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Devwudfw

Lq d vlpsoh �surwrw|sh� prgho ri prqhwdu| srolf|pdnlqj/ L h{dplqh wkh lvvxh ri uhdo

htxloleulxp ghwhuplqdf| xqghu wdujhwlqj dqg lqvwuxphqw uxohv1 Wkh iruphu iudph0

zrun lqyroyhv plqlpl}dwlrq ri d orvv ixqfwlrq +xqghu glvfuhwlrq ru frpplwphqw,/

zkhuhdv wkh odwwhu lqyroyhv frpplwphqw wr dq lqwhuhvw udwh uxoh1 Zkloh lqvwuxphqw

uxohv rqo| ohdg wr ghwhuplqdf| xqghu fhuwdlq frqglwlrqv/ wkh wdujhwlqj uxohv xqghu

frqvlghudwlrq dozd|v vhfxuh ghwhuplqdf|1 Zlwklq dq h{whqghg prgho/ L dujxh wkdw

hfrqrphwulf hvwlpdwlrqv ri qrplqdo lqwhuhvw udwh uhvsrqvh ixqfwlrqv pd| whoo olw0

woh derxw wkh hfrqrp|*v vwdelolw| surshuwlhv1 Lqvwhdg/ wkh| frxog uhyhdo zkhwkhu

wdujhwlqj0uxoh edvhg srolf| lv shuiruphg xqghu glvfuhwlrq ru frpplwphqw1

Nh|zrugv= Prqhwdu| srolf|> wdujhwlqj uxohv/ lqwhuhvw udwh uxohv/ uhdo htxloleulxp

ghwhuplqdf|> uxohv yv1 glvfuhwlrq1

MHO= H75/ H85/ I8;1

�L wkdqn Urho Ehhwvpd/ Vhssr Krqndsrkmd/ Oduv Vyhqvvrq/ Gdylg Yhvwlq/ dqg vhplqdu sduwlflsdqwv dw
Fhqwudo Edqn ri Qruzd|/ wkh Hxurshdq Fhqwudo Edqn dqg Xqlyhuvlw| ri Frshqkdjhq iru khosixo frpphqwv
dqg glvfxvvlrqv1 Wkh xvxdo glvfodlphu dssolhv1 D pdmru sduw ri wklv yhuvlrq zdv zulwwhq zkloh ylvlwlqj GJ
Uhvhdufk ri wkh Hxurshdq Fhqwudo Edqn1 Lwv krvslwdolw| lv judwhixoo| dfnqrzohgjhg1 Wkh ylhzv h{suhvvhg lq
wklv sdshu duh plqh dqg gr qrw qhfhvvdulo| uhsuhvhqw wkrvh ri wkh Hxurshdq Fhqwudo Edqn1 L ixuwkhupruh
wkdqn HSUX dqg wkh �Uhlqkrogw Z1 Mrufn dqg kxvwuxv irqg� iru �qdqfldo vxssruw1 Wkh dfwlylwlhv ri
HSUX duh �qdqfhg e| d judqw iurp Wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1

|Pdlolqj dgguhvv= Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/ Vwxglhvwudhgh 9/ GN04788 Frshq0
kdjhq N/ Ghqpdun1 H0pdlo= Khquln1MhqvhqChfrq1nx1gn1 Zhe= zzz1hfrq1nx1gn2shuvrqdo2khqulnm21



41 Lqwurgxfwlrq

Vlqfh Vdujhqw dqg Zdoodfh +4<:8, vkrzhg wkdw dq lqwhuhvw udwh shj uhqghuhg wkh sulfh0ohyho

lqghwhuplqdwh lq d udwlrqdo h{shfwdwlrqv LV0OP0DV prgho/ wkhuh kdv ehhq d orw ri uhvhdufk

lq wkh lvvxh ri ghvljqlqj prqhwdu| srolf| lq rughu wr vhfxuh ghwhuplqdwh udwlrqdo h{shf0

wdwlrqv htxloleuld1 Wklv kdv uhfhqwo| ehhq zlwqhvvhg lq wkh qhz olqh ri uhvhdufk lq prghov

ri wkh w|sh gxeehg �Wkh Qhz Qhr0Fodvvlfdo V|qwkhvlv� +Jrrgiulhqg dqg Nlqj/ 4<<:,14

Wkhvh prghov ihdwxuh plfur0irxqghg/ iruzdug0orrnlqj sulydwh0vhfwru ehkdylru dqg qrplqdo

uljlglwlhv/ dqg wkh odwwhu ihdwxuh riwhq wxuqv wkh lvvxh lqwr rqh ri uhdo lqghwhuplqdf|1 L1h1/

h{lvwhqfh ri dq lq�qlw| ri zhoo0ehkdyhg udwlrqdo h{shfwdwlrqv htxloleuld iru/ vd|/ lq dwlrq

dqg rxwsxw1

Wr hqvxuh uhdo ghwhuplqdf| +dqg wkxv h{foxgh wkh srwhqwldo iru lqh!flhqw/ vhoi0ixo�oolqj

 xfwxdwlrqv � vxqvsrw htxloleuld,/ vrph uhvwulfwlrqv duh w|slfdoo| uhtxluhg rq wkh qrplqdo

lqwhuhvw udwh1 Lq wklv vwudqg ri olwhudwxuh/ lw xvxdoo| lqyroyhv kdylqj wkh qrplqdo lqwhuhvw udwh

vdwlvi| zkdw Zrrgirug +4<<<f, kdv odehoohg wkh �Wd|oru sulqflsoh1� Wklv sulqflsoh vwdwhv

wkdw d fhqwudo edqn iroorzlqj d srolf| uxoh lq frqiruplw| zlwk wkh fhoheudwhg Wd|oru +4<<6,

uxoh/ vkrxog uhvsrqg vx!flhqwo| djjuhvvlyh wrzdugv lq dwlrq dqg2ru rxwsxw1 Wklv zloo lpso|

wkdw dq| vxqvsrw0gulyhq lqfuhdvh lq lq dwlrq zloo eh phw e| d frqwudfwlyh srolf|/ zklfk

ghsuhvvhv rxwsxw dqg/ wkurxjk wkh lq dwlrq dgmxvwphqw phfkdqlvp/ dovr lq dwlrq1 Wkh

vhoi0ixo�oolqj qdwxuh ri wkh lq dwlrq lqfuhdvh lv wkhq dyrlghg/ dqg ghwhuplqdf| lv vhfxuhg15

D fxuuhqw glvdjuhhphqw lq wkh olwhudwxuh lv krz wr dssursuldwho| prgho prqhwdu| sro0

lf|pdnlqj +erwk iurp d suhvfulswlyh dqg ghvfulswlyh srlqw ri ylhz,1 Rqh vwudqg ri wkh

olwhudwxuh frqvlghuv wkh shuirupdqfh ri lqvwuxphqw uxohv iru wkh qrplqdo lqwhuhvw udwh/ h1j1/

ri wkh Wd|oru0w|sh/ dqg dvvxphv wkdw wkh fhqwudo edqn frpplwv wr iroorzlqj wkh lqvwuxphqw

uxoh +wklv lv wkh fdvh iru prvw ri wkh frqwulexwlrqv lq Wd|oru/ 4<<<,1 Dqrwkhu vwudqg ylhzv

wkh prqhwdu| srolf|pdnlqj surfhvv dv rqh zkhuh wkh fhqwudo edqn lv rswlpl}lqj/ w|slfdoo|

e| plqlpl}lqj vrph zhoo0gh�qhg orvv ixqfwlrq +h1j1/ gh�qhg ryhu lq dwlrq dqg rxwsxw,1

Wklv lv d vlwxdwlrq wkdw Vyhqvvrq +4<<</ 5334e, fkdudfwhul}hv dv d fhqwudo edqn dgkhulqj wr

d wdujhwlqj uxoh +vhh dovr Urjr�/ 4<;8/ dqg Zdovk/ 4<<;/ Fkdswhu ;,1 Pdq| surv dqg frqv

ri hlwkhu prgho iudphzrun kdyh ehhq sxw iruwk +vhh Vyhqvvrq/ 5334e/ iru d glvfxvvlrq,/ dqg

lw lv wkh sxusrvh ri wklv sdshu wr frqwulexwh wr wklv ghedwh e| frpsdulqj lqvwuxphqw dqg

wdujhwlqj uxohv lq whupv ri wkhlu vwdelolw| surshuwlhv> l1h1/ lq whupv ri wkhlu delolw| wr hqvxuh

uhdo ghwhuplqdf|1

4Vhh/ h1j1/ vhyhudo frqwulexwlrqv lq wkh yroxph hglwhg e| Wd|oru +4<<<,1
5Lq d Wd|oru0w|sh uxoh zkhuh rqo| lq dwlrq/ ru lq dwlrq h{shfwdwlrqv/ lv wkh dujxphqw/ wkh vx!flhqw

uhvwulfwlrq lv xvxdoo| wkdw wkh frh!flhqw rq lq dwlrq h{fhhgv rqh> wklv dprxqw wr dq �dfwlyh� Wd|oru uxoh
lq wkh odqjxdjh ri Ohhshu +4<<4,1
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Lq d vlpsoh �surwrw|sh� prgho ri prqhwdu| srolf|pdnlqj zlwklq wkh �V|qwkhvlv� sdudgljp/

L wkhuhiruh h{dplqh wkh lvvxh ri uhdo htxloleulxp ghwhuplqdf| xqghu hlwkhu prqhwdu| sro0

lf| iudphzrun1 Lw lv irxqg � dv lv zhoo nqrzq � wkdw lqvwuxphqw uxohv rqo| ohdg wr

ghwhuplqdf| xqghu fhuwdlq frqglwlrqv/ exw lw wxuqv rxw wkdw wkh wdujhwlqj uxoh xqghu frq0

vlghudwlrq dozd|v vhfxuh ghwhuplqdf| +wklv krogv luuhvshfwlyh ri zkhwkhu wkh fhqwudo edqn

lv rswlpl}lqj xqghu glvfuhwlrq ru frpplwphqw,1 Wkh jhqhudo lqwxlwlrq ehklqg wklv ehwwhu

shuirupdqfh ri wdujhwlqj uxohv lv wkdw wkh| flufxpyhqw d sureohp wkdw lqvwuxphqw uxohv

vx�hu iurp1 E| ehlqj phfkdqlfdo ehkdylrudo uxohv/ wkh| duh vxemhfw wr zkdw rqh frxog

odeho d �uhyhuvh Oxfdv fulwltxh/� lq wkh vhqvh wkdw dq| fkdqjh lq sulydwh vhfwru ehkdylru

+vd|/ d vxqvsrw0gulyhq lqfuhdvh lq lq dwlrq, lv qrw wuljjhulqj d fkdqjh lq srolf| ehkdylru1

Wklv vhhpv/ iurp d phwkrgrorjlfdoo| srlqw ri ylhz/ vrphzkdw rgg/ dv juhdw fduh lv xvxdoo|

sxw lqwr vhfxulqj wkdw sulydwh vhfwru ehkdylru lv plfur0irxqghg dqg wkxv qrw vxemhfw wr

wkh Oxfdv +4<:9, fulwltxh1 Wkh wdujhwlqj uxoh iudphzrun/ rq wkh rwkhu kdqg/ wuhdwv wkh

fhqwudo edqn dv dq rswlpl}lqj hqwlw| mxvw dv wkh uhvw ri wkh hfrqrp|*v djhqwv/ dqg wklv

lpsolhv wkdw fkdqjhv lq sulydwh vhfwru ehkdylru zloo ohdg wr fkdqjhv lq srolf|pdnlqj1 Lq

wkh prgho L h{dplqh/ lw lv suhflvho| wklv lppxqlw| wr d �uhyhuvh Oxfdv fulwltxh/� wkdw gulyhv

wkh ghwhuplqdf| uhvxowv xqghu wdujhwlqj uxohv1 Li/ h1j1/ d vxqvsrw0gulyhq fkdqjh lq lq dwlrq

zdv wr rffxu/ dq rswlpl}lqj fhqwudo edqn dlplqj dw lq dwlrq vwdelolw|/ zrxog uhdfw wr wklv

fkdqjh lq rughu wr plqlpl}h lwv orvv ixqfwlrq1 Dv d frqvhtxhqfh/ vxfk qrq0ixqgdphqwdo

htxloleuld duh uxohg rxw16

Dv d e|0surgxfw ri wkh deryh dqdo|vlv/ lw lv irxqg wkdw htxloleulxp uhodwlrqvklsv eh0

wzhhq wkh qrplqdo lqwhuhvw udwh dqg pdfurhfrqrplf yduldeohv pd| whoo olwwoh derxw wkh

hfrqrp|*v vwdelolw| surshuwlhv1 Wklv lv ixuwkhu ghprqvwudwhg zlwklq dq h{whqghg prgho

iurp zklfk �gdwd� duh h{wudfwhg iurp vwrfkdvwlf vlpxodwlrqv ri ghwhuplqdwh htxloleuld1 Hv0

wlpdwlrqv ri frqyhqwlrqdo Wd|oru0w|sh uxohv wkhq wxuq rxw wr vrphwlphv vxjjhvw htxloleulxp

lqghwhuplqdf| e| uhyhdolqj lqwhuhvw udwh ixqfwlrqv/ zklfk duh qrw lq frqiruplw| zlwk wkh

Wd|oru sulqflsoh17 Wklv lv sduwlfxoduo| suhydohqw zkhq prqhwdu| srolf| lv frqgxfwhg xqghu

frpplwphqw1 Zkloh hfrqrphwulf hvwlpdwlrqv ri qrplqdo lqwhuhvw udwh uhvsrqvh ixqfwlrqv

wkxv pd| eh xqlqirupdwlyh uhjduglqj wkh ghwhuplqdf| lvvxh/ wkh| pd| surylgh lqirupdwlrq

6P| uhvxowv duh wkxv vxssruwlyh ri wkh iroorzlqj vwdwhphqw e| Vyhqvvrq +5334e,= �Pdfurhfrqrplfv
orqj djr vwrsshg prghoolqj sulydwh hfrqrplf djhqwv dv iroorzlqj phfkdqlfdo uxohv iru frqvxpswlrq/ vdylqj/
surgxfwlrq dqg lqyhvwphqw ghflvlrqv> lqvwhdg wkh| duh qrz qrupdoo| prghohg dv rswlpl}lqj djhqwv +111,
Lw lv orqj ryhugxh wr dfnqrzohgjh wkdw prghuq fhqwudo edqnv duh/ dv ohdvw zkhq lw frphv wr wkh lq dwlrq
wdujhwhuv/ rswlpl}lqj wr dw ohdvw wkh vdph h{whqw dv sulydwh hfrqrplf djhqwv� +s1 84,1

7Uhfhqwo|/ Fodulgd hw do1 +5333, kdyh dujxhg/ edvhg rq hvwlpdwhg Wd|oru uxohv/ wkdw odfn ri frqiruplw|
zlwk wkh Wd|oru sulqflsoh lq wkh suh0Yrofnhu2Juhhqvsdq shulrg/ vxjjhvwv wkdw wkh XV hfrqrp| zdv vxemhfw
wr h{shfwdwlrqv0gulyhq  xfwxdwlrqv +Ruskdqlghv/ 5334/ dqg Shuh}/ 5334/ txhvwlrq wkh lghqwl�hg odfn ri
Wd|oru sulqflsoh xvlqj uhdo0wlph gdwd,1
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rq zkhwkhu rswlpl}dwlrq0edvhg srolf| lv shuiruphg xqghu glvfuhwlrq ru frpplwphqw1

Lw vkrxog eh hpskdvl}hg wkdw wkh uhvxowv suhvhqwhg khuh duh fdvw zlwklq d sduwlfxodu

fodvv ri hfrqrplf prghov +zklfk/ krzhyhu/ lw lv idlu wr vd| kdyh kdg vljql�fdqw lpsdfw

lq uhfhqw olwhudwxuh,1 Rwkhu prghov ri prqhwdu| srolf|pdnlqj/ h1j1/ gr qrw qhfhvvdulo|

hqgruvh dfwlyh Wd|oru lqvwuxphqw uxohv dv rqhv vhfxulqj ghwhuplqdf|1 H1j1/ prghov zlwk

prqh| lq wkh surgxfwlrq ixqfwlrq/ prghov zlwk ordqv frqvwudlqwv/ olplwhg sduwlflsdwlrq

prghov/ ru prghov ri wkh �vfdo wkhru| ri wkh sulfh ohyho ghwhuplqdwlrq1 Rq h{dpsohv ri

ghwhuplqdf| lvvxhv zlwk Wd|oru0w|sh lqvwuxphqw uxohv lq vxfk prghov/ vhh/ h1j1/ Ehqkdele

hw do1 +5334,/ Fduovwurp dqg Ixhuvw +4<<<,/ Fkulvwldqr dqg Jxvw +4<<<, dqg Zrrgirug

+4<<9,/ uhvshfwlyho|1 Dq lqwhuhvwlqj dyhqxh iru ixwxuh uhvhdufk zrxog eh wr h{dplqh wkh

surshuwlhv ri wdujhwlqj uxohv zlwklq wkhvh prghov1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vxevhfwlrq 514 suhvhqwv wkh vlpsoh

prgho/ dqg Vxevhfwlrq 515 gh�qhv wkh prqhwdu| srolf| iudphzrunv xqghu frqvlghudwlrq1

Vxevhfwlrqv 516 dqg 517/ uhvshfwlyho|/ frqvlghuv ghwhuplqdf| xqghu glvfuhwlrqdu| dqg frp0

plwphqw wdujhwlqj uxohv1 Vhfwlrq 6 h{hpsol�hv/ lq dq h{whqghg prgho/ krz hvwlpdwlrqv

ri lqwhuhvw udwh uhvsrqvh ixqfwlrqv pd| jlyh plvohdglqj dqvzhuv uhjduglqj dq hfrqrp|*v

vwdelolw| surshuwlhv1 Vhfwlrq 7 vxppdul}hv dqg wkh Dsshqgl{ frqwdlqv ydulrxv surriv1

51 Uhdo htxloleulxp ghwhuplqdf| dqg srolf| uxohv lq d vlpsoh prgho

5141 Wkh prgho

Wklv vhfwlrq suhvhqwv d vwulsshg0grzq yhuvlrq ri d prgho ehorqjlqj wr wkh �Wkh Qhz Qhr0

Fodvvlfdo V|qwkhvlv� fodvv1 Wkh suhvhqw yhuvlrq fruuhvsrqgv forvho| wr wkdw xvhg e|/ h1j1/

Fodulgd hw do1 +4<<<, dqg Zrrgirug +4<<<e,1 Wlph lv glvfuhwh/ dqg djjuhjdwh ghpdqg lq

wkh forvhg hfrqrp| lq shulrgv | ' �c 2c ���c4 lv uhsuhvhqwhg e| dq lqwhuwhpsrudo �LV fxuyh=�

%| ' H|%|n� � j E�| � H|Z|n�� n >
|
c j : fc +4,

zkhuh %| lv wkh rxwsxw jds phdvxuhg dv wkh orj ghyldwlrq ri rxwsxw/ +|/ iurp wkh qdwxudo

udwh + h{0sulfh ohyho,/ +?
|
1 Wkh +vkruw, qrplqdo lqwhuhvw udwh/ �|/ lv wdnhq wr eh wkh prqhwdu|

srolf| lqvwuxphqw1 Wkh lq dwlrq udwh lv Z| +wkh orj gl�huhqfh ri sulfhv ehwzhhq |�� dqg |,1

H| lv wkh h{shfwdwlrqv rshudwru frqglwlrqdo xsrq doo lqirupdwlrq xs wr/ dqg lqfoxglqj/ sh0

ulrg |1 Wklv h{suhvvlrq dssur{lpdwhv wkh Hxohu htxdwlrq fkdudfwhul}lqj rswlpdo djjuhjdwh

frqvxpswlrq fkrlfhv1 Sdudphwhu j fdq wkxv eh lqwhusuhwhg dv wkh udwh ri lqwhuwhpsrudo

vxevwlwxwlrq +wlphv wkh vwhdg|0vwdwh udwlr ri uhdo lqwhuhvw udwh vhqvlwlyh ghpdqg wr wrwdo gh0
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pdqg,1 Wkh yduldeoh >
|
frpsulvhv lqwhuhvw0lqvhqvlwlyh vshqglqj dqg h{shfwhg +orj, fkdqjhv

lq wkh qdwxudo udwh ri rxwsxw1 Djjuhjdwh vxsso| lv prghoohg e| dq h{shfwdwlrqv0dxjphqwhg

�Skloolsv fxuyh=�

Z| ' qH|Z|n� n V%| n 0|c V : fc f 	 q 	 �c +5,

Wkh vwuxfwxuh ri +5, uhvhpeohv zkdw Urehuwv +4<<8, kdv odehoohg wkh �Qhz Nh|qhvldq

Skloolsv Fxuyh� dqg lw fdq eh ghulyhg iurp d ydulhw| ri vxsso|0vlgh prghov18 Lq dwlrq lv

lqfuhdvlqj zlwk wkh rxwsxw jds dv sulfhv duh vhw dv d pdun0xs ryhu uhdo pdujlqdo frvwv/

zklfk duh lqfuhdvlqj zlwk wkh rxwsxw jds1 Kljkhu h{shfwhg ixwxuh lq dwlrq udlvhv fxuuhqw

lq dwlrq/ dv sulfh vhwwhuv xqghu wklv vwlfn|0sulfh irupxodwlrq fdqqrw ixoo| dgmxvw wr fxuuhqw

vkrfnv> khqfh/ wr surwhfw wkh glvfrxqwhg vwuhdp ri uhdo sur�wv/ h{shfwhg ixwxuh sulfhv

ehfrph lpsruwdqw � wr dq h{whqw ghwhuplqhg e| wkh glvfrxqw idfwru q1 Wkh whup 0| lv d

vkrfn/ riwhq odehoohg d �frvw0sxvk� vkrfn/ fi1 Fodulgd hw do1 +4<<<,/ dqg lw frpsulvhv dq|

yduldwlrq lq Z| xqh{sodlqhg e| wkh rxwsxw jds dqg h{shfwhg ixwxuh lq dwlrq1 Lw lv dvvxphg

wr iroorz dq DU+4, surfhvv/ l1h1/ 0| ' 40|3� n 1
|
/ zkhuh f � 4 	 � dqg 1

|
lv d zklwh0qrlvh

lqqrydwlrq1

Wklv prgho lv rqh zkhuh dq lqwhuhvw udwh shj zrxog ohdg wr dq lqghwhuplqdwh htxloleulxp

+wklv zloo eh irupdoo| vhhq ehorz,1 Wr xqghuvwdqg wklv/ frqvlghu d vxqvsrw0gulyhq lqfuhdvh

lq lq dwlrq h{shfwdwlrqv1 Dv wklv grhv qrw d�hfw wkh qrplqdo lqwhuhvw udwh/ wkh uhdo lqwhuhvw

udwh idoov1 Wklv vwlpxodwhv ghpdqg dqg wkh rxwsxw jds1 Wkurxjk wkh lqwhudfwlrq ri wkh

LV0 dqg Skloolsv0fxuyhv/ wklv lpsolhv dq lqfuhdvh lq fxuuhqw lq dwlrq wkdw lv odujhu wkdq

wkh lqfuhdvh lq h{shfwhg lq dwlrq1 Wkh lqfuhdvh lq h{shfwhg lq dwlrq wkhuhiruh lqlwldwhv dq

lqfuhdvh lq rxwsxw dqg lq dwlrq/ zklfk lv iroorzhg e| wkh yduldeohv* judgxdo uhwxuq wr vwhdg|

vwdwh1 Dv wkh lqfuhdvh lq lq dwlrq h{shfwdwlrqv lv ri duelwudu| vl}h/ rqh fdqqrw slq grzq

d xqltxh qrq0h{sorvlyh udwlrqdo h{shfwdwlrqv htxloleulxp1 Wkh hfrqrp| lv frqvhtxhqwo|

yxoqhudeoh wr h{shfwdwlrqv0gulyhq  xfwxdwlrqv/ l1h1/ vxqvsrw  xfwxdwlrqv1

Wkh ghvfulswlrq ri wkh prgho hqgv zlwk d fkdudfwhul}dwlrq ri wkh suhihuhqfhv ri vrflhw|1

Wkhvh duh fdswxuhg e| wkh orvv ixqfwlrq

u ' Hf

"[
|'�

q|3�
k
b%2

|
n Z2

|

l
c b : fc +6,

uh hfwlqj wkh frqyhqwlrqdo lghd wkdw yduldwlrqv lq lq dwlrq dv zhoo dv wkh rxwsxw jds duh

glvolnhg19

8Iru h{dpsoh/ lw dssur{lpdwhv wkh djjuhjdwh sulflqj htxdwlrq hphujlqj iurp prqrsrolvwlfdoo| frpshwl0
wlyh �upv* rswlpdo ehkdylru lq Fdoyr*v +4<;6, prgho ri vwdjjhuhg sulfh ghwhuplqdwlrq +vhh/ h1j1/ Urwhpehuj
dqg Zrrgirug/ 4<<;/ iru d ghulydwlrq,1

9Zlwk wkh prgho +4,0+5,/ O pd| uhsuhvhqw d vhfrqg0rughu dssur{lpdwlrq wr wkh +qhjdwlyh ri wkh, xwlolw|
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5151 Prqhwdu| srolf| iudphzrunv

Lq gh�qlqj wkh prqhwdu| srolf| iudphzrunv wr eh frqvlghuhg/ L iroorz wkh whuplqro0

rj| ri Vyhqvvrq +4<<</ 5334e,1 Iluvw/ d wdujhwlqj uxoh lv d iudphzrun wkhuh wkh fhq0

wudo edqn fkrrvhv wkh sdwk ri lqwhuhvw udwhv i�|j
"

|'�
vr dv wr plqlpl}h d orvv ixqfwlrqS

"

|'�u| E/�|c /2|c ���c /?|� vxemhfw wr +4, dqg +5,/ zkhuh /�|c /2|c ���c /?| duh jrdo yduldeohv1

Pruh vshfl�fdoo|/ wklv uxoh lv zkdw Vyhqvvrq odehov d jhqhudo wdujhwlqj uxoh> l1h1/ d ixoo

frpplwphqw wr d orvv ixqfwlrq1 Wklv fruuhvsrqgv wr wkh hvwdeolvkphqw ri d prqhwdu| sro0

lf| uhjlph zlwk fohduo| gh�qhg frqvwlwxwlrqdo pdqgdwhv derxw zklfk jrdo yduldeohv vkrxog

eh vwdelol}hg/ dw zklfk ydoxhv wkh| duh vwdelol}hg durxqg/ dqg krz pxfk uhodwlyh zhljkw

hdfk jrdo yduldeoh vkrxog uhfhlyh lq srolf| frqgxfw1 Vyhqvvrq dovr gh�qhv d vshfl�f wdu0

jhwlqj uxoh dv dq h{solflw ghvfulswlrq ri frqglwlrqv iru wkh uhodwlrqvklsv ehwzhhq +wdujhw,

yduldeohv/ zklfk srolf|pdnlqj vkrxog dlp wr vdwlvi|1 W|slfdoo|/ wkhvh frqglwlrqv duh �uvw0

rughu frqglwlrqv dvvrfldwhg zlwk wkh plqlpl}dwlrq ri dq dssursuldwh orvv ixqfwlrq +vhh dovr

Vyhqvvrq dqg Zrrgirug/ 4<<</ iru pruh glvfxvvlrq ri wd{rqrp|,1 Iru p| sxusrvh/ lw grhv

qrw pdwwhu zkhwkhu d jhqhudo ru vshfl�f wdujhwlqj uxoh lv h{dplqhg/ zkhq lw lv wkh uhohydqw

�uvw0rughu frqglwlrq+v,/ zklfk pxvw eh vdwlv�hg xqghu hlwkhu gh�qlwlrq1 Wklv lv ehfdxvh lw

lv vxfk frqglwlrqv/ zklfk duh fuxfldo iru wkh uhvxowv rq uhdo ghwhuplqdf|> vhh ehorz1

Vhfrqgo|/ dq lqvwuxphqw uxoh lv d iudphzrun zkhuh wkh fhqwudo edqn*v sdwk ri lqwhuhvw

udwhv lv jlyhq e| d frpplwphqw wr io| E��|c �2|c ���c �6|
�j"

|'�
/ zkhuh o| lv vrph ixqfwlrq/

dqg ��|c �2|c ���c �6|
duh yduldeohv wr zklfk wkh lqwhuhvw udwh uhvsrqgv lq shulrg |> wkhvh

pd| uhsuhvhqw dq| odjv ru h{shfwhg ohdgv ri yduldeohv1 Dvvrfldwhg zlwk wkhvh glvwlqfw

iudphzrunv/ L gh�qh udwlrqdo h{shfwdwlrqv htxloleuld iru wkh fxuuhqw h{dpsoh e|=

Gh�qlwlrq 4 +Wdujhwlqj uxoh htxloleulxp,1 D wdujhwlqj uxoh htxloleulxp +WUH, lv d

udwlrqdo h{shfwdwlrqv htxloleulxp vdwlvi|lqj

d, Wkh qhfhvvdu| dqg vx!flhqw frqglwlrqv ghwhuplqlqj wkh rswlpdo fkrlfh ri i�|j
"

|'�
/

zkhuh rswlpl}dwlrq pd| eh frqgxfwhg hlwkhu xqghu frpplwphqw ru glvfuhwlrq

e, Htxdwlrqv +4, dqg +5,

Gh�qlwlrq 5 +Lqvwuxphqw uxoh htxloleulxp,1 Dq lqvwuxphqw uxoh htxloleulxp +LUH,

lv d udwlrqdo h{shfwdwlrqv htxloleulxp vdwlvi|lqj htxdwlrqv +4, dqg +5,/ zlwk o| E��|c �2|c ���c �6|
�

vxevwlwxwhg iru �|/ | ' �c 2c ���c41

ri d uhsuhvhqwdwlyh djhqw lq wkh hfrqrp|1 Vhh Zrrgirug +4<<<f,/ zkhuh lw lv vxevxphg wkdw vrph �vfdo +wd{,
srolf| nhhsv wkh qdwxudo udwh dw wkh h!flhqw ohyho +e| frxqwhudfwlqj wkh glvwruwlrq fdxvhg e| prqrsrolvwlf
frpshwlwlrq,1 Zlwk wklv dvvxpswlrq/ wkh dssursuldwh wdujhw ydoxh iru wkh rxwsxw jds lv }hur1
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5161 Uhdo ghwhuplqdf| zlwk d wdujhwlqj uxoh xqghu glvfuhwlrqdu| srolf|

D qdwxudo wdujhwlqj uxoh iudphzrun zlwklq wklv prgho/ lv wkh fdvh zkhuh wkh orvv ixqfwlrq

wr eh plqlpl}hg lv vlpso| u1 Wklv lv riwhq uhihuuhg wr dv � h{leoh� lq dwlrq wdujhwlqj> fi1

Vyhqvvrq +4<<<,1 Irfxvlqj khuh rq wkh fdvh ri glvfuhwlrqdu| srolf|pdnlqj/ L frqvlghu wkh

fdvh zkhuh wkh fhqwudo edqn vroyhv

4�?
t�|�
"

|'�

H�

%
"[
|'�

q|3�
�
b%2

|
n Z2

|

�&
c v1w1 +4, dqg +5,c +7,

dqg zkhuh plqlpl}dwlrq lv shuiruphg rq d shulrg0e|0shulrg edvlv1 Wkh uhvxowlqj htxlole0

ulxp rxwfrphv iru lq dwlrq dqg wkh rxwsxw jds duh vxppdul}hg e| wkh iroorzlqj sursrvl0

wlrq=

Sursrvlwlrq 41 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu glvfuhwlrq/ uhvxowv

lq d xqltxh/ qrq0h{sorvlyh WUH/ fkdudfwhul}hg e|

Z| '
b

V2 n b E�� q4�
0|c %| ' �

V

V2 n b E�� q4�
0|� +8,

Surri1 Vlqfh wkh rqo| suhghwhuplqhg yduldeohv lq shulrg | duh >
|
dqg 0|/ lw iroorzv wkdw

d wlph0frqvlvwhqw htxloleulxp pxvw vdwlvi| wkh uhfxuvlrq �| E>|
c 0|� ' 4�?�|ib%

2
|
n Z2

|
n

qH|

k
�|
�
>
|n�c 0|n�

�l
j/ zkhuh �| lv wkh dvvrfldwhg �ydoxh� ixqfwlrq/ dqg zkhuh wkh plql0

pl}dwlrq lv shuiruphg vxemhfw wr +4, dqg +5,1 Lq d wlph0frqvlvwhqw htxloleulxp/ Z| dqg

%| zloo eh wkhuhiruh eh +srwhqwldoo| wlph0ydu|lqj dqg qrq0xqltxh, ixqfwlrqv ri >
|
dqg 0|1

Ghflglqj rq �|/ H|Z|n� dqg H|%|n� fdq wkhuhiruh eh wdnhq dv sdudphwulfdoo| jlyhq1 Vxe0

vwlwxwlqj +4, dqg +5, lqwr wkh shu0shulrg orvv ixqfwlrq/ rqh uhfryhuv wkh qhfhvvdu| +dqg

vx!flhqw, �uvw0rughu frqglwlrq iru rswlpdo srolf|=

b%| n VZ| ' f� +9,

Xvh +9, lq +5, wr rewdlq wkh iroorzlqj h{shfwdwlrqdo gl�huhqfh htxdwlrq iru lq dwlrq= Z| '

q E� n V2*b�
3�
H|Z|n�nE� n V2*b�

3�
0|1 Vlqfh Z| lv iuhh dqg wkh hljhqydoxh/ E� n V2*b� *q/ lv

vwulfwo| juhdwhu wkdq rqh/ lw iroorzv e| xvh ri Eodqfkdug dqg Ndkq +4<;3, wkdw Z|/ jlyhq e|

+8, lv wkh xqltxh/ qrq0h{sorvlyh udwlrqdo h{shfwdwlrqv vroxwlrq wr wklv gl�huhqfh htxdwlrq1

E| +9,/ wkh xqltxh vroxwlrq iru %| iroorzv1

Sursrvlwlrq 4 ghprqvwudwhv wkdw xqghu d wdujhwlqj uxoh/ wkh hfrqrp| h{klelwv uhdo htxl0

oleulxp ghwhuplqdf|1 L1h1/ wkh udwlrqdo h{shfwdwlrqv vroxwlrqv iru rxwsxw jds dqg lq dwlrq

duh xqltxh ixqfwlrqv ri wkh ixqgdphqwdov ri wkh hfrqrp|/ khuh mxvw uhsuhvhqwhg e| wkh

9



suhghwhuplqhg yduldeoh 0|1 Wkh �uvw0rughu frqglwlrq iru rswlpdo srolf| xqghu wkh wdujhwlqj

uxoh jlyhv d pdwkhpdwlfdo foxh dv wr zk| wklv lv vr1

Frqvlghu wkh vlwxdwlrq zkhuh d vxqvsrw gulyhq lqfuhdvh lq lq dwlrq dqg wkh rxwsxw jds

zdv rffxuulqj1 Reylrxvo|/ d fhqwudo edqn rshudwlqj zlwk wkh dlp ri sulfh dqg rxwsxw jds

vwdelolw| � dv lpsolhg e| wkh hqylvdjhg wdujhwlqj uxoh � zrxog lpphgldwho| udlvh wkh

lqwhuhvw udwh lq rughu wr eulqj lq dwlrq dqg rxwsxw wrzdugv wkhlu wdujhwv1 Lq frqvhtxhqfh/

wkh lpdjlqhg lqfuhdvh lq lq dwlrq dqg wkh rxwsxw jds fdqqrw eh d udwlrqdo h{shfwdwlrqv

htxloleulxp1 Wkh �uvw0rughu frqglwlrq +9, vlpso| suhfoxghv vxfk htxloleuld1 Wkh frqglwlrq

vkrzv wkdw wkh fhqwudo edqn vhwv wkh lqwhuhvw udwh vr dv wr htxdwh wkh pdujlqdo orvv lq

whupv ri rxwsxw jds dqg lq dwlrq wr }hur1 Qrwh wkdw wklv lpsolhv wkdw lq htxloleulxp

dq| fr0pryhphqw ehwzhhq wkh rxwsxw jds dqg lq dwlrq lv qhjdwlyh1 Frqvlghu wkhq d

fdqglgdwh htxloleulxp/ zkhuh wkh uhodwlrqvkls ehwzhhq lq dwlrq dqg wkh rxwsxw jds lv

jlyhq e| %| ' E/*V� Z|/ zkhuh / lv vrph sdudphwhu1 Lqvhuwlqj wklv uhodwlrqvkls lqwr +5,

|lhogv wkh gl�huhqfh htxdwlrq Z| ' q E�� /�3�H|Z|n� n E�� /�3� 0|1 Wklv wr ohdgv wr

lq�qlwho| pdq| vroxwlrqv iru Z| rqo| li q E�� /�3� lv qxphulfdoo| juhdwhu wkdq rqh1 D

qhfhvvdu| frqglwlrq iru wklv lv / : f1 L1h1/ lq d vxqvsrw htxloleulxp lq wkh prgho/ wkh

fr0pryhphqw ehwzhhq lq dwlrq dqg wkh rxwsxw jds lv srvlwlyh1 Wklv/ krzhyhu/ frqwudglfwv

wkh �uvw0rughu frqglwlrq jxlglqj rswlpdo prqhwdu| srolf| xqghu wkh wdujhwlqj uxoh> khqfh/

htxloleulxp ghwhuplqdf| suhydlov1:

Lq whupv ri wkh srolf| lqvwuxphqw/ wkh h{sodqdwlrq iru wkh ghwhuplqdf| ri wkh WUH lv

vrphzkdw pruh lqyroyhg1 Qrwh/ krzhyhu/ �uvw wkdw wkh htxloleulxp ydoxh ri wkh qrplqdo

lqwhuhvw udwh fdq eh h{suhvvhg dv d ixqfwlrq ri wkh suhghwhuplqhg yduldeohv dffruglqj wr

wkh iroorzlqj ohppd=

Ohppd 41 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu glvfuhwlrq/ uhvxowv lq

dq htxloleulxp sdwk iru wkh qrplqdo lqwhuhvw udwh/ zklfk lv d xqltxh ixqfwlrq ri wkh suhgh0

whuplqhg yduldeohv=

�| '
V E�� 4� n jb4

j dV2 n b E�� q4�o
0| n

�

j
>
|
� +:,

:Rqh pd| fodlp wkdw lw lv xquhdolvwlf wkdw wkh fhqwudo edqn fdq dvvxuh wkdw +9, krogv lq dq| shulrg/ vlqfh
lw grhv qrw frqwuro {w ru �w/ exw udwkhu lw1 Iluvw qrwh wkdw +9, lv lq sulqflsoh qrw gl�huhqw iurp dq| rwkhu
�uvw0rughu frqglwlrq dulvlqj iurp rswlpdo sxeolf srolf|/ h1j1/ rswlpdo wd{ srolf| lq d vlpsoh sxeolf �qdqfh
sureohp htxdwlqj wkh pdujlqdo orvv ri wd{hv lq whupv ri ri sulydwh frqvxpswlrq zlwk wkh jdlqv ri sxeolf
frqvxpswlrq +wklv frqglwlrq zloo qrw lqyroyh wkh wd{ udwh,1 Khqfh/ +9, dsshduv qrw ohvv uhdolvwlf wkdq vxfk
frqglwlrqv1 Vhfrqgo|/ li rqh dfnqrzohgjhv lpshuihfw frqwuro h{solflwo| +e|/ vd|/ lqwurgxflqj d vwrfkdvwlf
frqwuro huuru lq srolf|,/ wkh frqglwlrq +9, zrxog krog lq h{shfwhg ydoxh1 Lw lv hdv| wr vkrz/ dqdorjrxvo| wr
wkh surri ri Sursrvlwlrq 4/ wkdw wkh h{shfwhg ydoxhv ri lq dwlrq dqg wkh rxwsxw jds zrxog eh ghwhuplqdwh1
Dfwxdo ydoxhv zrxog wkxv gl�hu iurp wkhvh wr dq h{whqw ghwhuplqhg e| wkh h{rjhqrxv lpshuihfw frqwuro1

:



Surri1 Ohdg Z| dqg %| dv jlyhq e| +8, dqg wdnh shulrg | h{shfwdwlrqv wr jhw

H|Z|n� '
b4

V2 n b E�� q4�
0|c H|%|n� ' �

V4

V2 n b E�� q4�
0|c +;,

zklfk wrjhwkhu zlwk %| lqvhuwhg lqwr +4, |lhogv +:,1

Wkh h{suhvvlrq iru �| dv jlyhq e| +:, uh hfwv wkdw xqghu glvfuhwlrq/ lw lv ihdvleoh +dqg

reylrxvo|/ rswlpdo, wr r�vhw dq| lpsdfw ri wkh >
|
0vkrfn xsrq wkh hfrqrp|1 Wklv vkrfn

grhv qrw suhvhqw d wudgh0r� lq srolf|/ dqg wklv h{sodlqv zk| wkh htxloleulxp ydoxhv ri wkh

rxwsxw jds dqg lq dwlrq duh lqghshqghqw ri wklv vkrfn1 Dq 0|0vkrfn/ krzhyhu/ lqgxfhv

vxfk d wudgh0r�/ lpso|lqj dq lqwhuhvw udwh uhvsrqvh wkdw �vsuhdgv rxw� wkh lpsdfw xsrq

wkh rxwsxw jds dqg lq dwlrq +wr dq h{whqw ghwhuplqhg/ dprqj rwkhu sdudphwhuv/ e| wkh

suhihuhqfh iru rxwsxw vwdelolw| uhodwlyh wr lq dwlrq vwdelolw|/ b,1

Qrz/ wr idflolwdwh dq xqghuvwdqglqj derxw zk| lqghwhuplqdf| lv uxohg rxw xqghu d

wdujhwlqj uxoh/ lw lv lqvwuxfwlyh wr frqvlghu wkh fdvh zkhuh wkh prqhwdu| iudphzrun lv rqh

ri dq lqvwuxphqw uxoh/ dqg wkh lqvwuxphqw lv vhw h{dfwo| dffruglqj wr +:,1 Wkh fdvh lv

ghvfulehg lq wkh iroorzlqj ohppd=

Ohppd 51 Dq lqvwuxphqw uxoh fkdudfwhul}hg e| +:,/ uhvxowv lq lq�qlwho| pdq| qrq0h{sorvlyh

LUH1

Surri1 Vhh Dsshqgl{ D1

Ohppd 5 lv d vwdqgdug h{dpsoh ri uhdo htxloleulxp lqghwhuplqdf| lq prghov ri wklv

w|sh/ zkhq wkh lqwhuhvw udwh uxoh lv �sdvvlyh1� E| qrw lqvwuxfwlqj wkh fhqwudo edqn wr

uhvsrqg wr/ vd|/ lq dwlrq dssursuldwho|/ vhoi0ixo�oolqj htxloleuld fdq rffxu1 Wkh lqwxlwlrq

iru wklv skhqrphqrq lv zhoo nqrzq/ dqg fruuhvsrqgv wr wkh rqh surylghg lq Vxevhfwlrq 514

iru wkh fdvh ri d sxuh lqwhuhvw udwh shj1 Wklv uh hfwv wkdw lqwhuhvw udwh uhvsrqvhv wrzdugv

h{rjhqrxv yduldeohv +khuh/ wkh vkrfnv, kdyh qr frqvhtxhqfhv iru ghwhuplqdf| dqdo|vlv +fi1

Vyhqvvrq dqg Zrrgirug/ 4<<<,1

Wkh txhvwlrq lv wkhq zk| vxfk htxloleulxp lqghwhuplqdf| grhv qrw suhydlo xqghu wkh

wdujhwlqj uxoh iudphzrun zkhuh wkh lqwhuhvw udwh iroorzv suhflvho| wkh vdph sdwkB Wr dqvzhu

wkh txhvwlrq lqirupdoo|/ wkh uhdvrq lv wkdw wkh sdvvlylw| lpehgghg lq wkh lqvwuxphqw uxoh

fkdudfwhul}hg e| +:,/ zklfk ohdgv wr lqghwhuplqdf| lq dq LUH +zlwk d qrq0rswlpl}lqj fhqwudo

edqn,/ lv devhqw xqghu d wdujhwlqj uxoh zkhuh wkh fhqwudo edqn dfwv dfwlyho| wr dfklhyh

lwv jrdov e| lqgxflqj +9, dqg wkxv lqgxflqj ghwhuplqdf|1 Fohduo|/ d fhqwudo edqn zlwk

pdqgdwhv iru lq dwlrq dqg rxwsxw vwdelolw| zrxog fkdqjh lwv ehkdylru iurp +:,/ li vxgghqo|/

h1j1/ lq dwlrq dqg rxwsxw jds h{shfwdwlrqv urvh iru qr ixqgdphqwdo uhdvrq1 Rwkhuzlvh/ rqh

;



zrxog kdyh d fdvh ri d �uhyhuvh Oxfdv fulwltxh/� zkhuh fkdqjhv lq sulydwh vhfwru ehkdylru

lv dvvrfldwhg zlwk xqfkdqjhg srolf|pdnhu ehkdylru1 Qhyhuwkhohvv/ wkh ghvfulehg dfwlylvp

xqghu d wdujhwlqj uxoh pd| yhu| zhoo ohdg wr dq lqwhuhvw udwh sdwk/ zklfk lq htxloleulxp

orrnv sdvvlyh ^dv +:, vxuho| grhv`1

Wklv odvw revhuydwlrq vxjjhvwv wkdw h{dplqlqj dq htxloleulxp uhodwlrqvkls ehwzhhq wkh

qrplqdo lqwhuhvw udwh dqg pdfurhfrqrplf yduldeohv pd| qrw |lhog wkh dssursuldwh dqvzhu

wr li dqg zk| ghwhuplqdf| suhydlov xqghu d wdujhwlqj uxoh1 Lqghhg/ ehiruh suhvhqwlqj

wkh pruh irupdo dujxphqw iru ghwhuplqdf| lq whupv ri wkh qrplqdo lqwhuhvw udwh vhwwlqj/

lw lv lqvwuxfwlyh �uvw wr suhvhqw dq dujxphqw/ zklfk dw �uvw jodqfh pd| vhhp wr r�hu dq

dqvzhu iru ghwhuplqdf|/ exw diwhu forvhu vfuxwlq| grhv qrw1; Iru wklv sxusrvh/ wkh iroorzlqj

ohppd rq wkh htxloleulxp uhodwlrqvkls+v, ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg wkh prgho*v

hqgrjhqrxv yduldeohv lv xvhixo=

Ohppd 61 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu glvfuhwlrq/ uhvxowv lq

lq�qlwho| pdq| htxloleulxp uhodwlrqv ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg wkh suhghwhu0

plqhg dqg hqgrjhqrxv yduldeohv=

�| '
"[
�'f

K�H|Z|n� �
"[
�'f

@�H|%|n� n S0| n
�

j
>
|
c +<,

zkhuh wkh rqo| uhvwulfwlrq rq wkh frh!flhqwv i@�j
"

�'f
/ iK�j

"

�'f
dqg S lv

jb
"[
�'f

K�4
� n jV

"[
�'f

@�4
� n Sj

k
V2 n b E�� q4�

l
' V E�� 4� n jb4� +43,

Surri1 Lq rughu iru wkh qrplqdo lqwhuhvw udwh wr eh frqvlvwhqw zlwk wkh WUH ydoxhv ri

fxuuhqw dqg h{shfwhg ixwxuh yduldeohv/ lw iroorzv e| +<, dqg Ohppd 4 wkdw wkh iroorzlqj

uhodwlrq pxvw eh vdwlv�hg=

"[
�'f

K�H|Z|n� �
"[
�'f

@�H|%|n� n S0| '
V E�� 4� n jb4

j dV2 n b E�� q4�o
0|�

Rqh fdq wkhq vxevwlwxwh lq wkh WUH ydoxhv ri wkh frqwhpsrudqhrxv dqg h{shfwhg ixwxuh

yduldeohv ^l1h1/ xvh +8,`/ lq rughu wr uhzulwh wklv uhodwlrq dv

"[
�'f

K�4
�

b

V2 n b E�� q4�
0| n

"[
�'f

@�4
�

V

V2 n b E�� q4�
0| n S0| '

V E�� 4� n jb4

j dV2 n b E�� q4�o
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;Zkloh �uvwo| suhvhqwlqj dq lqdghtxdwh dqvzhu pd| uljkwixoo| dsshdu rgg/ lw zloo vhuyh wr kljkoljkw
wkh lvvxh ri +srwhqwldo, lqihuhqfhv derxw wkh ghwhuplqdf| lvvxh iurp hvwlpdwhg lqwhuhvw udwh uhodwlrqv
lqyhvwljdwhg ixuwkhu lq Vhfwlrq 61
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Li wklv lv wr krog iru hyhu| uhdol}dwlrq ri 0|/ lw iroorzv wkdw wkh frh!flhqwv i@�j
"

�'f
/ iK�j

"

�'f

dqg S pxvw vdwlvi| +43,1

Wkh ohppd vkrzv wkdw rqh fdq uhsuhvhqw wkh xqltxh WUH dv htxloleulxp uhodwlrqv ehwzhhq

wkh qrplqdo lqwhuhvw udwh/ wkh suhghwhuplqhg yduldeohv dqg dq| fxuuhqw ru h{shfwhg ohdgv ri

wkh hqgrjhqrxv yduldeohv1 Krzhyhu/ dv wkhuh lv rqo| rqh uhvwulfwlrq rq wklv uhsuhvhqwdwlrq/

+43,/ rqh fdq rqo| h{suhvv wkh qrplqdo lqwhuhvw udwh dv d xqltxh ixqfwlrq ri rqh hqgrjhqrxv

yduldeoh +qrwh wkdw doo uhsuhvhqwdwlrqv lqyroyh wkh vdph xqltxh uhvsrqvh wr wkh >
|
0vkrfn,1

Rqh ri wkhvh uhsuhvhqwdwlrqv lv wkh rqh suhvhqwhg e| Fodulgd hw do1 +4<<<,1 Lw h{suhvvhv

wkh qrplqdo lqwhuhvw udwh dv d ixqfwlrq ri wkh rqh0shulrg dkhdg lq dwlrq h{shfwdwlrqv/ dqg

wkxv ghslfwv d iruzdug0orrnlqj Wd|oru uxoh zkhuh wkhuh lv qr uhvsrqvh wrzdugv wkh rxwsxw

jds1 Lq wkh whuplqrorj| ri Ohppd 6/ wklv fruuhvsrqgv wr d fdvh zkhuh @� ' f/ doo �/ Kf ' f/

K� ' f/ doo � : �/ S ' f/ dqg zkhuh K� lv ghwhuplqhg e| +43,1 Wklv uhvxowv lq wkh iroorzlqj

h{suhvvlrq iru wkh qrplqdo lqwhuhvw udwh=

�| '

%
� n

V E�� 4�

jb4

&
H|Z|n� n

�

j
>
|
� +44,

Qrwh wkdw wkh frh!flhqw rq h{shfwhg lq dwlrq lv vwulfwo| juhdwhu wkdq rqh/ lpso|lqj wkdw dq|

lqfuhdvh lq h{shfwhg lq dwlrq lv dvvrfldwhg zlwk dq lqfuhdvh lq wkh uhdo lqwhuhvw udwh1 Wkh

qrplqdo lqwhuhvw udwh lv wkxv lq frqiruplw| zlwk wkh �Wd|oru sulqflsoh� +ru/ dowhuqdwlyho|/ lw

lv dq �dfwlyh� Wd|oru uxoh,1 Wklv lpsolhv wkdw wkh h{sodqdwlrq iru lqghwhuplqdf| ri dq LUH

xqghu wkh lqwhuhvw udwh uxoh +:, grhv qrw dsso|1 Lpphgldwho|/ rqh frxog wkhuhiruh wklqn wkdw

vlqfh wkh qrplqdo lqwhuhvw udwh fdq eh h{suhvvhg dv +44,/ xqltxhqhvv ri wkh WUH kdv ehhq

h{sodlqhg1 Lqghhg/ dv vkrzq lq Dsshqgl{ E/ K� : � lv d qhfhvvdu| frqglwlrq iru dq LUH

zlwk dq lqwhuhvw udwh uxoh ri wkh irup �| ' K�H|Z|n�nE�*j�>
|
wr eh ghwhuplqdwh1 Krzhyhu/

wkh dsshqgl{ dovr vkrzv wkdw li K� : � n 2 E� n q� * EjV�/ wkhq wkh LUH lv lqghwhuplqdwh1

Wklv lv d uh hfwlrq ri wkh zhoo0nqrzq skhqrphqrq wkdw dq lqwhuhvw udwh uxoh fdq eh �wrr

dfwlyh1� Lq wkdw fdvh/ wkh hfrqrp| lv yxoqhudeoh wr h{shfwdwlrq0gulyhq  xfwxdwlrqv1 H1j1/

dq duelwudu| lqfuhdvh lq H|Z|n� fdq eh vhoi0ixo�oolqj/ dv lw lpsolhv d kxjh idoo lq ghpdqg

dqg rxwsxw dqg/ khqfh/ fxuuhqw lq dwlrq/ ehfdxvh ri wkh vwurqj lqfuhdvh lq wkh uhdo lqwhuhvw

udwh1 Wkh hfrqrp| zloo wkhq �}lj0}dj� edfn wr vwhdg| vwdwh +h1j1/ H|Z|n2 zrxog eh ehorz

vwhdg| vwdwh/ zklfk lv frqvlvwhqw zlwk H|Z|n� ehlqj deryh/ dv wkh uhdo lqwhuhvw udwh lq |n�

zrxog idoo vwurqjo| wkhuhe| sxvklqj xs rxwsxw dqg lq dwlrq deryh vwhdg| vwdwh lq |n �,1<

<Lq dffrugdqfh zlwk wkh glvfxvvlrq iroorzlqj Sursrvlwlrq 4/ wkh fr0pryhphqw ri lq dwlrq dqg wkh rxwsxw
jds zloo eh srvlwlyh rq wklv sdwk wrzdugv vwhdg| vwdwh1
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Lq whupv ri +44,/ lw phdqv wkdw zkhqhyhu V E�� 4� * Eb4� : � n 2 E� n q� *V +zklfk

fdqqrw eh uxohg rxw, dq LUH zrxog eh lqghwhuplqdwh1 Khqfh/ wkh idfw wkdw wkh ydoxh

ri wkh qrplqdo lqwhuhvw udwh fdq eh h{suhvvhg dv +44, lv qrw wkh h{sodqdwlrq iru wkh

xqltxhqhvv ri wkh WUH +dv xqltxhqhvv glg qrw uhtxluh dq| uhvwulfwlrqv rq wkh sdudph0

whuv ri wkh prgho,1 Wr ixuwkhu vhh wkdw orrnlqj dw d sduwlfxodu htxloleulxp uhsuhvhqwd0

wlrq pd| jlyh plvohdglqj lqirupdwlrq derxw wkh hfrqrp|*v vwdelolw| surshuwlhv/ frqvlghu

wkh fdvh zkhuh �| lv irupxodwhg dv d ixqfwlrq ri fxuuhqw lq dwlrq rqo| ^l1h1/ doo sdudp0

hwhuv i@�j
"

�'f
/ iK�j

"

�'f
dqg S lq +43, h{fhsw Kf duh }hur`1 Wkhq/ e| Ohppd 6/ lw iroorzv

wkdw �| ' d4n V E�� 4� * Ejb�o Z| n E�*j�>
|
1 Dv hylghqw/ wkh frh!flhqw rq Z| fdq eh

juhdwhu ru vpdoohu wkdq rqh/ zklfk lpsolhv wkdw dq LUH dvvrfldwhg zlwk wklv lqwhuhvw

uxoh zrxog eh lqghwhuplqdwh iru vrph sdudphwhu frqvwhoodwlrqv +h1j1/ iru wkrvh lpso|0

lqj Kf ehlqj vx!flhqwo| orzhu wkdq rqh,1 Ilqdoo|/ qrwh wkdw rqh pljkw dv zhoo h{suhvv

�| dv d ixqfwlrq ri wkh rqh0shulrg dkhdg h{shfwdwlrq ri wkh rxwsxw jds1 Lw lpphgldwho|

iroorzv e| +9, dqg +44, wkdw wkh lqwhuhvw udwh h{suhvvlrq lq wklv irupdw zrxog ehfrph

�| ' � db*Vn E�� 4� * Ej4�oH|%|n� n E�*j�>
|
1 Dsshqgl{ F vkrzv wkdw dq LUH xqghu wklv

lqwhuhvw uxoh lv dozd|v lqghwhuplqdwh1

Wkh deryh ghprqvwudwhv wkdw dq h{dplqdwlrq ri wkh htxloleulxp uhodwlrqvkls+v, ehwzhhq

wkh qrplqdo lqwhuhvw udwh dqg pdfurhfrqrplf yduldeohv frxog qrw surylgh lqirupdwlrq derxw

wkh hfrqrp|*v vwdelolw| surshuwlhv> dv vxfk hpslulfdo lqyhvwljdwlrqv ri lqwhuhvw udwh ixqfwlrqv

pd| uhyhdo olwwoh derxw vwdelolw| surshuwlhv1 \hw/ Sursrvlwlrq 4 kdv vkrzq wkdw wkh udwlrqdo

h{shfwdwlrqv htxloleulxp xqghu wkh h{dplqhg wdujhwlqj uxoh lv dozd|v ghwhuplqdwh1 Wkh

h{sodqdwlrq/ lq whupv ri wkh srolf| lqvwuxphqw �|/ lv wkdw xqghuo|lqj wkh �uvw0rughu frqglwlrq

+9, lv d uhdfwlrq ixqfwlrq zklfk h{suhvvhv wkhq qrplqdo lqwhuhvw udwh dv d xqltxh ixqfwlrq

ri wkh vkrfnv dqg dq| sulydwh vhfwru h{shfwdwlrqv1

Ohppd 71 Ohw Ze

|n� dqg %e
|n�/ uhvshfwlyho|/ ghqrwh wkh sulydwh vhfwru*v vxemhfwlyh h{shf0

wdwlrqv derxw wkh shulrg | n � lq dwlrq udwh dqg rxwsxw jds +iruphg lq shulrg |,1 Wkh

wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu glvfuhwlrq/ uhvxowv lq d xqltxh h{suhvvlrq

iru wkh qrplqdo lqwhuhvw udwh/ zklfk krogv iru dq| ydoxhv ri Ze

|n� dqg %e
|n�=

�| '
j Ebn V2� n Vq

j Ebn V2�
Ze

|n� n
�

j
%e
|n� n

V

j Ebn V2�
0| n

�

j
>
|
� +45,

Surri1 Vxevwlwxwh %| dqg Z| dv jlyhq e| +4, dqg +5,/ uhvshfwlyho| +zlwk Ze

|n� uhsodflqj

H|Z|n� dqg %e
|n� uhsodflqj H|%|n�,/ lqwr wkh �uvw0rughu frqglwlrq +9,1 Dv +4, dqg +5, krog iru

dq| ydoxhv ri Ze

|n� dqg %e
|n�/ lw iroorzv wkdw wkh lqwhuhvw udwh uhvxowlqj iurp wkh vxevwlwxwlrq

zloo eh xqltxho| jlyhq e| +45, iru dq| ydoxhv ri Ze

|n� dqg %e
|n�/ zkhq +9, dssolhv/ l1h1/ zkhq
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wkh wdujhwlqj uxoh lv ghvfulehg e| wkh sureohp +7, xqghu glvfuhwlrq1

Wklv ohppd vkrzv zk| wkhuh lv ghwhuplqdf| xqghu wkh frqvlghuhg wdujhwlqj uxoh zlwk

uhihuhqfh wr wkh srolf| lqvwuxphqw �|1 Lw iroorzv iurp +45, wkdw rswlpdo ehkdylru ri wkh

fhqwudo edqn lpsolhv uhvsrqvhv wrzdugv h{shfwdwlrqv zklfk uhqghu dq| rwkhu h{shfwdwlrqv

wkdq wkrvh ghshqglqj rq ixqgdphqwdov rqo| ^l1h1/ +;,` iru qrq0udwlrqdo ru lqfrqvlvwhqw zlwk

d qrq0h{sorvlyh udwlrqdo h{shfwdwlrqv htxloleulxp1

Frqvlghu/ �uvw wkh fdvh zkhuh rxwsxw jds h{shfwdwlrqv/ h1j1/ h{fhhg wkrvh jlyhq e|

ixqgdphqwdov rqo|1 L1h1/ wkh fdvh zkhuh %e
|n� : H|%|n�/ zlwk H|%|n� jlyhq e| +;,1 E| +45,/

dq| vxfk glyhujhqfh ehwzhhq %e
|n� dqg H|%|n� uhvxowv lq dq lqfuhdvh ri wkh lqwhuhvw udwh

e| �*j/ zklfk qhxwudol}hv wkh lpsdfw rq %| hqwluho|1 Wkh ydoxh ri %| zloo wkxv uhpdlq

dw lwv ydoxh ghshqghqw rq ixqgdphqwdov rqo|/ l1h1/ +8,143 Prylqj rqh shulrg iruzdug/ lw

iroorzv wkdw wkh fhqwudo edqn djdlq wkurxjk +45, vhfxuhv %|n� wr eh frqvlvwhqw zlwk lwv

ydoxh ghshqghqw rq ixqgdphqwdov rqo|1 Khqfh/ dq| glyhujhqfh ehwzhhq %e
|n� dqg H|%|n�

jlyhq e| +;, fdqqrw eh d udwlrqdo h{shfwdwlrqv htxloleulxp1

Frqvlghu wkhq wkh fdvh zkhuh lq dwlrq h{shfwdwlrqv/ h1j1/ h{fhhg wkrvh jlyhq e| ixq0

gdphqwdov rqo|1 L1h1/ wkh fdvh zkhuh Ze

|n� : H|Z|n� zlwk H|Z|n� jlyhq e| +;,1 E| +45,/

dq| vxfk glyhujhqfh ehwzhhq Ze

|n� dqg H|Z|n� uhvxowv lq dq lqfuhdvh ri wkh lqwhuhvw udwh

e| dj Ebn V2� n Vqo * dj Ebn V2�o1 Dv wklv lqfuhdvh lv juhdwhu wkdq rqh/ wkh uhdo lqwhuhvw

udwh lqfuhdvhv> lq sduwlfxodu/ e| Vq * dj Ebn V2�o144 Wklv orzhuv wkh fxuuhqw rxwsxw jds e|

Vq * Ebn V2�> fi1 +4,1 Wkh qhw h�hfw rq fxuuhqw lq dwlrq lv wkhuhiruh/ fi1 +5,/ q � V2q *

Ebn V2� ' qb* Ebn V2� 	 �1 Khqfh/ wkh h�hfw lv dq lqfuhdvh lq fxuuhqw lq dwlrq deryh

lwv ixqgdphqwdo ydoxh/ zklfk lv vpdoohu wkdq wkh lqfuhdvh lq lq dwlrq h{shfwdwlrqv1 Sur0

fhhglqj iruzdugv lq wlph/ lw iroorzv wkdw li wkh lqfuhdvh lq lq dwlrq h{shfwdwlrqv/ deryh

wkrvh jlyhq e| ixqgdphqwdov rqo|/ lv wr eh d udwlrqdo h{shfwdwlrqv htxloleulxp/ lw zloo eh

rqh zkhuh lq dwlrq lq lqfuhdvlqj wkurxjk wlph +dqg wkh rxwsxw jds lv ghfuhdvlqj wkurxjk

wlph,1 Krzhyhu/ vxfk h{sorvlyh udwlrqdo h{shfwdwlrqv htxloleuld duh uxohg rxw lq wklv prgho1

Khqfh/ wkh wdujhwlqj uxoh vhfxuhv htxloleulxp ghwhuplqdf| e| wkh lpsolflw uhdfwlrq ri wkh

lqwhuhvw udwh wr ghyldwlrqv iurp qrq0ixqgdphqwdo edvhg h{shfwdwlrqv1

Lq htxloleulxp/ wkh qrplqdo lqwhuhvw udwh zloo hyroyh dffruglqj wr +:, zklfk lq dq LUH

|lhogv lqghwhuplqdf|/ exw wkh dvvrfldwhg WUH zloo eh ghwhuplqdwh gxh wr wkh �wkuhdw� wr

�jkw qrq0ixqgdphqwdo fkdqjhv lq h{shfwdwlrqv/ zklfk lv lpehgghg lq wkh ghflvlrq pdnlqj

43Vxfk d fkdqjh lq h{shfwdwlrqv wkxv zrunv dqdorjrxvo| wr d �0vkrfn/ l1h1/ lw suhvhqwv qr wudgh0r� iru
wkh fhqwudo edqn1

44Qrwh wkdw wkh frh!flhqw rq �h

w.4 lq +45, wkxv frqirupv zlwk wkh Wd|oru sulqflsoh/ exw dovr wkdw lw lv
vpdoohu wkdq wkh xsshu olplw lghqwl�hg rq e4 lq wkh ghwhuplqdf| dqdo|vlv ri wkh iruzdug0orrnlqj Wd|oru
uxoh lw @ e4Hw�w.4 . +4@�,�

w
deryh1
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ri dq rswlpl}lqj fhqwudo edqn145

Wkh h{suhvvlrq iru wkh qrplqdo lqwhuhvw udwh +45,/ lv pdwkhpdwlfdoo| htxlydohqw +xs wr

xqlpsruwdqw frqvwdqwv, wr wkh lqvwuxphqw uxoh uhfhqwo| sursrvhg e| Hydqv dqg Krqndsrkmd

+5334,1 Wkh| frqvlghu wkh vwdelolw| surshuwlhv ri dgdswlyh ohduqlqj uxohv zlwklq d qrq0

udwlrqdo h{shfwdwlrqv yhuvlrq ri wkh prgho xvhg khuh1 Wkh| gr qrw pdnh wkh glvwlqfwlrq

ehwzhhq wdujhwlqj dqg lqvwuxphqw uxohv/ dqg irfxv hvvhqwldoo| rq wkh odwwhu +wkh|/ krzhyhu/

gr qrw xvh wklv whuplqrorj|,/ dqg vkrz wkdw +:, ohdgv wr lqghwhuplqdf| +dqg lqvwdelolw|

xqghu dgdswlyh ohduqlqj,1 Wkh| dujxh wkdw wklv uhvxowv iurp doo djhqwv kdylqj udwlrqdo

h{shfwdwlrqv +s1 44,/ dqg wkdw ghsduwxuh iurp udwlrqdo h{shfwdwlrqv dqg lpsohphqwdwlrq

ri +45, dv dq lqwhuhvw udwh uxoh ohdgv wr ghwhuplqdf| +dqg vwdelolw| xqghu dgdswlyh ohduqlqj,1

Wkh gl�huhqfh ehwzhhq wkhlu sdshu dqg plqh dulvhv lq whupv ri lqwhusuhwdwlrq1 L dujxh

wkdw rswlpl}dwlrq e| d fhqwudo edqn +l1h1/ dgkhuhqfh wr d wdujhwlqj uxoh, lpsolhv ghwhupl0

qdf|/ ehfdxvh wkh dvvrfldwhg �uvw0rughu frqglwlrq lpsolhv d uhdfwlrq ixqfwlrq olnh +45, iru

dq| h{shfwdwlrqv1 Lq wkh dvvrfldwhg xqltxh udwlrqdo h{shfwdwlrqv htxloleulxp/ krzhyhu/ rqh

fdq h{suhvv wkh qrplqdo lqwhuhvw udwh dv +:, +ru lq lq�qlwho| pdq| rwkhu zd|v/ fi1 Ohppd

6,1 Lq frqwudvw/ zkhq dqdo|}lqj wkh vwdelolw| surshuwlhv ri +:, lq d udwlrqdo h{shfwdwlrqv

frqwh{w/ Hydqv dqg Krqndsrkmd gr qrw h{solflwo| xvh wkh �uvw0rughu frqglwlrq +9, ^dowkrxjk

wkh| xvh lw/ wrjhwkhu zlwk wkh dvvxpswlrq ri d xqltxh udwlrqdo h{shfwdwlrqv htxloleulxp/

wr ghulyh +:,`1 Lqghhg/ ri wkh lq�qlwho| pdq| udwlrqdo h{shfwdwlrqv htxloleuld wkh| wkhq

vkrz h{lvw zkhq wkh fhqwudo edqn dgrswv +:,/ mxvw rqh vdwlv�hv wkh �uvw0rughu frqglwlrq>

qdpho| wkh htxloleulxp ghshqglqj rq ixqgdphqwdov rqo|1 Khqfh/ L hpskdvl}h wkdw lw lv wkh

�uvw0rughu frqglwlrq/ uh hfwlqj wkh fhqwudo edqn*v uhdfwlrqv wr qrq0ixqgdphqwdov0edvhg0

htxloleulxp h{shfwdwlrqv/ wkdw vhfxuhv d xqltxh udwlrqdo h{shfwdwlrqv htxloleulxp1

Lq d vlplodu yhlq/ Vyhqvvrq dqg Zrrgirug +4<<<, dgyrfdwh wkdw lq rughu wr hqvxuh d

xqltxh udwlrqdo h{shfwdwlrqv htxloleulxp +lq d prgho uhodwhg wr wkdw ri Vxevhfwlrq 514/

exw zlwk wudqvplvvlrq odjv,/ rqh pxvw vshfli| dq lqvwuxphqw uxoh wkdw uhvsrqgv wr rxw0

ri0htxloleulxp ehkdylru1 Wkh| dovr frqvlghu wdujhwlqj uxohv/ exw shuirup ghwhuplqdf|

dqdo|vhv zlwklq dq LUH +lq p| whuplqrorj|,1 Wkh| vxjjhvw d w|sh ri lqvwuxphqw uxoh/

zklfk �sxqlvkhv� ghyldwlrqv iurp wkh vshfl�f wdujhwlqj uxoh +l1h1/ wkh rswlpdolw| frqglwlrq,1

45Dq dqdorj| zlwk wkh zhoo0nqrzq Eduur dqg Jrugrq +4<;6, vhw0xs pd| eh hqoljkwhqlqj1 Lq wklv
w|sh ri prgho/ wkh fhqwudo edqn fkrrvhv �w wr plqlpl}h +6,/ vxemhfw wr d Oxfdv0vw|oh vxsso| htxdwlrq/
{w @ �w��h

w
�{�/ {� A 3/ wdnlqj dv jlyhq vxemhfwlyh lq dwlrq h{shfwdwlrqv/ �h

w
1 Lq wkh udwlrqdo h{shfwdwlrqv

htxloleulxp/ l1h1/ zkhuh �h

w
@ Hw�4�w/ rqh kdv wkdw �w @ �{�1 Lw zrxog iurp wklv h{suhvvlrq/ ri frxuvh/

eh huurqhrxv wr frqfoxgh wkdw prqhwdu| srolf| lv sdvvlyh wrzdugv d +qrq0udwlrqdo, fkdqjh lq lq dwlrq
h{shfwdwlrqv/ dv wklv zrxog ljqruh wkh uhdfwlrq ixqfwlrq/ �w @ ^�@ +4 . �,` +�h

w
. {�,/ zklfk lv fuxfldo lq

wkh ghulydwlrq ri wkh udwlrqdo h{shfwdwlrqv htxloleulxp1
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Zlwklq wkh prgho frqvlghuhg khuh/ vxfk dq lqvwuxphqw uxoh zrxog eh wkh htxlydohqw ri

�| ' �

#
Z| n

b

V
%|

$
n

V E�� 4� n jb4

j dV2 n b E�� q4�o
0| n

�

j
>
|
c +46,

zkhuh � lv dq duelwudu| frqvwdqw ^wklv lv frqvlvwhqw zlwk Ohppd 6/ zkhq rqh frqvwudlqv

S wr htxdo dV E�� 4� n jb4o * ij dV2 n b E�� q4�oj dqg xvhv +43, wr lghqwli| wkh olqhdu

htxloleulxp uhodwlrq ehwzhhq Z| dqg %|`1 Lq htxloleulxp/ Z| n Eb*V� %| ' f e| +9,/ dqg

wkh lqwhuhvw udwh ehfrphv lghqwlfdo wr +:,1 E| vxlwdeoh fkrlfh ri � +w|slfdoo| � : �,/

ghwhuplqdf| ri wkh dvvrfldwhg LUH � lpsohphqwlqj wkh glvfuhwlrqdu| htxloleulxp � lv

dvvxuhg1 L eholhyh wkdw lpsohphqwdwlrq ri +46, iru ghwhuplqdf| lv xqqhfhvvdu|/ dv wkh

rswlpl}dwlrq lpehgghg lq wkh wdujhwlqj uxoh dssurdfk gholyhuv ghwhuplqdf| wkurxjk lwv

lpsolflw frpplwphqw wr �jkw qrq0ixqgdphqwdov0edvhg0htxloleulxp h{shfwdwlrqv dv dujxhg

deryh ^vlqfh +46, gluhfwo| lqfrusrudwhv wkh �uvw0rughu frqglwlrq/ Vyhqvvrq dqg Zrrgirug

qrwh wkdw wkhlu dqdorjrxv vshfl�fdwlrq lv �vrphzkdw lq wkh vslulw ri d wdujhwlqj uxoh� +s1

76,`146

5171 Uhdo ghwhuplqdf| zlwk d wdujhwlqj uxoh xqghu frpplwphqw srolf|

Wklv vxe0vhfwlrq frqvlghuv wkh fdvh zkhuh wkh fhqwudo edqn xqghu wkh wdujhwlqj uxoh kdv

wkh delolw| wr frpplw wr d srolf| sodq iru wkh ixwxuh1 L1h1/ wkh dvvxpswlrq ri glvfuhwlrqdu|/

shulrg0e|0shulrg rswlpl}dwlrq lv qrz dedqgrqhg lq idyru ri dq dvvxpswlrq wkdw wkh edqn

dfwv lq dffrugdqfh zlwk frpplwphqw xqghu d �wlphohvv shuvshfwlyh� +Zrrgirug/ 4<<<e,147

Lw wxuqv rxw wkdw wkh lvvxh ri ghwhuplqdf| lv qrw txdolwdwlyho| d�hfwhg e| wklv dvvxpswlrq/

exw wkdw wkh uhvxowlqj htxloleulxp uhodwlrqvklsv ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg

hqgrjhqrxv yduldeohv hyhq pruh vwurqjo| ghprqvwudwh wkdw lqihuhqfh derxw htxloleulxp

ghwhuplqdf| iurp wkhvh fdq eh plvohdglqj1

Iluvw/ wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkh htxloleulxp rxwfrphv xqghu wkh wdu0

jhwlqj uxoh +7,/ dqg zkhuh srolf| lv frqgxfwhg dffruglqj wr frpplwphqw xqghu wkh wlphohvv

shuvshfwlyh=

46Qrwh wkdw/ dv dujxhg e| Vyhqvvrq +5334e,/ dq lqvwuxphqw uxoh olnh +46, lv pruh frpsolfdwhg wkdq wkh
dvvrfldwhg vshfl�f wdujhwlqj uxoh/ �w . +�@�,{w @ 3/ dv wkh iruphu lqyroyhv %w +zklfk frxog fruuhvsrqg wr
zkdw Vyhqvvrq lqwhusuhwv dv �mxgjhphqw lq prqhwdu| srolf|�,/ �

w
dv zhoo dv pruh sdudphwhuv1 Lw frxog

wkhuhiruh eh pruh gl!fxow wr yhuli| e| wkh sulydwh vhfwru zkhwkhu wkh fhqwudo edqn kdv olyhg xs wr lwv
lqwhqwlrqv xqghu +46, wkdq xqghu wkh wdujhwlqj uxoh1

47Wklv frqfhsw hohjdqwo| flufxpyhqw wkh duelwudulqhvv ri wkh lqlwldo gdwh lq wkh rswlpl}dwlrq sureohp/
zklfk zrxog rwkhuzlvh lpso| wkdw wkh edqn lq wkh qh{w shulrg zrxog kdyh wkh lqfhqwlyh wr �uh0frpplw�
+dv wklv gdwh lv wkhq dq duelwudu| lqlwldo gdwh,1 Wkh wlphohvv shuvshfwlyh lqyroyhv frpplwphqw wr d srolf|
sdwwhuq wkdw wkh fhqwudo edqn �zrxog kdyh zlvkhg wr frpplw lwvhoi wr dw d gdwh idu lq wkh sdvw� +Zrrgirug/
4<<<e/ s1 5<6,/ lpso|lqj wkdw wkh lqlwldo gdwh kdv qr phdqlqj1 Vhh PfFdooxp dqg Qhovrq +5333, iru ixuwkhu
glvfxvvlrq1
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Sursrvlwlrq 51 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu frpplwphqw/ uh0

vxowv lq d xqltxh/ qrq0h{sorvlyh WUH/ fkdudfwhul}hg e|

%| ' �%|3� � )0|c Z| '
b

V
E�� �� %|3� n

b

V
)0|c +47,

f 	 � �
� n q3� E� n V2*b��

u�
� n q3� E� n V2*b�

�2
� eq3�

2
	 �c

) �
V�

b E�� �q4�
: f�

Surri1 Lq vroylqj iru wkh frpplwphqw srolf|/ vhw xs wkh Odjudqjldq +fi1 Fxuulh dqg

Ohylqh/ 4<<6> Zrrgirug/ 4<<<d,=

O ' H�

%
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q|3�
�
b%2

|
n Z2
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�
n 2i| EZ| � qH|Z|n� � V%| � 0|�
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zkhuh i| lv +kdoi wkh, pxowlsolhu rq +5,1 ^Wkhuh lv qr qhhg wr lqfoxgh wkh frqvwudlqw +4,/

dv wkh pxowlsolhu rq wklv zloo eh }hur1` Iurp wkh �uvw0rughu frqglwlrqv b%| � i|V ' f dqg

Z| n i| � i|3� ' f rqh rewdlqv wkh rswlpdolw| frqglwlrq

Z| n
b

V
E%| � %|3�� ' f� +48,

^Xqghu d �qrq0wlphohvv shuvshfwlyh� wklv frqglwlrq zrxog qrw krog lq shulrg �/ zkhuh

lqvwhdg +9, zrxog dsso|1 Wklv kdv qr lpsolfdwlrqv iru ghwhuplqdf|/ dv xqghu +9, htxloleulxp

lv dovr xqltxh li ixwxuh ydoxhv duh> fi1 Sursrvlwlrq 41` Xvh +48, wrjhwkhu zlwk +5, wr rewdlq

d vhfrqg0rughu gl�huhqfh htxdwlrq lq %|/ H|%|n� '
�
� n q3� E� n V2*b�

�
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Wkh uhdo dqg srvlwlyh urrwv ri wkh v|vwhp duh 4 dqg

� n q3� E� n V2*b�	

u�
� n q3� E� n V2*b�

�2
� eq3�

2
�

Wklv lpsolhv wkdw wzr urrwv duh vpdoohu wkdw � dqg rqh lv deryh1 Dv wkh v|vwhp lqyroyhv

wzr suhghwhuplqhg yduldeohv +0| dqg %|3�, dqg rqh mxps yduldeoh +%|,/ wklv lpsolhv e| xvh

ri Eodqfkdug dqg Ndkq +4<;3, wkdw wkh v|vwhp lghqwl�hv d xqltxh/ qrq0h{sorvlyh udwlrqdo
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h{shfwdwlrqv htxloleulxp vroxwlrq iru %|1 Wkh vroxwlrq lv hdvlo| uhfryhuhg e| wkh phwkrg ri

xqghwhuplqhg frh!flhqwv1 Frpelqlqj wklv vroxwlrq zlwk +48,/ wkh xqltxh vroxwlrq iru Z|

iroorzv1

Wklv sursrvlwlrq pluuruv Sursrvlwlrq 4 iru wkh fdvh ri glvfuhwlrqdu| srolf|pdnlqj e| vkrz0

lqj wkdw d wdujhwlqj uxoh zlwk frpplwphqw srolf| dovr ohdgv wr d ghwhuplqdwh udwlrqdo

h{shfwdwlrqv htxloleulxp/ zkhuh lq dwlrq dqg wkh rxwsxw jds duh xqltxh ixqfwlrqv ri ixq0

gdphqwdov rqo| +khuh/ %|3� dqg 0|,1

Qrwh wkh gl�huhqfh ri wkh vroxwlrq zlwk wkh rqh xqghu glvfuhwlrq1 Lq frqwudvw zlwk +8,/

wkh vroxwlrq xqghu frpplwphqw/ +47,/ gl�huv ehfdxvh wkh odjjhg ydoxh ri wkh rxwsxw jds

dsshduv1 Wklv uh hfwv wkh rswlpdolw| ri �klvwru| ghshqghqw� srolf|/ ru �lqhuwldo srolf|/�

dv vwuhvvhg e| Zrrgirug +4<<<d/e,1 Lq wklv prgho/ vxfk ehkdylru lqgxfhv d pruh idyrudeoh

lq dwlrq0rxwsxw jds wudgh0r� lq wkh iroorzlqj vhqvh1 Frqvlghu wkh fdvh zkhuh wkh hfrqrp|

lv klw e| d whpsrudu| +srvlwlyh, frvw0sxvk vkrfn1 E| ohwwlqj wkh dvvrfldwhg frqwudfwlyh sro0

lf| shuvlvw lqwr wkh ixwxuh/ wkh fhqwudo edqn orzhuv lq dwlrq h{shfwdwlrqv/ zklfk gdpshqv

fxuuhqw lq dwlrq dqg wkxv khosv wr vwdelol}h wkh frvw0sxvk vkrfn1 Khqfh/ d jlyhq uhgxfwlrq

lq lq dwlrq fdq eh dwwdlqhg dw d orzhu frvw lq whupv ri wkh fxuuhqw rxwsxw jds> li wkh

uhgxfwlrq lq wkh rxwsxw jds shuvlvwv1 Wklv lv lqghhg uh hfwhg e| wkh vroxwlrq +47,/ zkhuh d

whpsrudu| 0| : f orzhuv %|/ exw dovr doo %|n� dqg Z|n�/ � : f +wr d ghfd|lqj h{whqw,1 Doehlw

rswlpdo/ wkh vroxwlrq lv wlph0lqfrqvlvwhqw/ dv wkh fhqwudo edqn lq shulrg |n � +devhqw wkh

delolw| ri vwlfnlqj wr lwv frpplwphqw,/ kdv wkh lqfhqwlyh wr vwrs frqwudfwlqj wkh hfrqrp|

iurp wkhq rq1

Dv xqghu glvfuhwlrq/ rqh fdq fkdudfwhul}h wkh sdwk ri wkh qrplqdo lqwhuhvw udwh dv

ixqfwlrq ri wkh suhghwhuplqhg yduldeohv=

Ohppd 81 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu frpplwphqw/ uhvxowv

lq dq htxloleulxp sdwk iru wkh qrplqdo lqwhuhvw udwh/ zklfk lv d xqltxh ixqfwlrq ri wkh

suhghwhuplqhg yduldeohv %|3�/ 0| dqg >
|
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Surri1 Ohdg Z| dqg %| dv jlyhq e| +47,/ dsso| wkh ydoxh ri %|/ dqg wdnh shulrg | h{shfwd0

wlrqv wr jhw

H|Z|n� '
b

V
E�� ���%|3� �

b

V
) E�� �� 4� 0|c

H|%|n� ' �2%|3� � ) E�n 4� 0|
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zklfk wrjhwkhu zlwk %| lqvhuwhg lqwr +4, |lhogv +49,1

Rqh vhhv djdlq wkdw wkh >
|
0vkrfn lv frpsohwho| qhxwudol}hg/ wkxv h{sodlqlqj lwv devhqfh

lq wkh vroxwlrqv iru lq dwlrq dqg wkh rxwsxw jds1 Dv wkh 0|0vkrfn hqwdlov dq lq dwlrq0

rxwsxw jds wudgh0r�/ lw lv qrw ixoo| qhxwudol}hg/ dqg +49, frpsduhg zlwk +:,/ vkrzv krz

wkh qrplqdo lqwhuhvw udwh xqghu frpplwphqw ghshqgv xsrq klvwru| lq rughu wr lqgxfh wkh

rswlpdo lqhuwld lq srolf|pdnlqj1

Sdudooholqj Ohppd 5/ zklfk ghvfulehv wkh fdvh ri glvfuhwlrq/ frqvlghu zkdw kdsshqv li

wkh prqhwdu| iudphzrun lv rqh ri dq lqvwuxphqw uxoh/ dqg �| lv vhw dffruglqj wr +49,=

Ohppd 91 Dq lqvwuxphqw uxoh fkdudfwhul}hg e| +49,/ pd| uhvxow lq lq�qlwho| pdq| qrq0

h{sorvlyh LUH1

Surri1 Vhh Dsshqgl{ G1

Wklv ohppd uh hfwv rqfh pruh wkdw lqvwuxphqw uxohv wkdw duh �sdvvlyh� pd| lqgxfh uhdo

htxloleulxp lqghwhuplqdf| ri LUH148 Lq rughu wr dgguhvv zk| wkhuh/ lq frqwudvw/ dozd|v

lv ghwhuplqdf| xqghu d wdujhwlqj uxoh +lpso|lqj wkh vdph lqvwuxphqw sdwk,/ lw lv djdlq

lqvwuxfwlyh �uvw wr orrn dw wkh uhodwlrqvkls ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg wkh

hqgrjhqrxv yduldeohv ri wkh prgho1 Rqh zloo wkhq � pruh fohduhu wkdq xqghu glvfuhwlrq �

vhh wkdw vxfk uhodwlrqvklsv/ zklfk pd| dsshdu lq gdwd/ vd| olwwoh/ li dq|/ derxw wkh vwdelolw|

surshuwlhv ri wkh hfrqrp|1 Wkh iroorzlqj ohppd dssolhv=

Ohppd :1 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu frpplwphqw/ uhvxowv

lq lq�qlwho| pdq| htxloleulxp uhodwlrqv ehwzhhq wkh qrplqdo lqwhuhvw udwh dqg wkh suhgh0

whuplqhg dqg hqgrjhqrxv yduldeohv=
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48Dowkrxjk/ dv h{sodlqhg lq wkh surri/ ghwhuplqdf| pd| eh srvvleoh iru sdudphwhu frq�jxudwlrqv vhfxulqj
wkdw wkh frh!flhqw rq wkh odjjhg rxwsxw jds lv qrw qhjdwlyh1 Li wkh frh!flhqw lv vx!flhqwo| srvlwlyh/
ghwhuplqdf| suhydlov dv wkh lqwhuhvw udwh lqfuhdvh lq uhvsrqvh wr d kljkhu odjjhg rxwsxw jds/ lqyrnhv d
vx!flhqwo| frqwudfwlrqdu| srolf| vwdqfh vxfk wkdw vhoi0ixo�oolqj lq dwlrqdu| errpv duh uxohg rxw1
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Surri1 Lq rughu iru wkh qrplqdo lqwhuhvw udwh wr eh frqvlvwhqw zlwk wkh WUH ydoxhv ri

fxuuhqw dqg h{shfwhg ixwxuh yduldeohv/ lw iroorzv e| +4:, dqg Ohppd 8 wkdw wkh iroorzlqj

uhodwlrq pxvw eh vdwlv�hg=
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Li wklv lv wr krog iru hyhu| ydoxh ri %|3� dqg 0|c lw iroorzv wkdw wkh frh!flhqwv i@�j
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/ S dqg _ pxvw vdwlvi| +4;, dqg +4<,1

Wklv ohppd vkrzv wkdw/ mxvw dv xqghu glvfuhwlrq/ wkh xqltxh WUH qrplqdo lqwhuhvw udwh

fdq eh uhsuhvhqwhg dv lq�qlwho| pdq| htxloleulxp uhodwlrqvklsv ehwzhhq wkh suhghwhuplqhg

yduldeohv dqg fxuuhqw ru h{shfwhg ohdgv ri wkh hqgrjhqrxv yduldeoh1 Lq frqwudvw zlwk

glvfuhwlrq/ wkh gl�huhqfh lv wkdw wzr uhvwulfwlrqv rq wkh uhodwlrqvklsv pxvw eh vdwlv�hg

vlqfh wkhuh duh wzr suhghwhuplqhg yduldeohv +dsduw iurp >
|
/ zklfk grhv qrw sod| d uroh> fi1

deryh,1 Lq frqvhtxhqfh/ rqh fdq h{suhvv wkh qrplqdo lqwhuhvw udwh dv d xqltxh ixqfwlrq ri

wzr hqgrjhqrxv yduldeohv1

Dv wkh sxusrvh ri wklv h{huflvh lv wr vkrz wkdw htxloleulxp uhodwlrqvklsv whoo olwwoh derxw

ghwhuplqdf|/ frqvlghu wkh uhsuhvhqwdwlrq zklfk prvw forvho| fruuhvsrqgv wr +44,> l1h1/ wkh

riwhq suhvhqwhg htxloleulxp uhsuhvhqwdwlrq xqghu glvfuhwlrq1 Wklv zrxog qrz eh d fdvh
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ri �| ' K�H|Z|n� n @f%| n E�*j�>
|
/ dqg zkhuh K� dqg @f duh lghqwl�hg e| +4;, dqg +4<,1

Lq rwkhu zrugv/ d iruzdug0orrnlqj Wd|oru uxoh zkhuh wkh rxwsxw jds qrz pdwwhuv1 Wkh

iroorzlqj h{suhvvlrq hphujhv e| dsso|lqj Ohppd :=
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Khqfh/ @f ' f/ K� 	 � dqg rqh fdqqrw uxoh rxw wkdw K� 	 f1 Wkdw lv/ lq htxloleulxp � lq

d ghwhuplqdwh htxloleulxp � wkhuh pd| eh d qhjdwlyh uhodwlrqvkls ehwzhhq wkh qrplqdo

lqwhuhvw udwh dqg lq dwlrq h{shfwdwlrqv/ dqg lw lv dozd|v wkh fdvh wkdw wkh Wd|oru sulqflsoh

idlov dv dovr Fodulgd hw do1 +4<<<, hpskdvl}h ^lw wkxv iroorzv wulyldoo| e| Dsshqgl{ E wkdw

dq LUH xqghu +54, lv dozd|v lqghwhuplqdwh`1 D uhdvrq lv wkdw xqghu d klvwru|0ghshqghqw

srolf|/ d frqwudfwlrq wrgd| +vd|/ wrzdugv d srvlwlyh dqg whpsrudu| 0|, lv h{shfwhg wr

eh iroorzhg e| d frqwudfwlyh vwdqfh lq wkh ixwxuh1 Wklv uhgxfhv lq dwlrq h{shfwdwlrqv1

Li htxloleulxp srolf| lqghhg lv wr eh frqwudfwlyh lq shulrg |/ wkh uhdo lqwhuhvw udwh pxvw

lqfuhdvh/ vr wkh qrplqdo lqwhuhvw udwh pxvw hlwkhu lqfuhdvh +lq zklfk fdvh wkh fruuhodwlrq

ehwzhhq �| dqg H|Z|n� lv qhjdwlyh,/ ru ghfuhdvh ohvv wkdq lq dwlrq h{shfwdwlrqv gr +lq zklfk

fdvh wkh fruuhodwlrq ehwzhhq �| dqg H|Z|n� lv srvlwlyh exw ohvv wkdq rqh0iru0rqh,149

Wkhuhiruh/ dq htxloleulxp uhsuhvhqwdwlrq olnh +44, zklfk frxog vhhp wr h{sodlq ghwhupl0

qdf| xqghu wkh glvfuhwlrqdu| wdujhwlqj uxoh +dv wkh Wd|oru sulqflsoh zdv vdwlv�hg,/ fohduo|

r�huv qr foxh derxw ghwhuplqdf| xqghu d wdujhwlqj uxoh zlwk frpplwphqw srolf|14: Pruh0

ryhu/ wklv h{dpsoh hpskdvl}hv ixuwkhu wkdw revhuyhg uhodwlrqvklsv ehwzhhq wkh qrplqdo

lqwhuhvw udwh dqg pdfurhfrqrplf yduldeohv r�hu olwwoh lqvljkwv derxw ghwhuplqdf|1

Olnh zlwk wkh fdvh ri glvfuhwlrq/ wkh lqwxlwlrq iru ghwhuplqdf| zlwk d wdujhwlqj uxoh

xqghu frpplwphqw/ lv irxqg e| h{suhvvlqj wkh lpsolhg lqwhuhvw udwh uhdfwlrq ixqfwlrq

wrzdugv dq| h{shfwdwlrqv1 Wkh dqdorjxh ri Ohppd 7 lv xqghu wkh fdvh ri frpplwphqw

jlyhq e|

Ohppd ;1 Wkh wdujhwlqj uxoh ghvfulehg e| wkh sureohp +7, xqghu frpplwphqw/ uhvxowv

49Uhpdun wkh uhyhuvh dqdorj| zkhq d gh dwlrqdu| vkrfn rffxuv1 Rqh zrxog wkhq kdyh wkdw d frp0
plwphqw srolf| frxog eh frqvlvwhqw zlwk dq lqfuhdvh lq wkh qrplqdo lqwhuhvw udwh/ dv wkh ixwxuh h{shfwhg
frqwlqxhg h{sdqvlrq ohdgv wr dq hyhq kljkhu lqfuhdvh lq wkh lq dwlrq h{shfwdwlrqv wkxv uhgxflqj wkh uhdo
lqwhuhvw udwh1 Wklv zd| rqh fdq jhw dq hfrqrp| rxw ri d gh dwlrqdu| vlwxdwlrq zkloh qrw ylrodwlqj wkh
}hur erxqg rq qrplqdo lqwhuhvw udwhv/ dv lv lqghhg frqwdlqhg lq Vyhqvvrq*v +5334d, sursrvdo wr vdyh +rshq,
hfrqrplhv iurp d oltxlglw| wuds1

4:L kdyh uhfhqwo| uhfhlyhg Qdnruqwkde +5333,/ zklfk vkrzv wkdw wkh Wd|oru sulqflsoh dovr idlov lq wklv
w|sh ri prgho xqghu sulfh0ohyho wdujhwlqj dqg qrplqdo lqfrph jurzwk wdujhwlqj> uhjlphv frqvlghuhg e|/
uhvshfwlyho|/ Yhvwlq +5333, dqg Mhqvhq +5334,1 Wkh dqdorj| dulvhv dv wkhvh uhjlphv r�hu zd|v ri dssurdfk0
lqj wkh frpplwphqw vroxwlrq hyhq xqghu glvfuhwlrqdu| srolf|pdnlqj1 Qdnruqwkde +5333, dujxhv/ zlwk
uhihuhqfh wr wklv sduwlfxodu htxloleulxp uhodwlrqvkls/ wkdw wkrvh uhjlphv duh yxoqhudeoh wr lqghwhuplqdf|1
Wklv lv frq�uphg e| Dsshqgl{ E/ li wkh htxloleulxp uhodwlrqvkls lv lqwhusuhwhg dv dq lqvwuxphqw uxoh1
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lq d xqltxh h{suhvvlrq iru wkh qrplqdo lqwhuhvw udwh/ zklfk krogv iru dq| ydoxhv ri wkh

h{shfwhg ixwxuh lq dwlrq dqg rxwsxw jds=

�| '
j Ebn V2� n Vq

j Ebn V2�
Ze

|n� n
�

j
%e
|n� n

V

j Ebn V2�
0| n

�

j
>
|
�

�

j

b

bn V2
%|3�� +55,

Surri1 Vxevwlwxwh +4, dqg +5, +zlwk Ze

|n� uhsodflqj H|Z|n� dqg %e
|n� uhsodflqj H|%|n�, lqwr

wkh rswlpdolw| frqglwlrq +48,1 Dv +4, dqg +5, krog iru dq| Ze

|n� dqg %e
|n�/ lw iroorzv wkdw

wkh qrplqdo lqwhuhvw udwh uhvxowlqj iurp wkh vxevwlwxwlrq zloo eh xqltxho| jlyhq e| +55, iru

dq| ydoxhv ri Ze

|n� dqg %e
|n� zkhq +48, dssolhv> l1h1/ zkhq wkh wdujhwlqj uxoh lv ghvfulehg e|

+7, xqghu frpplwphqw1

Dv hylghqw wklv suhvhqwv wkh qrplqdo lqwhuhvw udwh dv dq lpsolhg uhdfwlrq ixqfwlrq

vlplodu wr wkh rqh xqghu glvfuhwlrqdu| srolf|pdnlqj +45,/ zlwk wkh rqo| gl�huhqfh ehlqj

wkh dsshdudqfh ri wkh odjjhg rxwsxw jds1 Lq whupv ri h{sodlqlqj wkh ghwhuplqdf| uhvxow/

wkh dujxphqwv iroorzlqj Ohppd 7 wkxv dsso| xqghu frpplwphqw dv zhoo1

61 Hvwlpdwhg lqwhuhvw udwh uhvsrqvh ixqfwlrqv xqghu wdujhwlqj uxohv

Fohduo|/ wkh prgho xvhg lq wkh suhylrxv vhfwlrq lv wrr vlpsoh wr sruwud| d uhdolvwlf vfhqdulr

iru prqhwdu| srolf|pdnlqj1 Lq wklv vhfwlrq/ wkh prgho ri Vhfwlrq 514 lv wkhuhiruh dphqghg

lq d qxpehu ri gluhfwlrqv vr dv wr ixuwkhu vwuhvv krz hvwlpdwhg lqwhuhvw udwh ixqfwlrqv

pd| qrw frqyh| lqirupdwlrq derxw wkh hfrqrp|*v vwdelolw| surshuwlhv1 Iluvw/ lw lv dvvxphg

wkdw wkh rxwsxw jds lv suhghwhuplqhg rqh shulrg dkhdg/ dqg lq dwlrq lv suhghwhuplqhg

wzr shulrgv dkhdg1 Lq frqvhtxhqfh/ prqhwdu| srolf| d�hfwv wkh rxwsxw jds zlwk d rqh0

shulrg odj/ dqg lq dwlrq zlwk d wzr0shulrg odj1 Wklv vhhpv wr eh eurdgo| frqvlvwhqw zlwk

hpslulfdo �qglqjv/ zklfk vkrz wkdw wkh h�hfwv ri prqhwdu| srolf| duh �uvw suhvhqw lq

rxwsxw +diwhu vrph wlph, dqg wkhq odwhu lq wkh lq dwlrq udwh> vhh Zdovk +4<<;/ Fkdswhu 4,

dqg wkh uhihuhqfhv surylghg wkhuh1 Vhfrqgo|/ L lqwurgxfh hqgrjhqrxv shuvlvwhqfh lq erwk

wkh rxwsxw jds dqg lq dwlrq htxdwlrqv1 Djdlq/ wklv lv pdlqo| hpslulfdoo| prwlydwhg> lw lv

hdv| wr uhmhfw hpslulfdoo| wkdw rxwsxw dqg lq dwlrq grhv qrw ghshqg rq wkhlu sdvw ydoxhv1

Vhh/ h1j1/ Ixkuhu +5333, ru Uxghexvfk dqg Vyhqvvrq +4<<<, rq ghpdqg shuvlvwhqfh lq XV

gdwd/ dqg/ h1j1/ Ixkuhu dqg Prruh +4<<8,/ Urehuwv +4<<:/ 4<<;, ru Jdoð dqg Jhuwohu +4<<<,

rq lq dwlrq shuvlvwhqfh lq XV gdwd1

Zlwk wkhvh dowhudwlrqv/ wkh htxdwlrqv iru wkh rxwsxw jds dqg lq dwlrq ehfrphv/ uhvshf0

wlyho|/

%|n� ' w%| n E�� w�H|%|n2 � j EH|�|n� � H|Z|n2� n }�
|n�c f � w 	 �c +56,
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Z|n2 ' �Z|n� n E�� �� qH|Z|n� n VH|%|n2 n 0|n2c f � � 	 �c +57,

zlwk

}�
|n� � w+?

|
n }|n� � +?

|n� n E�� w�H|+
?

|n2c

dqg zkhuh }|n� ' �
}
}| n 1}

|n�/ f � �
}
	 �/ lv d ghpdqg vkrfn/ dqg +?

|n� ' �
+
+?
|
n 1+

|n�/

f � �
+
	 �/ lv wkh vwrfkdvwlf +orj ri, qdwxudo udwh +wkxv fdswxulqj whfkqrorj| vkrfnv,1 Wkh

lqqrydwlrqv 1}
|n� dqg 1+

|n� +dqg 1
|n�, duh l1l1g1 dqg zklwh qrlvh1 Qrwh wkdw wkh sdudphwhuv

w dqg �/ uhvshfwlyho|/ txdqwl�hv wkh ghjuhh ri hqgrjhqrxv shuvlvwhqfh lq ghpdqg dqg

lq dwlrq1 Ixuwkhupruh/ uhpdun wkdw wkh ghvfulehg wudqvplvvlrq odjv ri prqhwdu| srolf| lv

dfklhyhg dv ghpdqg lq shulrg |n� lv ghflghg lq shulrg | +wkurxjk wkh shulrg | h{shfwdwlrq

ri wkh uhdo lqwhuhvw udwh lq shulrg | n �,/ dqg sulfhv lq shulrg | n 2 duh vhw lq shulrg |

+wkurxjk wkh shulrg | h{shfwdwlrq ri wkh lq dwlrq udwh lq shulrg |n� dqg wkh h{shfwdwlrq

ri wkh shulrg | n 2 rxwsxw jds,1 Dq lqwhuhvw udwh ghflvlrq lq shulrg | wkxv fdqqrw d�hfw

ghpdqg lq shulrg |/ exw rqo| ghpdqg shulrg |n � +jlyhq/ ri frxuvh/ wkdw wkh ghflvlrq kdv

lpsolfdwlrqv iru wkh shulrg |n � lqwhuhvw udwh, dqg wkxv lq dwlrq lq shulrg |n 21

Lq wklv pruh hoderudwh yhuvlrq/ wkh prgho fdqqrw eh vroyhg dqdo|wlfdoo|1 Lqvwhdg/ L

iroorz vwdqgdug sudfwlfh dqg h{suhvv wkh prgho lq vwdwh0vsdfh irup dqg dgrsw frqyhqwlrqdo

qxphulfdo vroxwlrq dojrulwkpv xqghu glvfuhwlrqdu| dqg frpplwphqw srolflhv/ l1h1/ wdujhwlqj

uxohv1 Vhh/ h1j1/ Edfnxv dqg Gul!oo +4<;9,/ Fxuulh dqg Ohylqh +4<<6, dqg Vyhqvvrq +4<<7/

Dsshqgl{, rq wkhvh phwkrgv1 Wkhvh dojrulwkpv jhqhudoo| shuirup yhu| zhoo/ exw iru wkh

fxuuhqw prgho/ frqyhujhqfh +xqghu glvfuhwlrq, uhtxluhv wkdw wkh frqwuro yduldeoh hqwhuv

wkh orvv ixqfwlrq1 Vxfk frqyhujhqfh sureohpv duh dovr uhsruwhg e| Vyhqvvrq +5333,/ zkr

wkhuhiruh dggv d vpdoo orvv ri lqwhuhvw fkdqjhv wr wkh orvv ixqfwlrq1 Wkh orvv ixqfwlrq lv

wkhuhiruh dphqghg wr

hu ' Hf
"[
|'�

q|3�
k
b%2

|
n Z2

|
n v�2

|
n � E�| � �|3��

2
l
c v � fc � � fc +58,

zklfk doorzv iru orvvhv ri hlwkhu qrplqdo lqwhuhvw udwh yduldelolw| shu vh ru orvvhv iurp

lqwhuhvw udwh fkdqjhv1 Lq vwdwh0vsdfh irup/ wkh prgho lv wkhq zulwwhq dv

5
7 j|n�

H|"|n�

6
8 ' �

5
7 j|

"
|

6
8n�

2H|�|n2 n�
�H|�|n� n��| n

5
7 �

|n�

f�f�

6
8 c +59,

zkhuh � lv d �f� �f pdwul{/ �2/ ��/ � duh �f� � yhfwruv/ dqg j| lv wkh froxpq yhfwru
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ri wkh vhyhq suhghwhuplqhg yduldeohv

j| � dh}| +?
|

0| %| Z| H|Z|n� �|3�o
� c

"
|
lv wkh froxpq yhfwru ri wkh wkuhh iruzdug0orrnlqj yduldeohv

"
|
� dH|%|n� H|%|n2 H|Z|n2o

� c

dqg

�
|n� '

k
1}|n� 1+|n� 1

|n� 1}|n� � 1+|n� 1
|n� E�n 4� 1

|n� f
l�
c

lv wkh froxpq yhfwru ri lqqrydwlrqv1 Ghwdlov rq wkh vroxwlrq surfhgxuhv ri wkh prgho +dqg

pdwul{ � dqg yhfwruv �
2/ ��/ dqg �,/ duh dydlodeoh lq d vxssohphqwdu| dsshqgl{ xsrq

uhtxhvw14;

Wkh prgho lv/ dv phqwlrqhg/ vroyhg xqghu wkh dvvxpswlrq ri hlwkhu glvfuhwlrqdu| ru

frpplwphqw srolf|pdnlqj1 Iurp hdfk fdvh/ rqh uhfryhuv h{suhvvlrqv iru wkh g|qdplf

hyroxwlrq ri wkh hfrqrp| ri wkh irup
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7 j|
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6
8n
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|n�

f�f�

6
8 c | : �c +5:,

zlwk j� jlyhq dqg "� ' Oj�/ zkhuh l dqg O duh pdwulfhv irxqg e| wkh vroxwlrq dojr0

ulwkpv +gl�hulqj/ ri frxuvh/ ehwzhhq glvfuhwlrq dqg frpplwphqw,1 Lw lv lpsruwdqw wr qrwh

wkdw/ e| lpsolfdwlrq ri wkh vroxwlrq dojrulwkpv/ +5:, uhsuhvhqwv d fdvh zkhuh rqo| ixqgd0

phqwdov pdwwhu iru wkh g|qdplfv ri wkh hfrqrp| +hqgrjhqrxv yduldeohv duh d ixqfwlrq ri

suhghwhuplqhg yduldeohv rqo|,1 Khqfh/ wkh WUH xqghu glvfuhwlrq dqg frpplwphqw duh gh0

whuplqdwh e| frqvwuxfwlrq1 Xqghu erwk irupv ri srolf|/ wkh prgho lv wkhq xvhg wr surylgh

Sff shulrgv ri gdwd e| dsso|lqj +5:, lq d vwrfkdvwlf vlpxodwlrq1 Iurp wkhvh vlpxodwlrqv/

wlph vhulhv iru �|/ %|/ H|Z|n�/ H|Z|n2 duh h{wudfwhg dqg xvhg iru vxevhtxhqw hvwlpdwlrqv ri

lqwhuhvw udwh uhvsrqvh ixqfwlrqv1

Dv wkhvh hvwlpdwlrqv phuho| duh phdqw wr vhuyh dv urxjk looxvwudwlrqv ri zkdw fdq/

dqg zkdw fdqqrw/ eh frqfoxghg iurp wkhvh/ wkh prgho dv jlyhq e| +56,0+57, kdv qrw ehhq

fdoleudwhg vr dv wr pdwfk exvlqhvv f|foh surshuwlhv dffxudwho|1 Wkh prgho lv lqwhusuhwhg

dv txduwhuo|/ zlwk lq dwlrq dqg wkh qrplqdo lqwhuhvw udwh phdvxuhg dw dqqxdo udwhv1 Wkh

dgrswhg sdudphwhu ydoxhv kdyh ehhq fkrvhq vr dv qrw wr eh jurvvo| lqfrqvlvwhqw zlwk

4;Wklv dsshqgl{ dovr vkrzv krz wr dphqg wkh vroxwlrq dojrulwkpv lq rughu wr kdqgoh wkh suhvhqfh ri
wkh h{shfwhg ixwxuh frqwurov lq +58,> wklv surfhgxuh iroorzv Vyhqvvrq +5333, forvho|1
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w ' f�Dc � ' f��c j ' f�2Dc V ' f��c
b ' f�Dc v ' f�fDc � ' f q ' f�bbc
j} ' f�f2c j+ ' f�ff.c j0 ' f�f2c
�
}
' f�2Dc �

+
' f�bHc 4 ' f�ff�

Wdeoh 4= Sdudphwhu frq�jxudwlrq iru vlpxodwlrqv

h{lvwlqj hvwlpdwhv ri ghpdqg dqg lq dwlrq htxdwlrqv/4< dqg vr dv qrw wr jlyh xquhdvrqdeoh

xqfrqglwlrqdo vwdqgdug ghyldwlrqv ri wkh rxwsxw jds dqg lq dwlrq xqghu hlwkhu irup ri

srolf|1 Wkh sdudphwhu ydoxhv/ zklfk wr d odujh h{whqw duh vlplodu wr wkrvh lq Mhqvhq

+5334,/ duh vxppdul}hg lq Wdeoh 4/ zkhuh j}/ j+/ dqg j0/ uhvshfwlyho|/ uhsuhvhqw wkh

vwdqgdug ghyldwlrqv ri wkh lqqrydwlrqv 1}
|n�/ 1

+

|n�/ dqg 1
|n� +xqghu wklv sdudphwhul}dwlrq/

wkh vwdqgdug ghyldwlrqv ri lq dwlrq dqg wkh rxwsxw jds duh ehwzhhq 2 dqg 2�D shufhqw,1

Qrwh wkdw frqfhuqlqj wkh orvv ixqfwlrq/ frqyhujhqfh ri wkh vroxwlrq dojrulwkp lv vhfxuhg

e| sxwwlqj d vpdoo zhljkw rq lqwhuhvw udwh yduldelolw| shu vh/ zkloh qrw dwwdfklqj dq| orvv

wr lqwhuhvw udwh fkdqjhv1 Li rqh grhv wklv/ l1h1/ vhwv � : f/ wkh uhvxow lv dq lpsodxvleoh kljk

ghjuhh ri lqwhuhvw udwh vprrwklqj xqghu glvfuhwlrq hyhq iru ydoxhv ri � durxqg f�ffD153

Wkh hvwlpdwhg lqwhuhvw udwh htxdwlrqv duh ri wkh jhqhudo irup

�| ' KfZ| n K�H|Z|n� n K2H|Z|n2 n @f%| n k�|3�c

exw hdfk hvwlpdwlrq rqo| xvhv d vxevhw ri wkh uljkw0kdqg vlgh yduldeohv154 Wdeoh 5 vkrzv

hvwlpdwlrq uhvxowv rq gdwd zkhq wkh fhqwudo edqn lv rswlpl}lqj xqghu glvfuhwlrq1 Lw lv

vhhq wkdw d vlpsoh Wd|oru0w|sh uxoh ri wkh irup �| ' KfZ| n @f%| lv lghqwl�hg lq wkh gdwd/

dowkrxjk wkh fhqwudo edqn lv qrw dgkhulqj wr rqh1 Dovr/ qrwh wkdw wkh wdeoh vkrzv wkdw wkh

hvwlpdwhg frh!flhqwv duh vxfk wkdw dq dvvrfldwhg LUH zrxog eh lqghwhuplqdwh1 Khqfh/ li

rqh lqihuv wkdw wkh fhqwudo edqn kdv ehhq iroorzlqj d phfkdqlfdo Wd|oru uxoh/ rqh zrxog

+nqrzlqj wkh xqghuo|lqj hfrqrplf vwuxfwxuh, frqfoxgh wkdw wkh hfrqrp| lv yxoqhudeoh wr

vxqvsrw  xfwxdwlrqv1 Qhyhuwkhohvv/ wkh hfrqrp| kdv dfwxdoo| ehhq lq d ghwhuplqdwh WUH

lq Sff shulrgv1 Hvwlpdwlqj d Wd|oru uxoh ghshqglqj xsrq wkh rqh0shulrg dkhdg lq dwlrq

4<Qrwh wkdw lq wkh hpslulfdo olwhudwxuh wkhuh lv lq sduwlfxodu glvdjuhhphqw derxw wkh ghjuhh ri shuvlvwhqfh
lq wkh lq dwlrq dgmxvwphqw htxdwlrq1

53Lq wklv fdvh/ wkh vroxwlrq iru wkh lqwhuhvw udwh/ zkhq h{suhvvhg dv d ixqfwlrq ri wkh suhghwhuplqhg
yduldeohv/ h{klelwv dq htxloleulxp uhvsrqvh frh!flhqw ri lw wrzdugv lw�4 ri durxqg 3=61 Wklv lv vxusulvlqjo|
kljk jlyhq wkdw lqwhuhvw udwh fkdqjhv jlyh rqo| d qhjoljleoh orvv1

54Doo hvwlpdwlrqv suhvhqwhg khuh duh vlpsoh ROV uhjuhvvlrqv1 Lq doo wkh fdvhv qrw lqyroylqj Hw�w.5

wkh uljkw0kdqg vlgh yduldeohv duh suhghwhuplqhg dqg lqghshqghqw1 ROV lv sureohpdwlf zkhq hvwlpdwlrqv
lqyroyh Hw�w.5/ zklfk lv hqgrjhqrxv1 Ixwxuh zrun zloo dgguhvv wklv sureohp1
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Yduldeohv lq hvwlpdwhg lqwhuhvw udwh ixqfwlrqv/ �| ' ���1@ Vwdelolw| ri
Z| H|Z|n� H|Z|n2 %| �|3� dvvrfldwhg LUHK

3159W � � 5156W � L
315;W � � 5167W 03143W L
� 3196W � 5153W � L
� 31;<W � 5167W 03146W L
� � 41;4W 5139W � G
� � 5157W 514:W 03145W G

@�-� ghqrwhv vljql�fdqfh dw wkh 8( ohyho
K�L� ghqrwhv lqghwhuplqdf| ri wkh LUH xqghu wkh lqwhuhvw udwh uxoh> �G� ghqrwhv ghwhuplqdf|

Wdeoh 5= Frh!flhqwv lq hvwlpdwhg lqwhuhvw udwh ixqfwlrqv1 Glvfuhwlrq gdwd

Yduldeohv lq hvwlpdwhg lqwhuhvw udwh ixqfwlrqv/ �| ' ���1@ Vwdelolw| ri
Z| H|Z|n� H|Z|n2 %| �|3� dvvrfldwhg LUHK

03133 � � 31:<W � L
3138 � � 31:3W 3175W L
� 03178W � 31:<W � L
� 03133 � 31:4W 3174W L
� � 06185W 319<W � L
� � 041<5W 319:W 3166W L

@�-� ghqrwhv vljql�fdqfh dw wkh 8( ohyho
K�L� ghqrwhv lqghwhuplqdf| ri wkh LUH xqghu wkh lqwhuhvw udwh uxoh> �G� ghqrwhv ghwhuplqdf|

Wdeoh 6= Frh!flhqwv lq hvwlpdwhg lqwhuhvw udwh ixqfwlrqv1 Frpplwphqw gdwd

h{shfwdwlrqv jlyhv wkh vdph uhvxow/ dowkrxjk wkh hvwlpdwhg frh!flhqwv duh �forvhu� wr

uhqghu wkh dvvrfldwhg LUH ghwhuplqdwh1 Lq wkh fdvh ri d Wd|oru uxoh ghshqglqj xsrq

wkh wzr0shulrg dkhdg lq dwlrq h{shfwdwlrqv +wkh wlph krul}rq dw zklfk srolf| fdq d�hfw

lq dwlrq,/ wkhq rqh jhwv hvwlpdwhv zklfk vxjjhvw wkdw srolf| kdv ehhq frqgxfwhg dffruglqj

wr dq �dfwlyh� Wd|oru uxoh +hyhq wkrxjk lw kdv qrw,155

Wxuqlqj wr wkh fdvh zkhuh srolf| lv frqgxfwhg xqghu frpplwphqw/ Wdeoh 6 vkrzv hv0

wlpdwlrq uhvxowv zklfk qhyhu sruwud| d Wd|oru0w|sh uxoh ehkdylru1 Lq idfw/ wkh vljqv rq

lq dwlrq phdvxuhv duh riwhq qhjdwlyh +frqvlvwhqw zlwk zkdw zdv vkrzq wr eh srvvleoh lq

Vxevhfwlrq 517 iru wkh vlpsoh prgho,1 Wkh dvvrfldwhg LUH duh dozd|v lqghwhuplqdwh/ dqg

dq hfrqrplvw eholhylqj wkdw srolf| kdv ehhq frqgxfwhg zlwklq dq lqvwuxphqw uxoh iudph0

zrun zrxog lq doo olnholkrrg fdoo iru d uhylvlrq lq srolf|pdnlqj dgylvlqj wkdw wkh fhqwudo

edqn vkrxog uhvsrqg pruh djjuhvvlyho| wrzdugv lq dwlrq1 Wklv zrxog eh xqzduudqwhg/
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dv wkh hfrqrp| lv lq wkh rswlpdo/ dqg ghwhuplqdwh/ htxloleulxp156 Wklv looxvwudwhv wkdw
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71 Frqfoxglqj uhpdunv
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kdv pruh wkdq rqh fkdudfwhulvwlf urrw zlwk prgxoxv ohvv wkdq rqh1 Wklv lv qrw jhqhudoo|

wkh fdvh/ exw qrwh wkdw zkhq _ lv }hur/ wkh v|vwhp ehfrphv wkh rqh h{dplqhg lq Dsshqgl{

D/ dqg wkh LUH lv lqghwhuplqdwh1 E| frqwlqxlw|/ wkh LUH lv lqghwhuplqdwh zkhq wkh
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sdudphwhuv lpso| d ydoxh ri _ lq wkh qhljkerukrrg ri }hur1 Qxphulfdo lqyhvwljdwlrqv/

krzhyhu/ ghprqvwudwh wkdw lqghwhuplqdf| ri wkh LUH suhydlov iru d zlgh udqjh ri sodxvleoh

sdudphwhu ydoxhv1 Nhhslqj q ' f�bb �{hg dqg ydu|lqj j iurp f�� wr D zlwk d julg ri

f��/ ydu|lqj V iurp f�� wr ��f zlwk d julg ri f��/ dqg ydu|lqj b iurp f�f2D wr 2�f zlwk

d julg ri f�f2D/ |lhog .Sc fff sdudphwhu frpelqdwlrqv1 Ri wkhvh/ HH�eDI uhqghuhg wkh

LUH lqghwhuplqdwh1 Lw lv qrwhzruwk| wkdw lq wkh uhpdlqlqj fdvhv zkhuh wkh LUH zdv
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