwlfdoo| lghqwlfdo yhuvlrqv ri UOV146 Wkh dvvxphg ohduqlqj uxohv gr/
krzhyhu/ doorz wkh edqn dqg wkh sulydwh vhfwru wr kdyh gl�huhqw lqlwldo eholhiv
derxw wkh sdudphwhuv wkh| duh hvwlpdwlqj/ vr wkdw wkhlu iruhfdvwv lq jhqhudo
gl�hu iru �qlwh wlph shulrgv1

Wkh irupxodwlrq ri H0vwdelolw| +dqg ohduqlqj, vwduwv iurp wkh shufhswlrqv ri
wkh djhqwv1 Wkh djhqwv duh dvvxphg wr kdyh shufhswlrqv derxw wkh vwrfkdvwlf
surfhvv wkdw wkh hqgrjhqrxv yduldeohv ri wkh hfrqrp| iroorz1 Wkhvh duh fdoohg
wkh shufhlyhg odz ri prwlrq +SOP, dqg wkh| duh dvvxphg wr kdyh wkh vdph
sdudphwulf irup +45, dv wkh UHH ri lqwhuhvw1 Iru jlyhq ydoxhv ri wkh sdudph0
whuv ri wkh SOP dqg wkh fxuuhqw ydoxhv ri wkh h{rjhqrxv yduldeohv/ wkh djhqwv
xvh wkh hvwlpdwhg SOP wr pdnh iruhfdvwv derxw wkh ydoxhv ri wkh hqgrjhqrxv
yduldeohv qh{w shulrg1 Wklv vwhs |lhogv wkh iruhfdvw ixqfwlrqv ri wkh djhqwv1
Wklv irupxodwlrq ri iruhfdvwlqj e| wkh sulydwh djhqwv dqg wkh fhqwudo edqn lv d
qdwxudo �uvw dssurdfk/ vlqfh wkh iruhfdvw ixqfwlrqv fruuhvsrqg/ xqghu vshfl�f
sdudphwhu ydoxhv/ wr wkh htxloleulxp iruhfdvw ixqfwlrqv1 Krzhyhu/ zh gr df0
nqrzohgjh wkdw wkh| uhsuhvhqw d juhdwo| vlpsol�hg ylhz ri dfwxdo iruhfdvwlqj
sudfwlfhv147

Wkh qh{w vwhs lv wr lqvhuw wkhvh iruhfdvwv lqwr wkh prgho +43, dqg frpsxwh
wkh whpsrudu| htxloleulxp ri wkh hfrqrp|/ dovr fdoohg wkh dfwxdo odz ri prwlrq

46Wklv uhvxow lv glvfxvvhg lq ghwdlo lq wkh frpsdqlrq sdshu +Krqndsrkmd dqg Plwud 5334e,1
47Iru h{dpsoh/ zh gr qrw pdnh d glvwlqfwlrq ehwzhhq frqglwlrqdo dqg xqfrqglwlrqdo iruh0

fdvwv wkdw lv lpsruwdqw lq sudfwlfh/ fi1 hj +Hxurshdq Fhqwudo Edqn 5334d,1
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+DOP,1 Wkh DOP wxuqv rxw wr kdyh wkh vdph sdudphwulf irup dv wkh SOPv
ri wkh djhqwv1 H0vwdelolw| lv wkhq ghwhuplqhg e| wkh gl�huhqwldo htxdwlrq lq
zklfk wkh sdudphwhuv sduwldoo| dgmxvw +lq yluwxdo wlph, lq wkh gluhfwlrq ri wkh
DOP sdudphwhu ydoxhv1

Irupdoo|/ zh dvvxph wkdw wkh sulydwh vhfwru dqg wkh fhqwudo edqn/ uhvshf0
wlyho|/ kdyh SOPv ri wkh irup wkdw fruuhvsrqgv wr wkh PVY vroxwlrqv +45, exw
wkh| kdyh gl�huhqw sdudphwhu ydoxhv1 Wkh SOPv duh

+| ' @� n K��| ' E�� ��%| +46,

+| ' @�� n K���| ' E�����%| +47,

zlwk fruuhvsrqglqj iruhfdvw ixqfwlrqv48

	.�
| +|n� ' @� n K�8�|c +48,

	.��
| +|n� ' @�� n K��8�|c +49,

zkhuh %| ' E�c �|�
� lv d yhfwru ri yduldeohv uhohydqw lq iruhfdvwlqj dqg +���� '

E@�c K��/ zlwk @� d 2�glphqvlrqdo yhfwru dqg K� dq 2� 2 pdwul{ iru � ' �c��1
Lqvhuwlqj wkhvh iruhfdvwv lqwr wkh prgho +43,/ rqh rewdlqv wkh DOP iroorzhg

e| lq dwlrq dqg rxwsxw dv

+| ' ( n ��@� n ���@�� n dE�� K� n ���K���8 n�o�|

' d( n ��@� n ���@��c E�� K� n ���K���8 n�o

�
�
�|

�
� A E)��c )

�

2�%|�

Zulwwhq h{solflwo|/ wkh pdsslqj iurp wkh SOPv wr wkh DOP/ fdoohg wkh A pds/
wdnhv wkh irup

@� $ ( n ��@� n ���@��c

@�� $ ( n ��@� n ���@��c

K� $ E�� K� n ���K���8 n�c

K�� $ E�� K� n ���K���8 n��

Zh orrn dw H0vwdelolw| ri wkh UHH lq zklfk wkh edqn dqg wkh sulydwh vhfwru
kdyh lghqwlfdo iruhfdvwv/ wkdw lv zkhq @� ' @�� ' 7@ dqg K� ' K�� ' 7K� Wkh
UHH lv vdlg wr eh H0vwdeoh li lw lv d orfdoo| dv|pswrwlfdoo| vwdeoh �{hg srlqw
xqghu gl�huhqwldo htxdwlrq +U ghqrwhv wkh lghqwlw| pdwul{,

_@�*_� ' ( n E�� � U�@� n ���@��c

_K�*_� ' �� K�8 � K� n ���K��8 n�c

_@��*_� ' ( n ��@� n E��� � U�@��c

_K��*_� ' �� K�8 n ���K��8 � K�� n��

48Lq wklv irupxodwlrq sdudphwhu hvwlpdwhv zloo eh dvvxphg wr ghshqg rq gdwd xs wr w� 4
exw wkh fxuuhqw revhuydwlrq rq h{rjhqrxv yduldeohv lv xvhg lq wkh iruhfdvwv1 Wklv lv frpprqo|
grqh lq wkh olwhudwxuh1
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Wklv v|vwhp lv olqhdu dqg wkh htxdwlrqv iru E@� c @��� dqg EK� c K��� duh
lqghshqghqw iurp hdfk rwkhu1 Iru wkh vxev|vwhp lqyroylqj @� c @�� vwdelolw| lv
ghwhuplqhg e| wkh pdwul{�

�� � U ���

�� ��� � U

�
�

Wkh frpsdqlrq sdshu +Krqndsrkmd dqg Plwud 5334e, vkrzv wkdw wzr ri wkh
hljhqydoxhv ri wklv v|vwhp duh�� dqg wkh rwkhu wzr duh wkrvh ri��n����Uc vr
wkdw wklv v|vwhp lv vwdeoh surylghg wkh hljhqydoxhv ri �� n��� kdyh uhdo sduwv
ohvv wkdq rqh1 Dv iru wkh EK� c K��� vxev|vwhp/ +Krqndsrkmd dqg Plwud 5334e,
vkrz wkdw vwdelolw| uhtxluhv wkdw wkh pdwul{�

8 
 �� � U 8 
���

8 
�� 8 
 ��� � U

�

kdv hljhqydoxhv zlwk qhjdwlyh uhdo sduwv1 Wkh hljhqydoxhv ri wklv pdwul{ duh
hlwkhu htxdo wr �� ru fruuhvsrqg wr wkrvh ri 8
E��n�����U1 Frqvhtxhqwo|/
wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru H0vwdelolw| duh wkdw wkh hljhqydoxhv
ri

�� n ��� � U dqg 8 
 E�� n ����� U

kdyh qhjdwlyh uhdo sduwv1
Wkhvh uhtxluhphqwv iru vwdelolw| duh h{dfwo| wkh H0vwdelolw| frqglwlrq zkhq

wkh edqn dqg wkh sulydwh vhfwru kdyh lghqwlfdo iruhfdvwv1 Lq wklv fdvh 	.�
| +|n� '

	.��
| +|n� dqg wkh pdwul{ lq iurqw ri wkh frpprq h{shfwdwlrqv 	.�

| +|n� lq +43,
ehfrphv �� n ���� Wkh frqfoxvlrq wkhq iroorzv e| dsso|lqj wkh uhvxowv lq
+Hydqv dqg Krqndsrkmd 5334d,1 Vlqfh wkh pdwul{ 8 lq +44, lv gldjrqdo dqg
kdv srvlwlyh hohphqwv +lh > : f dqg 4 : f�/ wkh qhfhvvdu| dqg vx!flhqw
frqglwlrqv iru H0vwdelolw| lq idfw uhgxfh wr wkh frqglwlrq wkdw wkh hljhqydoxhv ri
�� n����U kdyh qhjdwlyh uhdo sduwv/ dv vkrzq lq +Exoodug dqg Plwud 5334e,1

Zh kdyh wkxv yhul�hg=

Sursrvlwlrq 5 Wkh PVY vroxwlrq wr wkh prgho ri prqhwdu| srolf| +<, lv
H0vwdeoh xqghu khwhurjhqrxv iruhfdvwv li dqg rqo| li wkh fruuhvsrqglqj prgho
zlwk krprjhqrxv h{shfwdwlrqv lv H0vwdeoh1 Wkh H0vwdelolw| frqglwlrq lv wkdw wkh
hljhqydoxhv ri wkh pdwul{ �� n ��� � U kdyh qhjdwlyh uhdo sduwv1

Dv douhdg| phqwlrqhg deryh/ wkh vwdelolw| ri wkh v|vwhp xqghu ohduqlqj g|0
qdplfv rewdlqv li dqg rqo| li wkh H0vwdelolw| frqglwlrqv duh vdwlv�hg1 Lq dfwxdo
uhdo wlph ohduqlqj wkh fhqwudo edqn dqg sulydwh vhfwru xvh yhuvlrqv ri UOV lq
wkhlu xsgdwlqj ri hvwlpdwhv ri sdudphwhuv wkdw duh uhohydqw wr wkhlu iruhfdvw0
lqj1 Krzhyhu/ wkh ohduqlqj uxohv fdq vwduw zlwk gl�huhqw lqlwldo eholhiv derxw
wkh sdudphwhuv/ vr wkdw wkh| gl�hu dorqj wkh dfwxdo wlph sdwk1 Wkh H0vwdelolw|
frqglwlrqv/ wkhuhiruh/ jryhuq frqyhujhqfh wr UHH hyhq zkhq zh doorz wklv irup
ri khwhurjhqhlw|1 Zh dovr qrwh wkdw xqghu vrph +plog, uhjxodulw| frqglwlrqv/
wkh UOV dojrulwkp zloo frqyhujh wr dq H0xqvwdeoh v|pphwulf +PVY, vroxwlrq
zlwk suredelolw| }hur1 Vhh +Hydqv dqg Krqndsrkmd 5334d, iru wkhvh ghwdlov1
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Sursrvlwlrq 5 vkrzv wkdw wkh vwdelolw| frqglwlrqv rewdlqhg lq wkh krprjh0
qrxv fdvh lq +Exoodug dqg Plwud 5334e, dqg +Hydqv dqg Krqndsrkmd 5333,
duh qrw dv uhvwulfwlyh dv wkh| pljkw vhhp1 Wkh dvvxpswlrq wkdw wkh edqn
dqg sulydwh vhfwru kdyh wkh vdph w|sh ri iruhfdvw ixqfwlrqv dqg vdph ohduqlqj
dojrulwkpv vhuyhv dv d jrrg �uvw dssur{lpdwlrq1

Lw iroorzv wkdw lqwhuhvw uxohv wkdw vdwlvi| wkh Wd|oru sulqflsoh fdq eh ghwhu0
plqdwh dv zhoo dv ohduqdeoh/ dv lq +Exoodug dqg Plwud 5334e,/ hyhq zlwk wklv
irup ri khwhurjhqhlw|1 Lw lv khduwhqlqj wr qrwh wkdw wkh Wd|oru sulqflsoh frqwlq0
xhv wr glfwdwh sulqflsohv ri jrrg prqhwdu| srolf|1 Vlploduo|/ li wkh edqn xvhv
lwv rzq lqwhuqdo iruhfdvwv lq wkh h{shfwdwlrqv edvhg srolf| uxohv iru lwv frqgxfw
ri rswlpdo prqhwdu| srolf|/ dv lq wkh uxohv +:, ru +;,/ frqyhujhqfh wr wkh UHH
frqwlqxhv wr rewdlq dv lq +Hydqv dqg Krqndsrkmd 5333,1 Dv zh kdyh hpskd0
vl}hg/ wkhvh uhvxowv duh lpsruwdqw vlqfh lq sudfwlfh wkh fhqwudo edqn suredeo|
grhv qrw revhuyh wkh sulydwh vhfwru h{shfwdwlrqv dffxudwho| dqg lw vhhpv pruh
uhdvrqdeoh wr dvvxph wkdw wkh edqn irupv lwv rzq lqwhuqdo iruhfdvwv ri lq dwlrq
dqg rxwsxw1

7 Khwhurjhqrxv ohduqlqj uxohv

Wkh suhfhglqj vhfwlrq doorzhg iru gl�huhqw iruhfdvwv iru wkh fhqwudo edqn dqg
sulydwh djhqwv exw dvvxphg wkdw wkh edqn dqg sulydwh vhfwru xvh ohduqlqj
uxohv wkdw zhuh dv|pswrwlfdoo| lghqwlfdo +hyhq wkrxjk wkhvh uxohv gl�huhg dorqj
wkh wudqvlwlrq wr UHH,1 D juhdwhu ghjuhh ri khwhurjhqhlw| zrxog doorz iru
ohduqlqj uxohv wkdw gl�hu hyhq dv|pswrwlfdoo| ru iru dowrjhwkhu gl�huhqw ohduqlqj
dojrulwkpv1 Khuh zh wdnh xs wkhvh wzr ixuwkhu irupv ri khwhurjhqhlw|1

Wkh �uvw vxefdvh dvvxphv wkdw erwk wkh edqn dqg wkh sulydwh djhqwv xvh
yhuvlrqv ri UOV lq wkhlu xsgdwlqj vfkhphv exw wkh| gl�hu lq wkh ghjuhh ri dgds0
wlrq wr iruhfdvw huuruv1 Wklv doorzv iru lqhuwld lq wkh irupdwlrq ri h{shfwdwlrqv
dv zhoo dv ydulrxv zhljkwlqj vfkhphv iru gdwd lq odwhu shulrgv uhodwlyh wr hduo|
rqhv/ vhh hj +Omxqj dqg Vùghuvwuùp 4<;6,/ +Pdufhw dqg Vdujhqw 4<;<e, dqg
+Hydqv/ Krqndsrkmd/ dqg Pdulprq 5334, iru gl�huhqw srvvlelolwlhv149

Wkh vhfrqg vxefdvh frqvlghuv d vfhqdulr zkhuh wkh djhqwv xvh gl�huhqw
ohduqlqj uxohv1 Wkh uxohv zh frqvlghu duh UOV dqg vwrfkdvwlf judglhqw +VJ,
w|sh dojrulwkpv1 Wkhvh dojrulwkpv lqyroyh d wudgh0r� ehwzhhq vlpsolflw| dqg
h!flhqf|1 Wkh UOV dojrulwkp lv vwdwlvwlfdoo| h!flhqw exw frpsxwdwlrqdoo|
h{shqvlyh/ zkhuhdv wkh VJ dojrulwkp lv uhodwlyho| hdv| wr frpsxwh exw odfnv
vrph ri wkh jrrg vwdwlvwlfdo surshuwlhv ri UOV +vhh Vhfwlrq 715 iru ixuwkhu
glvfxvvlrq,1

49Vhh dovr +Hydqv dqg Krqndsrkmd 5334d,/ Fkdswhu 48/ Vhfwlrq 5/ iru d glvfxvvlrq ri
dowhuqdwlyh jdlq vhtxhqfhv1
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714 UOV Ohduqlqj zlwk gl�huhqw jdlq vhtxhqfhv

Zh frqwlqxh wr dvvxph wkdw wkh sulydwh vhfwru dqg wkh edqn xvh iruhfdvw ixqf0
wlrqv +48,�+49, lq iruplqj wkhlu iruhfdvwv ri lq dwlrq dqg rxwsxw1 Frqvhtxhqwo|/
wkh dqdo|vlv ri H0vwdelolw| lv lghqwlfdo wr wkdw lq Vhfwlrq 61 Krzhyhu/ wkh dqdo|0
vlv ri uhdo wlph ohduqlqj lv gl�huhqw vlqfh zh qrz doorz wkh edqn dqg wkh sulydwh
vhfwru wr glvsod| gl�huhqw vshhgv ri dgdswlrq lq wkhlu xsgdwlqj ri hvwlpdwhv ri
sdudphwhuv uhtxluhg iru wkhlu iruhfdvwlqj1 Yhuvlrqv ri wkh UOV dojrulwkp wdnh
wkh irup
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iru � ' �c��/ zkhuh zh kdyh xvhg wkh qrwdwlrq lq htxdwlrq +46, iurp wkh suh0
fhglqj vhfwlrq14: +Khuh sulph ghqrwhv wudqvsrvh1, Wkh �uvw htxdwlrq ghvfulehv
wkh xsgdwlqj ri wkh sdudphwhuv ri wkh SOP ri wkh sulydwh vhfwru dqg wkh fhq0
wudo edqn/ zkloh wkh vhfrqg htxdwlrq xsgdwhv wkh pdwul{ ri vhfrqg prphqwv
ri %| wkdw lv qhhghg lq wkh xsgdwlqj ri wkh SOP sdudphwhuv1 +Zh qrwh wkdw
lq wklv irupxodwlrq wkh hvwlpdwlrq ri sdudphwhuv iru wlph | lv djdlq edvhg rq
lqirupdwlrq dydlodeoh lq |�� exw iruhfdvwv xvh fxuuhqw gdwd1 Wklv lv d frpprq
dvvxpswlrq lq wkh olwhudwxuh1,

Wkh vhtxhqfhv ��c|c � ' �c�� duh nqrzq dv wkh vhtxhqfh ri jdlqv1 Wkh jdlq
vhtxhqfhv fdq gl�hu hyhq dv|pswrwlfdoo|/ dqg rxu lqwhuhvw lv lq wkh lpsolfdwlrqv
ri khwhurjhqhlw| lq wkh irup ri gl�huhqw jdlq vhtxhqfhv ri wkh fhqwudo edqn dqg
sulydwh djhqwv1 Wkh jdlq vhtxhqfh lqglfdwhv krz pxfk zhljkw/ vd|/ wkh sulydwh
djhqw sxwv rq iruhfdvw huuruv +|3� � ��|3�%|3�� Iru vwdqgdug UOV lw lv jlyhq
e| ��c| ' |3�1 Prgl�fdwlrqv wr vwdqgdug UOV fdq eh rewdlqhg e| shuplwwlqj
juhdwhu ru vpdoohu uhvsrqvh wkdq |3� wr wkh iruhfdvw huuruv/ dgmxvwhg iru e| wkh
pdwul{ ri vhfrqg prphqwv dqg wkh vwdwh ri h{rjhqrxv yduldeohv1 Lw lv srvvl0
eoh wr lqfoxgh ydulrxv zhljkwlqj vfkhphv/ lqhuwld lq xsgdwlqj ri iruhfdvw uxohv
dqg hyhq lqghshqghqw udqgrp  xfwxdwlrqv lq dgdswlrq vshhgv/ vhh wkh frp0
sdqlrq sdshu +Krqndsrkmd dqg Plwud 5334e, dqg wkh uhihuhqfhv flwhg deryh
iru ghwdlohg glvfxvvlrq1 Lqhuwld lq wkh irupdwlrq ri h{shfwdwlrqv lv revhuyhg lq
h{shulphqwdo gdwd/ vhh iru lqvwdqfh +Pdulprq dqg Vxqghu 4<<6, dqg +Hydqv/
Krqndsrkmd/ dqg Pdulprq 5334,1

Zh zulwh wkh +srvvleo| udqgrp, jdlq vhtxhqfhv lq wkh irup

��c| ' �|E��c|�
3�

| � dqg ���c| ' �|E���c|�
3�

| �c

zkhuh �| lv dq h{rjhqrxvo| jlyhq/ qrqlqfuhdvlqj ghwhuplqlvwlf vhtxhqfh vdwlv0
i|lqj fhuwdlq surshuwlhv1 Wkh gl�huhqw dv|pswrwlfv duh fdswxuhg e| dvvxplqj
wkdw

.E��c|�
3�

| � $ B� dqg .E���c|�
3�

| � $ B��/ dv | $ 4 zlwk B� 9' B���

Khuh wkh pdwkhpdwlfdo h{shfwdwlrqv duh wdnhq ryhu wkh srvvleoh lqghshqghqw
udqgrpqhvv lq wkh lqglylgxdo jdlqv1

4:Vhh hj Vhfwlrq 6 ri +Hydqv dqg Krqndsrkmd 4<<;, iru wkh ghulydwlrq ri wkh irupdo ghwdlov1
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Wkh uhvxowv lq +Krqndsrkmd dqg Plwud 5334e, lpso| wkdw orfdo frqyhujhqfh
ri ohduqlqj xqghu wkhvh dojrulwkpv lv ghwhuplqhg e| wkh iroorzlqj wzr pdwulfhv�
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dqg zh vwdwh wkh irupdo frqyhujhqfh uhvxow=

Sursrvlwlrq 6 Li wkh sulydwh vhfwru dqg wkh fhqwudo edqn xvh prgl�hg UOV
ohduqlqj dojrulwkpv zlwk gl�huhqw jdlq vhtxhqfhv/ wkhq ohduqlqj frqyhujhv or0
fdoo| li wkh pdwulfhv +4;, dqg +4<, kdyh hljhqydoxhv zlwk qhjdwlyh uhdo sduwv1

Zh �uvw qrwh wkdw li wkh jdlq vhtxhqfhv duh wkh vdph dv|pswrwlfdoo|/ lh B� '
B��c wkh dv|pswrwlf ehkdylru ri wkh v|vwhp lv lghqwlfdo wr wkdw lq wkh suhfhglqj
vhfwlrq1 Lq rwkhu zrugv/ wkh qhfhvvdu| dqg vx!flhqw frqglwlrq iru frqyhujhqfh
wr wkh PVY vroxwlrqv lv jlyhq e| wkh H0vwdelolw| frqglwlrqv1 Krzhyhu/ wkh
vlwxdwlrq lv txlwh gl�huhqw li B� 9' B��� Wkh vwdelolw| frqglwlrqv duh lq jhqhudo
d�hfwhg e| wkh uhodwlyh vl}h ri wkh jdlq sdudphwhuv/ wkrxjk wkh hduolhu H0
vwdelolw| frqglwlrq lv vwloo uhohydqw/ dv zh qrz vkrz1

71414 Vwdelolw| dqg lqvwdelolw| frqglwlrqv iru lqwhuhvw udwh uxohv

Wkh �uvw vxevwdqwlyh uhvxow wkdw iroorzv iurp Sursrvlwlrq 6 frqfhuqv wkh jhqhudo
irup ri lqwhuhvw udwh srolflhv +7,1 Zh �uvw surylgh vrph qhfhvvdu| frqglwlrqv
wkdw pxvw eh vdwlv�hg iru dq htxloleulxp wr eh orfdoo| vwdeoh xqghu ohduqlqj1
Wkh qh{w fruroodu| lv suryhg lq Dsshqgl{ D141

Fruroodu| 7 Frqvlghu prgho +<, dqg dvvxph wkdw wkh sulydwh vhfwru dqg wkh
fhqwudo edqn xvh prgl�hg UOV ohduqlqj dojrulwkpv zlwk gl�huhqw jdlq vh0
txhqfhv1 Wkh wzr frqglwlrqv

E�� q��5 n bE�Z � �� : fc +53,

�5 n b�Z � B� B
3�

��db� )3�E�� q n B3�� B���o : f� +54,

duh qhfhvvdu| iru orfdo vwdelolw| ri wkh v|pphwulf htxloleulxp xqghu ohduqlqj/

Qrwh wkdw +53, lv suhflvho| wkh Wd|oru sulqflsoh wkdw frpsohwho| fkdudfwhul}hg
vwdelolw| xqghu ohduqlqj iru wkh krprjhqrxv fdvh frqvlghuhg lq +Exoodug dqg
Plwud 5334e,1 Fruroodu| 7 vkrzv wkh frqwlqxhg lpsruwdqfh ri wkh Wd|oru sulq0
flsoh lq wkh suhvhqfh ri khwhurjhqrxv uxohv1 Lq sduwlfxodu/ lw vkrzv wkdw uxohv

4<



ylrodwlqj wklv sulqflsoh frqwlqxh wr eh xqvwdeoh dv lv wkh fdvh xqghu krprjhqrxv
iruhfdvwv1

Lq jhqhudo/ wkh Wd|oru sulqflsoh qhhg qrw vx!fh iru vwdelolw| xqghu ohduq0
lqj vlqfh frqglwlrq +54, ghshqgv rq B3�� B��� Wkh lqwhuhvw uxoh pd| uhtxluh d
vwurqjhu uhvsrqvh wr lq dwlrq dqg2ru rxwsxw +yld odujhu �Z ru �5� wkdq zkdw lv
glfwdwhg e| wkh Wd|oru sulqflsoh/ hvshfldoo| iru vpdoo ydoxhv ri B3�� B��� Wr looxv0
wudwh wklv/ dvvxph wkdw q n b) : ��4; Wkhq/ li �5 ' fc wkh qhfhvvdu| frqglwlrq
+54, uhtxluhv �Z : B� B

3�

��d�� b3�)3�E�� q n B3�� B���oc zklfk lv vwulfwo| pruh
wkdq �c iru dq| B3�� B�� 	 Eqnb)� ��E�nb)�3�� Frqvhtxhqwo|/ wkh qhfhvvdu|
frqglwlrq lv vwurqjhu wkdq wkh Wd|oru sulqflsoh +53,1

Krzhyhu/ rqh fdq vkrz wkdw wkh Wd|oru sulqflsoh lv qhfhvvdu| dqg vx!flhqw
iru vwdelolw| zkhq B3�� B�� � �� Lqwxlwlyho|/ wklv odvw uhtxluhphqw phdqv wkdw
wkh fhqwudo edqn vkrxog sxw dw ohdvw dv pxfk zhljkw rq lqfrplqj lqirupdwlrq
derxw wkh hfrqrp| zkhq uhylvlqj lwv sdudphwhu hvwlpdwhv dv grhv wkh sulydwh
vhfwru1 Wkh qh{w fruroodu| lv dovr suryhg lq Dsshqgl{ D141

Fruroodu| 8 Frqvlghu prgho +<, zkhq wkh sulydwh vhfwru dqg wkh fhqwudo edqn
xvh prgl�hg UOV ohduqlqj dojrulwkpv zlwk gl�huhqw jdlq vhtxhqfhv dqg dvvxph
wkdw

B3�� B�� � ��

Wkh g|qdplfv ri wkh hfrqrp| lv wkhq orfdoo| vwdeoh xqghu ohduqlqj li dqg rqo|
li

E�� q��5 n bE�Z � �� : f�

D frpprq wkhph wkdw hphujhg iurp +Exoodug dqg Plwud 5334e, iru d ydulhw| ri
lqwhuhvw udwh uxohv lv wkdw d vwurqj hqrxjk uhvsrqvh wrzdugv lq dwlrq ru rxwsxw
dozd|v uhvxowhg lq vwdelolw| xqghu ohduqlqj g|qdplfv1 Fruroodu| 8 vkrzv wklv
wr eh wuxh zkhq B3�� B�� � �� Lq idfw/ lw fdq eh vkrzq wkdw iru dq| B3�� B�� +dqg
ydoxhv ri wkh vwuxfwxudo sdudphwhuv,/ li wkh fhqwudo edqn lv djjuhvvlyh hqrxjk
e| fkrrvlqj odujh ydoxhv ri �5 dqg �Zc wkh v|pphwulf htxloleulxp ehfrphv
qhfhvvdulo| vwdeoh14<

Rq wkh rwkhu kdqg/ Fruroodu| 7 kdv klqwhg wkdw srolflhv vdwlvi|lqj wkh Wd|oru
sulqflsoh fdq vrphwlphv ohdg wr lqvwdelolw|1 Wklv fdq lqghhg kdsshq li wkh edqn
sxwv pxfk ohvv zhljkw rq lqfrplqj lqirupdwlrq derxw wkh hfrqrp| wkdq wkh
sulydwh vhfwru +lh li B�� lv pxfk vpdoohu wkdq B� �1 Wklv fdq eh vhhq lqirupdoo|
e| h{dplqlqj wkh ohiw0kdqg vlgh ri +4;,1 Zh fdq zulwh�

B� E�
� � U� B��
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B���
� B��E�

�� � U�

�
+55,
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�
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B3�� B���
� B3�� B��E�

�� � U�

�
c

4;Wklv sdudphwhu uhvwulfwlrq zloo w|slfdoo| eh vdwlv�hg vlqfh wkh glvfrxqw idfwru � lv dv0
vxphg wr eh forvh wr 41 Iru h{dpsoh/ wkh uhvwulfwlrq lv vdwlv�hg iru wkh fdoleudwhg ydoxhv lq
erwk +Zrrgirug 4<<<, dqg +Fodulgd/ Jdol/ dqg Jhuwohu 5333,1

4<Iru euhylw|/ zh gr qrw irupdoo| ghyhors wklv uhvxow1
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vr wkdw/ li B3�� B�� lv vx!flhqwo| vpdoo/ kdoi ri wkh hljhqydoxhv ri wkh pdwul{
+55, duh dssur{lpdwho| htxdo wr }hur zkloh wkh rwkhu kdoi duh dssur{lpdwho|
wkh hljhqydoxhv ri �� � U� Wkh odwwhu vhw frqwdlqv dq hljhqydoxh zlwk srvlwlyh
uhdo sduw1 Wklv lqwxlwlrq lv pdgh pruh uljrurxv ehorz lq wkh uhvxow=

Fruroodu| 9 Frqvlghu prgho +<, zkhq wkh sulydwh vhfwru dqg wkh fhqwudo edqn
xvh prgl�hg UOV ohduqlqj dojrulwkpv zlwk gl�huhqw jdlq vhtxhqfhv dqg dvvxph
wkdw q n b) : �� Li

B3�� B�� 	
q n b)� �

� n )E�5 n b�Z�
c +56,

wkh g|qdplfv ri wkh hfrqrp| lv orfdoo| xqvwdeoh xqghu ohduqlqj153

Dvphqwlrqhg ehiruh/ wkh sdudphwhu uhvwulfwlrq qnb) : � lv yhu| riwhq vdwlv�hg
vlqfh q lv forvh wr �1 Fruroodu| 9 srlqwv wr wkh gdqjhu ri lqvwdelolw| hyhq iru
lqwhuhvw uxohv vdwlvi|lqj wkh Wd|oru sulqflsoh zkhq wkh fhqwudo edqn grhv qrw
sxw hqrxjk zhljkw rq wkh iruhfdvw huuruv zkloh uhylvlqj lwv sdudphwhu hvwlpdwhv1
Wkh jhqhudo lqwxlwlrq iru wkh uhvxow lv dv iroorzv1

Rqh revhuyhv iurp wkh prgho +<, wkdw/ zkloh wkh fhqwudo edqn kdv d vwdel0
ol}lqj h�hfw/ wkh sulydwh vhfwru kdv d gh0vwdelol}lqj lq xhqfh rq wkh hfrqrp|1
+<, pdnhv lw fohdu wkdw li sulydwh vhfwru h{shfwdwlrqv ri lq dwlrq +ru rxwsxw,
ghyldwh xszdug iurp wkh UH ydoxh/ wkhq dfwxdo lq dwlrq +dqg rxwsxw, lqfuhdvh/
zklfk ohdgv/ fhwhulv sdulexv/ wr xszdug uhylvlrqv ri erwk 	.�

| Z|n� dqg 	.�
| 5|n�

+qrwh wkdw doo wkh hqwulhv ri �� duh srvlwlyh,1 Rq wkh rwkhu kdqg/ li wkh fhqwudo
edqn*v h{shfwdwlrqv 	.��

| Z|n� ru 	.��
| 5|n� ghyldwh xszdugv iurp wkh UH ydoxh/

Z| dqg 5| idoo/ zklfk whqgv wr jxlgh wkh edqn*v qrq0udwlrqdo h{shfwdwlrqv wr0
zdugv wkh UH ydoxhv dv doo wkh hqwulhv ri ��� duh qhjdwlyh1 Pruh irupdoo|/ rqh
revhuyhv wkdw wkh hljhqydoxhv ri ��� duh qrq0srvlwlyh/ zkloh wkh hljhqydoxhv
ri �� duh srvlwlyh dqg rqh ri wkhp h{fhhgv �� Wkh hljhqydoxh h{fhhglqj rqh lv
wkh nh| wr xqghuvwdqglqj rxu lqvwdelolw| uhvxowv xqghu khwhurjhqrxv iruhfdvwv
dqg ohduqlqj154

Xqghu krprjhqrxv iruhfdvwv/ lw lv wkh vxp ri wkh pdwulfhv �� dqg ��� wkdw
ghwhuplqhg vwdelolw| xqghu ohduqlqj g|qdplfv1 Sxuvxlw ri wkh Wd|oru sulqflsoh
e| wkh edqn lv wkhq deoh wr jxlgh qrq0udwlrqdo h{shfwdwlrqv ri wkh sulydwh
vhfwru wrzdugv UH1 Krzhyhu/ xqghu khwhurjhqrxv iruhfdvwv/ wklv lv qr orqjhu
vx!flhqw ehfdxvh ri wkh gl�huhqwldo h�hfwv ri wkh gl�huhqw iruhfdvwv yld ��

dqg ��� dqg wkh gl�huhqw zhljkwv lq sdudphwhu xsgdwlqj rq Z| dqg 5|1 Lw
qrz ehfrphv yhu| lpsruwdqw iru wkh edqn wr sxw vx!flhqw zhljkw rq qhz
gdwd derxw wkh h{rjhqrxv revhuydeohv zkloh uhylvlqj lwv iruhfdvwv ri lq dwlrq
dqg rxwsxw/ vr wkdw/ lq frqmxfwlrq zlwk wkh Wd|oru sulqflsoh/ lwv vwdelol}lqj
lq xhqfh rxwzhljkv wkh gh0vwdelol}lqj lq xhqfh ri wkh sulydwh vhfwru wr uhqghu
wkh v|pphwulf UHH vwdeoh1 Wklv pdnhv lqwxlwlyh vhqvh vlqfh/ diwhu doo/ wkhvh
vkrfnv duh lqglfdwlyh ri lq dwlrqdu| suhvvxuhv lq wkh hfrqrp|1

Wkh uhvxowv lqglfdwh wkh ghjuhh wr zklfk wkh uhvxowv lq +Exoodug dqg
Plwud 5334e, dqg +Hydqv dqg Krqndsrkmd 5333, duh d�hfwhg e| wkh xvh ri

53Wkh surri lv lpphgldwh e| pdnlqj d vwulfw uhyhuvdo ri frqglwlrq +54,1
54Wklv lqwxlwlrq frqwlqxhv wr eh wuxh zkhq zh h{dplqh gl�huhqw w|shv ri ohduqlqj uxohv lq

Vhfwlrq 7151
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gl�huhqwldo jdlqv e| wkh edqn dqg wkh sulydwh vhfwru1 Li B3�� B�� vdwlv�hv wkh
frqglwlrq lq Fruroodu| 9/ wkhq wkh Wd|oru sulqflsoh qr orqjhu vx!fhv wr jxdu0
dqwhh frqyhujhqfh1 Pruhryhu/ hyhq li wkh fhqwudo edqn ehkdyhv rswlpdoo| e|
iroorzlqj wkh uxohv +:, ru +;,/ frqyhujhqfh wr wkh htxloleulxppd| qrw wdnh sodfh
xqohvv wkh edqn dwwdfkhv vx!flhqw zhljkw wr fxuuhqw gdwd lq wkh xsgdwlqj ri
wkh SOP sdudphwhuv1 Zh looxvwudwh wklv ixuwkhu lq wkh qh{w vxevhfwlrq1

71415 Urexvwqhvv ri wkh uxohv wr jdlq gl�huhqwldov

Fruroodu| 9 surylghv rqo| vx!flhqw frqglwlrqv iru wkh ohduqlqj g|qdplfv wr eh
xqvwdeoh1 Zh qrz xvh qxphulfdo whfkqltxhv wr vwxg| wr zkdw h{whqw wkh gl�hu0
hqfhv lq ohduqlqj dfwxdoo| lq xhqfh vwdelolw| iru sodxvleoh ydoxhv ri vwuxfwxudo
sdudphwhuv1 Dv d xvhixo e|0surgxfw/ zh dovr frqvlghu wkh ghvludelolw| ri gl�hu0
hqw rswlpdo lqwhuhvw udwh uxohv +:, dqg +;, dgyrfdwhg xqghu wkh dvvxpswlrq ri
krprjhqrxv iruhfdvwv lq wkh suhylrxv olwhudwxuh1

Zh �uvw orrn dw yduldqwv ri rswlpdo srolflhv frqvlghuhg lq Vhfwlrq 51 Wkh
wzr yduldqwv duh wkh HE0rswlpdo uxoh/ htxdwlrq +:,/ dqg wkh UH0rswlpdo uxoh/
qdpho| htxdwlrq +;,1 +Hydqv dqg Krqndsrkmd 5333, uhfrpphqg wkh HE0
rswlpdo uxoh lq sduw rq jurxqgv ri ghwhuplqdf|= wkh uxoh +:, lv dozd|v gh0
whuplqdwh xqghu UH/ wkh uxoh +;, fdq ehfrph lqghwhuplqdwh iru ydoxhv ri 4
forvh wr }hur1 Uhjduglqj ohduqdelolw|/ +Hydqv dqg Krqndsrkmd 5333, vkrz wkdw
xqghu krprjhqrxv iruhfdvwv dqg ohduqlqj/ erwk wkh uxohv +:, dqg +;, duh vwdeoh
xqghu ohduqlqj1 Zh qrz frqvlghu wkh lpsolfdwlrqv ri khwhurjhqhlw| lq ohduqlqj
uxohv iru wkhvh uhvxowv e| phdqv ri qxphulfdo dqdo|vlv1

Wkh fdoleudwhg sdudphwhuv ydoxhv lq +Zrrgirug 4<<<, duh xvhg lq wklv glv0
fxvvlrq=

Fdoleudwhg H{dpsoh= ) ' E��D.�3�c b ' �f2ec dqg q ' �bb�55

Zh doorz k wr udqjh lq wkh lqwhuydo Efc �oc zklfk fdswxuhv wkh vfhqdulrv udqj0
lqj iurp vwulfw lq dwlrq wdujhwlqj +k forvh wr f� wr wkdw ri  h{leoh lq dwlrq
wdujhwlqj1 Wkh udwlr B3�� B�� lv doorzhg wr udqjh lq wkh lqwhuydo Efc 2o�56

Iljxuhv 4 dqg 5 looxvwudwh wkh vwdelolw| uhjlrq iru wkh HE0rswlpdo uxoh +:,
dqg wkh UH0rswlpdo uxoh +;,/ uhvshfwlyho|/ zlwk wkh ydoxh 4 ' �b iru wkh shu0
vlvwhqfh sdudphwhu ri wkh �| vkrfn/ zklfk zdv xvhg lq +Fodulgd/ Jdol/ dqg
Jhuwohu 5333,1 Wkh vkdghg dqg xqvkdghg uhjlrqv phdq vwdelolw| dqg lqvwdelolw|/
uhvshfwlyho|1 Iru wkh HE0rswlpdo uxoh/ zh �qg wkdw iru doo k 5 Efc �oc wkh v|p0
phwulf htxloleulxp lv vwdeoh xqghu ohduqlqj g|qdplfv zkhqhyhu B3�� B�� � f�2�
Lqvwdelolw| fdq rqo| dulvh iru B3�� B�� 	 f�2� Krzhyhu/ iru wkh UH0rswlpdo
uxoh vwdelolw| lv jxdudqwhhg rqo| zkhq B3�� B�� � � zkhuhdv prvw ydoxhv ri
B3�� B�� 	 � ohdg wr lqvwdelolw| iru doo k 5 Efc �o� Zh/ wkhuhiruh/ �qg wkdw wkh
HE0rswlpdo uxoh shuirupv ehwwhu wkdq wkh UH0rswlpdo uxoh dv lw |lhogv pruh
urexvwo| vwdelolw| zlwk gl�huhqfhv lq wkh jdlq sdudphwhuv ri wkh ohduqlqj uxohv1

Gl�huhqfhv lq jdlq vhtxhqfhv dovr d�hfw wkh vwdelolw| ri dg krf Wd|oru w|sh
uxohv olnh +7, frqvlghuhg lq +Exoodug dqg Plwud 5334e,1 Iljxuh 6 sorwv wkh vwd0

55Zh kdyh irxqg wkdw rxu uhvxowv duh lq idfw urexvw wr wkh fdoleudwhg ydoxhv lq +Fodulgd/
Jdol/ dqg Jhuwohu 5333, zkr xvh * @ 4/ � @ =6 dqg wkh vdph �=

56Erwk uxohv duh dozd|v vwdeoh iru doo � 5 +3> 4, zkhq ��4
S
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d3 (% -RSWLPDO UXOH

Iljxuh 4= Wkh HE0rswlpdo uxoh iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri
Ekc B��*B� � zlwk 4 ' f�b1 Wkh vkdghg uhjlrq lv vwdeoh1 Qrwh wkdw doprvw wkh
zkroh vsdfh lv qrz vwdeoh1
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d3 5( -RSWLPDO UXOH

Iljxuh 5= Wkh UH0rswlpdo uxoh iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri
Ekc B��*B� � zlwk 4 ' f�b1 Wkh vkdghg uhjlrq lv vwdeoh1 Qrwh wkdw iru B��*B�
ohvv wkdq � zh xvxdoo| kdyh lqvwdelolw|1
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d3 5XOHV 7D\ORU W\SH

Iljxuh 6= Wd|oru uxohv iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri E�Zc B��*B� �
zlwk �Z ' f dqg > ' f��D1 Wkh vkdghg uhjlrq lv vwdeoh dqg wkh eodqn uhjlrq
xqvwdeoh1 Qrwh wkdw iru B��*B� ohvv wkdq � zh riwhq kdyh lqvwdelolw| hyhq zlwk
�Z pruh wkdq rqh1

elolw| uhjlrq ri wkh uxoh +7, zlwk �5 ' f dqg wkh deryh fdoleudwlrq1 Zh dvvxph
wkdw wkhuh lv qr frvw0sxvk vkrfn �| dqg wkdw > ' f��D dv lq +Zrrgirug 4<<<,1
Wkh krul}rqwdo d{lv lqglfdwhv ydoxhv iru �Z zkloh wkh yhuwlfdo d{lv lqglfdwhv wkh
ydoxhv iru B3�� B�� 5 Efc 2o� Lq wkh dqdo|vlv ri +Exoodug dqg Plwud 5334e,/ doo
uxohv zlwk �Z : � duh vwdeoh xqghu ohduqlqj1 Krzhyhu/ iru ydoxhv ri B3�� B�� 	 �
hyhq uxohv zlwk �Z : � fdq qrz ohdg wr lqvwdelolw|1 Vwdelolw| lv jxdudqwhhg iru
uxohv vdwlvi|lqj wkh Wd|oru sulqflsoh +lh �Z : �� rqo| zkhq B3�� B�� � �c dv
vkrzq lq Fruroodu| 81 Ri frxuvh/ uxohv zlwk �Z 	 � frqwlqxh wr gholyhu xqvwd0
eoh g|qdplfv/ dv vkrzq lq Fruroodu| 71 Wkh jhqhudo phvvdjh lv wkdw/ zlwk d
Wd|oru uxoh lq sodfh/ wkh fhqwudo edqn vkrxog sxw hqrxjk zhljkw rq lqfrplqj
lqirupdwlrq wr hqvxuh vwdelolw| ri wkh hfrqrp|1

715 UOV ohduqlqj dqg VJ ohduqlqj

Lq wklv vhfwlrq zh frqvlghu d gl�huhqw irup ri khwhurjhqhlw| lq wkh ohduqlqj uxohv
ri wkh sulydwh djhqwv dqg wkh edqn1 Wkh eurdg dlp lv frqvlghu vhwwlqjv zkhuh
wkh edqn lv xvlqj d ohduqlqj dojrulwkp wkdw lv hlwkhu pruh ru ohvv vrsklvwlfdwhg
wkdq wkh dojrulwkp ri wkh sulydwh vhfwru1 Fhqwudo edqnv xvxdoo| ghyrwh d odujh
dprxqw ri uhvrxufhv lq iruplqj iruhfdvwv ri hfrqrp|0zlgh yduldeohv/ vhh +Urphu
dqg Urphu 5334,1 Rxu dqdo|vlv lq wklv vhfwlrq surylghv dq dqdo|wlfdo dqvzhu wr
wkh txhvwlrq zkhwkhu vxfk dfwlrqv rq wkh sduw ri wkh fhqwudo edqn duh mxvwl�hg1

Vshfl�fdoo|/ zh dvvxph wkdw wkhuh duh wzr srvvleoh w|shv ri ohduqlqj dojr0
ulwkpv/ wkh UOV dqg wkh vwrfkdvwlf judglhqw +VJ, dojrulwkpv wkdw wkh sulydwh
djhqwv ru wkh fhqwudo edqn pljkw xvh1 Wkh UOV dojrulwkp lv pruh frpprq
wkdq VJ lq wkh olwhudwxuh1 Wkh VJ dojrulwkp lv frpsxwdwlrqdoo| pxfk vlp0
sohu wkdq wkh UOV dojrulwkp> krzhyhu wkh odwwhu lv pruh h!flhqw iurp dq
hfrqrphwulf ylhzsrlqw vlqfh lw xvhv lqirupdwlrq rq wkh vhfrqg prphqwv ri wkh
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yduldeohv1 Pruh suhflvho|/ iru sdudphwhu hvwlpdwlrq ri �{hg h{rjhqrxv vwr0
fkdvwlf surfhvvhv/ erwk wkh UOV dqg VJ dojrulwkpv |lhog frqvlvwhqw hvwlpdwhv
ri sdudphwhuv exw wkh iruphu lq dgglwlrq srvvhvvhv vrph rswlpdolw| surshu0
wlhv1 Iru lqvwdqfh/ li wkh xqghuo|lqj vkrfn surfhvv lv ��_ qrupdo/ wkhq wkh UOV
hvwlpdwru lv plqlpxp yduldqfh xqeldvhg157

Zkhq wkh fhqwudo edqn xvhv wkh VJ dojrulwkp/ sdudphwhu xsgdwlqj wdnhv
wkh irup

E���| �� ' E���|3��
� n ���c|%|3�E+|3� � ���|3�%|3��

�c +57,

zkhuh zh kdyh xvhg wkh qrwdwlrq lq htxdwlrq +47, iurp Vhfwlrq 61 Wkh pdlq
gl�huhqfh iurp wkh UOV dojrulwkp +4:, lv wkdw +57, grhv qrw lqyroyh wkh pdwul{
ri vhfrqg prphqwv1 Wkh sulydwh vhfwru lv dvvxphg wr xvh wkh UOV dojrulwkp1
Iru vlpsolflw|/ lw lv dvvxphg wkdw wkhuh duh qr gl�huhqwldo lq jdlq vhtxhqfhv/ lh
B� ' B�� ' � lq wkh qrwdwlrq ri Vhfwlrq 7141

Wkh uhvxowv lq wkh frpsdqlrq sdshu +Krqndsrkmd dqg Plwud 5334e, vkrz
wkdw orfdo frqyhujhqfh xqghu ohduqlqj lv ghwhuplqhg e| wkh iroorzlqj wzr pd0
wulfhv �

�� � U ���

�� ��� � U

�
c +58,�

8 
�� � U 8 
���

��8 
 �� ��8 
 ��� ��� 
 U

�
c +59,

zkhq wkh sulydwh vhfwru xvhv UOV dqg wkh fhqwudo edqn xvhv wkh VJ dojrulwkp1
Khuh

�� ' *�4
|<"

.E�|�
�

|� '

�
E�� 42�3�j2

� f
f E�� >2�3�j2

}

�

zlwk j2

� ' �@oE	�|� dqg j2

} ' �@oE	}|�1 Irupdoo|/ zh vwdwh=

Sursrvlwlrq : Li wkh sulydwh vhfwru xvhv UOV dqg wkh fhqwudo edqn wkh VJ
dojrulwkp/ wkhq ohduqlqj frqyhujhv orfdoo| li wkh pdwulfhv +58, dqg +59, kdyh
hljhqydoxhv zlwk qhjdwlyh uhdo sduwv1

Dqdorjrxv frqglwlrqv pd| eh rewdlqhg zkhq wkh sulydwh djhqwv xvh VJ ohduqlqj
dqg wkh edqn xvhv UOV e| lqwhu0fkdqjlqj wkh urohv ri �� dqg ��� lq +58, dqg
+59,1

Zh revhuyh iurp Sursrvlwlrq : wkdw wkh H0vwdelolw| frqglwlrqv frqwlqxh
wr eh qhfhvvdu| iru vwdelolw|1 Dq dssolfdwlrq ri wkh uhvxowv lq +Exoodug dqg
Plwud 5334e, lpphgldwho| |lhogv wkh iroorzlqj qhfhvvdu| frqglwlrq=

Fruroodu| ; Frqvlghu prgho +<,1 Li wkh sulydwh vhfwru xvhv UOV dqg wkh fhq0
wudo edqn wkh VJ dojrulwkp lq wkhlu ohduqlqj uxohv +ru ylfh yhuvd,/ wkh g|qdplfv
ri wkh hfrqrp| lv vwdeoh xqghu ohduqlqj rqo| li bE�Z � �� n E�� q��5 : f�

57Vhh +Hydqv dqg Krqndsrkmd 5334d,/ Vhfwlrq 618 iru d glvfxvvlrq dqg uhihuhqfhv wr VJ
ohduqlqj1 Zh qrwh wkdw wkhvh surshuwlhv uhihu wr wkh xvxdo vwdwlvwlfdo dqdo|vlv wkdw lqyroyhv
sdudphwhu hvwlpdwlrq iru h{rjhqrxv surfhvvhv1
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Zh/ wkhuhiruh/ vhh wkdw wkh frqfoxvlrq wkdw lqwhuhvw uxohv ylrodwlqj wkh Wd|oru
sulqflsoh duh xqghvludeoh lv txlwh urexvw1 Lq sduwlfxodu/ vxfk �sdvvlyh� uxohv
ohdg wr lqvwdelolw| luuhvshfwlyh ri zkhwkhu wkh fhqwudo edqn xvhv d vrsklvwlfdwhg
dojrulwkp olnh UOV ru d vlpsoh dojrulwkp olnh VJ1

Krzhyhu/ dv lv fohdu iurp Sursrvlwlrq :/ wkh H0vwdelolw| frqglwlrqv duh qr
orqjhu vx!flhqw iru frqyhujhqfh ri ohduqlqj1 Wkh ohduqdelolw| frqglwlrqv duh
qrz lq xhqfhg e| wkh shuvlvwhqfh lq wkh vkrfnv +4 dqg >� dqg wkhlu yduldqfhv
+j2

� dqg j2

}, yld wkh pdwul{ +59,1 Qh{w/ zh vwxg| lq pruh ghwdlo/ �uvw/ wkh vlwx0
dwlrq zkhq wkh fhqwudo edqn xvhv wkh VJ dojrulwkp lq lwv xsgdwlqj htxdwlrqv
zkloh wkh sulydwh vhfwru xvhv UOV dqg/ vhfrqg/ wkh frqyhuvh vlwxdwlrq zkhq wkh
edqn xvhv UOV dqg wkh sulydwh djhqwv VJ lq wkh iroorzlqj vhfwlrq1

Ehiruh surfhhglqj zh qrwh rqh uhvxow/ zklfk lv hdvlo| vhhq iurp +59,= Li
4 dqg > duh vpdoo hqrxjk/ wkh H0vwdelolw| frqglwlrqv duh vx!flhqw iru ohduq0
lqj vwdelolw| luuhvshfwlyh ri zkhwkhu wkh sulydwh djhqwv xvh UOV ru wkh VJ
dojrulwkp1

71514 Edqn xvhv VJ dqg sulydwh djhqwv xvh UOV

Zh qrz wxuq wr wkh vlwxdwlrq zkhq wkh fhqwudo edqn xvhv wkh VJ dojrulwkp
lq lwv xsgdwlqj htxdwlrqv dqg wkh sulydwh vhfwru xvhv UOV1 Dv revhuyhg deryh/
wkh pdwulfhv +58, dqg +59, qhhg wr kdyh hljhqydoxhv zlwk qhjdwlyh uhdo sduwv
iru vwdelolw|1

Vlqfh vwdelolw| ri +58, lv htxlydohqw wr wkh Wd|oru sulqflsoh/ zh frqfhqwudwh
rq wkh pdwul{ +59,1 Lw fdq eh vkrzq +hj xvlqj Pdwkhpdwlfd, wkdw wkh fkdu0
dfwhulvwlf sro|qrpldo ri wkh pdwul{ +59, lv v|pphwulf lq wkh txdqwlwlhv E4c j2

��
dqg E>c j2

}� ri wkh wzr vkrfnv �| dqg }|/ vr wkdw z1o1r1j1 wkh uhohydqw vwdelolw| ru
lqvwdelolw| frqglwlrqv fdq eh rewdlqhg e| frqvlghulqj wkh fdvh ri d vlqjoh vkrfn/
vd|/ }|1 Wkxv/ zh pd| irupdoo| dvvxph wkdw 8 lv d vfdodu > zkhq h{dplqlqj
wkh hljhqydoxhv ri +59,1 Zkhq zh rewdlq vwdelolw| ru lqvwdelolw| frqglwlrqv lq
whupv ri > dqg j2

}/ lw vkrxog eh nhsw lq plqg wkdw wkh vdph frqglwlrqv duh
uhtxluhg dovr iru 4 dqg j2

�1
Wkh qh{w wklqj wr qrwh lv wkdw +59, lv h{dfwo| wkh vdph pdwul{ +4<, +ru

+69,, zklfk dsshduv lq Vhfwlrq 714/ li zh uhsodfh B3�� B�� e| +qrz wkh vfdodu,
�� +frpsduh +59, dqg +69,,1 Lq rwkhu zrugv/ zlwk wklv lghqwl�fdwlrq/ +59, zloo
kdyh hljhqydoxhv zlwk qhjdwlyh uhdo sduwv li dqg rqo| li +4<, kdv vr/ jlyhq wkdw
erwk B3�� B�� dqg �� duh srvlwlyh1 Wklv revhuydwlrq lv xvhixo vlqfh zh duh deoh
wr gluhfwo| dsso| prvw ri wkh uhvxowv ri Vhfwlrq 7141 Khqfhiruwk/ iru wkh jhqhudo
lqwhuhvw udwh uxohv +7,/ zh frq�qh rxuvhoyhv wr wkh rqh vkrfn fdvh/ }|c dowkrxjk/
dv qrwhg/ wkh v|pphwulf frqglwlrqv lq �| duh dovr qhhghg lq wkh fdvh ri wzr
vkrfnv1

E| wkh deryh dujxphqwv/ Fruroodu| 8 lpsolhv wkh iroorzlqj=

Fruroodu| < Frqvlghu prgho +<,1 Dvvxph wkdw E� � >2�3�j2

} � � dqg wkdw
wkh fhqwudo edqn xvhv wkh VJ dojrulwkp zkloh wkh sulydwh vhfwru xvhv wkh UOV
dojrulwkp lq wkhlu ohduqlqj uxohv1 Wkh g|qdplfv ri wkh hfrqrp| lv wkhq orfdoo|
vwdeoh xqghu ohduqlqj li dqg rqo| li bE�Z � �� n E�� q��5 : f1

Zh qrwh wkdw wkh frqglwlrq j2

} n >2 � � lq Fruroodu| < lv olnho| wr eh hdvlo|

59



vdwlv�hg iru sodxvleoh ydoxhv ri wkhvh sdudphwhuv1 Iru h{dpsoh/ wkh fdoleudwhg
ydoxhv lq +Zrrgirug 4<<<, vdwlvi| wklv frqglwlrq vlqfh > ' ��D dqg j2

} ' ��.2�
Lq dgglwlrq/ odujh hqrxjk ydoxhv ri �5 dqg �Z frqwlqxh wr pdnh wkh v|p0

phwulf htxloleulxp qhfhvvdulo| vwdeoh1 Krzhyhu/ dv lq Fruroodu| 9/ wkh Wd|oru
sulqflsoh grhv qrw jxdudqwhh vwdelolw| xqghu ohduqlqj dqg zh frqvlghu wklv ixu0
wkhu1 Wkh iroorzlqj Fruroodu| lv suryhg lq Dsshqgl{ D151

Fruroodu| 43 Frqvlghu prgho +<,1 Dvvxph wkdw wkh fhqwudo edqn xvhv wkh
VJ dojrulwkp dqg wkh sulydwh vhfwru xvhv wkh UOV dojrulwkp lq wkhlu ohduqlqj
uxohv1 Wkhq iru doo > : 7> � 2E� n q n b)�3�c58 wkh g|qdplfv ri wkh hfrqrp|
lv xqvwdeoh xqghu ohduqlqj li

E�� >2�3�j2

} 	
>E� n q n b)�� 2

� n >)E�5 n b�Z�
� +5:,

Urxjko|/ wkh lqwxlwlrq iru Fruroodulhv < dqg 43 lv dv iroorzv1 Zkloh wkh Wd|oru
sulqflsoh vx!fhv iru vwdelolw| ri +58,/ lw grhv qrw iru +59,1 Iurp +59, rqh re0
vhuyhv wkdw d odujh j2

} hqkdqfhv wkh vwdelol}lqj lq xhqfh ri wkh edqn +uhfdoo wkdw
��� kdv qhjdwlyh hqwulhv rqo|,/ zklfk surylghv lqwxlwlrq iru Fruroodu| <1 Rq
wkh rwkhu kdqg/ d vpdoo j2

} h�hfwlyho| zrunv wrzdugv holplqdwlqj wkh vwdelol}lqj
lq xhqfh ri wkh edqn dqg d odujh > +lq frqmxqfwlrq zlwk wklv, hqkdqfhv wkh gh0
vwdelol}lqj lq xhqfh ri wkh sulydwh vhfwru yld +59, vlqfh �� kdv dq hljhqydoxh
pruh wkdq �1 Wklv surylghv vrph lqwxlwlrq iru Fruroodu| 431 Pruh irupdoo|/ wkh
odwwhu lv dovr hylghqw iurp wkh idfw wkdw lq wklv fdvh kdoi wkh hljhqydoxhv ri +59,
duh dssur{lpdwho| }hur dqg wkh rwkhu kdoi duh dssur{lpdwho| wkh hljhqydoxhv
ri 8 
�� � U dqg wkdw �� kdv dq hljhqydoxh pruh wkdq ��

Hyhq wkrxjk Fruroodu| 43 jlyhv wkhruhwlfdo frqglwlrqv iru lqvwdelolw|/ wkhvh
frqglwlrqv zloo lq jhqhudo eh kdug wr vdwlvi| iru sodxvleoh ydoxhv ri sdudphwhuv1
Lw/ wkhuhiruh/ vhhpv wkdw vwdelolw| xqghu ohduqlqj lv yhu| olnho| wr rewdlq zkhq
wkh edqn xvhv wkh VJ dojrulwkp dqg vxevfulehv wr wkh Wd|oru sulqflsoh lq ylhz
ri Fruroodu| <1

Wkhvh uhvxowv duh dovr eruqh rxw e| wkh qxphulfdo uhvxowv iru wkh rswlpdo
dqg Wd|oru uxohv159 Jhqhudoo|/ zh �qg wkdw erwk wkh UH0rswlpdo dqg wkh HE0
rswlpdo uxohv ohdg wr vwdelolw| xqghu ohduqlqj surylghg wkdw j2

} lv qrw yhu|
vpdoo1 Krzhyhu/ lqvwdelolw| dulvhv iru vpdoo hqrxjk ydoxhv ri j2

} dqg uhodwlyho|
odujh ydoxhv ri >c dv h{shfwhg iurp wkh glvfxvvlrq deryh1 Qhyhuwkhohvv/ wkh
HE0rswlpdo uxoh frqwlqxhv wr eh pruh urexvw wkdq wkh UH0rswlpdo uxoh lq wkh
vhqvh wkdw lw gholyhuv d vwdeoh hfrqrp| iru d odujhu grpdlq ri ydoxhv ri > dqg
j2

}� Lq dgglwlrq/ uxohv ixo�oolqj wkh Wd|oru sulqflsoh |lhog vwdelolw| dv orqj dv j
2

}

+ru j2

�/ e| v|pphwu|, duh qrw wrr vpdoo1
58Zh qrwh wkdw �� � 3=<6 zlwk wkh Zrrgirug ydoxhv dqg lv dssur{lpdwho| =;: zlwk wkh

Fodulgd hw do ydoxhv1
59Zh gr qrw surylgh ghwdlov/ zklfk duh dydlodeoh rq uhtxhvw iurp wkh vhfrqg dxwkru1
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71515 Edqn xvhv UOV dqg sulydwh djhqwv xvh VJ

Zh qrz frqvlghu wkh frqyhuvh vlwxdwlrq zkhq wkh fhqwudo edqn xvhv UOV dqg
wkh sulydwh vhfwru wkh VJ dojrulwkp1 Lq wklv fdvh zh qhhg +58, dqg�

8 
 ��� � U 8 
 ��

��8 
 ��� ��8 
 �� ��� 
 U

�
+5;,

wr kdyh hljhqydoxhv zlwk qhjdwlyh uhdo sduwv iru vwdelolw|1
Zh �uvw vkrz wkdw wkh Wd|oru sulqflsoh frqwlqxhv wr frpsohwho| fkdudfwhu0

l}h vwdelolw| iru lqwhuhvw uxohv xqghu fhuwdlq frqglwlrqv dv vkrzq lq wkh qh{w
fruroodu|/ zklfk lv suryhg lq Dsshqgl{ D161

Fruroodu| 44 Frqvlghu prgho +<,1 Ohw wkh fhqwudo edqn xvh UOV dqg wkh
sulydwh vhfwru wkh VJ dojrulwkp lq wkhlu ohduqlqj uxohv1 Dvvxph wkh iroorzlqj
wzr frqglwlrqv

� � E�� >2�3�j2

}c

> � 23�7> ' E� n q n b)�3�c

zlwk 7> dv lq Fruroodu| 431 Wkhq wkh v|pphwulf htxloleulxp lv orfdoo| vwdeoh
xqghu ohduqlqj li dqg rqo| li bE�Z � �� n E� � q��5 : f iru wkh lqwhuhvw uxoh
+7,1

Wkxv/ vwdelolw| rewdlqv li > +dqg 4, lv vpdoo hqrxjk dqg j2

} +dqg j2

�, lv qrw wrr
vpdoo lq wkh vhqvh pdgh suhflvh lq wkh Fruroodu|1 Zrrgirug*v fdoleudwhg ydoxhv
vdwlvi| wkh frqglwlrqv ri Fruroodu| 44 vlqfh > ' ��D dqg j2

} ' ��.2 vr wkdw/ zlwk
wkhvh ydoxhv/ wkh Wd|oru sulqflsoh frpsohwho| fkdudfwhul}hv vwdelolw|1

Krzhyhu/ lqvwdelolw| pd| dulvh zkhq > lv odujh1 Wkh qh{w fruroodu|/ zklfk
lv dovr suryhg lq Dsshqgl{ D16/ vkrzv wkdw wkh v|pphwulf htxloleulxp pd| eh
uhqghuhg xqvwdeoh lq wklv fdvh1 Ehiruh vwdwlqj wkh uhvxow zh gh�qh wkh iroorzlqj
h{suhvvlrqv

v� � 2� >E� n q n b)� n >)dE2� q>��5 n 2b�Zo

>b)� E�� >�E�� q>�
c +5<,

v2 � � n >)E�5 n b�Z�

>E� n q n b)�� 2
� +63,

Fruroodu| 45 Frqvlghu wkh prgho +<, zlwk wkh lqwhuhvw uxoh +7,1 Dvvxph wkdw
wkh fhqwudo edqn xvhv UOV dqg wkh sulydwh vhfwru xvhv wkh VJ dojrulwkp lq wkhlu
ohduqlqj uxohv1 Ohw 7> eh dv lq Fruroodu| 43 dqg gh�qh

�> � E2q�3�d� n q n b)�
s
E� n q n b)�2 � eqo�

Zh kdyh 7> : �>15: Wkh g|qdplfv ri wkh hfrqrp| lv orfdoo| xqvwdeoh xqghu
ohduqlqj li
+d, E�� >2�3�j2

} : v� zkhq > : �>
ru
+e, E�� >2�3�j2

} : 4�?d��c �2o zkhq > : 7>c
zkhuh v�c v2 duh gh�qhg lq +5<,�+63,1

5:�� � =9; zlwk wkh Zrrgirug ydoxhv dqg lv dssur{lpdwho| =8; zlwk wkh Fodulgd hw do ydoxhv1
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Iljxuh 7= Wkh HE0rswlpdo uxoh iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri
E4c j2

�� zlwk k ' f�� zkhq wkh sulydwh vhfwru xvhv wkh VJ dojrulwkp dqg wkh
fhqwudo edqn xvhv UOV1 Wkh vkdghg uhjlrq lv vwdeoh1

Vrph lqwxlwlrq iru Fruroodulhv 44 dqg 45 iroorzv iurp rxu glvfxvvlrq lq wkh
suhylrxv vhfwlrq1 D vpdoo hqrxjk ydoxh ri > dozd|v frqwulexwhv wr vwdelolw|
lq +5;,/ zklfk h{sodlqv Fruroodu| 441 Rq wkh rwkhu kdqg/ d odujh ydoxh ri >
+wrjhwkhu zlwk d odujh j2

}, lqfuhdvhv wkh srvvlelolw| ri lqvwdelolw| dulvlqj iurp
wkh ehkdylru ri wkh sulydwh vhfwru +vlqfh �� kdv dq hljhqydoxh pruh wkdq �,
zkhq lw xvhv wkh VJ dojrulwkp/ zklfk surylghv vrph lqwxlwlrq iru Fruroodu|
45/ vhh +5;,1

Uhjduglqj srolf| uhvsrqvh/ zh qrwh wkdw v�c v2 lq Fruroodu| 45 duh lqfuhdvlqj
lq �Z +dqg �5, vr wkdw li wkh fhqwudo edqn uhdfwv djjuhvvlyho| hqrxjk wr lq dwlrq/
wkh lqhtxdolwlhv +d, dqg +e, zloo eh ylrodwhg1 Lq jhqhudo/ wkh fhqwudo edqn fdq
frqwlqxh wr frqwulexwh wrzdugv vwdelolw| lq wkh ohduqlqj g|qdplfv e| fkrrvlqj
odujh ydoxhv ri �Z +dqg �5,1

Iru ixuwkhu dqdo|vlv zh uhyhuw wr qxphulfv iru wkh fdoleudwhg h{dpsoh1 Zkhq
frqvlghulqj wkh shuirupdqfh ri wkh wzr rswlpdo uxohv/ zh qrwh wkdw wkh uxohv
ixoo| qhxwudol}h wkh }| vkrfn/ dqg vr zh pxvw vwdwh wkh frqglwlrqv lq whupv ri
4 dqg j2

�1 Zh kdyh vwdelolw| iru vpdoo ydoxhv ri 4 zlwk erwk yhuvlrqv ri wkh
rswlpdo uxohv/ dv pljkw eh h{shfwhg iurp Fruroodu| 441 Krzhyhu/ lqvwdelolw|
dulvhv zlwk hlwkhu uxoh zkhq 4 dqg j2

� duh odujh hqrxjk +dv h{shfwhg iurp
Fruroodu| 45,1 Qhyhuwkhohvv/ wkh HE0rswlpdo uxoh frqwlqxhv wr |lhog vwdelolw|
xqghu ohduqlqj iru d odujhu udqjh ri ydoxhv ri 4 dqg j2

� wkdq wkh UH0rswlpdo
uxoh� Iljxuhv 708 looxvwudwh wklv skhqrphqrq lq wkh E4c j2

�� vsdfh zlwk k ' ��c
4 5 df�.c �� dqg j2

� 5 Efc Do15;

D vlplodu slfwxuh hphujhv zlwk wkh Wd|oru uxohv1 Uxohv ixo�oolqj wkh Wd|oru
sulqflsoh ohdg wr lqvwdelolw| iru odujh hqrxjk ydoxhv ri 4 ru > +dv h{shfwhg iurp
wkh fruroodu| deryh,1 Wklv lv looxvwudwhg lq Iljxuh 9/ zkhuh zh kdyh dvvxphg

5;Iru ydoxhv ri � 5 +3> 3=:, dqg �5
x
5 +3> 8`> zh kdyh vwdelolw| zlwk hlwkhu yhuvlrq ri wkh

rswlpdo uxoh1
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Iljxuh 8= Wkh UH0rswlpdo uxoh iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri
E4c j2

�� zlwk k ' f�� zkhq wkh sulydwh vhfwru xvhv wkh VJ dojrulwkp dqg wkh
fhqwudo edqn xvhv UOV1 Wkh vkdghg uhjlrq lv vwdeoh1

wkdw wkhuh lv qr frvw sxvk vkrfn dv lq +Zrrgirug 4<<<,1 Lq Iljxuh 9 zh vhw
j2

} ' ��.2 +wkh fdoleudwhg ydoxh lq +Zrrgirug 4<<<,, dqg �5 ' f1 Qrwh wkdw
uxohv zlwk �Z : � lpso| lqvwdelolw| iru ydoxhv ri > forvh wr �� Iljxuh : dovr
+uh,hpskdvl}hv wklv lqvwdelolw|1 Lw sorwv Wd|oru uxohv lq wkh E�Zc j

2

}� vsdfh zlwk
�5 ' f dqg > ' �b� Qrwh wkdw prvw ri wkh vsdfh dvvrfldwhg zlwk uxohv vdwlvi|lqj
wkh Wd|oru sulqflsoh |lhogv qrz lqvwdelolw|15<

8 Dv|pphwulf lqirupdwlrq ehwzhhq
wkh sulydwh vhfwru dqg fhqwudo edqn

Dqrwkhu dqg txlwh gl�huhqw irup ri khwhurjhqhlw| lq iruhfdvwlqj dulvhv li wkhuh
duh gl�huhqfhv lq wkh lqirupdwlrq vhwv ri wkh sulydwh djhqwv dqg wkh prqhwdu|
srolf| pdnhu1 Fohduo|/ wkhvh gl�huhqfhv fdq wdnh ydulrxv irupv dqg d v|v0
whpdwlf vwxg| ri wkh frqvhtxhqfhv ri gl�huhqwldo lqirupdwlrq iru ohduqlqj dqg
prqhwdu| srolf| pxvw eh ohiw iru ixwxuh1 Khuh zh wdnh xs rqo| rqh fdvh lq
zklfk wkh dvvxpswlrq lv wkdw rqh sduw| revhuyhv rqo| rqh ri vkrfnv zkloh wkh
rwkhu vhhv erwk ri wkhp1 Zh ghyhors wkh irupdo dqdo|vlv lq wkh fdvh zkhuh wkh
fhqwudo edqn grhv qrw kdyh nqrzohgjh ri wkh vkrfnv wr pdujlqdo frvwv wkdw wkh
sulydwh vhfwru h{shulhqfhv +dqg revhuyhv,/ exw zh zloo frpphqw rq wkh rwkhu
srvvlelolwlhv dw wkh hqg ri wkh vhfwlrq1

Li wkh sulydwh vhfwru revhuyhv erwk vkrfnv/ lwv SOP lv dv ehiruh/ lh lw kdv
5<Rq wkh rwkhu kdqg/ zlwk � @ =68 dv lq +Zrrgirug 4<<<, uxohv ixo�oolqj wkh Wd|oru

sulqflsoh |lhog vwdelolw| xqghu ohduqlqj looxvwudwlqj wkdw wkh sureohp ri lqvwdelolw| dulvhv rqo|
iru � forvh wr 41

63



� � � � �
cp

���

���

���

���

�
m 5XOHV 7D\ORU W\SH

Iljxuh 9= Wd|oru uxohv iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri E�Zc >� zlwk
�Z ' f dqg j2} ' ��.2 zkhq wkh sulydwh vhfwru xvhv wkh VJ dojrulwkp dqg
wkh fhqwudo edqn xvhv UOV Wkh vkdghg uhjlrq lv vwdeoh dqg wkh eodqn uhjlrq
xqvwdeoh1 Qrwh wkdw iru > ydoxhv forvh wr � zh kdyh lqvwdelolw| hyhq zlwk �Z

pruh wkdq rqh1
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cp
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�

5XOHV 7D\ORU W\SH

Iljxuh := Wd|oru uxohv iru wkh fdoleudwhg h{dpsoh lq wkh vsdfh ri
�
�Zc j2}

�
zlwk �Z ' f dqg > ' f�b zkhq wkh sulydwh vhfwru xvhv wkh VJ dojrulwkp dqg
wkh fhqwudo edqn xvhv UOV Wkh vkdghg uhjlrq lv vwdeoh dqg wkh eodqn uhjlrq
xqvwdeoh1 Qrwh wkdw d odujh sruwlrq ri wkh sdudphwhu vsdfh lv xqvwdeoh qrz
hyhq zlwk �Z pruh wkdq rqh1
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Dv ehiruh/ wkh iruhfdvwv ri wkh sulydwh vhfwru duh rewdlqhg e| dgydqflqj wkh
SOP rqh shulrg/ vr wkdw
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Lw lv qrz dvvxphg wkdw wkh fhqwudo edqn grhv qrw revhuyh wkh vkrfn wr wkh
pdujlqdo frvwv �| dqg/ pruhryhu/ grhv qrw kdyh d jrrg vljqdo derxw lw1 Wkxv
wkh fhqwudo edqn jxhvvhv wkdw wkh ydoxhv ri wkh hqgrjhqrxv yduldeohv ghshqg
mxvw rq wkh djjuhjdwh ghpdqg vkrfn }|/ zklfk lw lv wdnhq wr revhuyh1 Lwv SOP
wkxv kdv wkh irup�

5|
Z|

�
' @�� n K��}|/ zkhuh

@�� '

�
@��5
@��Z

�
dqg K�� '

�
K��5
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�
/

dqg wkh iruhfdvw ixqfwlrq ri wkh fhqwudo edqn lv

	.��
|

�
5|n�
Z|n�

�
' @�� n K��>}|1

Lw pxvw eh hpskdvl}hg wkdw wkh iruhfdvw ixqfwlrq ri wkh fhqwudo edqn grhv
qrw qhvw wkh UHH vwxglhg suhylrxvo|/ lh wkh SOP ri wkh fhqwudo edqn lv plvvshf0
l�hg hyhq dv|pswrwlfdoo|1 Krzhyhu/ lw fdq vwloo eh dvnhg zkhwkhu wkh hfrqrp|
zloo frqyhujh wr vrph htxloleulxp wkdw lv udwlrqdo lq d olplwhg lqirupdwlrq vhqvh1
Lq vxfk d uhvwulfwhg shufhswlrqv htxloleulxp +USH, wkh iruhfdvwv duh rswlpdo
uhodwlyh wr wkh uhvwulfwhg lqirupdwlrq ri wkh fhqwudo edqn1 Wkhvh htxloleuld duh
vwxglhg hj lq Fkdswhu 46 ri +Hydqv dqg Krqndsrkmd 5334d,163

Jlyhq wkhvh SOPv/ wkh whpsrudu| htxloleulxp ri wkh hfrqrp|/ lh wkh DOP/
lv rewdlqhg e| vxevwlwxwlqj wkh uhvxowlqj iruhfdvw ixqfwlrqv lqwr wkh edvlf prgho
+<,1 Pruhryhu/ wkh uhvwulfwlrq �� ' f pxvw eh lqwurgxfhg/ vlqfh wkh fhqwudo
edqn grhv qrw revhuyh �| dqg vr wkh lqwhuhvw udwh uxoh fdqqrw eh edvhg rq lw
+zh dovr dvvxph iru qrwdwlrqdo vlpsolflw| wkdw �f ' f lq wkh uxoh +7, vlqfh wklv
grhv qrw d�hfw wkh dqdo|vlv,1 Wkh DOP lv qrz
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63Uhodwhg frqfhswv ri �olplwhg lqirupdwlrq UHH� dqg �vhoi0frq�uplqj htxloleulxp� duh
frqvlghuhg lq +Pdufhw dqg Vdujhqw 4<;<d,/ +Vdujhqw 4<<4, dqg +Vdujhqw 4<<<,1
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zkhuh K�} dqg K�� duh/ uhvshfwlyho|/ wkh 4vw dqg 5qg froxpqv ri pdwul{ K� 1 Xvlqj
wkh qrwdwlrq iurp Vhfwlrq 5 zh fdq zulwh wklv irupdoo| dv

+| ' ��@� n ���@�� n
�
>
�
�� K�} n ���K��

�
n �}

�
}| +64,

nE4�� K�� n����|c

zkhuh

E�}c ��� '

�
�� )�} f

bE�� )�}� �

�
�

Iru erwk SOPv wkh sdudphwhuv duh dvvxphg wr eh xsgdwhg e| uhfxuvlyh ohdvw
vtxduhv1 +Iru vlpsolflw|/ zh e|sdvv wkh lvvxhv wkdw dulvh zkhq gl�huhqw djhqwv
xvh gl�huhqw dojrulwkpv/ zklfk zhuh glvfxvvhg lq Vhfwlrq 71, Wkh sdudphwhu
xsgdwlqj dojrulwkp iru wkh sulydwh vhfwru lv dv lq Vhfwlrq 714 zlwk ��c| ' |3�c lh
htxdwlrq +4:,1 Lqwurgxflqj wkh qrwdwlrq 1��| ' E@��| c K��| � dqg E%��| �� ' E�c }|�/
wkh hvwlpdwlrq dojrulwkp iru wkh fhqwudo edqn wdnhv wkh irup

E1��| �� ' E1��|3��
� n |3�E-��

| �3�%��|3�E+|3� � 1��|3�%
��
|3��

�c +65,

-��
| ' -��

|3� n |3�d%��|3�E%
��
|3��

� �-��
|3�o�

Zh qrwh wkdw wklv irupxodwlrq lv vlplodu wr wkdw ri wkh dojrulwkp ri wkh sulydwh
vhfwru/ h{fhsw wkdw lw lqfrusrudwhv wkh lpshuihfw revhuydelolw| ri wkh h{rjhqrxv
vkrfnv e| wkh prqhwdu| srolf| pdnhu1 �| lv qrw revhuydeoh iru wkh srolf| pdnhu
dqg/ wkhuhiruh/ �| grhv qrw dsshdu lq wkh vwdwh yduldeohv %��| 1

Wkh USH lv jlyhq e| wkh vroxwlrq wr wkh htxdwlrqv

@� ' ��@� n ���@��

@�� ' ��@� n ���@��

iru wkh frqvwdqw whupv/

K� '
�
>E�� K�} n ���K��� n�}c 4�

� K�� n��

�
+66,

iru wkh sdudphwhuv ri wkh vhfrqg whup lq wkh SOP ri wkh sulydwh vhfwru/ dqg

K�� ' >E�� K�} n ���K��� n�}

iru wkh sdudphwhuv ri wkh vhfrqg whup lq wkh SOP ri wkh fhqwudo edqn1
Frpsdulqj wkhvh wr wkh ixoo lqirupdwlrq UHH glvfxvvhg lq Vhfwlrq 6/ lw lv

vhhq wkdw wkh frqvwdqw whupv @� dqg @��/ dv zhoo dv wkh whupv K�} dqg K��c duh/
uhvshfwlyho|/ htxdo dqg kdyh wkh vdph ydoxhv lq erwk wkh USH dqg wkh UHH1
Uhjduglqj wkh ghshqghqfh ri wkh iruhfdvw ixqfwlrqv rq wkh frvw0sxvk vkrfn/
lq wkh USH wkh iruhfdvw ixqfwlrq ri wkh fhqwudo edqn grhv qrw ghshqg rq �|
zkhuhdv wkh sulydwh vhfwru iruhfdvw ixqfwlrq grhv e| dvvxpswlrq1 Wklv lv vhhq
iurp wkh htxdwlrq K�� ' 4�� K�� n�� iru wkh sdudphwhuv ri wkh �| ghshqghqfh1

Wkh frqglwlrq iru orfdo frqyhujhqfh ri ohduqlqj zlwk uxohv +4:, dqg +65, lv
jlyhq lq wkh iroorzlqj sursrvlwlrq=
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Sursrvlwlrq 46 Wkh USH lv orfdoo| vwdeoh xqghu ohduqlqj li doo hljhqydoxhv ri
wkh iroorzlqj wzr pdwulfhv�

�� � U ���

�� ��� � U

�
c 4�� � U�

kdyh qhjdwlyh uhdo sduwv1

Wkh surri lv jlyhq lq Dsshqgl{ D171
Wkh frqglwlrq iru wkh �uvw pdwul{ lq Sursrvlwlrq 46 lv vlpso| wkh H0vwdelolw|

uhtxluhphqw iru wkh ixoo lqirupdwlrq UHH1 Wkh vhfrqg frqglwlrq rq wkh pdwul{
4�� � U uhtxluhv wkh dxwrfruuhodwlrq frh!flhqw 4 lq wkh frvw sxvk vkrfnv wr
eh vx!flhqwo| vpdoo vlqfh �� kdv dq hljhqydoxh eljjhu wkdq rqh +wkh rwkhu rqh
ehlqj ehwzhhq f dqg �,1 Li rqh frpsxwhv wkh hljhqydoxhv ri �� c wkh iroorzlqj
fruroodu| lv lpphgldwh1

Fruroodu| 47 Wkh USH lv orfdoo| vwdeoh xqghu ohduqlqj l�

E�� q��5 n bE�Z � �� : fc

E2q�3�d� n q n b)�
s
E� n q n b)�2 � eqo � �4 � 4�

Lq wkh fruroodu| �4 lv wkh vdph ydoxh dv �> wkdw dsshduv lq Fruroodu| 451 Iru
h{dpsoh/ wkh ydoxh ri 4 ' �b xvhg lq +Fodulgd/ Jdol/ dqg Jhuwohu 5333, ylrodwhv
wklv frqglwlrq iru wkh sdudphwhu ydoxhv xvhg wkhuh1 Zh dovr qrwh wkdw li lqvwhdg
wkh fhqwudo edqn revhuyhv +rqo|, wkh �| vkrfn exw qrw wkh }| vkrfn/ wkhq wkh
frqglwlrq iru vwdelolw| lv wkh vdph dv deryh zlwk > uhsodflqj 4 lq Fruroodu|
47164

Wkh uhvxowv duh txlwh gl�huhqw li/ lq frqwudvw/ wkh sulydwh vhfwru revhuyhv
ohvv wkdq wkh fhqwudo edqn1 Wkh vwdelolw| frqglwlrq uhgxfhv wr wkh H0vwdelolw|
uhtxluhphqw +lq hlwkhu fdvh ri qrq0revhuydelolw| ri }| ru �| e| wkh sulydwh vhf0
wru,1 Wklv iroorzv e| lqwhufkdqjlqj wkh urohv ri �� dqg ��� lq Sursrvlwlrq 46
dqg qrwlqj wkdw wkh hljhqydoxhv ri ��� duh qrq0srvlwlyh1

Wklv dqdo|vlv/ wkhuhiruh/ vxssruwv wkh lghd wkdw wkh fhqwudo edqn vkrxog
vshqg hqrxjk uhvrxufhv lq dftxlulqj jrrg lqirupdwlrq derxw wkh vkrfnv klw0
wlqj wkh hfrqrp|1 Lq idfw/ wkhuh lv uhfhqw hpslulfdo hylghqfh wkdw wkh Ihghudo
Uhvhuyh dsshduv wr srvvhvv lqirupdwlrq derxw wkh fxuuhqw dqg ixwxuh vwdwh ri
wkh hfrqrp| wkdw lv qrw nqrzq wr frpphufldo iruhfdvwhuv/ vhh +Urphu dqg
Urphu 5334,1

9 Glvfxvvlrq dqg frqfoxglqj uhpdunv

Lq wklv sdshu zh kdyh frqvlghuhg wkh dujxphqw wkdw wkh xvh ri fhqwudo edqn
lqwhuqdo iruhfdvwv lq prqhwdu| srolf| pdnlqj pljkw eh d vrxufh ri lqvwdelolw|
ri wkh hfrqrp|1 Iru wkh dqdo|vlv zh hpsor|hg d vwdqgdug iruzdug orrnlqj

64Wklv vfhqdulr pd| dovr eh sodxvleoh vlqfh wkh jw vkrfn fdq uhsuhvhqw vkrfnv wr krxvh0
krog suhihuhqfhv1 Ilqdoo|/ li wkh FE revhuyhv qhlwkhu vkrfn/ wkhq wkh vwdelolw| frqglwlrq lq
Fruroodu| 47 zloo dovr lqfoxgh wkh vdph xsshu erxqg iru �=
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prgho wkdw lv fxuuhqwo| wkh zrunkruvh iru vwxglhv ri prqhwdu| srolf| dqg lv
ehlqj xvhg wr jlyh dgylfh wr srolf| pdnhuv1 Lq uhdolw| rqh zrxog wklqn wkdw wkh
sudfwlfh ri xvlqj lqwhuqdo iruhfdvwv zloo lq jhqhudo fuhdwh vljql�fdqw gl�huhqfhv
ehwzhhq fhqwudo edqn iruhfdvwv dqg wkrvh ri wkh sulydwh vhfwru dqg wkdw wkhvh
gl�huhqfhv fdq kdyh srwhqwldoo| lpsruwdqw h�hfwv rq wkh hfrqrp|1 Zh vwxglhg
wkh frqvhtxhqfhv ri wkh xvh ri lqwhuqdo iruhfdvwv iru wkh vwdelolw| ri wkh hfrq0
rp| e| phdqv ri wkh ohduqlqj dssurdfk wr h{shfwdwlrqv irupdwlrq/ lq zklfk
djhqwv pd| dw ohdvw whpsrudulo| kdyh qrq0udwlrqdo iruhfdvw ixqfwlrqv wkdw duh
fruuhfwhg ryhu wlph1 Vxfk dq dssurdfk lv qhfhvvdu| vlqfh lq dq| iudphzrun
zlwk v|pphwulf lqirupdwlrq wkh glvwlqfwlrq ehwzhhq sulydwh vhfwru dqg fhqwudo
iruhfdvwv lv luuhohydqw li UH prghoolqj lv xvhg1

Wkh sdshu kdv orrnhg dw wkh surshuwlhv ri erwk vrph rswlpdo srolflhv dqg
Wd|oru uxohv1 Zh kdyh dqdo|}hg gl�huhqw fdvhv ri khwhurjhqrxv iruhfdvwv dqg
ohduqlqj1 Lq jhqhudo/ khwhurjhqhlw| lq iruhfdvwlqj dqg ohduqlqj ohdgv wr ixuwkhu
frqvwudlqwv rq jrrg srolf| lq dgglwlrq wr wkh ohduqdelolw| frqvwudlqwv ghulyhg
xqghu krprjhqrxv ohduqlqj uxohv1 Orrnlqj dw vshfl�f srolflhv/ wkh iruhfdvw
edvhg uxoh zlwk lqwhuqdo fhqwudo edqn iruhfdvwv/ uhfhqwo| vxjjhvwhg e| +Hydqv
dqg Krqndsrkmd 5333,/ shuiruphg zhoo pruh urexvwo| wkdq vrph rwkhu iru0
pxodwlrqv ri rswlpdo glvfuhwlrqdu| srolf|1 Krzhyhu/ wkdw srolf| � dv zhoo dv
ohduqdeoh Wd|oru uxohv � pd| qrw eh vwdeoh xqghu khwhurjhqrxv ohduqlqj iru
vrph sdudphwhu frq�jxudwlrqv1

Edvhg rq rxu dqdo|vlv/ zh fdq pdnh wkh iroorzlqj jhqhudo vxjjhvwlrqv iru
wkh frqgxfw ri jrrg prqhwdu| srolf| rq wkh sduw ri wkh fhqwudo edqn1

Iluvw/ wkh lqwhuhvw udwh uxoh vkrxog vdwlvi| wkh Wd|oru sulqflsoh1 Rxu dqdo|vlv
vxssruwv wklv vxjjhvwlrq vlqfh/ zlwk iruzdug orrnlqj uxohv/ wkh Wd|oru sulqflsoh
lv htxlydohqw wr H0vwdelolw| ri wkh htxloleulxp dqg lw lv dozd|v d qhfhvvdu|
frqglwlrq iru frqyhujhqfh ri wkh hfrqrp| xqghu khwhurjhqrxv ohduqlqj1

Vhfrqg/ wkh fhqwudo edqn vkrxog wdnh lqfrplqj lqirupdwlrq derxw wkh hfrq0
rp| vhulrxvo| dqg sxw vx!flhqw zhljkw rq wkhvh lqglfdwruv zkloh vhwwlqj lwv lq0
whuhvw udwh uxoh1 Wklv vxjjhvwlrq lv vxssruwhg e| rxu dqdo|vlv ri wkh gl�huhqfhv
lq wkh ghjuhh ri uhvsrqvlyhqhvv zkhq iruhfdvw ixqfwlrqv duh xsgdwhg +Vhfwlrq
714,1

Wklug/ wkh edqn vkrxog vshqg vx!flhqw uhvrxufhv lq rewdlqlqj odujh dprxqw
ri lqirupdwlrq derxw wkh h{rjhqrxv vkrfnv1 Wklv vxjjhvwlrq lv vxssruwhg e|
wkh dqdo|vlv ri Vhfwlrq 8 dqg lq sduw e| wkdw lq Vhfwlrq 7151

Irxuwk/ wkh fhqwudo edqn vkrxog eh wudqvsduhqw derxw lwv iruhfdvwv1 Li wkh
fhqwudo edqn iruhfdvwv duh pdgh sxeolf/ lw lv srvvleoh wkdw wkh edqn dqg wkh
sulydwh djhqwv zloo kdyh wkh vdph iruhfdvwv1 Li vr/ wkh htxloleulxp zloo eh vwdeoh
xqghu zhdnhu frqglwlrqv wkdq zkhq wkh| kdyh gl�huhqw iruhfdvwv/ d vlwxdwlrq
pruh olnho| wr dulvh zkhq wkh edqn lv qrw wudqvsduhqw1

Lqirupdo glvfxvvlrqv ri prqhwdu| srolf| gr whqg wr vxssruw doo ri wkhvh
vxjjhvwlrqv1 Rxu frqwulexwlrq kdv ehhq wr ohqg zhljkw wr wkhvh lqirupdo glv0
fxvvlrqv lq dq dqdo|wlfdo wuhdwphqw ri prqhwdu| srolf|1
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D Dsshqgl{

D14 Surri ri fruroodulhv 7 dqg 8

Wr vkruwhq qrwdwlrq/ gh�qh B � B3�� B��� Frqvlghu wkh pdwul{ rq wkh uljkw
kdqg vlgh ri +55,1 Ljqrulqj wkh vfdodu B� : f +zklfk grhv qrw d�hfw wkh vljq
ri wkh uhdo sduwv ri wkh hljhqydoxhv ri +55,,/ lw fdq eh fkhfnhg wkdw rqh ri wkh
hljhqydoxhv ri wkh pdwul{ zlwklq sduhqwkhvhv rq wkh uljkw kdqg vlgh ri +55, lv
�B dqg wkh uhpdlqlqj � hljhqydoxhv duh jlyhq e| wkh fkdudfwhulvwlf sro|qrpldo

RE6� ' 6� n @�6
2 n @26n @�/ zkhuh +67,

@� ' �� q n B n B)d�5 n bE�Z � B3��o � �� q n B n l�c

@2 ' BE�� q� n B)dE2� q��5 n bE2�Z � B3� � ��o � BE�� q� n l2c

@� ' B)dE�� q��5 n bE�Z � ��o�

zkhuh wkh gh�qlwlrqv ri l�c l2 duh lqwurgxfhg wr vkruwhq qrwdwlrq dqg vkrxog eh
reylrxv iurp deryh1 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh hljhqydoxhv
ri RE6� wr kdyh qhjdwlyh uhdo sduwv +wkh Urxwk frqglwlrqv, duh @� : fc @� : fc
dqg @�@2 : @�1 Wkhvh frqglwlrqv lpso| wkdw @2 : f dovr1

Qrwh wkdw @� : f li dqg rqo| li E��q��5nbE�Z��� : fc zklfk surylghv wkh
qhfhvvdu| frqglwlrq +53, lq Fruroodu| 71 Vhfrqg/ @� : f li dqg rqo| li frqglwlrq
+54, lq Fruroodu| 7 lv vdwlv�hg1 Wklv frpsohwhv wkh surri ri Fruroodu| 71

Wr suryh Fruroodu| 8 zh �uvw qrwh wkdw/ zkhq B : �c wkh Wd|oru sulqflsoh
vx!fhv wr pdnh @� : f� Zh vwloo qhhg wr vkrz wkdw @�@2 : @��

Qrwh wkdw l2 ' l� n @�c zklfk zh xvh ehorz1 Lq dgglwlrq/ l� dqg l2 duh
srvlwlyh zkhq B : �1 Qrz

@�@2 � @� ' BE�� q�E�� q n B� n BE�� q�l� n E�� q n B�l2
nl�l2 � @� +68,

' BE�� q�E�� q n B� n BE�� q�l� n E�� q n B�El� n @��

nl�El� n @��� @�

' BE�� q�E�� q n B� n dEB n ��E�� q� n Bol� n l2�
ndE�� q n B� n l� � �o@�

' BE�� q�E�� q n B� n dEB n ��E�� q� n Bol� n

l2� n dB � q n l�o@��

B : � vx!fhv wr pdnh wkh frh!flhqw ri @� lq wkh �qdo olqh deryh srvlwlyh vlqfh
l� : fc zklfk lq wxuq lpsolhv @�@2 � @� : f�

Zh vwloo qhhg wr fkhfn wkh pdwul{ +4<, iru vwdelolw|1 Dv lq +55,/ uhzulwh
pdwul{ +4<, dv +e| sxoolqj rxw B� �

B�

�
8 
 �� � U 8 
 ���

B3�� B��8 
 �� B3�� B��E8 
��� � U�

�
+69,

dqg zh h{dplqh wkh hljhqydoxhv ri wkh pdwul{ zlwklq sduhqwkhvhv lq +69,1 E|
hj xvlqj Pdwkhpdwlfd/ zh �uvw qrwh wkdw wkh fkdudfwhulvwlf sro|qrpldo ri wklv
+H�H� pdwul{ lv v|pphwulf lq wkh vkrfnv 4 dqg >c vr wkdw zh pd| frqvlghu rqo|
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wkh vkrfn 4 dqg wkh uhvxowlqj 7wk ghjuhh sro|qrpldo1 Rqh hljhqydoxh ri wklv
sro|qrpldo lv �B dqg wkh uhpdlqlqj � hljhqydoxhv duh jlyhq e| wkh sro|qrpldo

^E6� ' 6� n K�6
2 n K26n K�/ zkhuh +6:,

K� ' 2� 4E� n q� n B n B4)d�5 n bE�Z � B3��o

� 2� 4E� n q� n B n � �c

K2 ' E�� 4�E�� q4� n Bd2� 4E� n q�o n B4)dE2� q4��5

nbE2�Z � B3� � ��o

� E�� 4�E�� q4� n Bd2� 4E� n q�o n � 2c

K� ' BE�� 4�E�� q4� n B4)dE�� q4��5 n bE�Z � ��o

� BE�� 4�E�� q4� n � �c

zkhuh wkh gh�qlwlrqv ri � � +� ' �c 2c �� vkrxog djdlq eh reylrxv iurp deryh1
Qrwh wkdw � 2 ' E� � n � ��c dqg wkdw � � : f e| wkh Wd|oru sulqflsoh dqg wkh

dvvxpswlrq wkdw B : �� Qh{w zh revhuyh wkdw K� : f dqg K� : f dovr e| wkh
Wd|oru sulqflsoh dqg wkh dvvxpswlrqv f 	 4 	 � dqg f 	 q 	 �� Zh qrz qhhg
wr ghwhuplqh wkh vljq ri K�K2 � K� iru zklfk zh xvh � 2 ' E� � n � �� ehorz1

K�K2 � K� ' d2� 4E� n q� n B n � �odE�� 4�E�� q4� n Bi2� 4E� n q�jn � 2o

�BE�� 4�E�� q4�� � �

' d2� 4E� n q� n BodE�� 4�E�� q4� n Bi2� 4E� n q�jo n
� �dE�� 4�E�� q4� n Bi2� 4E� n q�jo n � 2d2� 4E� n q� n Bo

n� �� 2 � BE�� 4�E�� q4�� � �

' d2� 4E� n q�odE�� 4�E�� q4� n Bi2� 4E� n q�jo
nBE�� 4�E�� q4� n B2d2� 4E� n q�o n � �dE�� 4�E�� q4�

nBi2� 4E� n q�jo
n� 2d2� 4E� n q� n Bo n � �� 2 � BE�� 4�E�� q4�� � �

' d2� 4E� n q�odE�� 4�E�� q4� n Bi2� 4E� n q�jo
nB2d2� 4E� n q�o n � �dE�� 4�E�� q4� n Bi2� 4E� n q�jo
nE� � n � ��d2� 4E� n q� n Bo n � �E� � n � ��� � �

' d2� 4E� n q�odE�� 4�E�� q4� n Bi2� 4E� n q�jo
nB2d2� 4E� n q�o n � �dE�� 4�E�� q4� n Bi2� 4E� n q�jo
n� �d2� 4E� n q� n B n � �o n � �d� n B � 4E� n q� n � �o�

Qrwh wkdw lq wkh �qdo olqh deryh doo whupv duh srvlwlyh vlqfh f 	 4 	 �c
f 	 q 	 � dqg B : �� Khqfh/ K�K2 � K� : f zkhq B : ��

Ilqdoo|/ zkhq B ' � wkh vwdelolw| pdwulfhv duh wkh vdph dv lq wkh krprjh0
qrxv fdvh vr wkdw H0vwdelolw| iroorzv iurp wkh Wd|oru sulqflsoh1

D15 Surri ri fruroodu| 43

Dv phqwlrqhg lq wkh wh{w/ wkh frqglwlrqv iru vwdelolw| ri +59, zkhq 8 � > duh
lghqwlfdo wr wkdw ri +4<, ru +69,1 Wkhuhiruh/ wkh fkdudfwhulvwlf sro|qrpldo +6:,/
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lq Dsshqgl{ D14/ ghwhuplqhv vwdelolw| lq wklv fdvh diwhu pdnlqj wkh vxevwlwxwlrq
B � E�� >2�3�j2}c vr wkdw lw wdnhv wkh irup

	RE6� ' 6� n 	K�6
2 n 	K26n	K�/ zkhuh

	K� ' 2� >E� n q n b)� n E�� >2�3�j2}d� n >)E�5 n b�Z�oc

	K2 ' E�� >�E�� q>�� >b)

nE�� >2�3�j2}d2� >E� n q� n >)iE2� q>��5 n bE2�Z � ��joc
	K� ' E�� >2�3�j2}dE�� >�E�� q>� n >)iE�� q>��5 n bE�Z � ��jo�

lq +6:,1 Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh hljhqydoxhv ri 	RE6� wr
kdyh qhjdwlyh uhdo sduwv duh jlyhq e| 	K� : fc	K� : f dqg 	K�	K2 : 	K�1

Wkh lqvwdelolw| frqglwlrq lq Fruroodu| 43 lv vlpso| 	K� 	 f1 Zh qrwh wkdw
iru 	K� 	 f lw lv qhfhvvdu| wkdw > : 7> � 2E� n q n b)�3�1

D16 Surri ri fruroodulhv 44 dqg 45

Zh �uvw suryh wkh lqhtxdolwlhv

7> : �> : 23�7>� +6;,

Khuh 7> dqg �> duh gh�qhg lq Fruroodulhv 43 dqg 45/ uhvshfwlyho|1
Qrz/

7> : �> / 2

E� n q n b)�
:

� n q n b)�s
E� n q n b)�2 � eq

2q
�

Uhduudqjlqj dqg vtxdulqj/ zh uhtxluh

E� n q n b)�2 � eq : E� n q n b)�2 n
�Sq2

E� n q n b)�2
� Hq

ru

E� n q n b)�2 : eq

ru

E�� q�2 n b2)2 n 2qb)n 2b) : fc

zklfk lv wuxh/ jlyhq wkdw wkh sdudphwhuv duh doo srvlwlyh1
Lq d vlplodu zd| zh vkrz wkdw

23�7> 	 �> / �

E� n q n b)�
	

� n q n b)�s
E� n q n b)�2 � eq

2q
�

Uhduudqjlqj dqg vtxdulqj/ zh uhtxluh

E� n q n b)�2 � eq 	 E� n q n b)�2 n
eq2

E� n q n b)�2
� eq

6;



ru

eq2E� n q n b)�32 : fc

zklfk lv wuxh1
Wr suryh Fruroodu| 44/ zh �uvw qrwh wkdw qhfhvvlw| ri wkh Wd|oru sulqflsoh

E� � q��5 n bE�Z � �� : f iroorzv iurp wkh qhfhvvlw| ri H0vwdelolw| wkurxjk
wkh pdwul{ +58,1 Wkxv dvvxph wkdw wkh Wd|oru sulqflsoh krogv dqg frqvlghu
wkh fkdudfwhulvwlf sro|qrpldo ri wkh +H� H� pdwul{ +5;,1 Lw lv djdlq v|pphwulf
lq wkh vkrfnv 4 dqg >c vr wkdw zh pd| frqvlghu rqo| wkh vkrfn > dqg wkh
uhvxowdqw 7wk ghjuhh sro|qrpldo1 Rqh hljhqydoxh ri wklv sro|qrpldo lv �� dqg
wkh uhpdlqlqj � hljhqydoxhv duh jlyhq e| wkh sro|qrpldo

oE6� ' 6� n S�6
2 n S26n S�c +6<,

S� ' � n >)E�5 n b�Z� n i2� >E� n q n b)�jE�� >2�3�j2}c

S2 ' E�� >2�3�j2}d2� >E� n q n b)� n >)iE2� q>��5 n 2b�Zjn
E�� >2�3�j2}iE�� >�E�� q>�� >)bjoc

S� ' E�� >2�32Ej2}�
2d>)iE�� q>��5 n b�Zjn iE�� >�E�� q>�� >)bjo�

Fohduo|/ S� : f dqg S� : f vlqfh > 	 23�7>/ f 	 q/ > 	 � dqg wkh Wd|oru
sulqflsoh krogv1 Zh vwloo qhhg wr vkrz wkdw S�S2 � S� : f� Zh lqwurgxfh wkh
qrwdwlrq B � E�� >2�3�j2} ehorz1 Zh �uvw zulwh

S�S2 ' Bi� n >)E�5 n b�Z�ji2� E� n q n b)�>jn B2i2� >E� n q n b)�j2 n
B>)i� n >)E�5 n b�Z�jiE2� q>��5 n 2b�Zjn
B2>)i2� >E� n q n b)�jiE2� q>��5 n 2b�Zjn
B2i� n >)E�5 n b�Z�jiE�� >�E�� q>�� >)bjn
B�i2� >E� n q n b)�jiE�� >�E�� q>�� >)bj

Lq wklv h{suhvvlrq E� � >�E� � q>� � >)b lv srvlwlyh iru doo > 	 �> dqg khqfh
iru doo > 	 23�7> +xvlqj +6;,, vlqfh wkh h{suhvvlrq >b) � E� � >�E� � q>� lv
lqfuhdvlqj lq > dqg lv }hur zkhq > ' �> vr wkdw lw lv qhjdwlyh iru doo > 	 �>1

Lq frpsxwlqj S�S2 � S� zh ljqruh �uvw/ vhfrqg/ wklug dqg �iwk whupv ri wkh
suhfhglqj h{suhvvlrq iru S�S2 dqg +wr hfrqrpl}h rq vsdfh, ghqrwh wkhp rqo|
e| 11 zkloh nhhslqj lq plqg wkdw wkhvh whupv duh doo srvlwlyh1 Zh uhwdlq rqo|
wkh irxuwk dqg �qdo +vl{wk, whup dqg rewdlq

S�S2 � S� ' B2>)i2� >E� n q n b)�jiE2� q>��5 n 2b�Zjn
B�i2� >E� n q n b)�jiE�� >�E�� q>�� >)bj
�B2d>)iE�� q>��5 n b�Zjn iE�� >�E�� q>�� >)bjo n ��

' B2>)i2� >E� n q n b)�jdiE�� q>��5 n b�Zjn i�5 n b�Zjo n
B�i2� >E� n q n b)�jiE�� >�E�� q>�� >)bj �
B2d>)iE�� q>��5 n b�Zjn iE�� >�E�� q>�� >)bjo n ��

' B2>)iE�� q>��5 n b�Zji�� >E� n q n b)�jn
B2>)i2� >E� n q n b)�ji�5 n b�Zjn
B2iE�� >�E�� q>�� >)bjdBi2� >E� n q n b)�j � �o n ��
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Wkh �uvw wzr whupv lq wkh �qdo h{suhvvlrq duh srvlwlyh vlqfh > 	 23�7>1 Uhjdug0
lqj wkh �qdo h{solflw whup/ lw zdv vkrzq deryh wkdw E��>�E��q>��>)b : f
iru doo > 	 23�7>� Pruhryhu/ vlqfh B � � dqg > 	 23�7>c

Bi2� >E� n q n b)�j � � � 2� >E� n q n b)�� �

' �� >E� n q n b)� : fc

zklfk suryhv wkdw wkh �qdo whup lv srvlwlyh1 Wkxv S�S2 � S� : f +uhfdoo wkdw
wkh 11 whupv lq wkh h{suhvvlrq iru S�S2 � S� deryh duh doo srvlwlyh,1

Wr suryh Fruroodu| 45/ frqvlghu wkh fkdudfwhulvwlf sro|qrpldo +6<,1 Dvvxph
wkdw wkh Wd|oru sulqflsoh krogv vlqfh rwkhuzlvh zh lpphgldwho| kdyh lqvwdelolw|1
Zh qrwh wkdw iru S� 	 fc lw lv qhfhvvdu| wkdw > : 7> dqg iru S2 	 fc lw lv qhfhvvdu|
wkdw >b)�E��>�E��q>� : f1 Wkh uhvw iroorzv/ vlqfh S� 	 f ru S2 	 f vx!fhv
iru lqvwdelolw|�

D17 Surri ri sursrvlwlrq 46

Zh iroorz wkh phwkrgrorj| lq Vhfwlrq 461414 ri +Hydqv dqg Krqndsrkmd 5334d,1
Wr rewdlq wkh dvvrfldwhg gl�huhqwldo htxdwlrq iru wkh dojrulwkpv +4:, +zlwk
��c| ' |3�, dqg +65,/ zh frpsxwh

.E-� �3�%|3�E+|3� � ��%|3��
�

' .E-� �3�

3
C �

}|3�
�|3�

4
D�

E5|3�c Z|3��� E�c }|3�c �|3��E�
� ��

�

' .E-� �3�

3
C �

}|3�
�|3�

4
D

5
7E�c }|3�c �|3��

5
7
3
C �@5 �@Z

��5}
��Z}

��5�
��Z�

4
D� E�� ��

6
8
6
8 c

zkhuh wkh whpsrudu| qrwdwlrq �@5/ ��5} hwf1 lv rewdlqhg iurp wkh wudqvsrvhg
irup ri wkh +64,/ lh

E5|3�c Z|3�� ' E�c }|3�c �|3��

3
C �@5 �@Z

��5}
��Z}

��5�
��Z�

4
D �

Wdnlqj h{shfwdwlrqv dqg olplwv wkh dvvrfldwhg gl�huhqwldo htxdwlrq iru wkh sul0
ydwh vhfwru dojrulwkp ehfrphv

_��*_� ' E-� �3�E.%%��dA� E�� c ����� �� o +73,

_-�*_� ' .%%� �-� c

zkhuh .%%� ' *�4|.%|%|
� dqg

A � E�� c ���� ' E��@� n���@��c >E�� K�} n���K���n�}c 4�
� K�� n����
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Wkh dvvrfldwhg gl�huhqwldo htxdwlrq iru wkh dojrulwkp ri wkh fhqwudo edqn
lv rewdlqhg dqdorjrxvo| e| frpsxwlqj

.E-���3�%��|3�E+|3� � ���%��|3��
�

' .E-���3�
�

�
}|3�

�
E�c }|3��

��
�@5 �@Z
��5}

��Z}

�
� E�����

�

n.E-���3�
�

�
}|3�

�
�|3�E ��5�c ��Z��1

Vlqfh }| dqg �| duh xqfruuhodwhg dqg kdyh }hur phdqv/ wkh vhfrqg whup lq wklv
h{suhvvlrq lv }hur1 Wkh dvvrfldwhg gl�huhqwldo htxdwlrq iru wkh fhqwudo edqn lv
wkhq

_���*_� ' E-���3�E.%��E%�����dA��E�� c ����� ���o +74,

_-��*_� ' .%��E%���� �-��c

zkhuh .%��E%���� ' *�4|.%��| E%��| �� dqg

A��E�� c ���� ' E��@� n ���@��c >E�� K�} n ���K��� n�}��

Dv lv zhoo nqrzq/ wkh orfdo vwdelolw| ri wkh dvvrfldwhg gl�huhqwldo htxd0
wlrqv +73, dqg +74, lv jryhuqhg e| wkh orfdo vwdelolw| ri wkh �vpdoo� gl�huhqwldo
htxdwlrqv

_��*_� ' A � E�� c ����� ��

_���*_� ' A��E�� c ����� ���c

zklfk duh wkh prgl�hg H0vwdelolw| gl�huhqwldo htxdwlrqv1 Lqvshfwlqj wkh A �

dqg A�� pdsslqjv lw lv vhhq wkdw iru frqvwdqw whupv @� dqg @��/ dv zhoo dv
iru wkh whupv K�} dqg K��/ zh fdq mxvw uhshdw wkh H0vwdelolw| dujxphqwv iru
krprjhqrxv fdvh lq Vhfwlrq 61 Wkh H0vwdelolw| htxdwlrq iru K�� lv vlpso|

_K�� *_� ' E4�� � U�K�� n��c

zklfk frpsohwhv wkh surri1
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Uhihuhqfhv

Edqn ri Hqjodqg/ X1 N1 +5334,= Lq dwlrq Uhsruw1 Edqn ri Hqjodqg/
zzz1edqnrihqjodqg1fr1xn2lq dwlrquhsruw2lqgh{1kwp1

Ehuqdqnh/ E1/ dqg P1 Zrrgirug +4<<:,= �Lq dwlrq Iruhfdvwv dqg Prq0
hwdu| Srolf|/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 57/ 986�9;71

Eolqghu/ D1 V1 +4<<;,= Fhqwudo Edqnlqj lq Wkhru| dqg Sudfwlfh1 PLW Suhvv/
Fdpeulgjh/ Pdvv1

Exoodug/ M1/ dqg N1 Plwud +5334d,= �Ghwhuplqdf|/ Ohduqdelolw|/ dqg Prq0
hwdu| Srolf| Lqhuwld/� plphr/ zzz1vwov1iue1ruj2uhvhdufk2hfrq2exoodug1

+5334e,= �Ohduqlqj Derxw Prqhwdu| Srolf| Uxohv/� Mrxuqdo ri Prq0
hwdu| Hfrqrplfv/ iruwkfrplqj1

Fduovwurp/ F1 W1/ dqg W1 V1 Ixhuvw +5334,= �Ohduqlqj dqg wkh Fhqwudo
Edqn/� plphr/ Erzolqj Juhhq Vwdwh Xqlyhuvlw|1

Fkr/ L10N1/ Q1 Zlooldpv/ dqg W1 M1 Vdujhqw +5334,= �Hvfdslqj Qdvk
Lq dwlrq/� Uhylhz ri Hfrqrplf Vwxglhv/ iruwkfrplqj1

Fodulgd/ U1/ M1 Jdol/ dqg P1 Jhuwohu +4<<;,= �Prqhwdu| Srolf| Uxohv
lq Sudfwlfh= Vrph Lqwhuqdwlrqdo Hylghqfh/� Hxurshdq Hfrqrplf Uhylhz/
75/ 4366�439:1

+4<<<,= �Wkh Vflhqfh ri Prqhwdu| Srolf|= D Qhz Nh|qhvldq Shuvshf0
wlyh/� Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 6:/ 4994�4:3:1

+5333,= �Prqhwdu| Srolf| Uxohv dqg Pdfurhfrqrplf Vwdelolw|= Hyl0
ghqfh dqg Vrph Wkhru|/� Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 448/ 47:�4;31

Hxurshdq Fhqwudo Edqn/ H1 X1 +5334d,= �D Jxlgh wr Hxurv|vwhp Vwd�
Pdfurhfrqrplf Surmhfwlrq H{huflvhv/� Glvfxvvlrq sdshu/ zzz1hfe1lqw1

+5334e,= Prqwko| Exoohwlq1 Hxurshdq Fhqwudo Edqn/ zzz1hfe1lqw1

Hydqv/ J1 Z1/ dqg V1 Krqndsrkmd +4<<;,= �Hfrqrplf G|qdplfv zlwk
Ohduqlqj= Qhz Vwdelolw| Uhvxowv/� Uhylhz ri Hfrqrplf Vwxglhv/ 98/ 56�
771

+4<<<,= �Ohduqlqj G|qdplfv/� lq +Wd|oru dqg Zrrgirug 4<<<,/
fkds1 :/ ss1 77<�8751

+5333,= �H{shfwdwlrqv dqg wkh Vwdelolw| Sureohp iru Rswlpdo Prqh0
wdu| Srolflhv/� plphr/ zzz1ydow1khovlqnl1�2UDND2vhssr1kpwo1

+5334d,= Ohduqlqj dqg H{shfwdwlrqv lq Pdfurhfrqrplfv1 Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1

+5334e,= �Prqhwdu| Srolf|/ H{shfwdwlrqv dqg wkh Wlphohvv Shuvshf0
wlyh/� plphr/ zzz1ydow1khovlqnl1�2UDND2vhssr1kpwo1

Hydqv/ J1 Z1/ V1 Krqndsrkmd/ dqg U1 Pdulprq +5334,= �Frqyhujhqfh lq
Prqhwdu| Lq dwlrq Prghov zlwk Khwhurjhqhrxv Ohduqlqj Uxohv/�Pdfur0
hfrqrplf G|qdplfv/ 8/ 4�641

Ihghudo Uhvhuyh Edqn/ N1 F1 +4<;7,= Sulfh Vwdelolw| dqg Sxeolf Srolf|1
Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw|/ Ndqvdv Flw|1
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Jldqqlwvdurx/ F1 +5334,= �Vwdelolw| Dqdo|vlv ri Khwhurjhqrxv Ohduqlqj
lq Vhoi0Uhihuhqwldo Olqhdu Vwrfkdvwlf Prghov/� plphr/ Orqgrq Exvlqhvv
Vfkrro1

Kdoo/ U1/ dqg J1 Pdqnlz +4<<7,= �Qrplqdo Lqfrph Wdujhwlqj/� lq +Pdqnlz
4<<7,1

Kdoo/ U1 H1 +4<;7,= �Prqhwdu| Vwudwhj| zlwk dq Hodvwlf Sulfh Vwdqgdug/� lq
+Ihghudo Uhvhuyh Edqn 4<;7,/ fkds1 9/ ss1 46:�48<1

Krqndsrkmd/ V1/ dqg N1 Plwud +5334d,= �Duh Qrq0Ixqgdphqwdo Htxl0
oleuld Ohduqdeoh lq Prghov ri Prqhwdu| Srolf|B/� Zrunlqj sdshu/
zzz1ydow1khovlqnl1�2UDND2vhssr1kpwo1

+5334e,= �Ohduqlqj Vwdelolw| lq Hfrqrplhv zlwk Khwhurjhqrxv
Djhqwv/� pdqxvfulsw/ zzz1ydow1khovlqnl1�2UDND2vhssr1kpwo1

Nuhsv/ G1/ dqg N1 Zdoolv +hgv1, +4<<:,= Dgydqfhv lq Hfrqrplfv dqg
Hfrqrphwulfv= Wkhru| dqg Dssolfdwlrqv/ Yroxph L1 Fdpeulgjh Xqlyhu0
vlw| Suhvv/ Fdpeulgjh1

Ohhshu/ H1 P1 +4<<4,= �Htxloleuld xqghu *Dfwlyh* dqg *Sdvvlyh* Prqhwdu|
dqg Ilvfdo Srolflhv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5:/ 45<�47:1

Omxqj/ O1/ dqg W1 Vùghuvwuùp +4<;6,= Wkhru| dqg Sudfwlfh ri Uhfxuvlyh
Lghqwl�fdwlrq1 PLW Suhvv/ Fdpeulgjh Pdvv1

Pdqnlz/ J1 +hg1, +4<<7,= Prqhwdu| Srolf|1 Xqlyhuvlw| ri Fklfdjr Suhvv iru
wkh QEHU/ Fklfdjr1

Pdufhw/ D1/ dqg W1 M1 Vdujhqw +4<;<d,= �Frqyhujhqfh ri Ohdvw0Vtxduhv
Ohduqlqj lq Hqylurqphqwv zlwk Klgghq Vwdwh Yduldeohv dqg Sulydwh Lq0
irupdwlrq/� Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 4639�46551

+4<;<e,= �Frqyhujhqfh ri Ohdvw0Vtxduhv Ohduqlqj Phfkdqlvpv lq Vhoi0
Uhihuhqwldo Olqhdu Vwrfkdvwlf Prghov/� Mrxuqdo ri Hfrqrplf Wkhru|/ 7;/
66:�69;1

Pdulprq/ U1 +4<<:,= �Ohduqlqj iurp Ohduqlqj lq Hfrqrplfv/� lq +Nuhsv dqg
Zdoolv 4<<:,/ fkds1 </ ss1 5:;�6481

Pdulprq/ U1/ dqg V1 Vxqghu +4<<6,= �Lqghwhuplqdf| ri Htxloleuld lq d
K|shulq dwlrqdu| Zruog= H{shulphqwdo Hylghqfh/� Hfrqrphwulfd/ 94/
43:6�443:1

PfFdooxp/ E1 W1 +4<<<,= �Lvvxhv lq wkh Ghvljq ri Prqhwdu| Srolf| Uxohv/�
lq +Wd|oru dqg Zrrgirug 4<<<,/ fkds1 56/ ss1 47;6�48631

Plwud/ N1 +5334,= �Ghvludelolw| ri Qrplqdo JGS Wdujhwlqj Xqghu Dgdswlyh
Ohduqlqj/� Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ iruwkfrplqj1

Ruskdqlghv/ D1 +5333,= �Wkh Txhvw iru Survshulw| zlwkrxw Lq dwlrq/� Zrun0
lqj sdshu qr1 48/ Hxurshdq Fhqwudo Edqn1

Urphu/ F1 G1/ dqg G1 K1 Urphu +5334,= �Ihghudo Uhvhuyh Lqirupdwlrq
dqg wkh Ehkdylru ri Lqwhuhvw Udwhv/� Dphulfdq Hfrqrplf Uhylhz/ <3/
75<�78:1
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Vdujhqw/ W1 M1 +4<<4,= �Htxloleulxp zlwk Vljqdo H{wudfwlrq iurp Hqgrjh0
qrxv Yduldeohv/� Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 48/ 578�
5:61

+4<<6,= Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv1 R{irug Xqlyhuvlw|
Suhvv/ R{irug1

+4<<<,= Wkh Frqtxhvw ri Dphulfdq Lq dwlrq1 Sulqfhwrq Xqlyhuvlw|
Suhvv/ Sulqfhwrq QM1

Vyhqvvrq/ O1 H1 +4<<:,= �Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg
Prqlwrulqj Lq dwlrq Wdujhwv/� Hxurshdq Hfrqrplf Uhylhz/ 74/ 4444�
44791

+4<<<d,= �Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/� Mrxuqdo ri
Prqhwdu| Hfrqrplfv/ 76/ 93:�9871

+4<<<e,= �Prqhwdu| Srolf| Lvvxhv iru wkh Hxurv|vwhp/� Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ 84/ :<�4691

+5334,= �Zkdw lv Zurqj zlwk Wd|oru UxohvB Xvlqj Mxgjphqw lq
Prqhwdu| Srolf| wkurxjk Wdujhwlqj Uxohv/� plphr1

Vyhqvvrq/ O1 H1/ dqg P1 Zrrgirug +4<<<,= �Lpsohphqwlqj Rswlpdo Sro0
lf| wkurxjk Lq dwlrq0Iruhfdvw Wdujhwlqj/� plphr1

Wd|oru/ M1/ dqg P1 Zrrgirug +hgv1, +4<<<,= Kdqgerrn ri Pdfurhfr0
qrplfv/ Yroxph 41 Hovhylhu/ Dpvwhugdp1

Zrrgirug/ P1 +4<<9,= �Frqwuro ri Sxeolf Ghew= D Uhtxluhphqw iru Sulfh
Vwdelolw|B/� Zrunlqj sdshu/ QEHU Qr1 89;71

+4<<<,= �Rswlpdo Prqhwdu| Srolf| Lqhuwld/� Zrunlqj sdshu/ QEHU
Qr1 :5941

+5333,= �D Qhr0Zlfnvhooldq Iudphzrun iru wkh Dqdo|vlv ri Prqh0
wdu| Srolf|/ FKDSWHU 7 ri Lqwhuhvw dqg Sulfhv/� pdqxvfulsw/ Sulqfhwrq
Xqlyhuvlw|1
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