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Expectations, Credibility, and Time-Consistent Monetary Policy

by Peter N. Ireland

This paper addressses the problem of multiple equilibria in a model of time-consistent monetary policy.  It
suggests that this problem originates in the assumption that agents have rational expectations and proposes
several alternative restrictions on expectations that allow the monetary authority to build credibility for a
disinflationary policy by demonstrating that it will stick to that policy even if it imposes short-run costs on
the economy.  Starting with these restrictions, the paper derives conditions that guarantee the uniqueness of
the model’s steady state; monetary policy in this unique steady state involves the constant deflation
advocated by Milton Friedman.



H{shfwdwlrqv/ Fuhglelolw|/ dqg Wlph0Frqvlvwhqw

Prqhwdu| Srolf|

Shwhu Q1 Luhodqg�

Ervwrq Froohjh

Dxjxvw 4<<;

Devwudfw

Wklv sdshu dgguhvvhv wkh sureohp ri pxowlsoh htxloleuld lq d prgho ri

wlph0frqvlvwhqw prqhwdu| srolf|1 Lw vxjjhvwv wkdw wklv sureohp ruljlqdwhv lq

�Sohdvh dgguhvv fruuhvsrqghqfh wr= Shwhu Q1 Luhodqg/ Ervwrq Froohjh/ Ghsduwphqw ri Hfr0

qrplfv/ Fduqh| Kdoo/ 473 Frpprqzhdowk Dyhqxh/ Fkhvwqxw Kloo/ PD 3579:06;391 Who= +94:,

885069;:1 H0pdlo= shwhu1luhodqgCef1hgx1 L zrxog olnh wr wkdqn vhplqdu sduwlflsdqwv dw wkh Ihg0

hudo Uhvhuyh Edqn ri Fohyhodqg/ Qhz \run Xqlyhuvlw|/ wkh Xqlyhuvlw| ri Lrzd/ wkh Xqlyhuvlw| ri

Txhehf dw Prqwuhdo/ wkh Zkduwrq Vfkrro ri wkh Xqlyhuvlw| ri Shqqv|oydqld/ dqg \doh Xqlyhuvlw|

iru khosixo frpphqwv dqg vxjjhvwlrqv1 Vrph ri wklv uhvhdufk zdv frpsohwhg zkloh L zdv ylvlwlqj

wkh Uhvhdufk Ghsduwphqw dw wkh Ihghudo Uhvhuyh Edqn ri Fohyhodqg> L zrxog olnh wr wkdqn wkh

Edqn dqg lwv vwd� iru wkhlu krvslwdolw| dqg vxssruw1 Wkh ylhzv h{suhvvhg khuhlq duh p| rzq

dqg gr qrw qhfhvvdu| uhsuhvhqw wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Fohyhodqg ru wkh Ihghudo

Uhvhuyh V|vwhp1



wkh dvvxpswlrq wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv dqg sursrvhv vhyhudo

dowhuqdwlyh uhvwulfwlrqv rq h{shfwdwlrqv wkdw doorz wkh prqhwdu| dxwkrulw|

wr exlog fuhglelolw| iru d glvlq dwlrqdu| srolf| e| ghprqvwudwlqj wkdw lw

zloo vwlfn wr wkdw srolf| hyhq li lw lpsrvhv vkruw0uxq frvwv rq wkh hfrqrp|1

Vwduwlqj zlwk wkhvh uhvwulfwlrqv/ wkh sdshu ghulyhv frqglwlrqv wkdw jxdudqwhh

wkh xqltxhqhvv ri wkh prgho*v vwhdg| vwdwh> prqhwdu| srolf| lq wklv xqltxh

vwhdg| vwdwh lqyroyhv wkh frqvwdqw gh dwlrq dgyrfdwhg e| Plowrq Iulhgpdq1

MHO= H64/ H85/ H941

41 Lqwurgxfwlrq

N|godqg dqg Suhvfrww +4<::, lghqwli| wkh lq dwlrqdu| eldv wkdw uhvxowv zkhq d

prqhwdu| dxwkrulw| fdqqrw suhfrpplw wr d srolf| uxoh1 Lq wkhlu prgho/ wkh prqh0

wdu| dxwkrulw| ghvluhv wr uhgxfh xqhpsor|phqw dqg fdq gr vr e| fuhdwlqj vxusulvh

lq dwlrq1 Sulydwh djhqwv zlwk udwlrqdo h{shfwdwlrqv uhfrjql}h wkdw wkh prqhwdu|

dxwkrulw| kdv wklv lqfhqwlyh wr lq dwh/ krzhyhu/ dqg exlog wkh h�hfwv ri wkdw lq d0

wlrq lqwr wkhlu ghflvlrqv1 Lq htxloleulxp/ wkhuhiruh/ xqhpsor|phqw lv qr orzhu wkdq

lw zrxog rwkhuzlvh eh> wkh prqhwdu| dxwkrulw|*v glvfuhwlrqdu| srolf| ohdgv rqo|

wr h{fhvvlyh lq dwlrq1 Wklv lv wkh fodvvlf wlph0frqvlvwhqf| sureohp iru prqhwdu|

srolf|1
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Eduur dqg Jrugrq +4<;6, h{whqg N|godqg dqg Suhvfrww*v +4<::, zrun/ ghprq0

vwudwlqj wkdw uhsxwdwlrqdo frqvlghudwlrqv fdq uhgxfh wkh lq dwlrqdu| eldv vwhp0

plqj iurp wkh wlph0frqvlvwhqf| sureohp1 Lq sduwlfxodu/ Eduur dqg Jrugrq frq0

vlghu fdvhv lq zklfk lq dwlrqdu| h{shfwdwlrqv uhpdlq orz vr orqj dv wkh prqhwdu|

dxwkrulw| kdv nhsw lq dwlrq orz lq wkh sdvw exw mxps kljkhu iru d shulrg ri wlph

vkrxog wkh jryhuqphqw ghyldwh iurp lwv orz0lq dwlrq srolf|1 Wkh frvwv lpsrvhg

e| wklv hslvrgh ri kljkhu lq dwlrqdu| h{shfwdwlrqv lqgxfh wkh prqhwdu| dxwkrulw|

wr dgkhuh wr wkh orz0lq dwlrq srolf|1

Eduur dqg Jrugrq +4<;6, dovr uhfrjql}h/ krzhyhu/ wkdw wkhvh wuljjhu0olnh uhs0

xwdwlrqdo phfkdqlvpv vxssruw d pxowlsolflw| ri htxloleuld ihdwxulqj d udqjh ri lq0

 dwlrq udwhv1 Lq idfw/ wklv odujh qxpehu ri srvvleoh rxwfrphv h{sdqgv vwloo ixuwkhu

zkhq pruh jhqhudo dssurdfkhv duh wdnhq wr fkdudfwhul}h wkh vhw ri uhsxwdwlrqdo

htxloleuld1 Luhodqg +4<<9,/ iru lqvwdqfh/ xvhv phwkrgv ghyhorshg e| Fkdul dqg

Nhkrh +4<<3, dqg Vwrnh| +4<<4, wr wudfh rxw wkh hqwluh vhw ri wlph0frqvlvwhqw

prqhwdu| srolflhv lq d yhuvlrq ri wkh Eduur0Jrugrq prgho> srolflhv lq wklv vhw

doorz dq| udwh ri lq dwlrq wr dulvh lq htxloleulxp1

Dv qrwhg e| Vwrnh| +4<<4,/ zkhwkhu wklv pxowlsolflw| ri htxloleuld uhsuhvhqwv

d vhulrxv sureohp iru prghov ri wlph0frqvlvwhqw prqhwdu| srolf| ghshqgv sduwo|

rq krz wkhvh prghov duh lqwhusuhwhg1 Li/ iru h{dpsoh/ rqh lqwhusuhwv wkh prghov
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dv ghvfulelqj d srvlwlyh wkhru| ri prqhwdu| srolf|/ wkhq rqh pljkw hyhq uhjdug

wkh pxowlsolflw| dv d yluwxh= iurp wklv shuvshfwlyh/ wkh wkhru| h{sodlqv erwk zk|

fhqwudo edqnhuv lq orz0lq dwlrq frxqwulhv fkrrvh wr pdlqwdlq wkhlu uhsxwdwlrqv dv

lq dwlrq0�jkwhuv dqg zk| fhqwudo edqnhuv lq kljk0lq dwlrq frxqwulhv �qg lw vr gli0

�fxow wr eulqj lq dwlrq grzq1 Li rqh lqwhusuhwv wkh prghov dv r�hulqj d qrupdwlyh

wkhru|/ krzhyhu/ wkhq rqh pxvw dgplw wkdw wkh pxowlsolflw| lv d vkruwfrplqj/ iru

wkh wkhru| surylghv qr jxlgdqfh dv wr krz d fhqwudo edqnhu zkr lv vwxfn lq d kljk0

lq dwlrq htxloleulxp pljkw vwhhu wkh hfrqrp| wrzdugv d suhihuuhg/ orz0lq dwlrq

htxloleulxp1

Wklv sdshu wdnhv wkh qrupdwlyh ylhz dqg dgguhvvhv wkh pxowlsolflw| ri htxl0

oleuld dv d sureohp iru prghov ri wlph0frqvlvwhqw prqhwdu| srolf|1 Wkh sdshu

vxjjhvwv wkdw wklv sureohp ruljlqdwhv lq wkh dvvxpswlrq/ pdgh wkurxjkrxw wkh

olwhudwxuh/ wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv1 Dv hpskdvl}hg e| Vdujhqw

+4<<6,/ wkh udwlrqdo h{shfwdwlrqv dvvxpswlrq ehfrphv/ lq pdq| vhwwlqjv/ d frq0

yhqlhqw dqg srzhuixo wrro iru vkdushqlqj wkh suhglfwlrqv ri hfrqrplf wkhru|1 Lq

uhsxwdwlrqdo prghov ri wlph0frqvlvwhqw prqhwdu| srolf|/ krzhyhu/ wkh udwlrqdo h{0

shfwdwlrqv dvvxpswlrq pd| eh ohvv dssursuldwh1 Lq wkh wuljjhu0vwudwhj| htxloleuld

vwxglhg e| Eduur dqg Jrugrq +4<;6,/ iru lqvwdqfh/ wkh udwlrqdo h{shfwdwlrqv dv0

vxpswlrq doorzv lq dwlrqdu| h{shfwdwlrqv wr mxps kljkhu qrw mxvw zkhq wkh prq0
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hwdu| dxwkrulw| vxusulvhv wkh sxeolf e| fuhdwlqj wrr pxfk lq dwlrq exw dovr zkhq

lw vxusulvhv wkh sxeolf e| dwwhpswlqj wr glvlq dwh> udwlrqdo h{shfwdwlrqv surylgh

qr vfrsh iru wkh prqhwdu| dxwkrulw| wr zrun lq dwlrqdu| h{shfwdwlrqv grzq e|

dfwxdoo| dgrswlqj dqg exloglqj fuhglelolw| iru d glvlq dwlrqdu| surjudp1

Wkxv/ wkh dqdo|vlv lq wklv sdshu ghsduwv iurp wkh udwlrqdo h{shfwdwlrqv dv0

vxpswlrq lq wkuhh zd|v1 Iluvw/ wkh dqdo|vlv uhtxluhv h{shfwhg lq dwlrq wr pryh

wrjhwkhu zlwk dfwxdo lq dwlrq= lq dwlrqdu| h{shfwdwlrqv pd| vwloo ulvh li wkh prq0

hwdu| dxwkrulw| dwwhpswv wr fuhdwh vxusulvh lq dwlrq/ exw wkh| pxvw ehjlq wr hdvh

li wkh prqhwdu| dxwkrulw| dwwhpswv wr glvlq dwh1 Vhfrqg/ dqg uhodwhg/ wkh dqdo|vlv

uhtxluhv wkh h{shfwhg udwh ri lq dwlrq wr frqyhujh wr wkh dfwxdo udwh ri lq dwlrq/

surylghg wkdw wkh prqhwdu| dxwkrulw| dfwv wr nhhs lq dwlrq frqvwdqw iru d vxi0

�flhqw ohqjwk ri wlph> lq dwlrqdu| h{shfwdwlrqv kdyh Fkr dqg Pdwvxl*v +4<<8,

lqgxfwlyh surshuw|1 Wrjhwkhu/ wkhvh �uvw wzr uhvwulfwlrqv doorz wkh prqhwdu| dx0

wkrulw| wr exlog fuhglelolw| iru d glvlq dwlrqdu| srolf|/ lq d pdqqhu vxjjhvwhg e|

Wd|oru +4<;5, dqg PfFdooxp +4<<8,/ e| ghprqvwudwlqj wkdw lw zloo vwlfn wr wkdw

srolf| hyhq li lw lpsrvhv vkruw0uxq frvwv rq wkh hfrqrp|1 Wklug/ dqg �qdoo|/ wkh

dqdo|vlv uhtxluhv lq dwlrqdu| h{shfwdwlrqv wr eh iruphg dv frqwlqxrxvo| gl�huhq0

wldeoh ixqfwlrqv ri sdvw lq dwlrq udwhv1 Urjr� +4<;<, vxjjhvwv wkdw e| uhvwulfwlqj

wkh h{whqw wr zklfk h{shfwhg lq dwlrq fdq mxps lq uhvsrqvh wr d fkdqjh lq df0
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wxdo lq dwlrq/ wkh pxowlsolflw| ri htxloleuld lq prghov ri wlph0frqvlvwhqw prqhwdu|

srolf| pljkw eh uhgxfhg dqg/ lqghhg/ klv frqmhfwxuh suryhv xvhixo khuh1

Wkh sdshu lpsrvhv wkhvh wkuhh uhvwulfwlrqv rq sulydwh h{shfwdwlrqv lq d prgho

ri wlph0frqvlvwhqw prqhwdu| srolf| ghyhorshg lq Luhodqg +4<<9,/ zklfk xqolnh

wkh ruljlqdo Eduur0Jrugrq prgho/ ehjlqv zlwk d frpsohwh ghvfulswlrq ri d jhq0

hudo htxloleulxp hqylurqphqw ihdwxulqj xwlolw|0pd{lpl}lqj krxvhkrogv dqg sur�w0

pd{lpl}lqj �upv1 Wklv prgho gudzv d wljkw olqn ehwzhhq wkh jryhuqphqw*v re0

mhfwlyhv dqg wkrvh ri wkh sulydwh vhfwru= wkh prqhwdu| dxwkrulw| vhhnv wr dgrsw

d srolf| wkdw pd{lpl}hv d uhsuhvhqwdwlyh krxvhkrog*v xwlolw| ixqfwlrq1 E| lghqwl0

i|lqj wklv zhoiduh fulwhulrq iru srolf|/ wkh prgho idflolwdwhv wkh w|sh ri qrupdwlyh

dqdo|vlv shuiruphg khuh1 Wkh ruljlqdo Eduur0Jrugrq prgho/ lq frqwudvw/ grhv

qrw h{solflwo| wlh wkh jryhuqphqw*v remhfwlyhv wr wkh suhihuhqfhv ri sulydwh djhqwv/

pdnlqj d qrupdwlyh lqwhusuhwdwlrq ri lwv lpsolfdwlrqv pruh gl!fxow1

Vwduwlqj zlwk wkh wkuhh uhvwulfwlrqv rq h{shfwdwlrqv/ wkh sdshu ghulyhv frqgl0

wlrqv wkdw jxdudqwhh wkh xqltxhqhvv ri wkh prgho*v vwhdg| vwdwh> prqhwdu| srolf|

lq wklv xqltxh vwhdg| vwdwh lqyroyhv wkh frqvwdqw gh dwlrq dgyrfdwhg e| Iulhg0

pdq +4<9<,1 Wkh sdshu jrhv rq wr suhvhqw d sdlu ri h{dpsohv/ lq zklfk wkh

prgho lv vroyhg qxphulfdoo|1 Wkhvh h{dpsohv vkrz wkdw zkhq wkh hfrqrp| ehjlqv

dzd| iurp lwv xqltxh vwhdg| vwdwh/ zlwk d srvlwlyh udwh ri lq dwlrq/ wkh prqhwdu|
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dxwkrulw| fdq lpsohphqw d vxffhvvixo glvlq dwlrqdu| surjudp xqghu zklfk prqh0

wdu| srolf| lv xowlpdwho| jlyhq e| wkh Iulhgpdq uxoh1 Lq erwk h{dpsohv/ krzhyhu/

rxwsxw dqg hpsor|phqw idoo lq wkh vkruw uxq dv wkh prqhwdu| dxwkrulw| exlogv

fuhglelolw| iru wkh rswlpdo srolf|> lq wkh vhfrqg h{dpsoh/ wkh prqhwdu| dxwkrulw|

rswlpdoo| vprrwkv wkhvh vkruw0uxq frvwv ryhu wlph e| wdnlqj d judgxdo dssurdfk

wr glvlq dwlrq1

Wkh sdshu lv uhodwhg wr vhyhudo olqhv ri uhfhqw uhvhdufk1 Iluvw/ lq wkh jdph

wkhru| olwhudwxuh/ zrun iroorzlqj Uxelqvwhlq +4<;9, wdnhv dq dssurdfk vlplodu wr

wkh rqh xvhg khuh e| vkrzlqj wkdw wkh lqwurgxfwlrq ri erxqghgo| udwlrqdo djhqwv

uhgxfhv wkh qxpehu ri htxloleuld lq vhwwlqjv zkhuh d vhyhuh pxowlsolflw| dulvhv xqghu

udwlrqdo h{shfwdwlrqv1 Vlploduo|/ lq pdfurhfrqrplfv/ Vdujhqw +4<<6, glvfxvvhv d

qxpehu ri prghov lq zklfk htxloleuld zlwk vwudqjh ru xqghvludeoh ihdwxuhv dsshdu

xqghu udwlrqdo h{shfwdwlrqv exw fdq eh uxohg rxw ru uhsodfhg e| pruh frqyhqwlrqdo

rxwfrphv zkhq dvvxpswlrqv ri erxqghg udwlrqdolw| duh pdgh lqvwhdg1 Dqg lq

zrun wkdw lv prvw forvho| uhodwhg wr wklv/ Fkr dqg Pdwvxl +4<<8, vkrz krz wkh

qxpehu ri htxloleuld lq Vwrnh|*v +4<<4, prgho ri wlph0frqvlvwhqw sxeolf srolf| fdq

eh uhgxfhg wr rqh zkhq djhqwv duh frqvwudlqhg wr xvh lqgxfwlyh iruhfdvwlqj uxohv1

Exw zkloh vrph ri Fkr dqg Pdwvxl*v dvvxpswlrqv duh zhdnhu wkdq wkrvh xvhg khuh/

wkhlu uhvxowv dsso| rqo| lq wkh fdvh ri qr glvfrxqwlqj> wkh dqdo|vlv shuiruphg khuh/

:



lq frqwudvw/ doorzv sulydwh djhqwv wr glvfrxqw ixwxuh sd|r�v1

Zrun e| Edfnxv dqg Gul!oo +4<;8, dqg Eduur +4<;9, dovr dgguhvvhv wkh sure0

ohp ri pxowlsoh htxloleuld lq prghov ri wlph0frqvlvwhqw prqhwdu| srolf|1 Wkhvh

dxwkruv prgli| wkh lq�qlwh0krul}rq Eduur0Jrugrq prgho e| pdnlqj wkh krul}rq

�qlwh1 Wkh| wkhq dvvxph wkdw wkh prqhwdu| dxwkrulw| pd| eh ri wzr w|shv/ rqh

wkdw kdv wkh frqyhqwlrqdo remhfwlyhv dqg wkh rwkhu wkdw lv pruh dyhuvh wr lq d0

wlrq> sulydwh djhqwv gr qrw nqrz wkh srolf|pdnhu*v wuxh w|sh1 Wklv yduldqw ri

wkh prgho vxffhhgv lq lghqwli|lqj d xqltxh htxloleulxp/ lq zklfk wkh frqyhqwlrqdo

srolf|pdnhu fkrrvhv wr nhhs lq dwlrq orz lq rughu wr frqylqfh sulydwh djhqwv wkdw

kh lv ri wkh lq dwlrq0dyhuvh w|sh1 Dv qrwhg e| Eodfnexuq dqg Fkulvwhqvhq +4<;<,/

krzhyhu/ wkh dvvxpswlrq wkdw srolf|pdnhuv pd| eh ri gl�huhqw w|shv qhfhvvdulo|

phdqv wkdw qrw doo fdq vkduh wkh sulydwh vhfwru*v remhfwlyhv> vlqfh jryhuqphqw dqg

sulydwh remhfwlyhv qhhg qrw frlqflgh/ wkhvh prghov ehfrph gl!fxow wr lqwhusuhw

dorqj qrupdwlyh olqhv1 Ixuwkhupruh/ dv qrwhg e| Urjr� +4<;<,/ wkh suhflvh ihd0

wxuhv ri wkh xqltxh htxloleulxp lq wkhvh prghov ghshqg fuxfldoo| rq wkh fkdudfwhu0

lvwlfv ri wkh dowhuqdwlyh srolf|pdnhu wkdw lv lqwurgxfhg> e| ydu|lqj wkh suhihuhqfhv

ri wkh dowhuqdwlyh w|sh/ d odujh qxpehu ri htxloleuld fdq djdlq eh surgxfhg1

Ilqdoo|/ do0Qrzdlkl dqg Ohylqh +4<<7, h{soruh wkh lpsolfdwlrqv ri ydulrxv htxl0

oleulxp uh�qhphqwv lq wkh Eduur0Jrugrq prgho dqg vxffhhg dw lghqwli|lqj d

;



xqltxh rxwfrph wkdw vdwlv�hv wkhlu fklvho0surri fulwhulrq1 Exw wkhlu dqdo|vlv uh0

txluhv wkh sulydwh vhfwru wr dfw froohfwlyho|> wkh xqltxhqhvv uhvxow qhhg qrw h{whqg

wr wkh fdvh lq zklfk sulydwh djhqwv rshudwh lq d ghfhqwudol}hg/ frpshwlwlyh hqyl0

urqphqw zkhuh wkh frruglqdwlrq ri wkhlu dfwlrqv ehfrphv gl!fxow1

Wkxv/ zkloh vrph surjuhvv kdv ehhq pdgh dw frqiurqwlqj wkh sureohp ri pxo0

wlsoh htxloleuld lq prghov ri wlph0frqvlvwhqw prqhwdu| srolf|/ d ixoo uhvroxwlrq ri

wklv sureohp kdv |hw wr eh uhdfkhg/ ohdylqj urrp iru wklv sdshu*v frqwulexwlrq wr

wkh olwhudwxuh1

51 Wkh Prgho

5141 Wkh Hfrqrplf Hqylurqphqw

Wkh prgho uhvhpeohv rqh ghyhorshg lq Luhodqg +4<<9,1 Krxvhkrog idfh fdvk0lq0

dgydqfh frqvwudlqwv rq wkhlu sxufkdvhv ri frqvxpswlrq jrrgv1 Wkhvh frqvwudlqwv

jlyh ulvh wr dq lqwhuhvw0hodvwlf ghpdqg iru uhdo edodqfhv> h{shfwhg lq dwlrq fdxvhv

djhqwv wr lqh!flhqwo| hfrqrpl}h rq wkhlu prqh| kroglqjv1 Ilupv rshudwh lq pr0

qrsrolvwlfdoo| frpshwlwlyh pdunhwv dqg pxvw vhw sulfhv iru wkhlu rxwsxw rqh shulrg

lq dgydqfh1 Prqrsrolvwlf frpshwlwlrq lpsolhv wkdw htxloleulxp rxwsxw idoov ehorz

lwv h!flhqw ohyho/ zkloh vwlfn| sulfhv doorz xqdqwlflsdwhg prqh| wr kdyh uhdo h�hfwv>
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wkh prqhwdu| dxwkrulw| fdq sxvk rxwsxw forvhu wr lwv h!flhqw ohyho e| fuhdwlqj

vxusulvh lq dwlrq1 Wkxv/ wkh prqhwdu| dxwkrulw| idfhv d wudgh0r� ehwzhhq wkh

frvwv ri h{shfwhg lq dwlrq dqg wkh ehqh�wv ri xqh{shfwhg lq dwlrq> wklv wudgh0r�

jlyhv ulvh wr wkh wlph0frqvlvwhqf| sureohp zkhq wkh prqhwdu| dxwkrulw| fdqqrw

frpplw wr d srolf| uxoh1

Wkh hfrqrp| frqvlvwv ri d uhsuhvhqwdwlyh krxvhkrog/ d frqwlqxxp ri �upv lq0

gh{hg e| � 5 dfc �o/ dqg d prqhwdu| dxwkrulw|1 Hdfk �up surgxfhv d glvwlqfw/

shulvkdeoh frqvxpswlrq jrrg1 Khqfh/ jrrgv pd| dovr eh lqgh{hg e| � 5 dfc �o/

zkhuh �up � surgxfhv jrrg �1 Suhihuhqfhv dqg whfkqrorjlhv glvsod| hqrxjk v|p0

phwu|/ krzhyhu/ wr doorz wkh dqdo|vlv wr irfxv rq wkh dfwlylwlhv ri d uhsuhvhqwdwlyh

�up/ lghqwl�hg e| wkh jhqhulf lqgh{ �1

Wkh prqhwdu| dxwkrulw| pdnhv d oxps0vxp wudqvihu E%| � ���r
| wr wkh uhs0

uhvhqwdwlyh krxvhkrog gxulqj hdfk shulrg | ' fc �c 2c ���1 Wkxv/ wkh shu0krxvhkrog

prqh| vwrfn �r
| dw wkh ehjlqqlqj ri shulrg | reh|v

�r
|n� ' %|�

r
| c

iru doo | ' fc �c 2c ���/ zkhuh d fkrlfh ri qrplqdo xqlwv |lhogv wkh lqlwldo frqglwlrq

�r
f ' �1 Wkxv/ li �| ghqrwhv wkh prqh| fduulhg e| wkh uhsuhvhqwdwlyh krxvhkrog
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lqwr shulrg |/ pdunhw fohdulqj uhtxluhv wkdw �| ' �r
| iru doo | ' fc �c 2c ���1

Wkh uhsuhvhqwdwlyh krxvhkrog wudghv erqgv dv zhoo dv prqh|1 Erqgv frvwlqj

wkh krxvhkrog �|n�*-| grooduv gxulqj shulrg | uhwxuq �|n� grooduv gxulqj shulrg

|n �/ zkhuh -| lv wkh jurvv qrplqdo lqwhuhvw udwh ehwzhhq | dqg |n �1 Erqgv duh

dydlodeoh lq }hur qhw vxsso|> khqfh/ pdunhw fohdulqj uhtxluhv wkdw �| ' f iru doo

| ' fc �c 2c ���1

5151 Wkh Wlplqj ri Hyhqwv

Dv vxjjhvwhg deryh/ wkh uhsuhvhqwdwlyh krxvhkrog hqwhuv shulrg | zlwk prqh| �|

dqg erqgv �|1 Wkh uhsuhvhqwdwlyh �up hqwhuv shulrg | kdylqj vhw d �{hg qrplqdo

sulfh �|E�� iru lwv rxwsxw1

Dw wkh ehjlqqlqj ri shulrg |/ wkh uhsuhvhqwdwlyh krxvhkrog uhfhlyhv wkh qrplqdo

wudqvihu E%| � ���r
| 1 Qh{w/ wkh krxvhkrog*v erqgv �| pdwxuh/ eulqjlqj lwv wrwdo

prqh| kroglqjv wr �|nE%|����r
| n�|1 Wkh krxvhkrog xvhv vrph ri wklv fdvk wr

sxufkdvh qhz erqgv dw frvw �|n�*-| dqg fduulhv wkh uhvw lqwr wkh jrrgv pdunhw1

Wkh ghvfulswlrq ri jrrgv surgxfwlrq dqg wudgh gudzv rq Oxfdv* +4<;3, lqwhu0

suhwdwlrq ri wkh fdvk0lq0dgydqfh prgho1 Wkh uhsuhvhqwdwlyh krxvhkrog frqvlvwv ri

wzr phpehuv= d vkrsshu dqg d zrunhu1 Gxulqj shulrg |/ wkh vkrsshu sxufkdvhv

S|E�� xqlwv ri hdfk jrrg � iurp �up � dw lwv �{hg qrplqdo sulfh �|E��/ vxemhfw wr
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wkh fdvk0lq0dgydqfh frqvwudlqw

�| n E%| � ���r
| n�| ��|n�*-| �

] �

f
�|E��S|E��_��

Wkh zrunhu/ phdqzkloh/ vxssolhv ?|E�� xqlwv ri oderu wr hdfk �up �1 Kh uhfhlyhv

wkh qrplqdo zdjh `|1 Wkh krxvhkrog*v suhihuhqfhv duh ghvfulehg e| wkh xwlolw|

ixqfwlrq

"[
|'f

q|d*?ES|�� ?|oc +4,

zkhuh � : q : f dqg wkh frpsrvlwh jrrgv S| dqg ?| duh gh�qhg e|

S| '
�] �

f
S|E��

Ew3��*w_�
�w*Ew3��

zlwk w : � dqg

?| '
] �

f
?|E��_�

iru doo | ' fc �c 2c ���1

Wkh uhsuhvhqwdwlyh �up pxvw vhoo rxwsxw rq ghpdqg dw lwv �{hg sulfh �|E��

gxulqj shulrg |1 Lw surgxfhv wklv rxwsxw/ ghqrwhg +|E��/ dffruglqj wr d olqhdu

whfkqrorj| wkdw |lhogv rqh xqlw ri jrrg � iru hyhu| xqlw ri oderu lqsxw1 Diwhu

jrrgv surgxfwlrq dqg wudgh wdnh sodfh/ wkh �up pdnhv lwv zdjh sd|phqw dqg
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glvwulexwhv dq| sur�w dv d glylghqg wr wkh uhsuhvhqwdwlyh krxvhkrog1 Lq oljkw ri

wkh olqhdu whfkqrorj|/ wklv glylghqg (|E�� htxdov sulfh plqxv zdjh wlphv txdqwlw|

vrog=

(|E�� ' d�|E���`|o+|E���

Dw wkh hqg ri shulrg |/ wkh uhsuhvhqwdwlyh �up vhwv lwv qrplqdo sulfh �|n�E��

iru shulrg |n�1 Wkh uhsuhvhqwdwlyh krxvhkrog xvhv lwv xqvshqw fdvk dqg lwv zdjh

dqg glylghqg uhfhlswv dv vrxufhv ri ixqgv zlwk zklfk wr dffxpxodwh wkh prqh|

�|n� wkdw lw fduulhv lqwr shulrg |n �> lw idfhv wkh exgjhw frqvwudlqw

�| n E%| � ���r
| n�| n`|?| n

] �

f
(|E��_� �

] �

f
�|E��S|E��_�n�|n�*-| n�|n��

Dv d �uvw vwhs lq fkdudfwhul}lqj dq htxloleulxp iru wklv hfrqrp|/ gh�qh 6| '

�|*�
r
| / K| ' �|*�

r
| / �| ' `|*�

r
| / _|E�� ' (|E��*�

r
| / dqg R|E�� ' �|E��*�

r
| 1

Lq whupv ri wkhvh vfdohg qrplqdo yduldeohv/ wkh uhsuhvhqwdwlyh krxvhkrog*v exgjhw

dqg fdvk0lq0dgydqfh frqvwudlqwv ehfrph

6| n %| � � n K| n �|?| n
] �

f
_|E��_� �

] �

f
R|E��S|E��_�n K|n�%|*-| n6|n�%|
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dqg

6| n %| � � n K| � K|n�%|*-| �
] �

f
R|E��S|E��_�c

zkloh wkh uhsuhvhqwdwlyh �up*v glylghqg sd|phqw ehfrphv

_|E�� ' dR|E��� �|o+|E���

5161 Krxvhkrog Rswlpl}dwlrq

Gxulqj hdfk shulrg | ' fc �c 2c ���/ wkh uhsuhvhqwdwlyh krxvhkrog fkrrvhv vhtxhqfhv

ri fxuuhqw dqg ixwxuh frqvxpswlrqv/ oderu vxssolhv/ dqg kroglqjv ri prqh| dqg

erqgv wr pd{lpl}h lwv xwlolw| vxemhfw wr lwv exgjhw dqg fdvk0lq0dgydqfh frq0

vwudlqwv1 Zkhq lw vroyhv wklv rswlpl}dwlrq sureohp/ wkh krxvhkrog nqrzv wkh

ydoxh E%| � ���r
| ri wkh fxuuhqw shulrg*v prqhwdu| wudqvihu exw pxvw irup h{shf0

wdwlrqv ri prqh| jurzwk lq doo ixwxuh shulrgv1 Wkxv/ vxssrvh wkdw wkh krxvhkrog

eholhyhv wkdw zlwk suredelolw| rqh/ %|n� zloo htxdo vrph frqvwdqw 5||n�> wkhq iru

| ' fc �c 2c ��� dqg � ' �c 2c �c ���/ 5||n� ghqrwhv wkh krxvhkrog*v h{shfwdwlrq gxulqj

shulrg | ri prqh| jurzwk gxulqj shulrg |n �/ zkloh iru � ' f/ 5||n� ' 5|| ' %|1

Gxulqj hdfk shulrg | ' fc �c 2c ���/ wkhuhiruh/ wkh krxvhkrog fkrrvhv vhtxhqfhv
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iS||n�j
"

�'f/ iS
|
|n�E��j

"

�'f/ i?
|
|n�j

"

�'f/ i6
|
|n�n�j

"

�'f/ dqg iK||n�n�j
"

�'f wr pd{lpl}h

"[
�'f

q�d*?ES||n��� ?|
|n�o +5,

vxemhfw wr wkh frqvwudlqwv

�] �

f
S||n�E��

Ew3��*w_�
�w*Ew3��

� S||n�c +6,

6|
|n� n 5||n� � � n K||n� n �|

|n�?
|
|n� n

] �

f
_||n�E��_� +7,

�
] �

f
R||n�E��S

|
|n�E��_�n K||n�n�5

|
|n�*-

|
|n� n6|

|n�n�5
|
|n�c

dqg

6|
|n� n 5||n� � � n K||n� � K||n�n�5

|
|n�*-

|
|n� �

] �

f
R||n�E��S

|
|n�E��_� +8,

iru doo � ' fc �c 2c ���/ zkhuh �|
|n�/ _

|
|n�E��/ R

|
|n�E��/ dqg -|

|n� ghqrwh wkh krxvhkrog*v

h{shfwdwlrqv ri �|n�/ _|n�E��/ R|n�E��/ dqg -|n� gxulqj shulrg |/ dqg zkhuh _||E�� '

_|E��/ �
|
| ' �|/ R

|
|E�� ' R|E��/ dqg -|

| ' -|1

Lq htxloleulxp/ wkh ydoxhv ri S||/ S
|
|E��/ ?

|
|/ 6

|
|n�/ dqg K||n� wkdw vroyh wklv sureohp

ehfrph wkh dfwxdo ydoxhv ri S|/ S|E��/ ?|c 6|n�/ dqg K|n� fkrvhq e| wkh krxvhkrog
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gxulqj shulrg |1 Wkxv/ sduw 4 ri wkh dsshqgl{ ghprqvwudwhv wkdw

S|E�� ' E5||*R|�dR|E��*R|o
3wc +9,

S| ' 5||*R|c +:,

�| ' 5||5
|
|n�*qc +;,

dqg

-| ' 5||n�*qc +<,

zkhuh wkh vfdohg qrplqdo sulfh lqgh{ R| lv gh�qhg e|

R| '
�] �

f
R|E��

�3w_�
��*E�3w�

+43,

iru doo | ' fc �c 2c ���1

5171 Ilup Rswlpl}dwlrq

Dw wkh hqg ri shulrg |� �/ wkh uhsuhvhqwdwlyh �up pxvw vhw lwv �{hg qrplqdo sulfh

�|E�� iru shulrg |1 Zkhq lw fkrrvhv wklv sulfh/ lw nqrzv wkh ydoxh ri wkh prqh|

vwrfn�r
| 1 Khqfh/ wkh �up fdq dovr eh ghslfwhg dv fkrrvlqj d vfdohg qrplqdo sulfh
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R|E�� iru shulrg |1

Orrnlqj dkhdg wr shulrg |/ wkh �up nqrzv wkdw lw zloo eh uhtxluhg wr vdwlvi|

wkh uhsuhvhqwdwlyh krxvhkrog*v ghpdqg S|E�� iru jrrg �/ ghvfulehg e| +9,1 Wkh �up

dovr nqrzv wkdw lq rughu wr surgxfh wklv rxwsxw/ lw zloo kdyh wr kluh oderu dw wkh

vfdohg qrplqdo zdjh �|/ jlyhq e| +;,1 Wkxv/ dw wkh hqg ri shulrg | � �c wkh �up

pxvw irup h{shfwdwlrqv ri wkh krxvhkrog*v h{shfwdwlrqv 5|| dqg 5||n�1 Khuh/ lw lv

dvvxphg wkdw wkh �up*v h{shfwdwlrqv duh frqvlvwhqw zlwk wkrvh ri wkh krxvhkrog/ vr

wkdw wkh �up*v h{shfwdwlrq ri 5|| gxulqj |�� lv jlyhq e| 5|3�| / zkloh lwv h{shfwdwlrq

ri 5||n� lv jlyhq e| 5|3�|n�1

Wkxv/ wkh �up fkrrvhv R|E�� dw wkh hqg ri shulrg |�� wr pd{lpl}h lwv h{shfwhg

vfdohg qrplqdo glylghqg

_|3�| E�� ' E5|3�| *R|�dR|E��� 5|3�| 5|3�|n�*qodR|E��*R|o
3w�

Wkh vroxwlrq wr wklv sureohp lpsolhv wkdw

R|E�� ' dw*Ew � ��oE5|3�| 5|3�|n�*q�� +44,

Vlqfh wkh uljkw0kdqg vlgh ri +44, grhv qrw ghshqg rq �/ doo �upv � 5 dfc �o vhw wkh

4:



vdph sulfh lq htxloleulxp> khqfh/ +43, lpsolhv

R| ' dw*Ew � ��oE5|3�| 5|3�|n�*q� +45,

iru doo | ' fc �c 2c ���1

5181 Htxloleulxp

Vxevwlwxwlqj wkh vroxwlrqv iru R|E�� dqg R| jlyhq e| +44, dqg +45, lqwr wkh vroxwlrqv

iru S|E�� dqg S| jlyhq e| +9, dqg +:, dqg xvlqj wkh gh�qlwlrq 5|| ' %| uhyhdov wkdw

S|E�� ' S| iru doo � 5 dfc �o/ zkhuh

S| ' qdEw � ��*woE%|*5
|3�
| �E�*5|3�|n�� +46,

iru doo | ' fc �c 2c ���1 Wkh htxloleulxp frqglwlrqv S|E�� ' +|E�� ' ?|E�� iru doo

� 5 dfc �o wkhq lpso| wkdw ?| ' S|/ vr wkdw +46, dovr ghvfulehv wkh uhsuhvhqwdwlyh

krxvhkrog*v wrwdo oderu vxsso| gxulqj hdfk shulrg | ' fc �c 2c ���1 Khqfh/ +46,

surylghv vroxwlrqv iru djjuhjdwh frqvxpswlrq/ rxwsxw/ dqg hpsor|phqw1

Htxdwlrq +46, kljkoljkwv wkh vrxufh ri wkh wlph0frqvlvwhqf| sureohp iru prq0

hwdu| srolf| lq wklv prgho1 Vlqfh �upv vhw sulfhv rqh shulrg lq dgydqfh/ wkh

prqhwdu| dxwkrulw| fdq lqfuhdvh rxwsxw dqg hpsor|phqw e| vhwwlqj dfwxdo prqh|

4;



jurzwk %| deryh lwv h{shfwhg ydoxh 5
|3�
| 1 Exw vlqfh krxvhkrogv idfh fdvk0lq0dgydqfh

frqvwudlqwv/ wkh| lqh!flhqwo| hfrqrpl}h rq wkhlu uhdo edodqfhv e| vxevwlwxwlqj rxw

ri pdunhw dfwlylw| dqg lqwr ohlvxuh lq wkh idfh ri kljkhu h{shfwhg lq dwlrq1 Wkxv/

rxwsxw dqg hpsor|phqw idoo zkhq 5|3�|n� ulvhv1

61 H{shfwdwlrqv/ Fuhglelolw|/ dqg Wlph0Frqvlvwhqw Prqh0

wdu| Srolf|

Dffruglqj wr +46,/ frqvxpswlrq/ rxwsxw/ dqg hpsor|phqw gxulqj hdfk shulrg

| ' fc �c 2c ��� ghshqg qrw rqo| rq dfwxdo prqh| jurzwk gxulqj shulrg |/ exw dovr

rq sulydwh djhqwv* h{shfwdwlrqv gxulqj shulrg |�� ri prqh| jurzwk gxulqj shulrgv

| dqg |n�1 Khqfh/ wr frpsohwh wkh ghvfulswlrq ri dq htxloleulxp iru wklv hfrqrp|/

lw lv qhfhvvdu| wr vshfli| krz djhqwv irup wkhvh h{shfwdwlrqv1

Wkh w|slfdo dssurdfk wdnhq lq wkh olwhudwxuh rq wlph0frqvlvwhqw prqhwdu| sro0

lf| dvvxphv wkdw djhqwv kdyh udwlrqdo h{shfwdwlrqv ru/ lq fdvhv olnh wklv zkhuh wkhuh

duh qr vrxufhv ri xqfhuwdlqw|/ shuihfw iruhvljkw1 Zlwk shuihfw iruhvljkw/ djhqwv* h{0

shfwdwlrqv ri prqh| jurzwk gxulqj shulrgv | dqg | n � frlqflgh zlwk wkh dfwxdo

ydoxhv ri prqh| jurzwk gxulqj wkhvh shulrgv/ vr wkdw 5|3�| ' %| dqg 5|3�|n� ' %|n�

iru doo | ' fc �c 2c ���1
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Dv hpskdvl}hg e| Fkdul dqg Nhkrh +4<<3, dqg Vwrnh| +4<<4,/ rqh pxvw frq0

vlghu wzr glvwlqfw hqylurqphqwv lq zklfk rswlpdo srolf| pd| eh irupxodwhg xqghu

udwlrqdo h{shfwdwlrqv1 Lq wkh �uvw hqylurqphqw/ wkh jryhuqphqw kdv dffhvv wr d

whfkqrorj| wkdw doorzv lw wr dqqrxqfh/ dw wkh ehjlqqlqj ri shulrg | ' f/ d vhtxhqfh

i%|j
"

|'f ri sodqqhg prqh| jurzwk udwhv dqg wr frpplw wr dfwxdoo| iroorzlqj wkdw

sodq lq doo ixwxuh shulrgv1 Luhodqg +4<<9, vkrzv wkdw lq wklv fdvh zlwk frpplwphqw/

wkh rswlpdo srolf| lq wkh prgho frqvlghuhg khuh vhwv %| ' q iru doo | ' fc �c 2c ���/

dv fdoohg iru e| Iulhgpdq +4<9<,/ wr pdnh wkh qhw qrplqdo lqwhuhvw udwh -| � �

frqvwdqw dqg htxdo wr }hur1

Lq wkh vhfrqg hqylurqphqw/ wkh jryhuqphqw odfnv d frpplwphqw whfkqrorj|1 Lq

wklv hqylurqphqw/ wkh jryhuqphqw fdq vwloo dqqrxqfh d vhtxhqfh ri sodqqhg prqh|

jurzwk udwhv i%|j
"

|'f dw wkh ehjlqqlqj ri shulrg | ' f/ exw lv iuhh wr uhfkrrvh wkh

vhtxhqfh i%|n�j
"

�'f dw wkh ehjlqqlqj ri hdfk vxevhtxhqw shulrg | ' �c 2c �c ���1

Wkxv/ wkh jryhuqphqw kdv qr phfkdqlvp iru frpplwwlqj lwvhoi wr d ixwxuh sodq

iru prqhwdu| srolf| dqg fdq lqvwhdg eh ylhzhg dv fkrrvlqj d ydoxh iru %| dw wkh

ehjlqqlqj ri hdfk shulrg | ' fc �c 2c ���1

Lq wkh fdvh zlwkrxw frpplwphqw/ wkh wlph0frqvlvwhqf| sureohp dulvhv1 Wkh

ehqh�wv iurp fuhdwlqj vxusulvh lq dwlrq surylgh wkh prqhwdu| dxwkrulw| zlwk dq

lqfhqwlyh wr fkrrvh d udwh ri prqh| jurzwk wkdw lv kljkhu wkdq h{shfwhg lq hdfk sh0
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ulrg1 Exw zlwk udwlrqdo h{shfwdwlrqv/ sulydwh djhqwv uhfrjql}h wkdw wkh prqhwdu|

dxwkrulw| kdv wklv lqfhqwlyh dqg dgmxvw wkhlu ehkdylru dffruglqjo|1 Lq htxloleulxp/

wkhuhiruh/ wkh wlph0frqvlvwhqf| sureohp pd| ohdg wr wkh rxwfrph �uvw ghvfulehg

e| N|godqg dqg Suhvfrww +4<::,/ lq zklfk wkh prqhwdu| dxwkrulw| dwwhpswv wr

lqfuhdvh rxwsxw dqg hpsor|phqw e| fuhdwlqj vxusulvh lq dwlrq exw �qgv wkdw lwv

h�ruwv ohdg rqo| wr d kljkhu udwh ri h{shfwhg lq dwlrq1

E| dsso|lqj phwkrgv ghyhorshg e| Fkdul dqg Nhkrh +4<<3, dqg Vwrnh| +4<<4,

wr wkh prgho xvhg khuh/ Luhodqg +4<<9, vkrzv wkdw wkhuh duh/ lq idfw/ pdq| srvvleoh

rxwfrphv lq wkh fdvh zkhuh wkh prqhwdu| dxwkrulw| odfnv d frpplwphqw whfkqro0

rj| dqg djhqwv kdyh udwlrqdo h{shfwdwlrqv1 Wkhvh rxwfrphv fdq doo eh vxssruwhg

lq htxloleuld zkhuh sulydwh h{shfwdwlrqv glvsod| dq h{wuhph irup ri wuljjhu0olnh

ehkdylru= d vlqjoh ghyldwlrq e| wkh prqhwdu| dxwkrulw| dzd| iurp lwv sursrvhg

srolf| fdxvhv h{shfwhg lq dwlrq wr mxps shupdqhqwo| wr d yhu| kljk ohyho1 Lq

rqh vxfk htxloleulxp/ srolf| iroorzv wkh Iulhgpdq +4<9<, uxoh/ hyhq zlwkrxw frp0

plwphqw= wkh vlqjoh shulrg jdlq iurp vhwwlqj %| deryh q lv pruh wkdq r�vhw e|

wkh frvwv ri kljkhu h{shfwhg lq dwlrq iruhyhu diwhu1 Exw wkhvh wuljjhu0vwudwhj|

htxloleuld dovr vxssruw pdq| rwkhu rxwfrphv zlwk kljkhu udwhv ri lq dwlrq1

Wkxv/ wr uhgxfh wkh qxpehu ri htxloleuld lq wklv prgho ri wlph0frqvlvwhqw prq0

hwdu| srolf|/ vxssrvh wkdw lqvwhdg ri kdylqj shuihfw iruhvljkw/ djhqwv pxvw irup
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wkhlu h{shfwdwlrqv lq shulrg |� � ri prqh| jurzwk gxulqj shulrgv | dqg |n � dv

vwdwlrqdu| ixqfwlrqv ri dfwxdo prqh| jurzwk gxulqj shulrgv |� � wkurxjk |�� /

vr wkdw

5|3�| ' ��E%|3�c %|32c ���c %|3�� +47,

dqg

5|3�|n� ' �2E%|3�c %|32c ���c %|3�� +48,

iru doo | ' fc �c 2c ���/ zkhuh � 	 4 lv d srvlwlyh lqwhjhu dqg zkhuh wkh h{shfwdwlrqv

ixqfwlrqv �� G +�
nn $ +nn dqg �2 G +�

nn $ +nn vdwlvi| wkh iroorzlqj wkuhh

uhvwulfwlrqv=

+U4, �� dqg �2 duh qrq0ghfuhdvlqj lq hdfk ri wkhlu dujxphqwv1

+U5, Iru doo % 5 +nn/ �
�E%c %c ���c %� ' �2E%c %c ���c %� ' %1

+U6, �� dqg �2 duh frqwlqxrxvo| gl�huhqwldeoh rq +
�
nn1

Uhvwulfwlrq +U4, uhtxluhv wkh h{shfwhg udwh ri ixwxuh prqh| jurzwk wr pryh

wrjhwkhu zlwk wkh dfwxdo udwh ri prqh| jurzwk> lw vwloo doorzv lq dwlrqdu| h{0

shfwdwlrqv wr ulvh li wkh prqhwdu| dxwkrulw| fuhdwhv wrr pxfk dfwxdo lq dwlrq/

exw dovr lpsolhv wkdw lq dwlrqdu| h{shfwdwlrqv zloo ehjlq wr hdvh li wkh prqhwdu|
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dxwkrulw| dfwv wr eulqj dfwxdo lq dwlrq grzq1 Uhvwulfwlrq +U5, uhtxluhv wkdw h{0

shfwdwlrqv kdyh Fkr dqg Pdwvxl*v +4<<8, lqgxfwlyh surshuw|= li wkh prqhwdu|

dxwkrulw| krogv prqh| jurzwk frqvwdqw dw dq| udwh % iru dw ohdvw � frqvhfxwlyh

shulrgv/ wkhq sulydwh djhqwv zloo frph wr h{shfw wkdw lw zloo frqwlqxh wr krog

prqh| jurzwk frqvwdqw dw %1 Wkxv +U4, dqg +U5, doorz wkh prqhwdu| dxwkrulw|

wr exlog fuhglelolw| iru d glvlq dwlrqdu| srolf| e| vlpso| dgrswlqj dqg iroorzlqj

wkdw srolf| iru d vx!flhqw ohqjwk ri wlph/ dv vxjjhvwhg e| Wd|oru +4<;5, dqg Pf0

Fdooxp +4<<8,1 Wkh udwlrqdo h{shfwdwlrqv dvvxpswlrq/ lq frqwudvw/ pd| pdnh lw

lpsrvvleoh iru wkh prqhwdu| dxwkrulw| wr exlog fuhglelolw|> wkh wuljjhu0olnh phfkd0

qlvpv xvhg wr vxssruw wkh pxowlwxgh ri htxloleuld lq Luhodqg +4<<9,/ iru lqvwdqfh/

uhtxluh h{shfwhg lq dwlrq wr ulvh hyhq zkhq wkh prqhwdu| dxwkrulw| vxusulvhv wkh

sxeolf e| dwwhpswlqj wr orzhu wkh fxuuhqw lq dwlrq udwh1 Uhvwulfwlrq +U6, olplwv

wkh h{whqw wr zklfk h{shfwdwlrqv ri ixwxuh prqhwdu| jurzwk fdq mxps iroorzlqj

dq| xqh{shfwhg fkdqjh lq srolf|> Urjr� +4<;<, vxjjhvwv wkdw wkh qxpehu ri htxl0

oleuld lq prghov ri wlph0frqvlvwhqw prqhwdu| srolf| pljkw eh uhgxfhg xqghu vxfk

d uhvwulfwlrq1 H{shfwdwlrqv ixqfwlrqv vdwlvi|lqj uhvwulfwlrqv +U4,0+U6, dovr dsshdu

wkurxjkrxw wkh olwhudwxuh rq whpsrudu| jhqhudo htxloleulxp wkhru|> vhh/ iru h{dp0

soh/ Ixfkv dqg Odurtxh +4<:9,/ Ixfkv +4<:<,/ Wloopdqq +4<;6,/ dqg Judqgprqw

dqg Odurtxh +4<;9,1
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Htxdwlrq +<, olqnv wkh jurvv qrplqdo lqwhuhvw udwh wr wkh h{shfwhg ixwxuh prqh|

jurzwk udwh yld -| ' 5||n�*q1 Li -| 	 �/ wkhq wkh qhw qrplqdo lqwhuhvw udwh

ehfrphv qhjdwlyh/ dqg wkh uhsuhvhqwdwlyh krxvhkrog fdq pdnh lq�qlwh sur�wv e|

vhoolqj erqgv dqg xvlqj wkh surfhhgv wr dffxpxodwh krdugv ri fdvk edodqfhv1 Lq

wklv fdvh/ wkh krxvhkrog*v sureohp idlov wr kdyh d zhoo0gh�qhg vroxwlrq1 Wkxv/ d

irxuwk dqg �qdo uhvwulfwlrq rq wkh h{shfwdwlrqv ixqfwlrqv �� dqg �2 lv uhtxluhg=

+U7, Iru doo E%�c %2c ���c %�� 5 +
�
nn vdwlvi|lqj %� � q iru doo � ' �c 2c ���c � /

��E%�c %2c ���c %�� � q dqg �2E%�c %2c ���c %�� � q1

Uhvwulfwlrq +U7, vwdwhv wkdw li wkh prqhwdu| dxwkrulw| dozd|v fkrrvhv d udwh ri

prqh| jurzwk wkdw lv juhdwhu wkdq ru htxdo wr wkh krxvhkrog*v glvfrxqw idfwru q/ dv

lw pxvw wr jxdudqwhh wkdw wkh qhw qrplqdo lqwhuhvw udwh lv qrqqhjdwlyh xqghu shuihfw

iruhvljkw/ wkhq sulydwh djhqwv zkr irup wkhlu h{shfwdwlrqv xvlqj wkh ixqfwlrqv ��

dqg �2 zloo dozd|v h{shfw ixwxuh udwhv ri prqh| jurzwk wr juhdwhu wkdq ru htxdo

wr q/ vr wkdw qrplqdo lqwhuhvw udwhv zloo eh qrqqhjdwlyh khuh dv zhoo1 Wkxv/ zkhq

frxsohg zlwk wkh frqvwudlqwv

%| � q +49,

iru doo | ' fc �c 2c ��� lpsrvhg rq wkh prqhwdu| dxwkrulw|*v fkrlfh ri srolf|/ +U7,

shuirupv wkh uroh ri Pdufhw dqg Vdujhqw*v +4<;<, surmhfwlrq idflolw| e| lqvxulqj
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wkdw sulydwh h{shfwdwlrqv uhpdlq frqvlvwhqw zlwk wkh frqglwlrqv uhtxluhg iru wkh

h{lvwhqfh ri dq htxloleulxp lq wklv prgho1

Frpelqlqj +46,0+48,/ wkh uhsuhvhqwdwlyh krxvhkrog*v frqvxpswlrq dqg hpsor|0

phqw duh ghwhuplqhg lq htxloleulxp dv

S| ' ?| ' q

#
w � �

w

$%
%|

��E%|3�c %|32c ���c %|3��

& %
�

�2E%|3�c %|32c ���c %|3��

&
+4:,

iru doo | ' fc �c 2c ���1 Wkxv/ wkh prqhwdu| dxwkrulw| fkrrvhv d vhtxhqfh ri prqh|

jurzwk udwhv i%|j
"

|'f wr pd{lpl}h wkh krxvhkrog*v xwlolw| ixqfwlrq +4, vxemhfw wr

wkh frqvwudlqwv +49, dqg +4:, iru doo | ' fc �c 2c ���/ wdnlqj wkh lqlwldo frqglwlrqv

%
3� c %3�n�c ���c %3� dv jlyhq1 Vlqfh h{shfwdwlrqv ri ixwxuh prqh| jurzwk ghshqg

rqo| rq sdvw udwhv ri dfwxdo prqh| jurzwk/ wkh vroxwlrq wr wklv sureohp lv wlph0

frqvlvwhqw> rswlpdo srolf| lv wkh vdph/ uhjdugohvv ri zkhwkhu wkh prqhwdu| dx0

wkrulw| fkrrvhv wkh hqwluh vhtxhqfh i%|j
"

|'f dw wkh ehjlqqlqj ri shulrg | ' f ru

zkhwkhu lw fkrrvhv hdfk %| dw wkh ehjlqqlqj ri hdfk shulrg | ' fc �c 2c ���1 Wkxv/

dq htxloleulxp iru wklv prgho fdq eh gh�qhg dv iroorzv=

Gh�qlwlrq Dq htxloleulxp frqvlvwv ri d vhtxhqfh ri prqh| jurzwk udwhv i%|j
"

|'f

wkdw pd{lpl}hv wkh uhsuhvhqwdwlyh krxvhkrog*v xwlolw| ixqfwlrq +4, vxemhfw

wr wkh frqvwudlqwv +49, dqg +4:, iru doo | ' fc �c 2c ���/ wdnlqj wkh lqlwldo
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frqglwlrqv %
3� c %3�n�c ���c %3� dv jlyhq1

Xvlqj wklv gh�qlwlrq/ sduw 5 ri wkh dsshqgl{ hvwdeolvkhv

Sursrvlwlrq Ohw �� dqg �2 vdwlvi| +U4,0+U7, dqg vxssrvh/ lq dgglwlrq/ wkdw

q� : �*21 Wkhq dq| htxloleulxp i%|j
"

|'f wkdw frqyhujhv wr d vwhdg| vwdwh/

zlwk

*�4
|<"

%| ' %

iru vrph frqvwdqw %/ pxvw kdyh % ' q1

Dffruglqj wr wkh sursrvlwlrq/ uhvwulfwlrqv +U4,0+U7, jxdudqwhh wkh xqltxhqhvv

ri wkh prgho*v vwhdg| vwdwh/ surylghg wkdw djhqwv lq wkh hfrqrp| duh vx!flhqwo|

sdwlhqw1 Lq wklv xqltxh vwhdg| vwdwh/ prqhwdu| srolf| iroorzv wkh Iulhgpdq +4<9<,

uxoh/ frqwudfwlqj wkh prqh| vxsso| vr wkdw wkh qhw qrplqdo lqwhuhvw udwh -| � �

lv frqvwdqw dqg htxdo wr }hur1 Wkxv/ +U4,0+U7, dqg q� : �*2 dovr jxdudqwhh

wkdw lq vwhdg| vwdwh/ rswlpdo prqhwdu| srolf| khuh lv wkh vdph dv lw lv lq wkh

fdvh/ vwxglhg e| Luhodqg +4<<9,/ zkhuh djhqwv kdyh udwlrqdo h{shfwdwlrqv dqg wkh

prqhwdu| dxwkrulw| fdq frpplw wr d srolf| dw wkh ehjlqqlqj ri wlph1 Qrwh wkdw lq

sudfwlfh/ wkh h{wud uhvwulfwlrq q� : �*2 lv olnho| wr krog1 Frqvlghu/ iru h{dpsoh/

dq dqqxdo yhuvlrq ri wkh prgho/ dqg ohw � ' �f/ vr wkdw lw wdnhv whq |hduv iru
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dq| srolf| ri frqvwdqw prqh| jurzwk wr ehfrph ixoo| fuhgleoh1 Wkhq q� : �*2

uhtxluhv rqo| wkdw wkh dqqxdo glvfrxqw idfwru q h{fhhg E�*2��*�f ' f�b��1

Wzr h{dpsohv looxvwudwh krz +U4,0+U7, doorz wkh prqhwdu| dxwkrulw| wr exlog

fuhglelolw| iru d glvlq dwlrqdu| srolf| zkhq wkh hfrqrp| ehjlqv dzd| iurp lwv

xqltxh vwhdg| vwdwh/ zlwk d srvlwlyh udwh ri lq dwlrq1 Erwk h{dpsohv xvh dq

dqqxdo yhuvlrq ri wkh prgho/ zlwk q ' f�bD/ � ' �f/ dqg

��E%|3�c %|32c ���c %|3�f� ' �2E%|3�c %|32c ���c %|3�f� '
�f\
�'�

%
k�

|3�c

vr wkdw k� uhsuhvhqwv wkh hodvwlflw| ri 5|3�| dqg 5|3�|n� zlwk uhvshfw wr %|3�1 Uh0

vwulfwlrq +U4, uhtxluhv wkdw k� � f iru doo � ' �c 2c ���c �f/ zkloh +U5, uhtxluhv

wkdw

�f[
�'�

k� ' ��

Htxdwlrqv +;, dqg +45, lpso| wkdw w*Ew � �� phdvxuhv wkh vwhdg|0vwdwh pdunxs

ri sulfh ryhu pdujlqdo frvw> erwk h{dpsohv vhw w ' S/ fruuhvsrqglqj wr d pdunxs

ri 53 shufhqw1 Ilqdoo|/ erwk h{dpsohv vhw %
3�f ' %

3b ' ��� ' %
3� ' ��f�/ vr

wkdw wkh prgho ehjlqv zlwk dqqxdo udwhv ri dfwxdo dqg h{shfwhg lq dwlrq htxdo wr

6 shufhqw/ dssur{lpdwho| wkh udwh ri fruh frqvxphu sulfh lq dwlrq lq wkh Xqlwhg

Vwdwhv vlqfh 4<<61
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Wkh �uvw h{dpsoh vhwv k� ' f�� iru doo � ' �c 2c ���c �f1 Wdeoh 4 vkrzv wkdw lq wklv

fdvh/ rswlpdo srolf| uhgxfhv wkh udwh ri prqh| jurzwk lpphgldwho| wr lwv xqltxh

vwhdg|0vwdwh ohyho/ vr wkdw wkh htxloleulxp kdv %| ' q iru doo | ' fc �c 2c ���1 Lqlwldoo|/

rxwsxw dqg hpsor|phqw idoo/ dv h{shfwdwlrqv dgmxvw rqo| judgxdoo| wr wkh fkdqjh

lq srolf|1 Hyhqwxdoo|/ krzhyhu/ wkh ghfolqlqj udwh ri h{shfwhg lq dwlrq doorzv

rxwsxw wr ulvh1 Wkxv/ lq wklv h{dpsoh/ wkh prqhwdu| dxwkrulw| exlogv fuhglelolw|

iru lwv glvlq dwlrqdu| srolf|/ dv vxjjhvwhg e| Wd|oru +4<;5, dqg PfFdooxp +4<<8,/

e| ghprqvwudwlqj wkdw lw zloo vwlfn wr wklv srolf| ghvslwh wkh vkruw0uxq frvwv1
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Wdeoh 4

Prqh| Jurzwk Rxwsxw

\hduv +Shufhqw, +Shufhqw Ghyldwlrq iurp Lqlwldo Vwhdg| Vwdwh,

043 0 04 .6133 3133

3 08133 0:1::

4 08133 09159

5 08133 071:7

6 08133 0614;

7 08133 04193

8 08133 3133

9 08133 .4196

: 08133 .615<

; 08133 .71<:

< 08133 .919;

43 0 4 08133 .;175

Wkh vhfrqg h{dpsoh vhwv k� ' f iru � ' �c 2c ���c b dqg k�f ' �/ vr wkdw

h{shfwdwlrqv dgmxvw pxfk pruh vorzo| wr dq revhuyhg fkdqjh lq srolf|1 Wdeoh 5

vkrzv wkdw lq wklv fdvh/ rswlpdo srolf| vprrwkv wkh vkruw0uxq frvwv ryhu wlph e|
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wdnlqj d judgxdo dssurdfk wr glvlq dwlrq1 Wkh htxloleulxp prqh| jurzwk udwh

uhdfkhv lwv xqltxh vwhdg|0vwdwh ohyho/ exw rqo| diwhu wzhqw| |hduv kdyh sdvvhg1

Rxwsxw uhpdlqv ehorz lwv lqlwldo ohyho iru whq |hduv dqg wdnhv wkluw| |hduv wr

frpsohwho| dgmxvw1

Wdeoh 5

Prqh| Jurzwk Rxwsxw

\hduv +Shufhqw, +Shufhqw Ghyldwlrq iurp Lqlwldo Vwhdg| Vwdwh,

043 0 04 .6133 3133

3 0 < 04163 0714:

43 0 4< 07134 .417;

53 0 5< 08133 .9153

63 0 4 08133 .;175

71 Frqfoxvlrq

W|slfdoo|/ prghov ri wlph0frqvlvwhqw prqhwdu| srolf| kdyh pdq| htxloleuld1 Wklv

pxowlsolflw| suhvhqwv d sureohp li rqh fkrrvhv wr lqwhusuhw wkh prghov dorqj qru0

pdwlyh olqhv/ iru wkh wkhru| idlov wr vxjjhvw krz d fhqwudo edqnhu zkr lv vwxfn

lq d kljk0lq dwlrq htxloleulxp pljkw vwhhu wkh hfrqrp| wrzdugv d suhihuuhg/ orz0
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lq dwlrq htxloleulxp1

Uhvxowv ghulyhg khuh vxjjhvw wkdw wkh dvvxpswlrq ri udwlrqdo h{shfwdwlrqv olhv

dw wkh vrxufh ri wkh pxowlsolflw| sureohp1 Xqghu udwlrqdo h{shfwdwlrqv/ wkh h{0

shfwhg udwh ri lq dwlrq riwhq mxpsv kljkhu/ qrw rqo| zkhq wkh prqhwdu| dxwkrulw|

vxusulvhv wkh sxeolf e| fuhdwlqj wrr pxfk lq dwlrq/ exw dovr zkhq wkh prqhwdu|

dxwkrulw| vxusulvhv wkh sxeolf e| dwwhpswlqj wr glvlq dwh1 Wkxv/ wklv sdshu uh0

sodfhv wkh udwlrqdo h{shfwdwlrqv dvvxpswlrq zlwk d vhw ri dowhuqdwlyh uhvwulfwlrqv

rq h{shfwdwlrqv wkdw doorz wkh prqhwdu| dxwkrulw| wr exlog fuhglelolw| iru d glv0

lq dwlrqdu| srolf| e| dfwxdoo| dgrswlqj dqg iroorzlqj wkdw srolf| iru d vx!flhqw

ohqjwk ri wlph1 Xqghu wkhvh dowhuqdwlyh uhvwulfwlrqv/ wkh prgho xvhg khuh kdv d

xqltxh vwhdg| vwdwh/ lq zklfk prqhwdu| srolf| iroorzv wkh Iulhgpdq +4<9<, uxoh

e| frqwudfwlqj wkh prqh| vxsso| wr nhhs wkh qrplqdo lqwhuhvw udwh frqvwdqw dw

}hur1

Wzr h{dpsohv vkrz wkdw zkhq wkh hfrqrp| ehjlqv dzd| iurp wklv xqltxh

vwhdg| vwdwh/ zlwk srvlwlyh lq dwlrq/ wkh prqhwdu| dxwkrulw| fdq vxffhvvixoo| glv0

lq dwh1 Lq erwk fdvhv/ krzhyhu/ wkh glvlq dwlrq lv dffrpsdqlhg e| vkruw0uxq orvvhv

lq djjuhjdwh rxwsxw dqg hpsor|phqw> lq wkh vhfrqg fdvh/ wkhvh frvwv duh vx!flhqw

wr pdnh d judgxdo dssurdfk wr glvlq dwlrq rswlpdo1 Iru fhqwudo edqnhuv/ wkhuh0

iruh/ wkh qhzv lv erwk jrrg dqg edg= fuhglelolw| fdq eh dftxluhg/ exw rqo| dw d
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sulfh1

81 Dsshqgl{

8141 Lpsolfdwlrqv ri Krxvhkrog Rswlpl}dwlrq

Gxulqj hdfk shulrg | ' fc �c 2c ���/ wkh uhsuhvhqwdwlyh krxvhkrog fkrrvhv vhtxhqfhv

iS||n�j
"

�'f/ iS
|
|n�E��j

"

�'f/ i?
|
|n�j

"

�'f/ i6
|
|n�n�j

"

�'f/ dqg iK||n�n�j
"

�'f wr pd{lpl}h lwv

xwlolw| ixqfwlrq +5, vxemhfw wr wkh frqvwudlqwv +6,0+8, iru doo � ' fc �c 2c ���1 Zkhq

wkh pdunhw0fohdulqj frqglwlrqv 6|
|n� ' � dqg K||n� ' f/ � ' fc �c 2c ���/ duh lpsrvhg/

wkh �uvw0rughu frqglwlrqv iru wklv sureohp fdq eh zulwwhq dv

ES||n��
E�3w�*wS||n�E��

3�*w ' Eb|
|n� n >|

|n��R
|
|n�E��c +D14,

� ' b|
|n��

|
|n�c +D15,

b||n�5
|
|n� ' qEb|

|n�n� n >|
|n�n��c +D16,

Eb|
|n� n >|

|n��5
|
|n� ' q-|

|n�Eb
|
|n�n� n >|

|n�n��c +D17,

�] �

f
S||n�E��

Ew3��*w_�
�w*Ew3��

' S||n�c +D18,
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dqg

5||n� '
] �

f
R||n�E��S

|
|n�E��_� +D19,

iru doo � ' fc �c 2c ���/ zkhuh b|
|n� : f dqg >|

|n� � f duh pxowlsolhuv rq wkh exg0

jhw frqvwudlqw +7, dqg wkh fdvk0lq0dgydqfh frqvwudlqw +8, dqg zkhuh wkh fdvk0lq0

dgydqfh frqvwudlqw lv dvvxphg wr krog zlwk htxdolw| hyhq zkhq lw grhv qrw elqg1

Pxowlso|lqj erwk vlghv ri +D14, e| S||n�E��/ lqwhjudwlqj ryhu � 5 dfc �o/ dqg xvlqj

+D18, dqg +D19, |lhogv

b|
|n� n >|

|n� ' �*5||n�� +D1:,

Vxevwlwxwlqj wklv uhvxow edfn lqwr +D14,/ udlvlqj erwk vlghv wr wkh srzhu � � w/

lqwhjudwlqj ryhu � 5 dfc �o/ dqg xvlqj +D18, dqg wkh gh�qlwlrq

R||n� '
�] �

f
R||n�E��

�3w_�
��*E�3w�

+D1;,

|lhogv

S||n� ' 5||n�*R
|
|n�� +D1<,

Htxdwlrqv +D1;, dqg +D1<,/ zlwk � ' f/ frlqflgh zlwk +43, dqg +:, lq wkh wh{w

Vxevwlwxwlqj +D1:, dqg +D1<, lqwr +D14,/ vroylqj iru S||n�E��/ dqg vhwwlqj � ' f

|lhogv +9, lq wkh wh{w1 Vxevwlwxwlqj +D16, dqg +D1:, lqwr +D15,/ vroylqj iru �|
|n�/
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dqg vhwwlqj � ' f |lhogv +;, lq wkh wh{w1 Ilqdoo|/ vxevwlwxwlqj +D1:, lqwr +D17,/

vroylqj iru -|
|n�/ dqg vhwwlqj � ' f |lhogv +<, lq wkh wh{w1

8151 Surri ri Sursrvlwlrq

Wkh iroorzlqj ohppd suryhv xvhixo lq hvwdeolvklqj wkh pdlq uhvxow=

Ohppd Ohw s G +�
nn $ +nn eh d gl�huhqwldeoh ixqfwlrq vdwlvi|lqj

sE%c %c ���c %� ' %

iru doo % 5 +nn1 Wkhq

�[
�'�

s�E%c %c ��c %� ' �

iru doo % 5 +nn/ zkhuh s� ghqrwhv wkh sduwldo ghulydwlyh ri s zlwk uhvshfw wr

lwv �wk dujxphqw1

Surri Iroorzv iurp Dsrvwro*v +4<:7/ ss16790;, Gh�qlwlrq 4515 dqg Wkhruhp 45181

Lq htxloleulxp/ wkh prqhwdu| dxwkrulw| fkrrvhv wkh vhtxhqfh i%|j
"

|'f wr pd{l0

pl}h wkh uhsuhvhqwdwlyh krxvhkrog*v xwlolw| ixqfwlrq +4, vxemhfw wr wkh frqvwudlqwv

+49, dqg +4:, iru doo | ' fc �c 2c ���/ wdnlqj wkh lqlwldo frqglwlrqv %
3� c %3�n�c ���c %3�

dv jlyhq1 Vlqfh/ e| +U5, dqg +U6,/ wkh h{shfwdwlrqv ixqfwlrqv �� dqg �2 duh
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frqwlqxrxvo| gl�huhqwldeoh dqg vdwlvi| ��E%c %c ���c %� ' �2E%c %c ���c %� ' % iru doo

% 5 +nn/ wkh �uvw0rughu frqglwlrq iru wklv sureohp lpsolhv wkdw li wkh vroxwlrq

kdv

*�4
|<"

%| ' %c

wkhq wkh frqvwdqw % pxvw vdwlvi|

%) '

%
��

#
w � �

w

$#
q

%

$&;?
=

�[
�'�

q�
k
��
�E%c %c ���c %� n �2

�E%c %c ���c %�
l
� �

<@
> c +D143,

zkhuh wkh ) ghqrwhv wkh olplw ri wkh vhtxhqfh i)|j
"

|'f ri pxowlsolhuv rq wkh frq0

vwudlqwv %| � q/ | ' fc �c 2c ���1 Lq dgglwlrq/ % dqg ) pxvw vdwlvi| wkh frpsohphq0

wdu| vodfnqhvv frqglwlrqv ) � f/ % � q/ dqg )E%� q� ' f1

Vlqfh % � q dqg w : �/ lw pxvw eh wkdw

��

#
w � �

w

$#
q

%

$
: f�

Pruhryhu/

�[
�'�

q�
k
��
�E%c %c ���c %� n �2

�E%c %c ���c %�
l

� q�
�[
�'�

k
��
�E%c %c ���c %� n �2

�E%c %c ���c %�
l
' 2q� c
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zkhuh wkh �uvw lqhtxdolw| iroorzv iurp +U4, dqg wkh vhfrqg htxdolw| iroorzv iurp

+U5, dqg wkh ohppd1 Wkxv/ zkhq q� : �*2/ +D143, uhtxluhv wkdw ) : f dqg

% ' q1

91 Uhihuhqfhv

do0Qrzdlkl/ Dol dqg Sdxo Ohylqh1 �Fdq Uhsxwdwlrq Uhvroyh wkh Prqhwdu| Srolf|

Fuhglelolw| SureohpB� Mrxuqdo ri Prqhwdu| Hfrqrplfv 66 +Dsulo 4<<7,=

68806;31

Dsrvwro/ Wrp P1 Pdwkhpdwlfdo Dqdo|vlv1 Uhdglqj= Dgglvrq0Zhvoh| Sxeolvklqj

Frpsdq|/ 4<:71

Edfnxv/ Gdylg dqg Mrkq Gul!oo1 �Lq dwlrq dqg Uhsxwdwlrq1� Dphulfdq Hfr0

qrplf Uhylhz :8 +Mxqh 4<;8,= 863086;1

Eduur/ Urehuw M1 �Uhsxwdwlrq lq d Prgho ri Prqhwdu| Srolf| zlwk Lqfrpsohwh

Lqirupdwlrq1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 4: +Mdqxdu| 4<;9,= 60531

Eduur/ Urehuw M1 dqg Gdylg E1 Jrugrq1 �Uxohv/ Glvfuhwlrq dqg Uhsxwdwlrq lq

d Prgho ri Prqhwdu| Srolf|1� Mrxuqdo ri Prqhwdu| Hfrqrplfv 45 +Mxo|

4<;6,= 43404541
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Eodfnexuq/ Nhlwk dqg Plfkdho Fkulvwhqvhq1 �Prqhwdu| Srolf| dqg Srolf| Fuhgl0

elolw|= Wkhrulhv dqg Hylghqfh1� Mrxuqdo ri Hfrqrplf Olwhudwxuh 5: +Pdufk

4<;<,= 40781

Fkdul/ Y1Y1 dqg Sdwulfn M1 Nhkrh1 �Vxvwdlqdeoh Sodqv1� Mrxuqdo ri Srolwlfdo

Hfrqrp| <; +Dxjxvw 4<<3,= :;60;351

Fkr/ Lq0Nrr dqg Dnlklnr Pdwvxl1 �Lqgxfwlrq dqg wkh Udpvh| Srolf|1� Mrxuqdo

ri Hfrqrplf G|qdplfv dqg Frqwuro 4< +Mxo|0Vhswhpehu 4<<8,= 4446044731

Iulhgpdq/ Plowrq1 �Wkh Rswlpxp Txdqwlw| ri Prqh|1� Lq Wkh Rswlpxp Txdq0

wlw| ri Prqh| dqg Rwkhu Hvvd|v1 Fklfdjr= Doglqh Sxeolvklqj Frpsdq|/

4<9<1

Ixfkv/ Jhudug1 �Lv Huuru Ohduqlqj Ehkdylrxu Vwdelol}lqjB� Mrxuqdo ri Hfrqrplf

Wkhru| 53 +Mxqh 4<:<,= 633064:1

Ixfkv/ Jhudug dqg Jx| Odurtxh1 �G|qdplfv ri Whpsrudu| Htxloleuld dqg H{0

shfwdwlrqv1� Hfrqrphwulfd 77 +Qryhpehu 4<:9,= 448:044:;1

Judqgprqw/ Mhdq0Plfkho dqg Jx| Odurtxh1 �Vwdelolw| ri F|fohv dqg H{shfwd0

wlrqv1� Mrxuqdo ri Hfrqrplf Wkhru| 73 +Ghfhpehu 4<;9,= 46;04841
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Luhodqg/ Shwhu Q1 �Vxvwdlqdeoh Prqhwdu| Srolflhv1� Pdqxvfulsw1 Qhz Euxqvzlfn=

Uxwjhuv Xqlyhuvlw|/ Ghsduwphqw ri Hfrqrplfv/ Qryhpehu 4<<91

N|godqg/ Ilqq H1 dqg Hgzdug F1 Suhvfrww1 �Uxohv Udwkhu wkdq Glvfuhwlrq= Wkh

Lqfrqvlvwhqf| ri Rswlpdo Sodqv1� Mrxuqdo ri Srolwlfdo Hfrqrp| ;8 +Mxqh

4<::,= 7:607<41

Oxfdv/ Urehuw H1/ Mu1 �Htxloleulxp lq d Sxuh Fxuuhqf| Hfrqrp|1� Hfrqrplf

Lqtxlu| 4; +Dsulo 4<;3,= 53605531

Pdufhw/ Doehuw dqg Wkrpdv M1 Vdujhqw1 �Frqyhujhqfh ri Ohdvw Vtxduhv Ohduq0

lqj Phfkdqlvpv lq Vhoi0Uhihuhqwldo Olqhdu Vwrfkdvwlf Prghov1� Mrxuqdo ri

Hfrqrplf Wkhru| 7; +Dxjxvw 4<;<,= 66:069;1

PfFdooxp/ Ehqqhww W1 �Wzr Idoodflhv Frqfhuqlqj Fhqwudo0Edqn Lqghshqghqfh1�

Dphulfdq Hfrqrplf Uhylhz ;8 +Pd| 4<<8,= 53:05441

Urjr�/ Nhqqhwk1 �Uhsxwdwlrq/ Frruglqdwlrq/ dqg Prqhwdu| Srolf|1� Lq Urehuw

M1 Eduur/ hg1 Prghuq Exvlqhvv F|foh Wkhru|1 Fdpeulgjh= Kduydug Xqlyhu0

vlw| Suhvv/ 4<;<1

Uxelqvwhlq/ Dulho1 �Ilqlwh Dxwrpdwd Sod| wkh Uhshdwhg Sulvrqhu*v Glohppd1�

Mrxuqdo ri Hfrqrplf Wkhru| 6< +Mxqh 4<;9,= ;60<91

6;



Vdujhqw/ Wkrpdv M1 Erxqghg Udwlrqdolw| lq Pdfurhfrqrplfv1 R{irug= Foduhqgrq

Suhvv/ 4<<61

Vwrnh|/ Qdqf| O1 �Fuhgleoh Sxeolf Srolf|1� Mrxuqdo ri Hfrqrplf G|qdplfv dqg

Frqwuro 48 +Rfwrehu 4<<4,= 95:09891

Wd|oru/ Mrkq E1 �Hvwdeolvklqj Fuhglelolw|= D Udwlrqdo H{shfwdwlrqv Ylhzsrlqw1�

Dphulfdq Hfrqrplf Uhylhz :5 +Pd| 4<;5,= ;40;81

Wloopdqq/ Jhruj1 �Vwdelolw| lq d Vlpsoh Sxuh Frqvxpswlrq Ordq Prgho1� Mrxu0

qdo ri Hfrqrplf Wkhru| 63 +Dxjxvw 4<;6,= 648065<1
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